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The radiotherapy performed at ultra-high dose rate over
40 Gy/s, so called FLASH radiotherapy, has attracted great
interests due to its therapeutic advantage. The killing effect
to tumors is maintained while the damage to surrounding
normal tissues is minimized as compared to the conven-
tional dose rate of < 0.1 Gy/s. The specific point is that
the ultra high dose rate irradiation spares healthy tissues.
The FLASH effect has been actively investigated in radio-
biological studies with electrons, protons and heavy ions.
One of key points for the mechanism is in the chemical
reactions occurred in tissues. The sparing effect is related
to yields of water radiolysis products, which contributes
to the indirect action onto the DNA strand break. In this
review, we introduce our experimental verification of ultra
high dose rate irradiation effect in water by proton and car-
bon ion irradiation.
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A schematic view of forming 7OH-C3CA due to the reaction of C3CA with hydroxyl radi-

cals?¥. There are two pathways for the stabilization: Pathway A is via disproportionation and Pathway

B is via elimination depending on the surrounding oxygen.
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Figure 2. Irradiated dose dependency of molar

concentration of 70H-C3CA produced in C3CA
solution (1.4 mM) due to proton 30 MeV irradi-

ation?®.
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Figure 3. Changes in G values of 70H-C3CA

as a function of the dose rate of 30 and 60 MeV
protons and 140 MeV/u C ions>.
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Figure 4. Comparison of molar concentra-
tion of 7OH-C3CA produced in C3CA solution
(20 mM) under the oxygenated condition with
those under the de-oxygenated condition irradi-
ated by 30 MeV protons>Y.
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Figure 5. Relative G values of 70H-C3CA as

a function of the dose rate. The ratio of the G
value under the oxygenated condition to the de-

oxygenated condition is also shown in the right

side?.
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