Baghdad Science Journal

Volume 23 | Issue 5 Article 30

5-29-2026

Preparation and Characterization of Fe203 and Fe203@Ag/AgCl

Core-Shell NPs Using Mint Leaf Extract, and Study of Their
Cytotoxicity and Inhibition of Breast Cancer Cells

Rugayah A. Ulwali
Department of Physics, College of Science for Women, University of Baghdad, Baghdad, Iraq,
Rugayah.a@csw.uobaghdad.edu.iq

Nada K. Abass
Department of Physics, College of Science for Women, University of Baghdad, Baghdad, Iraq,
nadaka_phys@csw.uobaghdad.edu.iq

Follow this and additional works at: https://bsj.uobaghdad.edu.ig/home

How to Cite this Article
Ulwali, Rugayah A. and Abass, Nada K. (2026) "Preparation and Characterization of Fe203 and
Fe203@Ag/AgCl Core-Shell NPs Using Mint Leaf Extract, and Study of Their Cytotoxicity and Inhibition of

Breast Cancer Cells," Baghdad Science Journal: Vol. 23: Iss. 5, Article 30.
DOI: https://doi.org/10.21123/2411-7986.5314

This Article is brought to you for free and open access by Baghdad Science Journal. It has been accepted for
inclusion in Baghdad Science Journal by an authorized editor of Baghdad Science Journal. For more information,
please contact mina.t@csw.uobaghdad.edu.iq.


https://bsj.uobaghdad.edu.iq/home
https://bsj.uobaghdad.edu.iq/home/vol23
https://bsj.uobaghdad.edu.iq/home/vol23/iss5
https://bsj.uobaghdad.edu.iq/home/vol23/iss5/30
https://bsj.uobaghdad.edu.iq/home?utm_source=bsj.uobaghdad.edu.iq%2Fhome%2Fvol23%2Fiss5%2F30&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21123/2411-7986.5314
mailto:mina.t@csw.uobaghdad.edu.iq

[=;

BAGHDAD SCIENCE JOURNAL 2026;23(5):1972-1984 Scan the QR to view

the full-text article on
the journal website

[=]er

RESEARCH ARTICLE

Preparation and Characterization of Fe,O3 and
Fe,O3;@Ag/AgCl Core-Shell NPs Using Mint Leaf
Extract, and Study of Their Cytotoxicity and
Inhibition of Breast Cancer Cells

Ruqgayah A. Ulwali®, Nada K. Abass® *

Department of Physics, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

Iron oxide nanoparticles (Fe,O3) and iron oxide core-silver/silver chloride shell nanoparticles (Fe;O;@Ag/AgCl)
were green-synthesized using mint leaf extract .X-ray diffraction (XRD) results showed that Fe,O3 formed in two phases,
y-Fe,03 and «a-Fe,03, while Fe,O; @Ag/AgCl formed in one phase, «-Fe,O3, with crystallite sizes increasing from 1.89
nm for Fe,O3 to 22.42 nm for Fe,0;@Ag/AgCl. Transmission electron microscopy (TEM) revealed that Fe,O3; had a
heterogeneous structure with nanoclusters, while Fe,O; @Ag/AgCl exhibited a uniform Ag/AgCl coating around the iron
oxide core, indicating successful coating. FTIR analysis identified peaks corresponding to Fe-O bonds at 559.56 cm™ and
472.05 cm™! with the presence of functional groups due to the components of the plant extract. Atomic force microscopy
(AFM) showed that Fe,O3;@Ag/AgCl had a smoother surface and larger crystal size (58 nm) compared to Fe,O3; (39
nm), with lower surface roughness of 3 nm compared to 12 nm for Fe,O3;. UV-Vis analysis showed absorption in UV
region with a plasmonic peak in the visible range, with Eg were 3.57 eV and 3.41 eV for Fe;O03 and Fe,O; @Ag/AgCl,
respectively. Cytotoxicity test was performed on normal rat embryo fibroblast (REF) cells and growth inhibition test of
MDA breast cancer cells using a concentration (50 g / ml) with a series of dilutions)100%, 50%, and 25(% for two
periods)24 and 48 (hours, Fe,O; @Ag/AgCl showed greater toxicity to (REF) cells, but within the permissible limits and
more effective growth inhibition of breast cancer (MDA) cells compared to Fe,03, especially after 48 hours.

Keywords: Breast cancer, Cytotoxicity, Fe,O3 NPS, Fe,O; @Ag/AgCl Core-Shell NPs, Green method

Introduction

Nanoparticles are materials that have shown
promising potential in many medical and industrial
applications. Their unique properties, due to their
small size, allow them to interact in various ways
with cells and tissues.’> Among these materials,
iron oxide (Fe;O3) stands out as a nanoparticle with
unique magnetic properties, making it ideal for use in
therapeutic and diagnostic applications, such as ther-
apeutic targeting and drug delivery. >~ Recent studies
have demonstrated that Fe,Os-based nanostructures

exhibit notable anticancer activity against various tu-
mor cell lines, including breast cancer models such as
MDA-MB-231. Their anticancer effects are primarily
mediated through the generation of reactive oxygen
species (ROS), disruption of mitochondrial membrane
potential, and induction of programmed cell death
mechanisms such as apoptosis and ferroptosis.®®
However, to improve the properties of Fe;O3; and
enhance their effectiveness, nanoparticles are coated
with a layer of other materials, known as the core —
shell method. In this method, nanoparticles are made
of one material (such as iron oxide) and coated with a
thin layer of another material (such as silver or silver
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chloride) to enhance their properties. ° Silver has an-
tibacterial and antiviral properties, it can also interact
with cancer cells in multiple ways, silver ions pen-
etrate cancer cells and cause reactions that damage
their DNA, stimulating their programmed death. 1%
While silver chloride is characterized by its ability to
respond to light, which increases the effectiveness of
these particles in medical applications, such as pho-
totherapy against cancer cells.'? The green method
is one of the modern methods for preparing nanopar-
ticles that is characterized by being environmentally
friendly and uses natural materials to prepare these
particles, mint leaf extract was chosen for this study
because it contains bioactive compounds such as
flavonoids, polyphenols, and terpenoids, which act
as reducing and stabilizing agents during nanopar-
ticle synthesis. These plant compounds help reduce
toxic effects on the environment and improve the
biological interaction of nanoparticles with living or-
ganisms. '*>~'> The aim of this study is to evaluate
the cytotoxicity and inhibition efficacy of Fe;O3 and
Fe,O3@Ag/AgCl NPs in breast cancer cells, providing
an opportunity to explore their potential in future
cancer treatments. The study also aims to improve the
stability of nanoparticles and increase the therapeutic
efficacy of encapsulated materials.

Materials and methods
Preparation of mint leaf extract

Mint leaf extract) from local markets (was prepared
after drying and cutting the leaves into small pieces.
10 grams of the extract were taken, 250 ml of deion-
ized water was added, and the mixture was left in a
magnetic stirrer for 1 hour at 60°C, stirring contin-
uously to ensure even heat distribution. The extract
was then filtered using gauze and centrifuged for 30
minutes at 4000 rpm. It was then left to cool until
ready to use, (The final concentration, based on the
mass dissolved in the solution, was 40 g/L.).

Preparation of iron oxide NPs

According to a study Yousaf R et al.'® Iron oxide
nanoparticles were prepared using 0.1 M of iron ni-
trate Fe(NO3)3 9H,0 (Daryaganj, Delhi,India, 98%),
which was dissolved in 50 ml of deionized water.
Then, 30 ml of mint leaf extract was added, the
solution was observed to be greenish-black in color
and PH=4 the reaction was left for one hour with
continuous stirring under a magnetic stirrer. The re-
sulting precipitate was separated using centrifugation
for 30 min at 4000 rpm. After that, the precipitate
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was washed twice with deionized water and once
with ethanol (98%) for 30 min. The precipitate was
allowed to dry overnight in air at room temperature.
The resulting precipitate was black in color. After
that, it was annealed for three hours at 600°C, this de-
gree was determined according to a study of Archana
Vetall”

Preparation of Fe,O3; @Ag/AgCl core shell NPs

According to a study Sarani M et al. '® Fe;03 coated
with Ag/AgCl were prepared using 0.1 M of iron
nitrate Fe(NO3)3 9H,0 and dissolved in 50 ml of
deionized water. Then, 30 ml of mint leaf extract
was added, then silver nitrate (CDH, India, 99.9) was
added at concentration 0.01 M drop by drop. The re-
action continued with continuous stirring for an hour
with PH= 4. After that, it was separated and washed
three times, and then it was annealed at 600°C for
three hours.

Anticancer activity of Fe,O3 and Fe,0O3 @Ag/AgCl
core shell NPs

Viable cells count

Tissue culture flasks containing normal and cancer
cells were obtained from the Biotechnology Center
at Al-Nahrain University, and the growth medium
was carefully removed. The flasks were then rinsed
twice with 1 mL of trypsin-versene EDTA (Ethylene
Diamine Tetraacetic Acid) solution to eliminate resid-
ual medium and non-adherent cells. Subsequently,
1 mL of trypsin-versene was added, and the flasks
were incubated for 2-5 minutes to facilitate cell de-
tachment. Following detachment, 4-5 mL of PRMI
growth medium supplemented with 10% fetal bovine
serum (FBS) was added to neutralize the trypsin and
maintain cell viability. The viable cells were then
counted using a counting chamber under an inverted
microscope (400x). The concentration of viable cells
(cellsymL) was calculated using the following for-
mula'®:

c=nxdx10* €9)]

where ¢ represents the viable cell count per milliliter,
n is the number of viable cells counted, and § is the
dilution factor (equal to 10).

Cytotoxicity assay and anticancer activity

Cytotoxicity assays were used to show the effect
of Fe;O3 and Fe;O3@Ag/AgCl NPs on REF cell line
culture. 10,000 cells were distributed into each well
using 96-well microplate. After 24 h incubation pe-
riod at 37°C, the cells were examined to see if they
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Fig. 1. X-ray diffraction pattern of Fe,O5 and Fe,O3 @ Ag/AgCI NPs.

had formed a monolayer. Then, the cells were ex-
posed to the series dilute (100%,50%, and 25%) with
autoclaved deionized water of prepared NPs (50 ug
/ ml), with negative Controls (cells and free media
(, then incubated at 37°C for 24 h, the same work
was repeated with an incubation period of 48 h. After
incubation, 70uL of crystal violet (Al-Hann of fac-
tory, Jordan) was added to each well for confluence
and incubated again for 20 min at 37°C.Then, the
microplate was washed with water to be ready for ex-
amination. The average of inhibition percentages was
calculated using Assay Enzyme-Linked Immunosor-
bent (ELISA) by a microplate reader at 580 nm for
all the groups by Eq. (2)1%2°

control — treatment

Growth inhibition = x 100%

control

(2

The same applies to the anticancer activity of breast
cancer (MDA) cell line. The process was carried out
with three replications, using statistical methods to
analyze the significance (ANOVA, and p-values).

Results and discussion
XRD result

X-ray diffraction was used to determine the crys-
talline structure of the prepared nanoparticles. As

shown in Fig. 1, the pattern of Fe,O3 NPs exhibits rel-
atively broad peaks, indicating their nanocrystalline
nature and low crystallinity. These peaks were as-
signed to y -Fe;O3 and « -Fe,O3 with a cubic and
hexagonal structure correspond to JCPDS card) 96-
101-0370) and (96-900-0140), respectively. ?! For the
coated sample Fe,O3@Ag/AgCl NPs, the XRD pat-
tern showed sharper and more pronounced peaks.
The characteristic peaks marked with (*) indicate the
AgCl phase in addition to the appearance of peaks
due to Ag phase, which corresponds to JCPDS card
No. (01-085-1355) and (98-005-3759) with a cubic
structure.?? Since the preparation was carried out
using mint leaf extract as a natural source of reducing
and stabilizing agents, the extract also contributed
to the supply of chloride ions that reacted with sil-
ver ions to form an AgCl layer around the Fe,Og3
nucleus.?® In addition, the Fe,O3 peaks continue to
appear, but in the o phase, which is more stable
(denoted by «),?* this behavior can be explained by
the thermodynamic stability of the «-Fe;O3 phase,
which is the most stable phase at ambient conditions
or during annealing.?® It was also noted that there is
an increase in the average crystal size of Fe;O3 com-
pared to Fe;O3;@Ag/AgCl NPs from1.89 nm to 22.42
nm respectively, according to the physical criteria
indicated in the Tables 1 and 2 using Eq. (3),%° the
observed increase in material quantity after coating
is due to the addition of the shell material Ag/AgCl
around the Fe, O3 core, which increases both the mass
and volume of the resulting nanoparticles. The an-
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Table 1. The structural parameters of FeoO3 NPs.

Sample 20 (Deg.) FWHM (Deg.) duyu Exp.(A) C.S(nm) hkl Phase
Fes O3 30.379 7.2003 2.9399 1.14 (022) y -Fea O3
33.162 3.1900 2.6993 2.60 104)) « -Fey03
35.615 2.7610 2.5188 3.02 (131 y -Fea O3
43.469 6.9850 2.0802 1.22 (040) y -Fey O3
49.629 6.9300 1.8354 1.26 (20-4) « -Fep03
54.095 5.2580 1.6940 1.70 (116)  « -Fey03
57.538 3.0140 1.6005 3.01 (151) y -Fea O3
63.093 7.7440 1.4723 1.20 (044) y -Fey O3
Table 2. The structural parameters of Fe,O3 @ Ag/AgCl NPs.
Samples 20 (Deg.) FWHM (Deg.) dhkl Exp.(;\) C.S(nm) hkl Phase
Fe203@Ag/AgCl  33.0304 0.40883 2.7098 20.28 104)) a -FesO3
35.4724 0.29224 2.5286 28.55 (110)  « -Fey03
37.8594 0.28982 2.3745 28.99 (11n Ag
44.0194 0.22642 2.0554 37.86 (002) Ag
49.3434 0.32336 1.8454 27.05 (20-4) « -Fep03
54.7554 0.36059 1.6751 24.82 (116)  « -Fey03
57.2744 0.49481 1.6073 18.30 (21-2) « -Fep03
62.3784 0.47547 1.4875 19.54 (214)  « -Fey03
64.2154 0.50914 1.4493 18.43 (300) «a -Fes O3
27.5854 0.25049 3.2310 32.67 (111) Agdl
32.0074 0.22254 2.7940 37.15 (200) Ag Cl
45.9994 0.30576 1.9715 28.24 (220) Ag Cl
67.2514 0.30342 1.3910 31.45 (400) Ag Cl
76.5574 0.59207 1.2434 17.10 (420) Ag Cl

nealing process and high availability of precursor ions
further contribute to this increase.'®?” The average
crystal size of Ag/AgCl was also calculated and found
to be 33. 20 and 29.32 nm, respectively. This increase
in crystallite size of the shell compared to the core
is primarily due to the intrinsic crystallization ten-
dency of Ag/AgCl, the annealing conditions favoring
its growth, and the availability of silver and chloride
ions. In contrast, Fe;03 core retains smaller crystallite
size due to lattice strain and prior partial crystalliza-
tion before annealing. %%%°

D = KA/BCos® 3

TEM characterization

TEM image (A) in Fig. 2 of Fe;O3 NPs prepared
using mint leaf extract as a natural reductant and
particle stabilizer revealed a heterogeneous structure
composed of dense nanoclusters. A clear contrast in
shading was observed between light and dark regions
within the cluster, which is attributed to differences
in the thickness or electron density of the particles,
as well as the possible presence of different crys-
talline phases, this is in agreement with the study. *°
The image also showed that the nanoparticles had a
quasi-spherical to irregular shape, with a clear ten-
dency to aggregate into nanoclusters, which may be

attributed to the nature of the biosynthesis using the
plant extract, in addition to the effect of the annealing
conditions. ®!

While TEM image (B) showed nanoparticles with
a homogeneous, stereoscopic shell structure around
the nucleus, with the shell taking a regular spher-
ical shape. The nucleus was represented by dark
particles, attributed to iron oxide (Fe;Os3), while a
brighter layer, attributed to the Ag/AgCl composi-
tion, surrounded them. '® The uniform distribution of
the shell around the nucleus in all directions reflects
the successful formation of a homogeneous, three-
dimensional spherical shell completely surrounding
the nucleus. This configuration indicates the high
stability of the nanoparticles and the effectiveness of
the Fe;O3 coating process with Ag/AgCl, which is at-
tributed to the homogeneous distribution of silver and
chloride ions after annealing at 600 °C. This regular
spherical structure enhances the physical and surface
properties of the particles. >

EDX characterization

EDX analysis in Fig. 3 (A) revealed that the pri-
mary composition of the sample was iron and oxygen,
confirming the formation of Fe;03. Carbon was also
detected, attributed to residual organic components
in the mint leaf extract used as a reducing agent
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50 nm

Fig. 2. A) TEM image for Fe,O3 and B) TEM image for Fe,O3 @ Ag/AgCl NPs.

and stabilizer. > Minor elements, such as silicon and
phosphorus, appeared in trace amounts and are likely
natural traces in the plant extract. These minor ele-
ments do not affect the identity of the nanomaterial
but indicate the role of the plant extract as a source
of additional surface-active elements. '°

In Fig. 3 (B) of Fe,O3@Ag/AgCl sample also re-
vealed the presence of Fe, O, in addition to Ag, Cl,
and minor elements such as Na, P, and S due to the
natural components of the mint leaf extract used in
the biosynthesis. The iron and oxygen peaks are due
to the core composed of Fe;03, while the silver and
chlorine peaks indicate the formation of an outer shell
of Ag and AgCl as a result of the combination of Ag™*
ions with Cl- available in the plant medium after
annealing. The silver content was higher than iron,
indicating that the shell had formed densely or con-
tinuously around the core, or that the silver nitrate
concentration used was sufficient to form a relatively
silver-rich layer. %> The weight and atomic ratios of
the elements are shown in a Table 3. The atomic ratio
of silver (13.32%) compared to iron (21.60%) indi-
cates that the Ag/AgCl shell is thin rather than thick,
because in the case of a thick shell the silver ratio is
clearly higher than iron or completely dominates the
spectrum, while the presence of a strong iron signal
means that the EDS beam is still penetrating the shell
and reaching the core (Fe,03).°

FTIR characterization

The spectrum of FTIR as shown in Fig. 4 Fe;O3 and
Fe,O3 @Ag/AgCl NPs shows several distinct peaks,
reflecting both the iron oxide structure and the resid-
ual organic components of the extract. In Fe;O3 NPs,
3435.50 cm™! appeared a broad peak indicating the
stretching vibrations of O-H group, and the presence
of surface hydroxyl groups or adsorbed water, the
weaker absorption peak (i.e., higher transmittance) in

Table 3. The weight and atomic ratios of the elements
for Fe,O3 and Fe, O3 @ Ag/AgCI NPs.

Samples Element Wt.%  Atomic %
Fey03 C 3.04 7.74

(6] 27.45 52.44

Si 1.82 1.98

P 1.59 1.56

Fe 65.91 36.06
Samples Element Wt%  Atomic %
FeoO3@Ag/AgCl O 22.43 54.27

Na 0.22 0.36

Si 0.92 1.27

P 1.21 1.52

S 0.19 0.23

Cl 6.53 7.13

Fe 31.17 21.60

Ag 37.12  13.32

Fe, O3 @Ag/AgCl NPs suggests a possible reduction or
absence of hydroxyl groups or adsorbed water on the
surface, likely due to the Ag/AgCl coating that pre-
vents surface interactions.?’. 2956.38, 2924.31, and
2853.72 cm™! peaks associated with C-H stretching
vibrations, which may be due to organic compounds
present in the mint extract, even after the sample
was annealed, while these peaks appeared with less
intense compared to Fe,Os; sample, indicating the
reduction of organic groups on the surface or due
to the coverage of the nanoparticle surface by the
Ag/AgCl-based coating.*® 1743.37 cm™! attributed to
carbonyl vibrations (C=0), which due to phenolic
compounds or organic acids present in the extract,
but this peak appeared weak, may be indicating the
reduction or occlusion of organic compounds bear-
ing carbonyl groups by the metal coating.>® 1632.21
cm™! bending vibrations of O-H group (§-OH), indi-
cating the presence of adsorbed surface water even
after annealing for Fe,O3 NPs.*? 1465.38, 1384.78
and 1632 cm™! relating to C-H bending vibrations,
indicating the presence of organic matter with some
slight changes in intensity for Fe,O3;@Ag/AgCl NPs.
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Fig. 3. EDX analysis for A) FeoO3 and B) Fe,O3 @Ag/AgCl NPs.
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Fig. 4. FTIR analysis for Fe,O3 and Fe, O3 @ Ag/AgCI NPs.

1112.15 cm™! may be due to C-O or C-N vibra-
tions, and are associated with plant compounds of
the flavonoid or sugar type.*' 559.56 and 472.05
cm™! represent stretching vibrations of Fe-O bond,
which are characteristic peaks of iron oxides (Fe;O3)
with these peaks continuing to appear strongly for
Fe;03;@Ag/AgCl NPs, confirming the presence of a
stable iron oxide structure after coating.“’> The ab-
sence of characteristic peaks for silver chloride is
due to its ionic nature, which is not usually seen in
FTIR.*3

AFM result

A comparison of Fe,O3 NPs (Image A) and
Fe;,O3@Ag/AgCl NPs (Image B) reveals clear effects
on morphological and surface properties as shown in
Fig. 5. In Image A, Fe;O3 NPs has a smaller average
grain size of 39 nm and a high surface roughness
of 12 nm, indicating a more heterogeneous surface
structure and irregular elevations. On the other hand,
Image B shows that silver and silver chloride coatings
increased the average grain size to 58 nm and reduced
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Xx*4.02 um

Fig. 5. AFM image for A) FeoO3 NPs and B) Fe,O3 @ Ag/AgCI NPs.
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the surface roughness to 3 nm, resulting in a smoother
and denser surface. This change in surface structure
reflects the effect of the metal coatings in improving
surface stability and reducing elevation variation, this
is an agreement with. 44>

UV-Visible absorbance result

The optical properties of Fe,O3 NPs were studied
using UV-Vis spectroscopy and Tauc plot analysis as
shown in Fig. 6 A and B. The absorption spectrum is
characterized by an absorption band in the UV region,
gradually decreasing towards the visible region, indi-
cating electronic transitions from the valence band to
the conduction band, confirming the semiconducting
nature of the material. The Tauc plot showed a di-
rect energy gap calculated using the Tauc equation
Eq. (4) of about 3.57 eV, which can be explained
by the quantum confinement effect resulting from
the small particle size.*®*” When Fe,03; was coated

with silver and silver chloride (Fe;O;@Ag/AgCl) as
shown in Fig. 6 C and D, the absorption spectrum
showed a broad band extending from the UV to
the visible region, and the direct energy gap was
calculated as 3.41eV, this agreement with.*® The
additional absorption is attributed to the surface plas-
mon resonance (SPR) phenomenon caused by the
presence of metallic silver particles, while the exten-
sion towards longer wavelengths indicates a synergy
between Fe,03, AgCl, and Ag® that leads to enhanced
light absorption and improved charge transport. %!

(o hv)" = B (hv — Eg) (@)
The effect of Fe,O3 and Fe,O3@Ag/AgCl NPs On
REF and MDA cell line

The effect of Fe;O3 and Fe;O03;@Ag/AgCl on REF
cells was evaluated over two periods 24 hours and
48 hours, as shown in Fig. 7 (A and B). The results
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Fig. 8. Refers to microscopic images of normal cells (REF) and cancer cells(MDA), a) and b) refers to negative control of REF and MDA
at 24 and 48 hours, respectively,while ¢) and d) indicates REF and MDA exposed to FeoO3 NPs and Fe,O3 @ Ag/AgCl, respectively at 24
hours with concentration (100%), e) and f) indicates REF and MDA exposed to FeoO3 NPs and Fe, O3 @ Ag/AgCl, respectively at 48 hours

with concentration (100%).

showed that Fe,O5 at different concentrations (25%,
50%, and 100%) had a growth-inhibiting effect, with
a significant increase (P < 0.01) after coating at 24
hours. The effect was greater with a significant in-
crease) P < 0.001 (after 48 hours. This inhibition is
due to the oxidative effects of iron oxide particles,
but the toxicity levels remain within safe limits and
are non-toxic to REF cells according to the concen-
trations used in the experiment, and the mint leaf
extract used in the preparation of nanoparticles also
helps stabilize the particles and reduces overall tox-
icity.® In contrast, Fe,O3@Ag/AgCl appear to have
a greater effect on normal cells than Fe,O3 alone.
This greater effect may be due to the synergistic
role of iron oxide, silver, and silver chloride. Fur-
thermore, the interaction of iron oxide with silver
and silver chloride may contribute to greater chem-
ical interactions with normal cells than iron oxide
alone. *°

Fe, O3 @Ag/AgCl were shown to be more effective
with a significant increase) P < 0.0001(in inhibiting
cancer cell growth than Fe;O3 at all concentrations

(25%, 50%, and 100%) and time periods24) and
48) hours, as shown in Fig. 7 (C and D). Iron ox-
ide nanoparticles contribute to improved particle
accumulation within cancer cells due to their mag-
netic properties, allowing greater direction of the
particles to target areas and thus increasing the ef-
fect of free radicals on cancer cells.>® The results
also showed that the effect of Fe;O3 increases after
48 hours, especially at the highest concentration of
100%, demonstrating that the interaction between
the nanoparticles and cancer cells increases over
time.>! Fig. 8 refers to microscopic images of normal
cells (REF) and cancer cells(MDA),)a and b) refers to
negative control of REF and MDA at 24 and 48 hours,
respectively,while)c and d) indicates REF and MDA
exposed to Fe;O3 NPs and Fe;O3@Ag/AgCl, respec-
tively at 24 hours with concentration (100%), also (e
and f) indicates REF and MDA exposed to Fe;O3 NPs
and Fe;O3@Ag/AgCl, respectively at 48 hours with
concentration (100%), where it was noted that there
was a decrease in the number density of cells with the
effect of the cell envelope.



BAGHDAD SCIENCE JOURNAL 2026;23(5):1972-1984

Conclusion

The study successfully prepared Fep,Os; and
Fe,Os@Ag/AgCl NPs using a green method by
mint leaf extract. The success of the encapsulation
and its effect on the particle properties were
confirmed using different techniques. XRD results
showed that the Fep,O3 before encapsulation
contained y-Fe,Os3 and «-Fe,O3 phases, while
after encapsulation, the «-Fe;Os; phase became
the dominant phase, indicating the stability of
the phase after encapsulation. TEM images also
revealed a uniform distribution of the Ag/AgCl outer
layer around the Fe,O3 core, reflecting the success
of the encapsulation process. On the other hand,
EDX analysis showed that the components of the
mint extract remained even after annealing at 600
°C, reflecting the extract’s role in stabilizing the
particles. As for FTIR, the peaks associated with
Fe-O bonds showed stability after encapsulation,
confirming the stability of the Fe;O3 core structure.
AFM images also showed a significant decrease
in surface roughness from 12 nm to 3 nm after
encapsulation, reflecting improved particle stability.
Fe;O3 showed UV absorption with a band gap
of 3.57eV, while Fe,O3@Ag/AgCl exhibited two
absorptions in the UV and visible regions with an
increased band gap of 3.41eV. Regarding biological
activity, Fe;O3 NPs showed lower toxicity on REF
for both 24 and 48 h compared to Fe;O;@Ag/AgCl,
reflecting their ability to maintain cell stability under
experimental conditions. While, cytotoxicity tests
showed that the Fe;O3@Ag/AgCl NPs were more
effective against breast cancer cells (MDA) than
Fe;O3 NPs with a more pronounced effect after 48
hours, reflecting the enhanced chemical reactivity of
Ag/AgCl encapsulated particles against cancer cells.
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