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KCCH cyclotron neutron(30cCy/min) % %Co y-ray(210cGy/min) & A& ade A
QA dxYHYapTo]| ZALEe] A o] A (dicentric ¥ centric ring) & WAF T o]9)
A 2k-uk8- A A-S linear model (Y=K,D+a), power-law model (Y =K,D"), quadratic
model (Y=K,D?) 4 linear-quadratic model(Y=aD+gD?) & A}43le] T3l ol&
modelT @A o)A FAA b AAF= BAAE TAR st yorayel A
neutron® relative biological effectiveness(RBE) & A&3} o},

A A °] A (dicentric plus centric ring) ¢ HAE-Z = y-raye] 7% linear model (P=
0.067)= A28 power-law model[Y=(5.81+1.96) x10¢D*#3+00¢ P=( 931], quadratic
model [Y=(3.91%0.09) X10-¢D?, P=0.972] % linear-quadratic model [Y=(6.55%6.
83) X107°D+ (3.72+0.22) X10°°D?, P=0.922]o =3&3slgd=t. neutron® 7% linear
model [Y=1(6.12+0.17) X10-% D-0.22, P=0.987]o] 713 A3} quadratic model
(P < 0.005)% A¢g power-law model[Y=(5.36+£3.02) X10~*D42+o11 P=0 601] ¥
linear-quadratic model [Y=(2.43+0.70) X10-*D+ (1.21+0.39) X10-"D? P=0.415]¢}
vlad AsAct. AXE 0.1-1.5/09 FA4H o] 4L e E neutrond] y-rayel w&
RBE& 2.714+0.408°] 3it}.
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Fig. 1. Metaphase of human normal lymphocyte
cultured in vitro showing 46
chromosomes. Giemsa stain, X500.
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Fig. 2. Chromosomal aberrations induced by
irradiation of human lymphocyte in
vitro. Giemsa stain, X500.

a. Cell containing dicentric(DC),
acentric fragment (AF) and minute (M) .
b. Cell containing centric ring (CR),
dicentric (DC), acentric fragment (AF)
and minute(M) .
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deletions o] A A (27 1,2). Aol A= 0.18-1.284%c. o]F EAEZ lin-
wALAd zabeke] ot g AelAle] WAQPRE ear, power-law, quadratic % linear qua-

- ¥ 19 20|49 2o}, y-ray 138.5-480.5 dratic modeloll49] A#-ub-g BAAE AE
cGyH Yol 4 szt A o)ae] WAL g A= F 3-F 63 2}, linear modeloll 4
2= 0.08-0.8871% 3 neutron 66-247.5cGyH 0% Bt FAAL dxer) F3] Ygtow

Table |. Chromosomal aberration yields following various ®°Co y-ray doses

Dose No.cells Dicentric +centric Acentric fragment*
(cGy) scored ring/cell

(Mean+SE) (Mean+SE)

0 50 0 0

138.5 50 0.08+0.04 0.1£0.05
203.5 50 0.16x0.06 0.24+0.07
302.0 50 0.38+0.09 0.4240.09
480.5 50 0.88+0.13 0.62+0.11

*Acentric rings, terminal and interstitial deletions. Excluded fragments associated with dicentric and
centric ring aberrations.

Table 2. Chromosomal aberration yields following various neutron doses

Dose No.cells Dicentric+centric Acentric fragment*
(cGy) scored ring/cell
(Mean+SE) (Mean+SE)
0 50 0 0
66.0 50 0.1840.06 0.124+0.05
117.0 50 0.4840.10 0.18+0.06
172.5 50 - 0.86%0.13 0.381+0.09
247.5 50 1.28+0.16 0.56£0.11

*Acentric rings, terminal and interstitial deletions. Excluded fragments associated with dicentric and

centric ring aberrations.

Table 3. Analysis of yields of dicentric plus centric ring aberrations on linear model (Y=K1D+a)a after
v ‘and neutron irradiation

Goodness-of-fit

Treatment Dose range K, (X107 a
(cGy) X* daf P

y-ray

Ordinary 138.5-480.5 2.40+0.21 -0.30 7.27 3 0.067

Force Zero 0 -480.5 1.52+0.58 0 19.7 3 <0.005
Neutron

Ordinary 66.0-247.5 6.12+0.17 -0.22 0.13 3 0.987

Force Zero 0 -247.5 4.89+0.79 0 8.23 3 0.018

2 Y=Mean yield of aberrations per cell. D=Radiation dose.
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Table 4. Analysis of yields of dicentric plus centric ring aberrations on power-law model (Y=K;D")
after v and neutron irradiation

Goodness-of-fit

Treatment K. n
Xz df P

y-ray(0-480.5)®

Unweighted (7.32+2.72) X 1078 1.89+0.06 0.039 2 0.981

Weighted (5.81+1.96) x10-¢ 1.93%0.06 0.141 2 0.931
Neutron (0-247.5)*

Unweighted (8.85+5.25) X10* 1.32+0.11 0.541 2 0.766

Weighted (5.36+3.02) x10™* 1.42%0.11 1.064 2 0.601

¢ Dose range(cGy).

Table 5. Analysis of yields of dicentric plus centric ring aberrations on quadratic model (Y=K,D?) after
¥ and neutron irradiation

Goodness-of-fit

Treatment K,
Xz df P

y-ray (0-480.5)®

Unweighted (3.86£0.07) x10-¢ 0.094 3 0.992

Weighted (3.91+0.09) X107 0.236 3 0.972
Neutron (0-247.5)®

Unweighted (2.30£0.24) x10~° 8.110 3 0.019

Weighted (2.45+0.31) X10~° 13.143 <0.005

® Dose range(cGy) .

Table 6. Analysis of yields of dicentric plus centric ring aberrations on linear-quadratic model (Y=aD
+AD?) after ¥ and neutron irradiation

Goodness-of-fit

Treatment a B
Xz df P

y-ray(0-480.5)®

Unweighted (1.18£0.89) X10~* ( 3.59+0.22) x10~° 0.050 2 0.975

Weighted (0.65+0.68) X10~* ( 3.72+0.22) x10~° 0.162 2 0.922
Neutron (0-247.5)®

Unweighted (3.11+0.76) X103 ( 8.73%+3.62) X10°° 0.868 2 0.661

Weighted (2.43%£0.70) x10°3

(12.06+3.85) X 10~ 1.861 2 0.415

® Dose range(cGy) .
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human lymphocytes following in vitro
irradiation.
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Table 7. Relative biological effectiveness(RBE) of neutrons and °°Co y-rays in inducing dicentric plus

centric ring aberrations

Dicentric plus Neutron dose(Dn) y-ray dose(Dy) RBE

centric ring/cell required (cGy)* required {cGy)® (Dy/Dn)
0.1 53.0% 5.6 161.5+ 7.9 3.047+0.355
0.5 118.5+ 9.0 361.2+17.6 3.048+0.275
1.0 200.5+13.2 510.7+24.9 2.547+0.209
1.5 282.4+17.3 625.5+30.5 2.215+0.173

# Calculated from best fitting linear model.
® Calculated from best fitting quadratic model.
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Radiation-Induced Chromosome Aberration
in Human Peripheral Blood Lymphocytes In Vitro :
RBE Study with Neutrons and %°Co y-rays.

Sung-Ho Kim, Tae-Hwan Kim, In-Yong Chung,
Chul-Koo Cho, Kyoung-Hwan Koh, Seong-Yul Yoo

Korea Cancer Center Hospital, KAERI

ABSTRACT

The frequencies of KCCH cyclotron neatron (30 ¢cGy/min) or ®*Co y-ray (210 cGy/
min)-induced asymmetrical interchanges(dicentrics and centric rings) and acentric
fragments (deletion) at several doses were measured in the normal human peripheral
blood lymphocytes. Chromosome aberrations were scored at the first nitosis after
stimulation with phytohemagglutinin.

The neutron and y-ray data were analysed on linear, power-law, quadratic and
linear-quadratic model. When the dicentrics and centric rings of y-ray datas were
pooled and fitted to these model, good fits were obtained to power-law [Y=(5.81=%
1.96) x10-°D*#3+006  P=0 931], quadratic [Y=1(3.91+0.09) x10-°D?, P=0.972) and
linear-quadratic model [Y=(6.55%6.83) x10~5D+ (3.72+0.22) X10-¢D?%, P=0.922),
except for linear model(P=0.067). As in the case of neutron data, the best fit was
obtained to the linear model [Y=(6.12+0.17) X10-*D-0.22, P=0.987] and good fits
were obtained to power-law[Y=(5.36+3.02) X 10—*D*2+%11  P=(.601] and linear
-quadratic model[Y=(2.43+0.70) X103D+ (1.21+0.39) X10-"D?, P=0.415], except
for quadratic model (P<0.005). The relative biological effectiveness(RBE) of neutron
compared with y-ray was estimated by best fitting model. In the asymmetrical
interchanges range between 0.1 and 1.5 per cell, the RBE was found to be 2.714=+
0.408.

Key words . Neutron, y-ray, Chromosome aberration, RBE



