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Synthesis, Characterization, and Cytotoxicity Evaluation of
Polyethylene Glycol-Coated Iron Oxide Nanoparticles for
Radiotherapy Application
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Background: Treatment methods for cancer that are widely being utilized affect both normal and cancerous cells. We report synthesis polyethylene
glycol (PEG)-coated Fe,O, nanoparticles (NPs) and its characteristic properties and appraise its potential as a promising radiation sensitizer
candidate in radiotherapy that improves cancer treatment and reduces side effects of radiation. Materials and methods: PEG-coated Fe,O, NPs
were synthesized by chemical coprecipitation method and characterized by studying their size, structure, functional group, stability, magnetization,
and cytotoxicity using different techniques. X-ray powder diffraction, Fourier transform infrared spectroscopy, and thermogravimetric analysis
results show that Fe,O, NPs have been functionalized with PEG molecules during the course of synthesis. Results: Synthesized NPs have
good stability based on zeta-potential study. Dynamic light-scattering results reveal that PEG-coated Fe,0, has a greater hydrodynamic size
than bare Fe,O,. Transmission electron microscopy (TEM) micrograph exhibited that NPs are roughly spherical with size in range of 10-20
nm. Saturation magnetization value of PEG-coated and bare Fe,0, also confirms coating and shows superparamagnetic behavior. Cytotoxicity
evaluation study indicated that PEG-coated Fe,O, is biocompatible on L.929 and toxic on Michigan Cancer Foundation-7 (MCF-7) (breast cancer
cells). Conclusion: These characterized properties of PEG-coated Fe,O, NPs show that it could be used as a potential radiosensitizer candidate
in radiotherapy to significantly improve cancer treatment and minimize painful side effects of radiation.
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INTRODUCTION into severe side effects. The main challenge that radiation
oncologists and medical physicists facing is that how to
minimize normal tissue dose at the same time increasing dose
impact on the tumor tissue. To achieve this goal of radiotherapy,
technological advances such as new imaging modalities, more
powerful computer hardware as well as software and new
delivery systems like advanced linear accelerators have been
used. However, increasing the radiation dose is still insufficient
to significantly improve tumor control probability for many

Control of cancer is considered to be a foremost communal
health issue in prevalent time. As per the World Health
Organization report, cancer is the second leading cause of
death globally, and has caused an estimated 9.6 million deaths
in 2018 itself. Globally, about 1 of 6 deaths relates to cancer.!!
Increasing morbidity and fatality due to cancer negatively
affects the financial and overall growth of the nation. Cancer
can be treated with various treatment methods including
chemotherapy, radiation therapy, immunotherapy, and
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or gamma-rays. In case of deep-seated tumor, healthy tissues
that lie in track of photon get exposed to radiation resulting
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radioresistant tumors.** Another challenge for radiotherapy
is that tumors are often located near normal tissue and organs
at risk which is a limiting factor for radiation to deliverer.””
Therefore, increasing radiosensitization of tumor tissue with the
use of radiosensitizers has attracted great interest in radiation
oncology.®! Currently, chemotherapeutics are being used in
conjunction with radiation therapy to increase its effectiveness.
The application of chemical agents that simply have an additive
effect on normal tissues is equivalent to the administration of an
increment of radiation dose with no differential benefit.”! The
toxicity impact of both chemical agents and radiation therapy
overlap resulting into minimal therapeutic gain.! Hence, it
is necessary to focus on biocompatible radiosensitizer with
minimum side effects to normal tissue.

Nanomaterials with well-developed synthetic methods, low
cytotoxicity, good biocompatibility, and ease of functionalization
are promising for use as radiosensitizers.” Nanoparticles (NPs)
have smaller size, more cell penetration rate, and fewer
adverse effects than conventional radiosensitizers and at the
same time have enhanced permeability and retention effect.[
Among nanomaterials which have this radiosensitizing nature,
carbon nanotubes, gold NPs, and other metallic NPs can be
mentioned.[! Typically, iron oxide NPs are commonly used
for biomedical applications such as contrast agent in magnetic
resonance imaging, colloidal mediator for cancer magnetic
hyperthermia,!” targeted drug deliverer, and in cell separation
techniques.®! They are extensively used in diagnostics and
therapies of cancer treatment due to their peculiar and essential
properties such as excellent biocompatibility, superparamagnetic
behavior,® physico/chemical stability, environmental safety,
and ease of synthesis process with surface treatment.””” When
superparamagnetic iron oxide NPs (SPIONs) reach smaller
sizes (about 10-20 nm for iron oxide), superparamagnetic
properties become evident, so that the particles reach a better
performance for most of the aforementioned applications.!'”!
Superparamagnetic behavior enables to guide SPIONS to tumor
area by using external inhomogeneous magnetic field while
biocompatibility allows for their medical application.® SPIONs
can be formed in three natural types such as hematite (0-Fe,0,),
maghemite (y-Fe,0,), and magnetite (Fe,O,; iron (11, I1I)
oxide).[’ Based on cytotoxicity evaluation and its composition,
Fe,O, is found to be cytotoxic as it contains Fe*" ions and
helps in the formation of reactive oxygen species (ROS) such
as hydroxyl radical, superoxide anion, hydrogen peroxide,
and hydroperoxyl radical (e.g., OH, O,", H,0,, HO,), which
provides oxidative stresses.®] The pathway of production of
ROS is the Haber—Weiss reaction which results in the generation
of the highly reactive hydroxyl radical from the reaction
between superoxide and hydrogen peroxide.!'!!

Efficacy of radiation can be increased with the use of iron
oxide NPs as a sensitizer due to their ability to produce
ROS. Radiation therapy promotes leakage of electrons
from the electron transport chain and leads to an increase in
mitochondrial production of the superoxide anion which is
converted to hydrogen peroxide by superoxide dismutase.

Iron oxide NPs can then catalyze the reaction from hydrogen
peroxide to the highly reactive hydroxyl radical.['!

When a foreign body such as NPs enters into the bloodstream,
serum proteins known as opsonin recognize and adsorb
it for clearance from the body.''? This can be prevented
by biocompatible coating of NPs. Biocompatible coating
improves stability by avoiding agglomeration of NPs.
Furthermore, to reach the specific site of interest, NPs should
have long circulation time. Layer of hydrophilic coating
creates a cloud of chains at the surface of NP and causes
steric repulsive forces against plasma proteins and increases
the blood circulation half-life of targeted nanocarriers.!*
Hydrophilic-coated NPs can be fabricated by making use
of polymer types such as PEG, PEG-based copolymers, and
polyvinylpyrrolidone.l'¥ PEG-coated NPs have been reported
to have a half-life over 7 h, while in the absence of PEG, it
is less than minute.l'! Furthermore, increasing amount of
PEG on NP surface increases blood circulation time. PEG
can act as lubricant and binder, nontoxic, and antibacterial.['*!
Smaller size NPs have enhanced permeability and retention
effects such that they can easily accumulate within tumor
region with even distribution.l'* As particle size deceases,
the surface atoms greatly increase with decreasing atomic
coordination number."'® Shape plays a crucial parameter in
determining the behavior of NPs in various processes including
blood circulation, targeting, cellular uptake, and intracellular
trafficking.!'Y Gratton et al. experimentally demonstrated that
particles with higher aspect ratios facilitate cellular uptake in
cancer cells.!'”) The benefits of nonspherical shapes in targeting
and internalization have been suggested in theoretical model.['®!

When radiation interacts with NPs, electrons get ejected by
photoelectric and Compton effect. Interaction of these electrons
may be direct or indirect. In the indirect action, these electrons
produce ROS which, in turn, attack DNA to kill cancer cell.
About two-thirds of the biologic damage by radiation is caused
by indirect action.!'” ROS production by SPIONs and radiation
enhances the therapeutic efficiency of radiotherapy.

In this study, PEG-coated Fe,O, NPs were synthesized by
chemical coprecipitation method and characterized by X-ray
powder diffraction (X-RD), Fourier transform infrared
spectroscopy (FTIR), thermogravimetric analysis (TGA),
zeta-potential measurements, dynamic light scattering (DLS),
transmission electron microscopy (TEM), and vibrating sample
magnetometer (VSM). Cytotoxicity study has been carried
out in order to assess tumor cell killing as well as normal cell
biocompatibility.

ExPERIMENTAL PROCEDURE

Synthesis and characterization of polyethylene
glycol-coated and uncoated Fe,0,

Materials

Iron (III) chloride anhydrous (FeCl,, 96%), ferrous chloride
hydrated (FeCl,, 98%), potassium hydroxide pellets (KOH),
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and polyethylene glycol (PEG 400) were purchased from
Sigma-Aldrich. All these chemicals were used directly without
further purification.

Synthesis of polyethylene glycol-coated and uncoated
Fe,0,nanoparticles

A facile chemical coprecipitation method was used to synthesis
bare Fe,O, and PEG-coated Fe,O, NPs.['"") This simple
cost-effective and efficient method provides a pathway to
control the composition, shape, and size of NPs. Bare Fe,O,
was synthesized by adding droplet wise a base 1 M of KOH
(1 M of KOH pellets dissolved in 100 ml distilled water) solution
to an aqueous mixture of Fe? and Fe** chloride with a 1:2 molar
ratio for 45 min to obtain homogeneous solution. Temperature
was maintained at 90°C with stirring rate of 1100 rpm in the
continuous flow of inert nitrogen gas to avoid the oxidation
of NPs that also help to reduce size, resulting in black color
precipitate at the bottom. Precipitate was magnetically separated
using permanent magnet and washed several times gently
and kept in oven at 90°C for 12 h. PEG-coated Fe,O, was
synthesized by adding 10 ml PEG 400 to an aqueous mixture
of Fe?* and Fe*" chloride with 1:2 molar ratio and then by
adding droplet wise a base 1 M of KOH (1 M of KOH pellets
dissolved in 100 ml distilled water) solution for 45 min to
obtain homogeneous solution. Temperature was maintained
at 90°C with a stirring rate of 1100 rpm to functionalize and
stabilize iron oxide NPs. Temperature was maintained at 90°C
with a stirring rate of 1100 rpm. The solution appears black in
color. When required condition for precipitation was achieved,
solution allowed settling down. Precipitate was magnetically
separated using permanent magnet and washed several times
gently and kept in oven at 90°C for 12 h.

Characterization

The X-ray diffraction patterns of bare Fe,O, and PEG-coated
Fe,O, NPs were performed on an X-ray diffractometer
(Rigaku MiniFlex -600). The infrared spectra were recorded in
the range of 4000 to 500 cm™' on a Fourier transform infrared
spectrometer (Jasco FTIR-6100). Thermal gravimetric analysis
was performed by TA instruments Lab Q50 under nitrogen gas
atmosphere from 300°C to 600°C with heating rate of 10°C/min.
Zeta-potential was carried out on a 90 plus particle size analyzer,
Brookhaven, USA. DLS for hydrodynamic size determination
was performed on Zetasizer, Malvern Instruments Ltd. Two
milligrams of PEG-coated NPs was dissolved in 2 ml of distilled
water and sonicated for 2—-3 min. Supernatant of the solution was
taken to study hydrodynamic size. NP size was determined by
transmission electron micrograph taken on JEOL JEM-2100F
field emission gun transmission electron microscope (HR-TEM).
The magnetic property of PEG-coated Fe,O, NPs was measured
using EG and GPAR 4500 VSM at 300 K.

In vitro cytotoxicity study of polyethylene glycol-coated
and uncoated Fe,0, nanoparticles

Materials

1929 mouse fibroblast and MCF-7 breast cancer cell, Dulbecco’s
Modified Eagle’s Medium (DMEM, HiMedia) containing 10%

fetal bovine serum (FBS, Thermo Fisher Scientific), Neubauer’s
chamber, 96-well tissue culture-treated plate, EZcount
MTT Cell Assay Kit (HiMedia), phosphate-buffered saline
(Thermo Fisher Scientific), T25 flasks (Thermo Fisher Scientific),
Nalgene syringe filter (0.2 um PES, Thermo Fisher Scientific).
Culture flasks were incubated in a CO, incubator at 37°C with
5.0% CO,. All experiments were carried out in triplicate. The
cell survival value among the different groups was compared
using two-tailed unpaired #-test with a P < 0.05 considered
statistically significant.

Cell culture

10* cells/well was added in a 96-well tissue culture-treated
plate (cell count was taken on a Neubauer’s chamber). The
plate was incubated at 37°C in a 5% CO, incubator for
24 h. After 24-h incubation, the plate was observed under
inverted microscope to check the morphology of the cells
and confluency of the wells in the 96-well plates. Sterile test
sample was suspended in DMEM containing 10% FBS at a
known concentration, and dilutions for the same were made
accordingly. One hundred microliters of each of the test
samples of different concentrations was added along with the
positive control (doxorubicin) and normal control (cells with
medium and no test sample). In post sample addition, the
plate was incubated at the same 37°C in a 5% CO, incubator
for 24 h. After 24-h incubation, the plate was observed under
the inverted microscope and photographs were taken of the
recorded observations. Test sample was removed, and 90 ul
fresh DMEM containing 10% FBS was added. Then, 10 pl of
MTT reagent was added to each well. The plate was wrapped in
aluminum foil and incubated at 37°C in a 5% CO, incubator for
4 h. In post 4-h incubation, the entire medium was removed by
flicking the plate and 100 pl of solubilization buffer was added
to each well and incubated at 37°C in a 5% CO, incubator for
about 20 min. Post incubation, absorbance was measured at
570 nm and 630 nm on a 96-well plate reader.®

ResuLts anp Discussion

Structural analysis

X-ray diffraction

The X-ray diffraction (X-RD) pattern was obtained
of synthesized bare Fe,O, and PEG-coated Fe,O, NPs
were characterized by X-RD technique using Rigaku
MiniFlex-600 (CuKo, A=1.5406A° radiation) and X-RD was
taken every time to confirm its structure. Size of nanoparticles
was calculated for high intense peak of 311 using Scherer’s
relation (3) as

K2

D =
Pcosd

(11T

Where 3 is the full width at half maxima, K is a shape factor
constant (0.91), and A is the wavelength of Cu-Ko X-ray
source (1.5406 A°) and is found in the range of 812 nm.
The X-RD pattern reveals the formation of single-phase
PEG-coated Fe,0, and uncoated Fe,O, NPs witha=8.3952 A°.
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The crystalline size of PEG-coated Fe,O, and bare Fe,O, is
estimated to be about 9.86 nm and 10.94 nm, respectively;
X-ray line broadening reveals that coating reduces peak
intensity and decreases the crystalline size of NPs.!'! Figure 1
shows that the diffraction peaks at 2 6=30.36°, 35.72°, 43.44°,
57.26°, and 62.92° can be assigned to the 220, 311, 400, 333,
and 440 planes, respectively, indicating cubic crystal structure
of pure Fe,O,. Figure 1 clearly shows that diffraction peaks
for uncoated Fe O, [Figure 1a] are stronger in intensity and
narrower as compared to PEG-coated Fe O, [Figure 1b] It
shows that crystallinity decreases for coated NPs.!'!

Fourier transform infrared spectrometry

The FTIR spectra of bare Fe304, PEG-coated Fe304 NPs,
and PEG are shown in Figure 2. The presence of PEG
biocompatible coating on PEG-coated Fe304 NPs has been
analyzed by detailed FTIR studies, as shown in Figure 2
and in Table 1. FTIR analysis was carried out in the range
of 500 cm '-4000 cm ™' wave number interval. The data plot
transmits the wave number of infrared light in the form of
sharp absorption peaks at peculiar certain wave numbers
resulting from the vibration of certain functional groups. In
PEG spectra [Figure 2c], absorption peak seen at 1092.6 cm™
is due to C-O-C ether stretch band.”"! -CH, bending bands
are appeared at 1453.40 cm™' and 1249.3 cm™'. The peak
at 940.09 cm™' corresponds to the out-of-plane bending
vibration of -CH band.?!! Infrared wave number absorption
occurred at 2867.6 cm™ is due to -CH stretching vibration
band.”? In pure Fe,O, spectrum [Figure 2a], it is identified
that the occurrence of bending vibration of H-O-H at
1634.3 cm™ is due to adsorbed water.?! Stretching vibration
of Fe-O functional group occurs for absorption of infrared
wave number at 603.61 cm™'. In PEG-coated Fe,O, FTIR
spectra [Figure 2b], the main absorbance of ether stretch band
is seen at 1098.2 cm™'. Bending vibrations of -CH, and -CH
band are seen at 1460.08 cm !, 1251.5 cm™!, and 951.69 cm™!,
respectively. Furthermore, H-O-H bending is seen around
1644.9 cm'. Fe-O vibration in PEG-coated appeared around
677.85 cm™'. The broad peak in between 3400 and 3028 cm™!
in all of these spectra of PEG, PEG coated, and iron oxide
belongs to attached hydroxyl group [Table 1].2" The presence
of C-O-C ether stretch, -CH bending, H-O-H bending, and
Fe-O stretching vibrational anomalies in PEG-coated Fe,O,
confirms that Fe O, is coated with PEG on its surface.

Thermal gravimetric analysis

Figure 3 shows the thermogravimetric analysis of bare
Fe,O, and PEG-coated Fe,O, NPs. TGA curve shows that
decomposition of PEG coat (curve 3b) of NPs started around
194°C and ended around 375°C. Indicating the total weight loss
of 18.13% results from decomposition of PEG polymers from
the surface of PEG-coated Fe,O, NPs. From uncoated Fe,O,
(curve 3a), it is seen that decomposition started around 179°C
and percentage weight loss is about 10.4%. The increment in
onset decomposition temperature about 15°C of PEG-coated
NPs and difference in percentage weight loss confirms the
strong attachment of PEG molecules on surfaces of Fe,O, NPs.
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—— PEG Coated Fe,O,
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Figure 1: X-ray powder diffraction spectra of (a) uncoated Fe,0, and
(b) polyethylene glycol-coated Fe,0,
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Figure 2: Fourier transform infrared spectroscopy spectra of (a) uncoated
Fe,0,, (b) polyethylene glycol-coated Fe,0, and (c) polyethylene glycol
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Figure 3: Thermogravimetric analysis curves of uncoated Fe,0, (a) and
polyethylene glycol-coated Fe,0, (b)
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Table 1: Functional group bonds of Fe,0, nanoparticles®

Wave number (cm~7) Functional group

658-506 Fe-O stretching
1672-1367 H-O-H bending
3400-3028 O-H stretching
2920-2855 C-H stretching

Colloidal stability study

Zeta-potential measurements

Higher colloidal stability of the NPs is due to stronger
charge on surface and hence will lead to longer shelf
life.* Colloidal stability of PEG-coated Fe O, was studied by
zeta-potential measurements. The average zeta-potential value
for PEG-coated Fe,O, was found to be 32.65 mV.** Under
the applied electric field, the specimen particles dissolved
move toward the electrode of opposite charge. The intensity
fluctuations of the laser light scattered by the sample particles
proportional to their electrophoretic mobility (velocity) are
transformed into the zeta-potential values. Zeta-potential
value determines the stability of colloidal systems. Colloidal
systems with zeta-potential higher than 30 mV are strongly
charged and become stable due to particle—particle repulsion,
thus avoiding agglomeration of particles and provides control
over the size of NPs.

Dynamic light scattering

The size of PEG-coated Fe,O, in water was studied by DLS,
which is a useful parameter to decide blood half lifetime and
biodistribution of NPs. The greater amount of PEG coverage
increases the blood circulation time.'"¥ Here, 10 ml of PEG
400 concentration used during synthesis showed hydrodynamic
size around 342-396 nm, as shown in Figure 4b. This may be
due to the formation of extended hydrogen bond networks
between ethylene groups present on the surface of NPs
and water molecules in neighborhood. In all the cases, the
hydrodynamic sizes are higher as compared to particle size
obtained from XRD and TEM. The higher diameter value
obtained in DLS measurement may be due to aggregation and
contribution from solvent molecules being adsorbed on particle
surface, surfactant layer and canted surface.” Hydrodynamic
size for uncoated Fe,O, is about 229-265 nm [Figure 4a]. For
coated NP, hydrodynamic size is greater due to the presence
of PEG on Fe,O,

Morphological study

High-resolution transmission electron microscopy
High-resolution TEM (HR-TEM) study was carried for
PEG-coated Fe,O, NPs to have the detailed information about
size, shape, structure, and morphology of the NPs. HR-TEM
images, Figure 5a-e¢ of PEG-coated Fe,O, NPs, exhibit
polygonal structure with the size distribution between 10 and
20 nm. TEM micrographs of Fe O, NPs exhibit well-defined
and homogeneous roughly spherical shape. This may be
due to the PEG coating acting as a stabilizer and dispersing
agent. Particle diameter was calculated by Image J software,

[ Uncoated Fe;0, [l PEG coated Fe,0,

Intensity (a.u)
Intensity (a.u)

10 100 1000 10 100 1000
E Hydrodynamic size (nm) m Hydrodynamic size (nm)

Figure 4: Hydrodynamic size of uncoated Fe,0, (a) and polyethylene
glycol-coated Fe,0, (b)

which is in consistent with particle size calculated by X-RD
results (d, ., =9.86 nm). The selected area electron diffraction
pattern [Figure 5f] shows only diffraction intensity associated
with crystalline Fe,O, which is similar to X-RD result.

MagNETIZATION STUDY

Figure 6 shows the magnetic field versus magnetic
moment (M — H) curve for bareFe,O, and PEG-coated
Fe,O, NPs exhibiting superparamagnetic behavior with zero
coercivity (C ) and zero remanence (M ). The magnetic NPs
in magnetic field get agglomerate due to magnetic dipole
attraction and will be reduced after removal of magnetic
field resulting in no residual magnetization before and after
removal of magnetic field.*" This superparamagnetic behavior
of magnetic NPs is preferred for biomedical applications.
This fact of nonexistence of coercive forces and remanence
prevents magnetic dipolar interactions between NPs and their
aggregation, which could lead to serious adverse problems
such as the formation of clots in the blood circulation
system.?”! Saturation magnetization values from graph for
PEG-coated [Figure 6b] and bare Fe O, [Figure 6a] are about
34 emu/g and56 emu/g, respectively, which are smaller
than theoretical value of bulk Fe,O, (M_ = 92 emu/g) since
M, decreases with decreasing particle sizel** (d, . values
for PEG-coated Fe,0,=9.86 nm and Fe,O,=10.94 nm).
It has been reported that for biomedical application, M_ of
7-22 emu/g is adoptable.”**”) The achieved M, value of 34
emu/g for PEG-coated Fe,O, NPs is acceptable for biomedical
applications.

Cyrotoxicity Stupy

Cell viability study has been carried out of PEG 400-coated
and uncoated Fe O, for four different concentrations
0.1 mg/ml, 0.15 mg/ml, 0.2 mg/ml, and 0.25 mg/ml for both
L929 normal and MCF-7 cancer cell lines. Micrographs were
taken during experiment, as shown in Figure 7. Liu et al.
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Figure 5: HR transmission electron microscope micrographs of
polyethylene glycol-coated Fe,0, nanoparticles of resolution 200 nm (a),
100 nm (b), 50 nm (c), 20 nm (d), 10 nm (e), and SAED pattern (f) of
polyethylene glycol-coated Fe,0,

studied on biocompatibility of PEG derivatives on 1929
cell lines and PEG-1000 and PEG-4000 are found moderate
cytotoxic to L929 while PEG-400 and PEG-2000 nearly non-
cytotoxic. Making PEG-400 a suitable coating candidate for
the cytotoxicity study in agreement with our findings.*% In
this study, as concentration increases, cell viability decreases,
as shown in Figure 8, while 0.25 mg/ml concentrations of
both the NPs show greater toxicity in both the cell lines.On
MCEF-7 cell line, 78% killing was observed for 0.25 mg/ml
PEG-coated Fe304 NPs whereas in the case of doxorubicin
for 0.01 mg/ml it shows 86% cell killing. Doxorubicin shows
the cytotoxic effect on cancer cell line as well as normal cell
line which confirms drug has a side effect on normal tissue
along with better tumor control.

It has been observed that PEG-coated Fe304 showing greater
cell viability compared to bare Fe304 in both L929 and MCF 7
cell lines (P <0.05), but L929 cell line has a greater percentage
of viability compared to MCF 7 which shows that PEG coated
Fe304 are more biocompatible [Figure 8e and f]. In the present
study percentage of cell killing for MCF-7 was observed for 0.1
0.150.2 and 0.25 mg/ml to be 45.67,51.3, 65.23, and 78.56%,
respectively, while for L929 cell line they are 44.33, 46.44,
49.49, and 55.67% respectively with PEG coated Fe304 NPs.
It shows that there is higher cell killing observed for MCF-7
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Figure 6: Magnetization curve for uncoated Fe,0, (a) polyethylene
glycol-coated Fe,0, (b)

compared to L929 cell lines, especially for 0.2 and 0.25 mg/ml.
For MCF-7 cancer cell lines, the percentage of killing observed
for uncoated Fe,O,, for 0.1 mg/ml, 0.15 mg/ml, 0.2 mg/ml,
and 0.25 mg/ml is about 55.67%, 61.34%, 66.67%, and 85%,
respectively, while for L929 cell lines, it is 55.67%, 59.8%,
68.04%, and 75.26%, respectively. It shows that there is not
much difference in cell killing for uncoated Fe,O, for MCF-7
and L929 cell lines except 0.25 mg/ml.

From these studies, it has been observed that PEG-coated Fe,O,
NP (0.25 mg/ml) has a nearly equivalent cytotoxic effect on
MCEF-7 cancer cell lines and is biocompatible on L929 cell
lines as compared to the standard drug (0.001 mg/ml). ROS
production for cancer cell killing further may enhance while
it is used as a radiosensitizer.

CoNcLusION

The main goal of radiotherapy is to increase the sensitivity
of tumor in order to kill effectively while minimizing normal
tissue dose. This can be achieved by using PEG-coated Fe,O,
NPs. Due to radiation exposure, surface coverage containing
PEG may partially or fully destroy. Hence, Fe?*" ions are
easily accessible and act as a more efficient catalyst by taking
part in Haber—Weiss reaction for production of ROS species
to enhance the radiation treatment of cancer therapy. In this
review, we briefly summarize the synthesis, characterization,
and cytotoxicity study in order to assess whether PEG-coated
Fe,O, NP is a suitable candidate as a radiotherapy sensitizer.
Findings of size, shape, stability, and superparamagnetic
behavior are observed to be much suitable for biomedical
applications. XRD and TEM study shows that size of the
nanoparticles is in the range of 8 to 20 nm. Also, FTIR,
TGA and DLS studies confirms PEG coating of Fe,O, NPs.
Zeta potential and VSM studies show their stability and
superparamagnetic behavior.

In cytotoxicity study, the percentage of cell killing observed
for PEG-coated Fe,O, is higher for MCF-7 compared to L929,
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MCF-7 coated 0.1 mg/ml MCF-7 coated 0.15 mg/ml MCF-7 coated 0.2 mg/ml  MCF-7 coated 0.25 mg/ml

MCF-7 uncoated 0.1 mg/ml  MCF-7 uncoated 0.15 mg/ml MCF-7 uncoated 0.2 mg/ml

1929 coated 0.1 mg/ml 1929 coated 0.15 mg/ml 1929 coated 0.2 mg/ml

1929 uncoated 0.25 mg/ml

MCF-7 Positive Control

MCF-7 Negative Control

1929 Negative Control

1929 Positive Control

1929 uncoated 0.1 mg/ml 1929 uncoated 0.15 mg/ml 1929 uncoated 0.2 mg/ml
Figure 7: Micrographs taken during the experiment
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this shows it is biocompatible. The percentage of cell killing
observed for both MCF-7 and L929 is greater for bare Fe O,
compared to PEG-coated Fe,O,. In all cases, 0.25 mg/ml
concentration shows higher cell killing. Here, coating improves
the biocompatibility nature of NPs, which makes it an
appropriate contender. Overall, PEG-coated Fe,O, can act
as a radiosensitizer in radiotherapy which may promote new
opportunities for progress in cancer radiotherapy to improve
clinical efficacy in different cancer.
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