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Abstract:

Ferrite nanoparticles (NPs) have emerged as promising candidates for cancer treatment due to
their unique magnetic properties and biocompatibility, which facilitate targeted drug delivery.
This study focuses on the synthesis of copper ferrite (CuFe204) and manganese ferrite (MnFe204)
nanoparticles using a hydrothermal method, and assesses their cytotoxic effects on human breast
cancer (MCF-7) cells. Characterization techniques, including X-ray diffraction (XRD), scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), Fourier transform
infrared (FTIR) spectroscopy, ultraviolet—visible (UV—-Vis) spectroscopy, and vibrating sample
magnetometry (VSM), confirmed the successful formation of pure spinel structures. XRD
patterns aligned with standard references, while SEM images indicated nearly spherical shapes,
with average diameters of 145 nm for CuFe.0O4 and 170 nm for MnFe.Os. EDX analysis validated
elemental composition, and FTIR spectra showed characteristic metal-oxygen vibrations. UV—
Vis spectra exhibited specific peaks for both ferrites, highlighting charge-transfer transitions.
Magnetic analysis revealed ferromagnetism, with MnFe.Os exhibiting a higher saturation
magnetization. In vitro assays showed that CuFe.Os significantly reduced the viability of MCF-7
cells in a dose-dependent manner, suggesting its potential as a biocompatible candidate for
targeted breast cancer therapy. Additional research is needed to discover mechanisms of action
and in vivo efficacy.
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1. Introduction

Nanotechnology has become one of the most dynamic
research areas in modern science, exerting a profound
influence on human life. The field of cancer therapeutics
has seen extensive research into various nanomaterials
and nanocarriers, including synthetic polymers, lipid-
based systems, protein carriers, organic and inorganic
compounds, glycans, and metallic nanoparticles.
Nanocarriers offer several essential advantages for drug
delivery, including enhanced absorption, improved
bioavailability, protection from metabolic degradation,
increased solubility, better tissue distribution, and targeted
delivery through both active and passive mechanisms [1-
4]. Nanomedicines can also help overcome drug
resistance by extending circulation time and enhancing
cellular uptake [5]. However, challenges remain,
including manufacturing inconsistencies, metabolic
limitations, potential dose dumping, and limited drug-
loading capacity. Among NPs, magnetic NPs are
particularly valuable due to their small size, stability, ease
of functionalization, and unique optical properties. These
magnetic NPs are used in drug delivery, magnetic
resonance imaging (MRI), radiation therapy, diagnostics,
tumor imaging, and early cancer detection [6, 7]. Their
ability to alter pharmacokinetic and pharmacodynamic
properties, improve drug solubility, enhance stability, and
enable targeted delivery while reducing side effects makes
them especially useful for cancer treatment [8, 9].

In recent years, ferrite nanoparticles have emerged as
promising candidates for biomedical applications due to
their distinctive magnetic properties, catalytic activity,
and biocompatibility. Ferrites, a class of magnetic oxides,
typically exist as powders or ceramics with ferromagnetic
characteristics [10, 11]. Mainly composed of iron oxides,
these materials may have ferric and ferrous ions partially
substituted with other transition metals [12]. Key iron
oxides include magnetite (Fe:04) and maghemite (y-
Fe20s), with magnetite exhibiting an inverse spinel ferrite
structure. The general formula for spinel ferrites is
MFe20s, where M represents a metal cation [8].

Notably, CuFe204+ and MnFe.Os NPs have demonstrated
exceptional potential in cancer therapy due to their
tunable magnetic properties, chemical stability, and
ability to induce oxidative stress in cancer cells [13-15].
Breast cancer is one of the most common and deadly
cancers worldwide, and conventional treatments such as
chemotherapy or radiotherapy often have severe side
effects and drug resistance. Magnetic NPs offer a
compelling alternative therapeutic and diagnostic
approach by enabling targeted drug delivery,
hyperthermia therapy, photothermal therapy, and the
induction of reactive oxygen species (ROS)-mediated
apoptosis [16, 17]. For example, Manivasagan et.al
investigated the photothermal therapeutic potential of

Abdollahzadeh Parsa et al.

calcium-doped magnesium ferrite nanoparticles (Ca?'-
MgFe:04 NPs) on the human breast adenocarcinoma
(MDA-MB-231) cell line. The synthesized NPs exhibited
a uniform spherical morphology, with a mean diameter of
14.24 nm, and demonstrated a photothermal conversion
efficiency of 30.12%. In in vitro assays, no significant
cytotoxicity was observed in MDA-MB-231 cells without
laser irradiation. Interestingly, Ca2+-MgFe204 NPs
exhibited greater cytotoxicity toward laser-irradiated
MDA-MB-231 cells, resulting in increased cell death
[18].

Beyond their unique optical and magnetic properties,
ferrite NPs have gained attention due to their capacity for
chemical modification through adjustments in their initial
composition or cation substitution [19]. The
biocompatibility of ferrite NPs was also confirmed by
Kuckelhouse et al., who examined cobalt-ferrite-based
magnetic fluid and magnetoliposomes [20]. Baldi et al.
reported hyperthermic applications of cobalt ferrite NPs
[21], while Lin et al. investigated the effect of
Mno.sZno.sFe204 NPs on hepatocellular carcinoma (HCC)
cells [22]. In another study, the cytotoxicity of nickel—
zinc (NiZn) ferrite NPs was evaluated against three cancer
cell lines: human colon cancer (HT29), human breast
cancer (MCF7), and human liver cancer (HepG2) cells.
The 3 (4,5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium
bromide (MTT) assay—a colorimetric method for
assessing cell viability based on mitochondrial metabolic
activity—indicated dose-dependent growth inhibition at
concentrations ranging from 15.6 to 1000 pg/mL for 72 h.
Apoptotic effects were further evidenced by increased
activation of caspases 3/9 (CASP3/9) and DNA
fragmentation, confirming the significant cytotoxic
potential of NiZn ferrite NPs, particularly against HepG2
cells [23]. Moreover, nickel (Ni) ferrite NPs induced
dose-dependent cytotoxicity in both HepG2 and MCF-7
cells by generating ROS, depleting glutathione (GSH),
and causing lipid peroxidation along with mitochondrial
membrane disruption. At the molecular level, Ni ferrite
NPs downregulate the expression of anti-apoptotic gene
BCL2 (B cell lymphoma 2). Conversely, they upregulate
the pro-apoptotic genes, including p53, Bax (BCL2-
associated X), and CASP3/9. Comparative analysis
revealed that MCF-7 cells were more sensitive to Ni
ferrite NPs than HepG2 cells [24]. Zinc nanoparticles (Zn
NPs) were also evaluated for cytotoxicity against human
lung epithelial cancer (A549), human skin epithelial
cancer (A431), and HepG2 cells. These NPs, with a mean
size of 44 nm, induced cytotoxic effects in a
concentration-dependent  manner (1040  pg/mL),
accompanied by increased ROS levels, reduced GSH,
collapse of mitochondrial membrane potential (MMP),
upregulation of p53, Bax, and CASP3/9, and
downregulation of BCL-2 [25].

In this study, CuFe:04 and MnFe.0O4 nanoparticles (NPs)
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were synthesized using a hydrothermal method, followed
by comprehensive characterization of their structural,
morphological, and magnetic properties. Their cytotoxic
effects on MCF-7 cells were subsequently evaluated,
revealing a significant difference in anticancer activity
between the two types of ferrite.

2. Materials and Methods

2.1. Materials

Copper (II) chloride dihydrate (CuCl.-2H-0), manganese
(II) chloride dihydrate (MnClz-2H-0), ferric chloride
hexahydrate (FeCls-6H:0), trisodium citrate dihydrate
(NasCit-2H20), sodium acetate (NaAc), ethanol (C2HsO,
99%), dimethyl sulfoxide (DMSO) and ethylene glycol
(EG) were obtained from Merck (Darmstadt, Germany).
All chemicals were of analytical grade and used without
further purification. Materials for cell culture, including
Dulbecco’s Modified Eagle Medium (DMEM),
phosphate-buffered saline (PBS) tablets, trypsin,
penicillin—streptomycin (Pen-Strep) antibiotic, and fetal
bovine serum (FBS), were purchased from Sigma-Aldrich
(St. Louis, MO, USA) and Gibco (Grand Island, NY,
USA).

2.2. Structural characterization and evaluation of NPs

The structural and physicochemical properties of ferrite
NPs were analyzed using various characterization
techniques. Optical properties were measured using a
UV-Vis spectrophotometer (UV-1700, Shimadzu, Japan).
Magnetic properties were assessed using a vibrating
sample magnetometer (VSM; MDKB, Magnetic Daghigh
Kavir Co., Iran) at room temperature. Functional groups
and chemical bonds were identified via Fourier-transform
infrared spectroscopy (FTIR; 8500S, Shimadzu, Japan).
Surface morphology and particle size were examined
using field-emission scanning electron microscopy
(FE-SEM; Sigma 300, ZEISS, Germany). Crystal
structure and phase purity were determined by X-ray
diffraction (XRD) wusing a Philips PW 1730/10
diffractometer (Philips, Holland) equipped with Cu-Ka
radiation.

2.3. Synthesis of ferrite NPs based on the
hydrothermal method

First, for the synthesis of CuFe20., FeCls-6H20 (1.28 g),
NaAc-3H20 (2.63 g), NaCit-2H20 (0.01 g), and copper
chloride precursor (CuCl2-:2H20 (0.41 g) were mixed in
32 mL of ethylene glycol (pH = 7.4). This protocol was
also carried out for the synthesis of MnFe,O4 with 0.384 g
of MnCl2-2H-0. Next, the mixtures were stirred for 2 h at
room temperature. During the hydrothermal reaction, the
solutions were placed in an autoclave cylinder and heated
to 200°C for 12 h. Purification of the NPs was done by
washing three times with distilled water, followed by
three washes with 99% ethanol. Finally, the NPs were
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dried at 40°C for 3 h and stored in a sealed glass
container.

2.4. Culturing MCF7 cells and evaluation of NPs
cytotoxicity on MCF7 cells

The MCF-7 cells (purchased from the Motamed Cancer
Institute, Tehran, Iran) were grown in DMEM medium
containing 10% FBS and 1% Pen-Strep antibiotic. The
cells were placed in a humidified incubator at 37°C with
5% COa. To assess cytotoxicity, MCF-7 cells were seeded
in 96-well plates at a density of 10* cells per well and
allowed to adhere for 24 h. The cells were then exposed to
varying concentrations of nanoparticles (0.01, 0.02, 0.04,
0.08, 0.1, and 0.2 mg/mL) for an additional 24 h. Before
incubation, the NP suspensions were sonicated to ensure
proper dispersion. After the treatment, an MTT solution
(0.5 mg/mL) was added, and the samples were incubated
for an additional 3 h. Subsequently, the formazan crystals
were dissolved in DMSO, and their absorbance at 570 nm
was measured.

2.5 Statistical analysis

Statistical analysis and data visualization were conducted
using GraphPad Prism version 8.2.1 (GraphPad Software,
Inc., San Diego, CA, USA). The results are expressed as
mean =+ standard deviation (SD). A one-way ANOVA was
utilized to compare the groups, followed by a Newman—
Keuls multiple comparison post-hoc test. A significance
level of p < 0.05 was established.

3. Results and discussion

3.1. SEM and EDX analysis of CuFe:Os and MnFe.04
NPs

SEM images revealed that the NPs exhibit spherical
morphology, with an average particle diameter of
approximately 145 nm for CuFe.O. (Fig. 1a) and 170 nm
for MnFe.Os4 (Fig. 1b). EDX analysis confirmed the
presence of O, Fe, and Cu in CuFe2Os NPs with weight
percentages of 57.76%, 29.15%, and 13.09%, respectively
(Fig. 1a), and O, Fe, and Mn in MnFe.O4 NPs with weight
percentages of 57.91%, 29.11%, and 12.98%, respectively
(Fig. 1b).

According to previous reports, ferrite NPs smaller than
200 nm do not interfere with their biomedical
applications. For instance, Vurro et al. synthesized citrate-
and glucose-coated ferrite NPs with hydrodynamic sizes
ranging from ~100-300 nm, which were employed as
MRI and magnetic particle imaging (MPI) contrast
agents, as well as antitumor agents in magnetic fluid
hyperthermia (MFH) targeting MDA-MB-231 cells [26].
Similarly, Al Gburi et al. developed Cuo.sZno.sFe204 NPs
with a microstructural size distribution of 20-200 nm and
proposed them as potential hyperthermia agents in cancer
treatment [ 14].
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Figure 1a. SEM, EDX, and size distribution analysis of CuFe,O4 NPs.
The results were recorded at an accelerating voltage of 10 kV and a
working distance of 5.6 mm, with a magnification of 20,000%. The scale
bar corresponds to 200 nm
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Figure 1b. SEM, EDX, and size distribution analysis of MnFe,O4 NPs.
The results were recorded at an accelerating voltage of 10 kV and a
working distance of 5.6 mm, with a magnification of 50,000x. The scale
bar corresponds to 200 nm
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3.2. UV-Visible analysis of CuFe:O4 and MnFe:O4 NPs

The optical absorption spectra of NPs were recorded in
the range of 200-900 nm (Fig. 2). For CuFe:0s, a distinct
absorption peak appeared at 285 nm, corresponding to
charge-transfer transitions between oxygen ions (O?") and
metal ions (Cu** or Fe*), indicating strong electronic
interactions within the spinel structure. A relatively
weaker absorption band was observed at 711 nm,
attributed to the d-d transitions of Cu** and Fe** ions.
Although typically less intense and broader than charge-
transfer bands, d—d transitions contribute significantly to
the optical and magnetic properties of ferrite NPs. The
presence of both absorption features confirms the
successful synthesis and characteristic spinel structure of
CuFe:Os NPs. For MnFe:0s, a distinct absorption peak
was observed at 297 nm, also corresponding to
charge-transfer transitions between oxygen ions (O*") and
metal ions (Mn?" or Fe*") within the spinel structure. This
peak reflects strong electronic interactions between
oxygen and metal atoms. A weaker absorption band at
701 nm was attributed to the d-d transitions of Mn?** and
Fe** ions. Although typically less intense and broader than
charge-transfer bands, these d—d transitions significantly
contribute to the magnetic and optical properties of ferrite
NPs. The presence of both absorption features at 297 and
701 nm confirms the successful synthesis and
characteristic spinel structure of MnFe.Oa Nps (Fig. 2).

0.5
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€ 03
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200 300 400 500 600 700 800 900

Wavelenght(nm)

Figure 2. UV-vis analysis of CuFe204 and MnFe204 nanoparticles

3.3. FTIR analysis of CuFe:04 and MnFe:04 NPs

The FTIR spectra of the NPs were recorded in the range
of 370-4000 cm™ (Fig. 3), and the major absorption
peaks are summarized in Table 1. Distinct peaks at 591
cm? and 389 cm™ confirmed the formation of the
CuFe:04 spinel structure, while corresponding peaks at
589 cm™ and 406 cm™ indicated the formation of the
MnFe:04 spinel structure. In line with previous reports,
both spectra exhibited a broad absorption band at 3412
cm™ and a distinct band at 1718 cm™, indicating the
presence of surface O—H groups or adsorbed moisture
[26]. Metal-oxygen (M—O) vibrations generally appear
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below 1000 cm™, with peaks under 700 cm™ being
characteristic of the spinel structure. Notably, the
absorption band near 539 cm™ corresponds to intrinsic
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vibrations of octahedrally coordinated metal ions, further
confirming the successful formation of a spinel ferrite
phase [27, 28].

Table 1. FTIR spectrum of CuFe:Os and MnFe>O4 nanoparticles

Ferrites Peak (cm™) Vibration Mode Assignment
3423.6 v(O-H) Stretching of hydroxyl groups (adsorbed moisture/surface —OH)
2925.7 v(C-H) Stretching of C—H bonds (residual organics: surfactants/solvents)
1644.4 6(H-O-H) Bending of adsorbed water molecules
CuFe:0s4 1415.5 5(C-0), v(C-O-H) Bending of C-O groups or residual nitrates/carbonates
1040 v(C-0) Stretching of C—O bonds (organic residues)
591.3 v(Fe-0) Octahedral (B) site in CuFe2O4 spinel
389.8 v(Cu-0) Tetrahedral (A) site in CuFe2O4 spinel
3426.7 v(O-H) Stretching of hydroxyl groups (adsorbed moisture/surface —OH)
2928.7 v(C-H) Stretching of C—H bonds (residual organics)
1639.8 d(H-O-H) Bending of adsorbed water molecules
MnFe.O. 1413.9 5(C-0), v(C-O-H) Bending of C-O groups or residual nitrates/carbonates
1050.7 v(C-0) Stretching of C—O bonds (organic residues)
589.8 v(Fe-0) Tetrahedral (A) site in MnFe:Oa spinel
406.6 v(Mn-0) Octahedral (B) site in MnFe2O4 spinel
40 43.3°, 50.48°, 57.2°, 62.9°, and 74.4° corresponding to
35 the (111), (220), (311), (400), (422), (511), (440), and
30 “0 con (533) crystallographic planes, respectively. The peak at
£ 2 O-H-0 CH (111) indicates the primary crystalline order in low-angle
g 20 o-H planes, while the (220) peak provides information on
£ 15 atomic distances and crystalline ordering. The (311)
§ 101cuQ reflection at (20 = 35.6°) is characteristic of the spinel
T 5] ko CuFe204 structure and reflects high crystallinity. The (400) peak
O 7e0 1150 1es0 1950 23e0 2750 a1e0 amen suggests an appropriate crystal symmetry, and the (422)
Wavenumber (cm) reflection  supports the well-ordered crystalline
arrangement, with intensities influenced by nanoparticle
60 size and crystal quality. The (440) peak is typical of
CuFe204 spinel phase, indicating crystal orientation in
_ higher-energy planes and supporting structural purity.
% Additionally, the (511) peak is a secondary plane where
E diffraction typically occurs with medium to low intensity,
é contributing to the completion and confirmation of the
2 spinel structure. Peaks at (511) and (533) correspond to
Fe-0 ——MnFe204 secondary and high-angle planes, respectively, both of
0

350 750 1150 1550 1950 2350 2750 3150 3550

Wave number(cm-)

Figure 3. FTIR spectrum of CuFe.04 and MnFe.O4 nanoparticles

3.4. XRD analysis of CuFe:0s and MnFe:04 NPs

The XRD pattern of CuFe.Os NPs was recorded in the 20
range of 10-80°. Distinct peaks matched the standard
pattern of copper ferrite (JCPDS 34-0425), confirming the
formation of a spinel structure. The primary diffraction
peaks appeared at approximately 18.4°, 30.2°, 35.6°,

which contribute to the confirmation of long-range
crystalline order and the absence of impurities.

The XRD pattern of MnFe.0. NPs also exhibited the
distinct peaks matching the standard pattern of manganese
ferrite (JCPDS 10-0319), consistent with a spinel
structure. Prominent peaks appeared at approximately
18.3°, 30.2°, 35.5°, 43.2°, 53.5°, 57°, 62.6°, and 73.96°
corresponding to the (111), (220), (311), (400), (422),
(511), (440), and (533) crystal planes, respectively. The
(111) reflection, though low in intensity, indicated the
initial ionic arrangement within the lattice. The (220)
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peak, with medium intensity, reflects crystal growth along
specific crystalline planes, supporting the cubic structure
and confirming the regular arrangement of Mn?" ions in
the lattice. The (311) peak, the most prominent reflection
in spinel ferrites, exhibited high intensity, signifying a
dominant spinel phase and well-crystallized NPs. The
(400) and (422) reflections confirm the structural
symmetry and optimal ion distribution. The (440) peak
supports the absence of secondary phases, while the (511)
peak indicates uniform crystallites with no detectable
impurities. The high-angle (533) peak confirms the
presence of a long-range order in the crystal lattice.
Notably, the most intense diffraction peak of MnFe.Oa
was observed at 26 ~=35.5° corresponding to the (311)
reflection, confirming the dominance of the spinel phase
and high-quality NP crystallization (Fig. 4).

800

700 CuFe204
600 (311)
‘;“ 500
<
T 400
Ey
% 300 (400) (423
]
=
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
28 (degree)
300
270 4 (311) MnFe204
J
240 4
210 9
‘:_i" 180 4
& 150 4 (440)
,-:‘:-_" 120 4
2 (220)
S 90 4 ®
[
= &0 4 (111)
30 4
1]

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

20 (degree)

Figure 4. XRD analysis of CuFe.O4 and MnFe-O4 nanoparticles

3.5. VSM properties of CuFe:04 and MnFe:04 NPs

The magnetic properties of NPs were examined within a
field range of -10,000 to +10,000 Oe. The CuFe:04 and
MnFe:O+ NPs exhibited the saturation magnetization
values of 14.88 emu/g and 31.95 emu/g, respectively.
Magnetic behavior typically depends on several factors,
including particle shape, size, and crystallinity. Given the
similar morphology and crystal structures obtained for
CuFe,04 and MnFe,0q, it is suggested that the type of
metal, and possibly NP size, may be significant
parameters influencing the magnetic properties [28-30].

3.6. MTT analysis

The MTT assay evaluated the cytotoxicity of CuFe2Oa
and MnFe.O« NPs at varying concentrations (0.01-0.2
mg/mL) on cell viability (%). CuFe:Os exhibited
significantly higher cytotoxicity than MnFe.Os with

Abdollahzadeh Parsa et al.

increasing concentrations, leading to a greater reduction
in cell viability (Fig. 6).

-10000 -7500 -5000 -2500 2500 5000 7500 10000

Magnetization{e mu/gr)

CuFe204
——MnFe204

-40
Magnetic Field(Oe)

Figure 5. VSM analysis of CuFe.Os+ and MnFe>O4 nanoparticles

A comparison of CuFe:Os-treated cells across different
concentrations revealed a significant difference relative to
the control group (**** P <0.0001). As shown in Fig. 6A,
MnFe:04, with a half-maximal inhibitory concentration
(ICs0) value of 0.275 mg/mL, did not exert any anticancer
effect on MCF-7 cells within the tested range (0.01-0.2
mg/mL), whereas CuFe:0. displayed dose-dependent
cytotoxicity with an ICso value of 0.219 mg/mL.
Remarkably, cell viability dropped below 60% at 0.1
mg/mL of CuFe,Os compared to the MnFe;Os. This
finding highlights the potential role of ferrite
nanoparticles in cancer therapy. Previous studies have
reported the therapeutic effect of MFe,O4 NPs on various
cancer cell lines. For instance, Kanagesan et.al
synthesized MnFe:04 magnetic NPs via a sol-gel self-
combustion method using iron and manganese nitrates,
after calcination (150 °C for 24 h). Characterization by
XRD, FTIR, TEM, and VSM confirmed a single-phase
spinel structure, nanoscale dimensions, and favorable
magnetic properties. The NPs exhibited dose-dependent
cytotoxicity against murine mammary carcinoma breast
cancer cells (4T1), with ICso values decreasing from 210
pg/mL (24 h) to 171 pg/mL (72 h). Higher concentrations
induced apoptosis and necrosis, whereas concentrations
below 125 pg/mL displayed greater biocompatibility,
highlighting their potential biomedical applications,
especially in cancer therapy [28].

As noted above, although MnFe,O4 displays higher
saturation magnetization, CuFe;O4 is more cytotoxic. This
difference could be attributed to the enhanced ROS
generation, metal ion release under physiological
conditions,  plasma disruption,  and
mitochondrial dysfunction. Both copper and manganese
ions can participate in Fenton-like reactions, producing
hydroxyl radicals more rapidly and effectively than Mn or
Fe. Under identical H:0: levels, Cu-containing
nanoparticles typically induce stronger oxidative stress.
Furthermore, Cu®* and Fe>"?" can be released into acidic

membrane
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lysosomal compartments (pH = 4.5) or culture media,
directly damaging proteins and DNA. Cu?" is released
more rapidly and extensively than Mn?" in acidic
intracellular environments. Free copper ions react with
protein thiols, disturb iron metabolism, and cause DNA
damage, whereas Mn?*, at physiological concentrations,
generally exerts weaker toxic effects. Uncoated or highly
charged NPs can further increase the membrane
permeability, resulting in cell lysis and reduced cell
viability. Copper ions interact more readily with
membrane phospholipids and amino/thiol
accelerating membrane compromise [13, 31].

In line with earlier reports (Table 1),
Islam et al. synthesized chitosan-coated MnFe.O. via co-

groups,

precipitation and assessed its cytotoxicity against human
cervical carcinoma cells (HeLa); however, they did not
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evaluate uncoated MnFe:0 or CuFe.O4 in MCF-7 cells
[32]. Srikanth et al. synthesized CuFe.O4 hydrothermally
and evaluated their cytotoxicity on catfish ovary cells
(CCO); however, MCF-7 cells were not investigated [33].
Manh et al. prepared MnFe:O+—Ag hybrid NPs via co-
precipitation and assessed their cytotoxicity in HepG2 and
HeLa cells; however, pure CuFe.0O4 or MnFe.O1 were not
examined, and the hydrothermal synthesis method was
not employed [34]. Ahamed et al. reported the cytotoxicity
of CuFe:0s on MCF-7 cells, while CuFe:Os was
synthesized under different co-precipitation conditions.
Moreover, MnFe:04 NPs were not evaluated in this study
[13]. As summarized in Table 2, none of these studies
conducted a direct, head-to-head comparison of both

ferrites

synthesized hydrothermally under

identical

reaction conditions using the same cancer cell model.

Table 2. Comparison of different ferrite nanoparticles for cancer therapy

Nanoparticle Cell line IC50 Cytotoxic effects Applications Ref.
100 pg/mL Up-regulation of caspase-3 and
CuFe 04 MCF-7 caspase-9 genes; oxidative Cancer therapy [13]
stress
Cuo.5Zng sFer04 MG63 - Heating Hyperthermia [14]
Cs- HEK293 251 pg/mL
MgosCoosFe:0s-  MCF-7 158 pg/mL 5-FU, RNA, and DNA damage  Drug delivery [15]
SFU Hela 158 pg/mL
Ca**-doped MDA-MB- L Cancer Photothermal
MgFe:04 231 - Laser-irradiated therapy [18]
Mnyg sZno sFe>04 HCC - Heating Hyperthermia [22]
NiZuFeO HT29
1Znke2U4 Caspase-3 and -9 activities and
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Figure 6. MTT assay results showing the viability (%) of the MCF-7 cell line following exposure to varying concentrations of CuFe.Os and MnFe:O4
NPs. Data are expressed as the mean+SD (n=3 independent biological replicates). *p <0.05; ****p<0.0001 indicate the significant differences
compared with untreated control cells, as determined by one-way ANOVA followed by Newman-Keuls multiple comparison post-hoc tests

4. Conclusion

This study successfully synthesized CuFeOs and
MnFe204 nanoparticles (NPs) via a hydrothermal method,
resulting spherical morphologies with average
diameters of approximately 145 nm and 170 nm,
respectively. Characterization confirmed the structural,
optical, and magnetic properties of the materials, with
XRD revealing pure-phase spinel structures and EDX
validating the stoichiometric compositions. UV—Vis
spectra showed characteristic charge-transfer peaks, while
VSM  measurements

in

indicated  higher saturation
magnetization for MnFe.Os (31.95 emu/g) compared to
CuFe.Os (14.88 emu/g). MTT assays demonstrated
significant dose-dependent cytotoxicity in MCF-7 cells,
with CuFe:0O4 exhibiting greater toxicity than MnFe2Oa.
These findings highlight CuFe.Os NPs as promising
candidates for further biomedical research, particularly in
targeted cancer therapy.
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