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Abstract

This study addresses the limitations of conventional cancer treatments, such as chemotherapy and
radiotherapy, by focusing on the synthesis and characterization of supetparamagnetic y-Fe,Os nanoparticles
(GMNP) using the sonochemical method for hyperthermia-based cancer therapy. While previous studies have
explored the use of magnetic nanoparticles in cancer treatment,, their efficiency and quality have remained
suboptimal. In this study, we propose a sonochemical approachto@nhance the quality and performance of
GMNPs. The sonochemical method improved nanoparticle qualitysand efficiency. The GMNPs demonstrated
a significant hyperthermic effect, with a temperature increase exceeding 43°C under an alternative magnetic
field (that will be referred to as ACMF in abbreviations) (400 kHz), which can help induce apoptosis and
necrosis in cancer cells. The nanopatticles were spherical in shape, with sizes ranging from 20 to 51 nm.
Cytotoxicity assays (MTT assay) showed that the nanoparticles maintained high biocompatibility, with cell
viability above 75% at all comncentfations.” These findings suggest that GMNPs synthesized via the
sonochemical method offer dmproved efficacy compared to traditional methods, making them a promising

candidate for hyperthermia-based cancer therapy.

Keywords: y-Fe;O;, Nanoparticles, Hyperthermia, Cancer

1. Introduction

Cancer is the second leading cause of death worldwide and one of the greatest challenges to
human health. Traditional treatment methods like chemotherapy are rapidly being replaced by
innovative and targeted therapies. One such method is hyperthermia therapy, which involves using

heat to increase the temperature of cancerous tumors to destroy them. This approach can be effective
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either as a complement to or a replacement for conventional treatments, particularly for treating deep
and resistant tumors. This method offers precise targeting of tumors, resulting in fewer side effects
and preventing damage to healthy tissues. Additionally, it can serve as a complementary approach to
other treatments such as chemotherapy and radiotherapy, enhancing their effectiveness. Due to its
ability to penetrate deep into the body, hyperthermia is particularly useful for treating inaccessible
deep tumors. Other advantages include the precise control of temperature and its customization for
the destruction of cancer cells, leading to reduced treatment time [1,2].

In recent years, the use of magnetic nanoparticles has gained attention as/one of the best tools for
creating magnetic hyperthermia. In this method, magnetic nanoparticles‘are exposeéd to an alternating
magnetic field, converting the field's energy into heat and raising the tumor's temperature. Unlike
other hyperthermia methods (such as using ultrasound waves, microwave waves, etc.), which face
challenges like low targeting precision and limited pénetration into deep tumors, magnetic
hyperthermia using magnetic nanoparticles resolves these issues and can accurately target deep-
seated tumors [3-5].

In recent decades, the unique properties of magnetic iron oxide nanoparticles (Fe:Os and Fes;Oa)
have expanded their application in e¢linical settings, particularly in cancer treatment. This is primarily
due to their excellent intrinsic magnetic properties, nanoscale size, and ability to generate heat when
exposed to an alternating magnetic field (AMF) [6,7]. Iron oxide (Fe20s) exists in various forms, such
as maghemite (y-Fe20s), hematite (o-Fe20s), B-Fe:0s, 0-Fe20s, n-Fe:0s, e-Fe:0s, and oxide
hydroxides like goethite (a-FeOOH) and lepidocrocite (y-FeOOH) [8]. Among these, maghemite
nanoparticlés (y-Fe20:) hold significant importance in cancer treatment [9]. Due to their outstanding
magnetic properties, high thermal stability, and resistance to oxidation, these nanoparticles are
considered suitable for hyperthermia treatments. Compared to other iron nanoparticles like FesOa, v-
Fe20s nanoparticles exhibit higher magnetic saturation and resistance to phase changes at elevated

temperatures, which is critical for hyperthermia treatments. Additionally, these nanoparticles can
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generate the necessary heat to destroy cancer cells at high temperatures without losing efficiency [9-
11].

Several methods have been employed to synthesize magnetic nanoparticles for hyperthermia,
including chemical precipitation, solvothermal synthesis, and sol-gel processes [12]. However, these
methods often face challenges in terms of control over nanoparticle size, morphology, and the
uniformity of the magnetic properties. Given the high importance of magnetic nanoparticles in
magnetic hyperthermia and their potential in cancer treatment, this study focuses on the production
and characterization of y-Fe.Os nanoparticles and their response to alternating magnetic fields for
hyperthermia applications. The main objective of this research is to develop andimprove synthesis
methods for magnetic nanoparticles using a sonochemical approaeh. This method employs ultrasonic
waves to enhance reaction rates, enabling the synthesis of higher-quality; more efficient nanoparticles
[13]. This method uses ultrasonic radiation to increase the reaction rate and reduce synthesis time.
Additionally, the creation of "acoustic cavitation" helps in better control of the size and uniform
distribution of nanoparticles. Sonochemistryallows reactions to occur at low temperatures, which
helps reduce energy consumption and improves the properties of temperature-sensitive nanoparticles.
Moreover, this method does ndt require additional catalysts or stabilizers, which reduces costs and
increases the purity of thefinal product. Furthermore, by precisely controlling the synthesis processes,
the magnetic propérties of the nanoparticles can be enhanced. Finally, sonochemistry is easily
scalable and ean be impleémented in larger scales [14,15].

This§ study specifically focuses on the synthesis and characterization of y-Fe.Os nanoparticles
using the sonochemical method for hyperthermia-based cancer therapy. The main objective is to
develop a more efficient and controlled synthesis approach for magnetic nanoparticles and to
investigate their potential in cancer treatment. We aim to address key challenges such as ensuring
nanoparticle stability in biological environments, controlling temperature within targeted tissues, and

improving the therapeutic efficacy of magnetic hyperthermia.
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2. Materials and methods

2.1. General

The sonochemical method used in this study for the synthesis of y- Fe2O3 nanoparticles was
carried out using an ultrasonic device with a frequency of 30 kHz and an ultrasonic power of250 W
and equipped with a titanium probe. The ultrasonic process was carried out at room temperature. Adl

chemicals used in the synthesis were of high purity and were purchased from reputable suppliers.

2.2. Materials
Iron nitrate nonahydrate (Fe(NOs)s-9H20) with 98% purity from MERCK Germany, hydrazine
monohydrate solution with 70% purity from Jiangsu Sopo Chind, and 96% ethanol from CMG Iran

were used for the preparation of nanoparticles.

2.3. Preparation of nanoparticles

Contrary to other studies such asYoon-Joo Lee et al., which used traditional chemical techniques
to create y-Fe203 nanoparticles, this study uses a sonochemical method[16]. Traditional chemical
techniques have problem§ suchas high cost of raw materials, high volume of shrinkage and cracking
during the drying process, lack of proper control over the size, shape, and morphology of the
nanoparticlesg.etc. Meanwhile, the sonochemical technique offers a more regular and reproducible
synthesis process by greatly increasing the particle size distribution and synthesis efficiency[17,18].
According to'the findings by Maiti et al., To synthesize y-Fe-Os nanoparticles, 40.4 grams of iron(III)
nitraternonahydrate (Fe(NOs)s-9H.0) were dissolved in 100 milliliters of deionized water. The
solution was made at room temperature (25°C). The solution's initial pH was measured with a pH
meter and found to be 1.56. Hydrazine monohydrate was then added dropwise to the solution, and

after 45 minutes of stirring, when the pH reached 3.30, stirring was continued for an additional 15
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minutes while the solution was ultrasonically treated (at 250 W and 30 kHz). This procedure increased
the pH to 3.76. Hydrazine monohydrate was added again, and the solution was sonicated for another
15 minutes, during which time the color of the solution changed to dark brown and the pH rose to
5.12. Another dropwise addition of hydrazine monohydrate was added, and sonication was repeated
for 2 hours, raising the pH to 7.12. To prevent the production of the Gamma phase of Fe-Oagavoid
adding hydrazine monohydrate rapidly and in large quantities. The precipitate was washed with
deionized water, followed by ethanol, then centrifuged at 10,500 rpm for 10 minutes. This procedure
entailed washing the nanoparticles four times with deionized water and ethanol. Initially, the
nanoparticles were washed with deionized water, followed by ethanol{ and then*washed two more
times with deionized water to completely remove the ethanol from the nanoparticles. The centrifuged
precipitate was dried in a hot air oven at 70°C for 72 hours. Finally, the dried product was ground

into a fine powder using a mortar and pestle to obtain. y-FesOs nanoparticles [8].

2.4. Characterizations

FTIR spectra of the magnetic nanoparticles (GMNPs) were recorded using a Jasco 6300
spectrophotometer (Japan). All samples were mixed with pure potassium bromide (KBr) powder,
ground into fine powders, and pressed mechanically into semi-transparent disks. A pure KBr disk
was used as the background: The FTIR spectra were recorded from 500 cm™ to 4000 cm™ with a
resolution of 4 cm™'. " The morphological features and particle size of GMNPs were evaluated using a
CM120/transmission electron microscope (TEM, Netherlands). The microstructures and shapes of
GMNPs were examined using a MIRA TESCAN field emission scanning electron microscope
(FESEM) equipped with an EDS module. The crystalline structures of GMNPs were analyzed using
a D8 ADVANCE X-ray diffraction (XRD) device from Bruker, Germany. The analysis was
conducted over a range of 20 (20-80°) using a copper monochromatic radiation source (wavelength

1.5406 A) with a step size of 2° per minute. Additionally, to measure the magnetization curves and
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magnetic properties of GMNPs, a vibrating sample magnetometer (VSM) model MDKB from Iran,

with an applied field of £20 kOe at room temperature, was used.

2.5. Hyperthermia assay

To evaluate the hyperthermia properties of the nanoparticles, a hyperthermia .device
manufactured by Magnatis Danesh Pouya Kashan, Iran, was used. This test was performed under@
magnetic field intensity of 400 Oersted, with a frequency of approximately 400 kHZ for 5S'minutes at
room temperature. Initially, various nanoparticle concentrations were tested t0 determine the optimal
concentration for effective hyperthermia treatment. Ultimately, a concéntration'of 120 mg/mL was
selected as the optimal concentration. The heat induction of nanoparticles, represented by the specific
loss power (SLP) factor, was calculated using Equation 1[19]. The temperature increase of the
nanoparticles follows the Néel and Brownian laws. At the Start of this test, the environment is
adiabatic, and heat does not escape. The output of the. test is the temperature change of the sample
over time. It is worth noting that this test requires sample preparation, where the nanoparticles are

dispersed in their base solution for 8 minutes.

SLP = Cx1000*AT (1)#

ConcentrationsTime (S)

Where, AT is the temperature change before and after applying the magnetic field (°C), C is the specific heat

capacity of the water.

2.6."Cell viability assays
The MTT assay was used to assess the biocompatibility of the nanoparticles. OVCAR3 cell lines
with a density of 6x10* cells in DMEM supplemented with 10% FBS were seeded in a 96-well plate

and incubated for 12 hours. The cells were then treated with GMNPs for 24, 48, and 72 hours. After
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discarding the medium, 200 microliters of culture medium with 10 mg/mL MTT was added to each

well and incubated at 37°C for 2 hours. This test was conducted using an extraction method.

3. Results and discussion

Figure 1 shows the FTIR spectroscopy results of y-Fe-Os nanoparticles (GMNPs).. In order to
confirm the accurate production of synthesized y-Fe2O3 nanoparticles, the FTIR spectrum of@a
standard Fe2O3 sample was also analyzed and compared with the synthesized sample.. The peaks at
1621 cm™, 3403 cm ™', 633 cm™’, and others in the synthesized sample closely match those observed
in the standard Fe:Os spectrum, confirming the successful synthésis of “high-purity y-Fe.Os
nanoparticles. However, slight differences in peak intensitiessand positions could indicate the
presence of residual species or slight variations in the synthesis process, which were further
discussed[20, 21]. The peak at 1621 cm™ corresponds.to the'beniding vibrations (8) of water molecules
adsorbed on the surface of pure GMNPs« The peak,at 3403 cm™ is attributed to the stretching
vibrations (v) of O-H bonds [22]. Additionally, the peak at 633 cm™ corresponds to the stretching
vibration mode of Fe-O bonds in the FTIR spectrum [23,24]. A very small peak at 1382 cm™ and
1021 cm™ is associated with/ residual nitrate ions adsorbed on the sample during preparation.
Moreover, a fine peak at 889 em ™ indicates a small amount of Fe-OOH in the prepared y-Fe.Os
sample [25-28]. Thé results show that all major peaks related to GMNPs are visible, confirming that
the nanopartieles have high purity and acceptable quality. The results obtained are consistent with

those of Sohrabijam et al., and Lotfar Rahman et a/ [29,30].
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Figure 1. FTIR spectrum of y-Fe-Os (GMNPs K

Figure 2 displays TEM image of GMNPs. As shown, the W\I xhibit spherical shapes with

particle sizes ranging from approximately 20 to 5 eters. According to research findings,
spherical particles are more biocompatible cells and pose a lower risk of carcinogenicity,
immune system activation, and cytotoxici pared to rod-shaped or other morphologies [31]. The

aggregation of particles is observe e to the very small size and high magnetic properties of the

nanoparticles. This phenomen because nanoparticles, having high surface energy, tend to

aggregate to reduce their

Figure 2. TEM image of GMNPs
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This study demonstrates a well-defined size range of 20 to 51 nm, which is ideal for hyperthermia
applications due to improved biocompatibility and controlled clearance from the body, as opposed to
studies such as Debabrata Maiti et al., where the particle size distribution of the synthesized
nanoparticles was not precisely controlled. Furthermore, past studies may have failed to properly
describe the appropriate size of nanoparticles for hyperthermia treatment. The results show that'our
nanoparticle size is ideal for hyperthermia applications, as nanoparticles smaller than 20 nmare easily
eliminated by the kidneys, whereas nanoparticles larger than 100 nm can producé negative effects
[13,32].

As illustrated in Figure 3, XRD analysis was conducted on the GMNPsto study the crystal
structure of the products. The main peaks of y-Fe-Os were observed at angles 0£26.8°, 30.25°, 35.75°,
43.37°, 53.8°, 57.45°, and 63.09°. These angles correspond to thé crystal planes (210), (220), (311),
(400), (422), (440), and (511), confirming the successful formation of y-Fe.Os consistent with
reference card no. (0064-591-96) [33]. The results indicate no other phases formed, ensuring high
purity of the nanoparticles. The crystal size was calculated using the Scherrer equation (Equation 2),

resulting in approximately 15.8 nm.

K2
D_Bcose (2)

Where D is crystallite size (nm), K is the Scherrer constant, A is the X-ray wavelength (nm), 0 is the
diffraction angle, and f is the peak width at half maximum intensity (FWHM). Reports suggest that
magnetic properties of ferrites, such as coercivity, strongly depend on the average crystallite size. The
critical size of the crystallites may represent the boundary for transitioning from multidomain to
single-domain structures [34, 35] The calculated crystallite size was smaller than the particle size

obtained from TEM images. This discrepancy between XRD and TEM results could be due to the

10
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Scherrer equation not accounting for peak broadening caused by lattice strains [36]. The findings are

comparable to those of Lutfor Rahman et al. and Sohrabijam et al [29, 30].
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Figure 3.XRD patterns of GMNPs.

The size, shape, and morphology of the nanoparticles were examined using FESEM, as shown
in Figure 4. The FESEM images reveal small, spherical particles with homogeneous sizes and a
morphology resembling flowers {235 37, 38]. Some dense nanoparticles, similar to TEM images,
result from their high surface energy and superparamagnetic properties. Additionally, the
nanoparticles_generally have smooth or slightly uneven surfaces. Magnetic spherical nanoparticles
offer significant advantages over rod-shaped or other morphologies in terms of biocompatibility and
toxicity. Thisdnay be due to several factors. Firstly, spherical nanoparticles have a smaller specific
surfacearea compared to rod-shaped particles. This can reduce their interaction with reactive regions,
thereby decreasing toxicity and adverse interactions with biological systems. Additionally, spherical

nanoparticles are more easily and uniformly absorbed by cells, which can improve their distribution

11



Journal Pre-proofs

throughout the body. This uniformity can lead to more predictable and controlled biological

responses, reducing the likelihood of localized toxicity [37, 39].
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Figure 4. (a) FESEM image and (b) EDS analysis of GMNPs.

Moreover, sphérical naneparticles can move more efficiently through the bloodstream, reducing
the risk of<their aggregation and allowing them to be more effectively cleared by the
reticuloéndothelial system. Consequently, the risk of their accumulation in organs is diminished.
Furthermore, the shape of nanoparticles influences how they are recognized by the immune system.
In genéral, nanoparticle size is a critical parameter for circulation lifetime. It has been reported that
the optimal size of nanoparticles is typically between 20 to 200 nanometers, as smaller particles are
quickly removed from the bloodstream by the kidneys, and larger particles are rapidly absorbed by

macrophages, resulting in a shorter circulation lifespan [38]. Additionally, the EDS spectra of

12
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GMNPs revealed the elemental composition of the sample. It is observed that iron, nitrogen, and
oxygen are the main elements in the structure of the GMNPs. These results further confirm the
presence and purity of y-Fe-Os nanoparticles and showed good agreement with the XRD results and
reported studies. The short peak observed around 7 keV corresponds to gold, which is due to the
sample preparation process for FESEM.

Magnetic properties of GMNPs were examined at room temperature using VSM, as illustrated
in Figure 5 a. The saturation magnetization of GMNPs was approximately 41 emu/g, demenstrating
superparamagnetic behavior. Upon the application of an external magnétic field, the material
becomes magnetized, but the magnetization disappears upon removing the field. This behavior results
from the small particle size, which allows for random magneticsorientation in response to external
fields [40]. Also, the strong response of GMNPs to the magnet can be seen in Figure 5 b. The results
of the VSM experiment and the demonstration of the superparamagnetic property of GMNP are
consistent with the results of Lutfor Rahman ef al [29].

Figure 6 and Table 1 show the results.of hyperthermia testing under in vitro and laboratory
conditions. To achieve the optimal ¢encentration of GMNPs for hyperthermia applications, three
concentrations (5, 10, and 20 mg/mL nanoparticles) were tested for 5 minutes in pure water under
hyperthermia conditions! The\results indicate that higher GMNP concentrations cause greater
temperature increases within, 5 minutes. Specifically, the 20 mg/mL nanoparticle concentration
yielded the highest temperature rise during the 5 minute duration. Thus, it can be concluded that these
nanoparticles are a suitable and efficient choice for hyperthermia, and even at a concentration of 5
mg/mb, they'can raise tumor temperatures to over 43 °C. It is evident that higher concentrations, such
as 10wor 20 mg/mL, result in faster and greater temperature increases. The 20 mg/mL concentration

is selected as the optimal concentration for temperature rise and hyperthermia effect.

13
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Figure 5. (a) Magnetic properties of GMNPs and (b) effect of magnet on the nanopowders.

As/the GMNP concentration increases, the number of nanoparticles in a given volume also rises.
Each manoparticle, when exposed to a variable magnetic field, generates more magnetic energy,
whichis released as heat in the system. In fact, magnetic nanoparticles dynamically alter their
magnetic orientations under the influence of an external magnetic field. These changes in magnetic
orientation produce energy, which is released as heat. Consequently, as nanoparticle concentration

increases, a greater temperature rise is observed in the material[41,42]. At higher concentrations,

14
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nanoparticles are closer to one another, which may lead to magnetic interactions between the
nanoparticles. These interactions can make the nanoparticles absorb and convert energy into heat
more effectively. Moreover, at higher concentrations, the likelihood of magnetic interactions between
nanoparticles increases, enhancing the thermal effect [43]. On the other hand, at lower concentrations,
heat dispersion and energy transfer may not occur efficiently. However, at higher concentratiofis, the
larger number of nanoparticles ensures more effective heat transfer within the system, leading to an
overall temperature increase in the material[44, 45] . The SLP value was calculated to be 9.1 W/g.
Our results are consistent with those of Lemine et al., who also used maghemité nanoparticles together
with titanium oxide to produce a hyperthermia effect[46]. Another study by Fatima et al. produced
high-performance Maghemite/poly(D,L-lactide-co-glycolide)/chitosan nanoparticles with an average
size of 325nm. These nanocomposites displayed magnetic properties and functioned as T2 contrast
agents in magnetic resonance imaging, as well as'strong’ thermal capabilities for anticancer

hyperthermia [47].
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Figure 6. Hyperthermia test results for GMNPs.
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Table 1. Temperature changes of the mixture under different nanoparticle concentrations

GMNPs Concentration (mg/ml) Ty (°C) Ty (°C) T (COA
S# 25# 3154 6.5#
10# 25# 34.54 9.5#
204 254 394 144

As mentioned, the cytotoxicity test was conducted on OVCAR3 cell lines' with a density of
6x10* cells in DMEM containing 10% FBS in a 96-well plate. The GMNPs were dissolved in PBS
(Phosphate Buffered Saline) before being added to the cell culture for MTT test. The main reagent
for this test is tetrazolium, which is used in solution with PBS. This_yellow solution is highly light-
sensitive and, due to its net positive charge, is absorbed by cell membranes. It then enters the cell
through endocytosis and reaches the mitochondria. Thisseempound is»converted by the enzyme
succinate dehydrogenase, which is present in the mitochondria and active only in the respiratory chain
of living cells, into purple water-insolubleé formazan deposits. Essentially, out of many cells present,
only living cells can convert the MTT solutioniinto purple water-insoluble formazan precipitate. The
optical density of the resulting solution:can be measured using a spectrophotometer at 579 nm. The
resulting value represents the absorbance of the purple formazan dye. To calculate the percentage of
cell viability, the absorbance values of control samples (blank samples) and test samples are required.
In the MTT assayjy the blank consists of a cell-free medium plus an MTT solution and a solubilizing
buffer. The blank represents the absorbance generated by the medium itself, which must be subtracted
from the final values of the samples, standard curves, and positive and negative controls. Without
accounting for the blank and subsequently subtracting its values from the experimental results, the
MTT assay would not be accurate [48]. As shown in Figure 7, three different concentrations of

GMNPs (5, 10, and 20 mg/mL) were examined. The MTT assay results showed that for all samples,

1- The OVCAR-3 cells are from a cell line derived from a malignant tumor of the ovary and they obtained from human
ovarian cancer.
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the percentage of cell viability was above 75% over the entire 72 hours. This result indicates that the
nanoparticles at all concentrations are not cytotoxic. With increasing nanoparticle concentration, the
percentage of cell viability slightly decreases. This reduction in viability may be due to the production
of free radicals and oxidative stress caused by nanoparticles at higher concentrations. However, it is
observed that even at the highest concentration (20 mg/mL), the viability percentage remains/above
75%. Therefore, the produced samples are free from cytotoxic effects and can be easily injected for
hyperthermia treatment. Sharifi et al.'s results demonstrate the non-cytotoxicity of maghemite
nanoparticles at various doses, which is consistent with our findings. They contacted the nanoparticles
with a breast cancer cell line(4T1), and the results showed that the nanoparticleés’did not cause any

cytotoxicity and maintained cell viability at levels above 70%[49].
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Figure 7. MTT assay results for GMNPs.

4. Conclusion

In this study, y-Fe:Os magnetic nanoparticles were successfully synthesized using the

sonochemical method for potential tumor treatment using hyperthermia effect. The produced
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nanoparticles exhibited superparamagnetic properties and were characterized by various techniques,
including FTIR, XRD, VSM, TEM, and FE-SEM/EDS spectroscopy. TEM analysis confirmed
nanoparticle dimensions in the range of 20—50 nm. Cytotoxicity testing on OVCAR3 cells found that
the nanoparticles had no toxicity. Hyperthermia tests revealed that when exposed to an alternating
magnetic field at 400 Oe and 400 kHz, the nanoparticles caused a temperature increase of around 14
°C within 5 minutes. These findings confirm the potential of y-Fe.Os nanoparticles as<@a promising
candidate for hyperthermia applications in cancer therapy.

However, several limitations must be recognized. First, the synthesis andcharacterization
methods, although effective, were limited in terms of scalability and potential batch-to-batch
variability, which could affect reproducibility in larger-scale manufacturing. Additionally, the in vitro
studies were performed using only the OVCARS3 cell line, and future studies should explore the
response of other cancer cell lines to assess the generalizability of these results. It is also necessary
to investigate how apoptosis and cell death occur when applying a magnetic field to nanoparticles
and causing hyperthermia on different cell lines.The hyperthermia experiments, while promising,
were conducted under controlled conditions, and further testing in more complex environments is
needed to evaluate the nanoparticles" behavior in vivo. As a future perspective, several avenues can
be explored to enhance the clinical efficacy of these nanoparticles. In vivo studies are essential to
evaluate the efficacy and safety of nanoparticles in animal models and provide more precise insight
into their therapeutic potential. Optimization of the size and shape of nanoparticles may also enhance
their hyperthermic performance. Finally, exploring combination therapies, such as using these
nanoparticlés in combination with chemotherapy, cell therapy, and immunotherapy, could provide
moreeffective treatment strategies for cancer.Overall, the y-Fe2Os nanoparticles synthesized in this

study demonstrate excellent potential for hyperthermia-based cancer therapy.
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