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Corpuscular Radiation and Congenital Anomalies

Shinji SATO** and Akira YAJIMA**

ABSTRACT Many explorations have been done by our antecessors to find
out about the congenital anomalies which might be caused by X-ray or y-ray
and experimental teratological researches have also been done, with some
results. However, there have been less systematic studies on corpuscular radia-
tion. Neutron ray is a radioactive ray no electrically-charged equally as
photon (X-ray, r-ray). With an equal dosage of it as photon’s, its localized
energy is high so that it is different in RBE, OER, etc. In heavy charged
particle (proton ray, He ion, Ne ion, z-meson ray), there is the characteristic
that the energy increases at around the deepest spot within the range rather
than at the point of injection into a system, which is called Bragg peak.
The type and energy of this radiation reflected in the uniqueness in energy
distribution, in ionization density and in LET makes it the most important
radioactive biological parameter.

At this paper, we shall review the types of radioactive rays and discuss
the congenital anomalies (teratogenecity) including the experimental results
obtained by application of our proton ray.
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FhFRR (C, Ne 8L Ar), m T & 3g
LET Mt e idh 3. b LET Hugso
YRR E LT, 1) SRS 5 OREE DI
™. 2) OER (oxygen enhancement ratio) 23{&i 7z
O, MBEOBRRER X - TERABEEINLL.  3)
TGF (therapeutic gain factor) 25k X\, T72bhb
IEWHRST %5 RBE & @A % RBE 038
BhH. 4) MEOEBREEICT NG, BENHTSE
N, BOBETH, BEFAYA Z7obor 2EEo52~30
HERR T T, BRICEAPETAIC & 2 TS5 miE
DI, BFHIC X 5 BEE I & ORI EETE DG
W, BTHIOIT I 74 -2 EOERT, EERMTIT
BEOERIGAPED 5T % (REM, 1978).

WEHRIC X 2BEFHRL2EHTIRTE LT, HEEX
BLOTEREORLE, HEHROEEC 2 DM
HRRUT: LET OENCH 5D I NIHURROR® -
ANVF -, PROBECHE?»5A DR EELHS
MAEMZER ST A = 2 —Tdh B 00 b TIHIALEY
KolEaElciEd 5 LET ROERIIBD T <,
AR L, RHCEENEBN 28 A TSRS S BN L X
N5 EEbns (UNSCEAR, 1977).

AT, DX, vERUANOHEEE LT,
HBHREBID 2 6 0 % TR B U T OIEIRS Y~
DIRETRERAL 2 IR L, O THERFEE DT IR 5
IR R ONTHROREE UTES S OB F Ry E
BR2BNT 5.

1. mEEFRICK SRR

Table 1 iz, fikTie~v 2, I bz & DOIEE/N
B RE U, mortality R@EBM 2 HE Lok e
EFZRBRLI.

T ERFE SR & L Ci, d-T generator, cyclo-
tron RJHTIA (reactor) b b, ZDx A NF - F
HERBICLOELATHS.

Table 1
Authors Experimental animals
Tabuchi (1964) mouse
Nakagawa et al. (1964) ”
Okamoto et al. (1966) rat
Okamoto et al. (1872) ”
Friedberg et al. (1973) mouse
Cairnie et al. (1974) ”
Deguchi (1977) Vi

Di Majo et al. (1981) ”

9, d-T generator (FEBT % target T Lo
T, 4.1 MeV OBEGEAET 2FHAEIES) Kk,
FM (1964) 12, OFIRD50%H3EE %2 ¢ T kT
DOifEIL, RAZET, BEFROVWIThIX B X b b
{, RBE fHi1.5~2.5 TH A5 Lfml, L Q@&HED
R LT, EORE2AFCHES Y 20K - B
~OERFEDOER LN &R, F7z, AL (1964)
i, AU IR~ v 2ic TR 2S5 L, s 38.5 H
FCAEFEOFD U BB OIERESE» - Tt & & L
7z,

3oL, MRS (1966) ik, AETHRZIERS v - 8
HHiT, 130 rad @S L1z & ¢ 59951924 (92.7%)
Tk« RINERE 2RO I EBE LI, O THE S,
FRYETFIRENIC & % early effect % #ARRZERICEIZL,
mesodermal cell (ZHBMHEZRUIZE L, Thid
D s RIEREFEORIIEEN RN EEFHEL TS
b5, CODFHZ @ 2H 7 cardiogenesis 235 mesoder-
mal & filid dermal cell & OMHEVEAEBEEL TS
&, @ BHFLOD LDH 74 U¥4 4 » FANB L,
T IRS%, H-subunit §ESIHIATOBC &,
LEWRE B LR~ F1, Deguchi (1977) ik, IFIE
7T ZCHEPET R 2R U, MOFECRITTHER
BEF U, FIRERERER O critical period (& X & %
DL E RN,

AT, TR R IR & U B Tit, Friedberg
et al. (1973) &, 1.2 MeV m¥ET-5 % EERATENCIE
MR~ o 2 CTE & DFEIRS UFET 5 X I & T X
BT A2tk h, RBE [Hizi04.5 Th b &gk
U, [AfRIC Cairnie et al. (1974) &, #aEEOEN
ELTRyMEENZEES N E, HFIREIIHEOMN
ReEEE % y & Hls 4% &, RBE {Hid 3 OFt 1T &
D, CHUSTERDBEMIE 2 FIE Ui MEEGERD 7 —
2EIL—HUTVRCEARLT.. &5 Di Majo
et al. (1981) &, AU <JRFH & b FAET T8

Previous reports on effects of neutron upon pregnant animals

Neutron generator Neutron energy

d-T generator 14.1 MeV

V4 V4

V4 ”

V4 V4
reactor 1.2 MeV
Y 0.8 MeV
d-T generator 14,1 MeV

reactor 0.4 MeV
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Table 2 Summary of congenital anomalies and biological effects of neutron

1. by d-T generator (14.1 MeV)

L

(100 rad, preg. 4-11 day)

2. by reactor

high incidence of abnormal tail (90 rad, preg. 10-12 day)
RBE; 1.5-2.5 (intrauterine fetal death, injuried embryo)
high incidence of cardiovascular abnormalies (92.7%, 130 rad, preg. 8 day)

no difference of critical period in CNS abnormalities between neutron and X-ray

a. RBE; approximately 4.5 (prenatal survival, pronuclearzygote stage, 1.2 MeV)

b. RBE; approximately 3 (specific limb abnormalities, preg. 11 day, 0.8 MeV)

¢. no qualitative difference of teratogenecity between neutron and X-ray

(preg. 3-11 day, 0.8 MeV)

d. RBE; 3.240.8 in reduction of fetal weight, 2.4 in major malformation

(preg. 7.5 day, 0.4 MeV)

BRI, FE~y 208 HEWEE ULEKER D TH %
L, RBE 12393.24+0.8, major malformation T#A %
L, 24 ThHBEWELI.

DL EORMETRIC & 5 IE IR ) 4 1R 4T K BRUR KL &,
Table 2 EH Lic. WUHEFREBZVA, €202
VX -DEWICL D, RBE i, fafEMiciiz s
BIRTEVBDNB.

2. BTk ABEER

FRPETFARE DA ORI T3 %2 R U C OB LR ISR T
MEBEbn, DTH»IKBFHEICOWT, RBE {#%5#
Mg ETHEL TV 2RESHRINIDATH .
(Raju et al., 1978).

B, ££513, XBeBHE, LET s B 3574
%, IEIREICIRES L 7284 D teratogenicity (CEET
AL ER 2T - T 3085, NFHE U TOBFHR
2, Fig. 1 R, EAHD entrance dose (K
S HBH9SEIR 2 plateau #hski &, MEIIREORN
AR L T Bragg peak &SN BT E2IE
R 5. BFHRORERZZOMIPL 2 Vv F—DAK&E ST
HBIT 508, FEBFAL CO3EIEKE AVE Bl
A zataryhimEshi 38 MeV BT RORER
¥9.8mm Tdh b, Bragg peak 129.lmm ODFITICHE
f£ L, plateau/peak [hiZ#94.3Td -7: (Sato et al,
1982).

RTFHB—RIZE o TOIC DBELBRESHE,
Bragg curve EENS [RNTHOREBIRBC 54+
YHOEM] ZRT DT, THIRNTESER 2 BB
Ulzd &, ZORES = 20V ¥ — DRI DITRIED K8
TRININA T &ERRLUTVS (K, 1980).

R/ sec
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Lucite thickness (mm)

Fig. 1 Bragg curves of 38 MeV protons.

LT, EBFEL ORI b5,

¥9, ERSHETDH 505, EREWISMEES X 0K
AUtz CsH/He B~ v 2D 8~12BDHE, M % f
A, s OB RERE, HEROEBTEATEE L, &
BlEUKiEBHICER s, B M2 1:2 TRIE
o, KERZRDTHZOHE L, v v 2BERRIAT
» BIENRL0, 11, 12HEICEE 5 BBEFET U EER
KEHE L, BTz,

BFHRD E — s Dl L8 experimental set up
% Fig. 2 WRUTz. $805, ¥4 78 borRKEE
X DI, EAINTERBTHREEZ, Imm EOAZER
FTHERIY, Bl A NVF-FERPIA S L ICEHE
BARAEPEREL, Y47 -7 44 Vb EKARICEIEHU
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Fig. 2 Schematic drawing of the experimental setup.
PM; photomultiplier, CFD; constant fraction discriminator,
FD; frequency divider, TPC; time to pulse converter, MCA;

multi-channel analyzer

fo (€= 2EFE20cm). BTHE — 4 DT,  H g s
dem I H KNI 15mm ED 7 » ) UK ARE, X
bic CsH/He <9 2% 45, # 7cm [EFgic, s
Scm ¢ 1 h Phtc 10mm JFED 7 7 Y VIR 230
U OBEEICEE, BIEEL ) DEREECT, TV
T2 -TFTIRE-Z—-FNIA4A TULEBLREHEHTLHESR
Eoto, FIEREE, PITEREES (parallel

plate ionization chamber) % FWCEHAIL 77,

IR E Ut XEEFRAREE & Ui, B8R 20mA,
FBE 250KV, 0.3mmCu+ 1 mmAl O7 4 vk — % {#
i, fBR—~ 7 2[HEHES0cm, 13X 13cm, HE
3147, 6R/sec OFELRMFCT, BFHEERBICT 2 Y
IR~ o R B EE UTIRE TS L /2.

L FOREEEDTIZ, BT 70rad, 130rad, 200
rad, X & 130R, WUESHREHE (TCHEf, treated control
B ¥ L ORLERERE (UC 2, untreated control
B o0 T, WIRISHEWCH TR L, BHREL & %
Wi, bR L OHUL, NEFE, HEI2EEUAES

fn

=

Rl L.

G¥s, BFRITOWTIE plateau ERITIS U B IR
i (rad), X#ICOWTREERBIHRE(R) 2R
EUT.

Table 3 17, EIRITECIBE SN2~ Y X DEER R
ZRUIZ. TDHB, BTFHR 130rad, X# 130R, TC
Hrolor UC BHCOWTEBI U, 9 EEICd
BEEFBOEHECONTAHDL E, BEEZDRED LN
Dk, TC B Xf5 130REE (P<0.01), TCE : BT
¥t 130rad MRESEE (P<C0.005) Toh oo, ¥ 1EEkE
ZOWTH S E, TCEE: UCHE, TCEE : Xi% 130REY,
TCEf : BF##130rad B, Xi# 130R #f : B F% 130rad
BEINTOHOMICERZ 2Bz (P<0.001). &
SICHEFRERRINET 5 &, TC B @ X 130R 2,
TCHE : BF# 130rad B, X 130REE : B4 130rad
T DO THEZERZRD 1z (P<0.001),

I FHRBREEEICE U 2 Hic >0 T, B
70rad #f & 130rad BECl2, EFEFHROSHREICET 2

Table 3 Experimental study of proton irradiation on CzsH/He mice

No. of Living

Group No. of
litters implantations fetuses
Proton ( 70) 10 91 48 (4.8)
Proton (130) 67 31 (4.4)
Proton (200) 5 44 12 (2.4)
X-ray (130) 14 123 66 (4.7)
T.C. 10 90 63 (6.3)

U.C. 10 86 69 (6.9)

Prenatal Living / Malformed  Body weight

deaths imp. (%) fetuses (%) (M4SD)
43 52.7 40 (83.3) 0.86+0.20
36 46.3 28 (90.3) 0.714:0.16
32 27.3 5 (41.7) 0.6040.17
57 53.7 18 (27.3) 0.85+0.13
27 70.0 1(1.8) 1.0840.15
17 80.2 19

2 (2.9 1.2240.
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AT, BIEY52.7%, %FHD346.3%, %1 BHFE
ETH, TNZTN83.3%, 90.3% L BHEREB A LN
ol Ub L, HREOEEICHSNT, RUEEHDONE
FRCOWTH S LB T# 130rad Bric, L b REEEED
REILHFEVBEINI. S5 CEHERETE, By
0.8640.20g, #%#250.7140.16g & 130rad B T/EfH %
RUTz.

Fig. 3 i1z, 1#FR1 A B BT 130rad B s~
U AMF R, RBROEYESICRF L, Bragg peak
OFBREEIORL, XL X OHETHREBOTOL
FRHEEBRL o7, MAORMCREHEN LR A E
BRRBETE 5. T/4b5, #5/MEEE (microphthal-
mia) [J#Z (cleft palate), 5Bk, HEOD/IMEE
(micromelia), Z#55E (oligodactylia) ¥ & (NGRS
(short tail) 7t & THh 3.

LIk, Raju et al. (1978) OB FHAEMFHRLIED
LR, ChE COEBRBYIREERRSE? B8 T 2
&, 1) RBE fH120.7~2.1& X5 & R U CEBE 2 R
BRVDIVELEAEED L LVMERRTHABEZL.
(MlEEoEx, JBUHEHRGSCLS. BIEo i e
—{3 8~730MeV LFELXTH B.) 2) HEFRECXEE
HiszE R34 <, Bragg peak DEE2%\ 17 L%

AEBRBIITH 5. 3) HAERITKIT 550% 85t 6E
(LDso) 1%, plateau ¥ 70~130rad, peak ¥BT300

~560rad TH A 5,

$ H O ([T

BRI & 2 RBEHERIOMEE LT, v FOEKR
REDOHRE U THARGIHEOEMN CHEREI N TS
DI, MBAEMHIRIT X ARERETH S, T, EBGE
FEEFRICBNT, X Z OMOESEERO 129
NEMEF R ERFEO—ROFRAORBOFE & LT
ALAVSR, Russel 3L Rugh 5 @#EBRILO
FAE, MR ORERBICE b B, BES
BRI DB R B TAER DA HEBED N {2
»RELICL T A (&I, 1967, 1977 ; /31, 1976).

UL, BT, BTEZ2IEUH & UIRIFRICHE
T AMAREE BRI, BEHEOEES LET 0#»
DEETEHEICR St B2 54 PEELZRTTH B
L2b 5, WEPERDTHL, LOFHTOLED
RS ET NS D .

51, BT HICBEL T, EEOXE, hTgr
EDEABENIC & APRRHER TR, BEIKE s Tike
BRBETH - oDt U, Bragg peak &1 58RI R
B 2ENTCEILD, BFIRE - TOWHIRES,
AEHERE &0 WENEREE2HE T, EIRFICEE
HLRR & BEEFRLAL IR U 1B A OB ERER, Ho g
W35 LDso 5 &, EBRFEFINCHENKH 5 B 2RI

Fig. 3 Malformations of mouse fetus following 130 rad proton

irradiation on day 11 of gestation. Bragg peak caused
multiple deformities to the right half of the body.
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LT N3 EREED &

ARADFHRDEER 2 57 b NI EBERORH D5
BRL, HEAEEE LT BT AR NI &
W 5. O TR TRERILEFMH 7V - 7ORIEA
EEIMH SRR RSN E DG 2 ARC BT, RS
RIBHRREL TR O K # A, R ERHED
EBETEDF i L ORMEDZEITICY b ZHE L — A Dt
WRLTOIIZEE UKEIERE Y4 /nter - 5
FTAV =T 2 - OREEZBEHIE U H G
IR BB L 2 9.

5, AWILO— T BRS04 B B ARt BRRTSC
FFEE No. 81-11 Tk - TiTlsbhlz.
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