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Fig.1 The results, in CR39 track etch plastic, of Fig.2 The results, in CR39 track etch plastic, of
repeated single irradiations of la particle per repeated irradiations of 20« particles per point
point in a 50 um spacing grid in a 50um spacing grid

Scale bars are 8um per division scale bars are 4 um per division



mim

2.2 @RE R BRI

REBS. o RTMCEANN - AROKHERFRIRMALNF 50

B 3 & Ap AEYE Hoechst 33342 1 Nile Red 3468 TR NE, B 6KRENMTE, 4K
HENEEAKA, MHRERN, RS EEmRE bR (WEhRFE) . KRR
8, R ABEEUHER Y MO8 AN sum 4 (AP, eSO T

H—a R "M AZHA A

LR 250 40T HICHLBLICLAN B T A, P 4 SR 75.5% 4 R AY 40 BT TS
Hird, 14.2% ORISR F AT RS, £ 10.3% MERE TR EARE

LA M Aok S i

Fig.3 Fluorescent imaging of Ap cells stained
with Hoechst 33342 for nucleus and Nile Red for
cytoplasm and viewed by the image analysis sys-
tem under a 40X objective lens

The nucleus of each cell is outlined in white and
the image analysis system finds the center of the
nnclens for nuclear irradiation. For cytoplasmic
irradiation, the image analysis system finds the
length of the major axis of each cell to calculate
the irradiation positions which are chosen to be
8um away from each end of the nuclens as shown

by the small, numbered circles
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Fig.4 The probability of hitting the cell cyto-
plasm with the desired number of a particles was
75.5%. 14.2% probability for hitting the target
cytoplasm with half the desired number of par-
ticles, and 10.3% probability of not hitting the
cytoplasm
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Tab.1 Probability of hitting a nucleus simultaneously in cytoplasmic irradiation‘"
Number of particles Probability /%

2 0.002 or 0.2
4 0.004 or 0.4
8 0.008 or 0.8
16 0.016 or 1.6

(N Calculation based on Monte Carlo distribution of ~4,000 particles
2.4 FEENFE LR
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Fig.5 Comparison of the survival fraction of AL
cells either traversed with an exact number of o
particles through the nuclei {microbeam irradia-

tion) or from the data obtained using average o

Number of a particle:
Fig.6 Comparison of the mutation induction at
the CD597 locus of Ay, cells irradiated with an ex-
act number of a particles through the nuclei (mi-

crobeam irradiation) or from the data obtained

particle traversals (broad-field irradiation) using average « particle traversals (broad-field ir-

radiation)
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TARGETED MICROBEAM IRRADIATION: STUDIES ON THE
RADIOLOGICAL EFFECTS AND THE ACCURACY OF «
PARTICLE IRRADIATION
WU Lijun! Tom K. Hei® G Randers-Pehrson? YU Zengliang®
1(Institute of Plasma Physics, Academia Sinica, Hefei 230031)
2(Cent&er for Radiological Research, Columbia University, New York 10032)

ABSTRACT The key to doing microbeam studies is to precisely control and accurately
deliver the counted number of particles to a target position. By studying the Columbia University
single particle microbeam, this report shows that it can irradiate the targets with a defined number
of o particles, and the collimation of beam size according to the resolution of 20 « particles
is ~3~4pm which is better than the designed index. Besides, it can be used for cytoplasmic
irradiation with a hitting probability nearly 90% and the odds to hitting nucleus during this
process is less than 0.8% for most doses. Radiological studies using this facility found that ounly
20% of irradiated cells were killed by a single « particle, and the dose response curve for nuclear
irradiation with exact number of particles was not significantly different from the curve obtained
using average particle traversals of broad-field exposure. The mutation data in microbeam studies
provide the first demonstration that a single o particle traversal induced mutations in Ay, cellsat a
level 3X greater than the background value, and the mutation yield increased in a dose dependent
manner. This results was quite different from the data obtained from broad field exposure which
showed that at high doses, the mutation frequencies decreased.

KEYWORDS Microbeam, Nucleus or cytoplasmic irradiation, Accuracy,

Radiological effect
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