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ARTICLE INFO Abstract
Background. Nanoparticle-based radiation therapy using metal nanoparticles is an
Article History: adjuvant therapy that makes tumor cells more sensitive to radiation. In this study, we
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¢ Radiosensitization Results. The dose enhancement factor for plasmid samples containing Bi,Os

nanoparticles irradiated with 6 megavolt X-rays was 1.33 £ 0.1. Increasing the dose rate
from 50 MU/min to 833 MU/min did not cause any obvious change in the amount of
plasmid damage in the plasmid samples without nanoparticles. Considering the plasmid
samples containing metal nanoparticles, the values of the dose enhancement factor for
the samples exposed to 6MV X-ray irradiation at a dose rate of 833 MU/min were
significantly increased compared to the samples irradiated with 6 MV X-rays at a dose
rate of 50 MU/min.

Conclusion. This study confirms the efficiency of bismuth oxide nanoparticles in
increasing the effectiveness of radiation therapy. In the presence of nanoparticles,
increasing the dose rate can cause more damage to the plasmid by chemical and
physicochemical enhancement in radiation therapy by megavolt photons.

Practical Implications. The results of this study confirm the radiosensitization potential
of metallic nanoparticles and show that increasing the dose rate leads to an increase in
the damaging effect of nanoparticle-aided radiation therapy.
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Extended Abstract

Background including physical, physico-chemical, chemical, and
Radiosensitizers can increase the effects of  biological processes. Due to the recent advances in
radiation therapy through multiple mechanisms, nanotechnology, it is increasingly possible to
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selectively accumulate metal nanomaterials in
tumor cells in order to increase the contrast between
tumor and normal tissues, which leads to increased
radiosensitizing properties compared to radiation
therapy alone. In fact, the efficiency of radiation
sensitization with metal nanoparticles is based on
the production of secondary electrons, free radicals,
and reactive oxygen species (ROS). Nanoparticle-
based radiation therapy using metal nanoparticles is
an adjuvant therapy that makes tumor cells more
sensitive to radiation. Plasmid is a small circular
DNA molecule in bacteria and some other
microscopic organisms that is similar to DNA found
in human mitochondria and can be used as a tool for
nanoscale dosimetry. In this study, we have used
plasmid to study the effect of radiation dose rate on
the amount of radiation sensitization of bismuth
oxide nanoparticles.

Methods

In this study, bismuth oxide nanoparticles coated
with polyethylene glycol were used as megavoltage
radiation sensitizers. In this research, we used DNA
plasmid PCEP4-102 as a nanoscopic dosimetry
probe to measure the radiation sensitization effect
of metal nanoparticles in radiation therapy. In the
hydrothermal method, 0.5 mol of Bi (NOs); was
dissolved in 30 mL of 0.05 mol/L HNO3 solution to
obtain a clear aqueous solution. Then, 20 mL of
polyethylene glycol (PEG-4000) was added to this
solution as a dispersant. Next, 50 mL of 4 mol/mL
NaOH aqueous solution was rapidly added to the
mixture of solutions with vigorous stirring, which
immediately resulted in the formation of a yellow
precipitate in the wvessel. After performing the
reaction at 90°C for 2 hours with stirring, the
sediments obtained were filtered and washed
several times with alcohol and deionized water.
Then, they were dried in a vacuum dryer at 60°C to
obtain the final yellow Bi,O; samples.
Nanoparticles were used at a concentration of 50
ug/mL. The yield of single-strand breaks (SSBs)
was calculated as the slope of the logarithmic plot
of the fraction of supercoiled (SC) plasmids as a
function of dose. DSB efficiency was calculated as
the slope of the plot of the fraction of L plasmids as

a function of radiation dose. Plasmid samples were
mixed with metal nanoparticles in polypropylene
tubes before irradiation. Plasmid samples with and
without nanoparticles were irradiated with 6
megavolt X-rays at dose rates of 50 MU/min and
833 MU/min. After irradiation, plasmid samples
containing bismuth oxide nanoparticles and samples
without nanoparticles were stored at -40°C and
analyzed by agarose gel electrophoresis within a
few hours.

Results

Irradiation of the plasmid sample with 6MV
photons and 12 Gy pulses led to the emergence of
circular and linear plasmid DNA. After irradiation,
the proportion of supercoiled (SC) cores was greatly
reduced, which mainly favored the transformation
into a circular shape. The presence of bismuth oxide
nanoparticles in plasmid samples exposed to
radiation caused a significant increase in the amount
of plasmid DNA damage. The efficiency of double-
strand breaks (DSBs) was calculated as the slope of
the plot of the fraction of L plasmids as a function
of radiation dose. The dose enhancement factor for
plasmid samples containing Bi,O; nanoparticles
irradiated with 6 megavolt X-rays was 1.33 £ 0.1.
Increasing the dose rate from 50 MU/min to 833
MU/min did not cause an obvious change in the
amount of plasmid damage in the plasmid samples
without nanoparticles. Considering the plasmid
samples containing metal nanoparticles, the values
of the dose enhancement factor for the samples
exposed to 6 MV X-ray irradiation at a dose rate of
833 MU/min were significantly increased compared
to the samples irradiated with 6 MV X-rays at a
dose rate of 50 MU/min.

Conclusion

The use of heavy metal nanoparticles in
radiation therapy with high-energy megavolt X-rays
can lead to physical-chemical and chemical
enhancement. This study confirms the efficiency of
bismuth oxide nanoparticles in increasing the
effectiveness of radiation therapy. It can be
concluded that the presence of bismuth oxide
nanoparticles leads to a physical, chemical, and
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physicochemical enhancement and has a significant
radiosensitization effect. For MV photons, chemical
enhancement seems to have the greatest effect on
the dose enhancement of bismuth oxide
nanoparticles. Increasing the radiation dose rate can
increase the physico-chemical and radiosensitivity
potential of nanoparticles. When nanoparticles are
not present, changing the dose rate does not affect
the extent of DNA damage. Because free radicals

have specific lifetimes, changing the dose rate can
affect the chemical enhancement, while changing
the dose rate does not seem to affect the physical
enhancement rate. In samples containing metal
nanoparticles, ROS  production increased
significantly with increasing radiation dose rate
from 50 MU/min to 833 MU/min.
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