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Abstract. Postradiation complications that appeared after radiotherapy are considered the most serious problem in
the treatment of various types of cancer diseases. Therefore, the research of radiomodification properties of
nanoparticles is highly relevant. The aim was to study the biological activity of cerium oxide nanoparticles (CONP).
CONPs were obtained by pulsed electron beam evaporation in the low gas pressure on installation NANOBIM-2. A
feature of this method is the preparation of nanoparticles with a large number of structural defects of various kinds,
which gives them unique physical properties, and allows expecting a high biological activity. A solution of CONPs was
introduced into a normal breeding medium of the cell cultures in Petri dish to a concentration of 50 - 500 mcg/ml. To
stabilize the CONPs, we used sodium citrate. Samples were irradiated on arrangement of Xstrahl 300 with 200 keV
energy of X-ray and, after three days, CONPs have been added. The samples were irradiated to the absorbed doses of
5, 7.5, 10 Gy. To control the absorbed doses, we used the DTG - 4 thermo luminescent dosimeters (LiF). The analysis of
biological response was performed using the Goryaeva chamber and the MTT test. The results allow us to make
preliminary conclusions that the early addition of low concentrations (up to 50 mcg / ml) of CONPs will increase the
sensitivity of cancer cells line Hela to radiation. Thus, the CONPs could be universal radiomodifiers to radiotherapy
and their properties require subsequent studies.
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1. INTRODUCTION
An important and promising property of
nanoparticles
(NP)
for
applications
is
radiomodification of biological objects exposed to
ionizing radiation.
In [1], an increased radiosensitivity of colorectal in
vitro and in vivo cancer was observed when gold NP
with the concentration of 250 mcg / mL was
administered. A dose reduction factor (DRF) for the
cell culture was 1.69, and the tumor growth in
laboratory animals after combined exposure to NPs
and ionizing radiation increased almost twice. These
results demonstrate a substantial change in
radioresistivity of tissue with the addition of the NPbased radiomodifier in low concentrations.
In [2] and [3], the antioxidant properties of CONPs
are described, binding the ability of cerium to be in two
valence states – 3+ and 4+. Cerium oxide is actively
involved in redox reactions, increasing or decreasing
reactive oxygen species (ROS) in cells and extracellular
environment. In an alkaline medium, trivalent cerium
is easily oxidized to the tetravalent while interacting

with the ROS and reducing their quantity and, in the
acidic environment, the tetravalent cerium is unstable.
It acts as a strong oxidizing agent. It should be noted
that the pathological cancer tissue lives in an acid
environment with pH < 7, so that the CONPs should be
toxic to tumor cells.
The concentration of Ce3+ oxide in a crystal
structure of NP depends on several parameters: first,
on the size of NP – the smaller the diameter of the
cerium dioxide nanocrystals is, the more cerium atoms
with a valence of 3+ they contain; second parameter
influencing the valence of cerium is the pH of the
medium – if the pH <7, Ce4+ will go into Ce3+.
The unique chemical and physical properties of
cerium nanoparticles [4] allow them to be used for
radioprotection of human healthy tissue during
radiation therapy and nuclear medicine [5] and, at the
same time, to increase the radiosensitivity of
pathological tissues. Research [6] showed that the
preliminary introduction of CONPs into the cells of
pancreatitis increases the sensitivity to ionizing
radiation – DRF ≈ 1.7, and, conversely, for the cells of
the pancreas radioresistivity increases, with DRF of
around 0.93. Such a selective influence of CONPs is
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due to the different pH of the medium in healthy and
pathological tissues [6]. Cerium in an alkaline medium
tends to 4+ valence, at the same time it actively fights
against the ROS, formed by ionizing radiation. In an
acidic medium, the structure of CONPs lattice changes
due to the increase in atoms with 3+ valence which is
toxic and generates ROS. Radiomodification of CONPs
pathological tissue increases the efficiency of exposure
to ionizing radiation. Moreover, if we consider the
ability of CONPs to inhibit cancer metastasis, cerium
becomes a potentially highly effective cure for
malignant tumors.
Thus, the use of NPs in radiation therapy as
radiomodifiers is a highly discussed area of research.
The purpose of this research was to study the
biological activity of CONPs. CONPs concentrations of
up to 500 mcg / mL [7] obtained by a pulsed electron
beam evaporation in the low pressure gas on
installation NANOBIM-2 [8] were introduced into the
culture medium of samples of cell cultures in Petri
dishes. A feature of this method is the preparation of
nanoparticles with many structural defects of various
kinds, which gives them unique physical properties,
and allows one to expect a high biological activity. The
determining factor increasing the biological activity of
NPs is the crystal lattice defectiveness. Large number
of defects in the crystal lattice of CONPs lead to
formation of oxygen vacancies and presence different
ions in the crystal lattice, as a result CONPs actively
enter into redox reactions.

wavelength of 490 nm in the experimental and control
wells (culture medium). Experiments were performed
in 4 replicates with a negative (culture medium) and
positive (1 mM hydrogen peroxide solution in PBS)
controls.

3. RESULTS
The data obtained after processing the results of
MTT test are shown in Figure 1. The results confirm the
increase of radiation sensitivity of cancer cells of the
Hela line with the addition of CONPs. The
concentration level of 50 mcg / mL (0.95 confidence
interval) leads to the increased inactivation of tumor
cells – the subsequent increase of concentration is not
effective for the radiomodification increase.
This is due to the transition of cerium into the 3+
oxidation state, associated with size of NPs and a more
acidic pH of cancer cells. Under these conditions, many
oxygen vacancies are observed in the crystal lattice
structure. However, results at 10 Gy irradiation with
adding different concentrations of CONPs are
dissonant – lower concentrations of CONPs reduce
survival of Hela cells.

2. MATERIALS AND METHODS
To study the biological activity of nanoparticles of
cerium dioxide (CONPs) in combination with the
ionizing radiation on cancer cells, transplantable lines
of human cervical carcinoma Hela, obtained from the
Russian Collection of Cell Cultures, Institute of
Cytology RAS, St. Petersburg, Russia, were used.
CONPs were produced by pulsed electron beam
evaporation in the low gas pressure on installation
NANOBIM-2. The CONPs powders have a fractal
structure and consist of agglomerates of sizes from
dozens to hundreds of nanometers formed by
crystalline nanoparticles 3–5 nm in size with a very
narrow particle size distribution [4].
Cells were seeded in 96-well plates in the inoculum
dose of 2x105 cells / mL and cultured for 24 hours in
“Igla”, Dulbecco’s Modified Eagle Medium(DMEM),
with 1% glutamine in the presence of 10% fetal calf
serum and gentamicin (50 mg / L) at 37°C, with
humidified atmosphere of 5% CO2, after which the
nanoparticles of various concentrations were added to
the wells. Cells were incubated with CONPs for 72
hours and then were irradiated with X-rays at 200
keVat Xstrahl 300 installation. Samples were
irradiated with an absorbed dose of 5, 7.5, 10 Gy.
The control of the absorbed dose was carried out by
means of thermo-luminescent dosimeters DTG-4 (LiF).
The evaluation of the cell viability was conducted by
means of a standard MTT test in 72 hours after
irradiation, by comparing the optical density of the
formazan solution, measured by a flatbed scanner at a

140

Figure 1. The viability of cell cultures samples irradiated with
5, 7.5 and 10 Gy. 1) Control Group 0 mcg/mL 2) Adding
CONPs 50 mcg/mL 3) Adding CONPs 200 mcg/mL 4) Adding
CONPs 500 mcg/mL

One of the indicators used to increase the effect of
radiation on biological objects is the performance index
of the effect, defined as the ratio of the biological
radiomodification response to the control sample
without it with the same absorbed dose of the samples.
Table 1 shows some performance indexes of the effect
for different absorbed doses and concentrations in
relation to CONPs samples without adding CONPs.
Table 1. Performance Index of radiomodifier
(protection factor)

NP concentration, mcg / mL

Performance Index
5 Gy

7.5 Gy

10 Gy

0.47

0.40

0.04

200

0.05

0.44

0.52

500

0.39

0.34

0.21

50
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The resulting compound is toxic in relation to the
environment and contributes to the generation of
reactive oxygen species, which probably resulted in the
inactivate cell increase. Figure 2 shows the doseresponse curves.

Figure 2. Survival curve of Hela cells treated with (●)
radiation alone, (∆) CONPs 50 mcg/mL + radiation

4. DISCUSSION
Presently, chemically produced nanoparticles are
used in research. This method of production is
characterized as “bottom-up” transition. However, it is
not universal – the production of NPs by “top-down”
transition, i.e. by the physical methods, has its own
advantages. Physical methods of NP production allow
one to get the nonequilibrium NPs of metal oxides,
which have unique physical, chemical, structural and
thermal properties [9].
The advantages of the chemical method remain in a
relative ease of production and in its high performance.
However, medicine does not require big NPs and
physical and chemical properties are of high
importance. Numerous studies of the combined effect
of NPs and ionizing radiation support the use of NP as
radiomodifiers.

5. CONCLUSIONS
The obtained dose-response curves clearly show the
presence of CONPs radiosensibilitizing effect on cancer
cells. DRF for a CONPs concentration of 50°mcg°/°mL
was 3.27.
The results are preliminary and require further
investigation. However, they characterize CONPs as
potential radiomodifiers for cancer treatment.
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