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Fig. 1 A typical profile of a plot of DMPO-OH concen-

tration versus DMPO density obtained for a series

of DMPO solutions after X-ray irradiation.
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Table 1 Relation of concentration, molecular distance,
and linear density of the spin trapping agent

Concentration Distance Density
(mM) (nm) (um™)
0.49 15.0 66.7
0.76 13.0 76.9
1.25 11.0 90.9
1.66 10.0 100.0
2.28 9.0 111.1
3.24 8.0 125.0
4.84 7.0 142.9
13.3 5.0 200.0
61.5 3.0 3333
207.6 2.0 500.0
405.4 1.6 625.0
961.0 1.2 833.3
1660.6 1.0 1000.0
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Fig. 2 Image of the molecular geometry of -OH genera-
tion caused by low LET radiation. Sparse -OH
may be generated every 7nm. Dense -OH may be
generated every 1nm or closer. Such dense -OH

clusters may be scattered about the range of the
irradiation rays (Color online).
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Fig. 3 A typical profile of a plot of DMPO-OH concen-
tration versus DMPO density obtained for a series
of DMPO solutions after 80keV/um carbon-ion

beam irradiation.
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Fig. 4 Image of the molecular geometry of ‘OH generation caused by high LET particle radiation. The thick center arrow

indicates the track of the particle beam. Dense ‘OH may be generated in the track core. Sparse and dense -OH genera-

tion such as low LET radiation may occur in the penumbra region.
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Abstract

Applications of Charged Particle Accelerators
—Impact of the NIRS-HIMAC Facility—

Section 8 [Radiation Biology] Contribution of
HIMAC for Radiation Biology

8.2.1 Generation of Reactive Oxygen Species in
Aqueous Phase by Carbon-lon Beam

Ken-ichiro Marsumoto, Minako Nyui, Megumi UgNo,
Yukihiro OGawa and Ikuo Nakanistl: Quantitative RedOx

Sensing Team (QRST), Department of Basic Medical
Sciences for Radiation Damages, National Institute of
Radiological Sciences, National Institutes for Quantum and
Radiological Science and Technology, 4-9—-1 Anagawa,
Inage-ku, Chiba, Chiba 263-8555, Japan, "matsumoto.
kenichiro@qst.go.jp

Hydroxyl radical (-OH) generation, hydrogen peroxide
(H,0,) generation, and the total amount of oxidation reac-
tions caused by X-ray or carbon-ion beam irradiation to
aqueous samples were measured by electron paramagnetic
resonance-based methods. The -OH generation was ex-
pected to be localized on the track/range of the carbon-ion
beam/X-ray, and millimolar- and molar-levels of -OH
generation were expected. The millimolar-level -OH gen-
eration, H,0, generation, and total oxidation reaction were
suppressed with increasing linear energy transfer (LET).
The generation of reactive oxygen species (ROS) was not
uniform at the molecular level and was LET dependent. It
can be expected that differences in ROS generation and the
molecular distribution could make a difference in the qual-

ity of radiation therapy.
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