|

) <

The University of Osaka
Institutional Knowledge Archive

Title BEHRDIRBENROME D1 MEHIRESE AL
EMIERDOHE

Author(s) |&H%, 7X; ®R, E£A; WM, [E fb

Citation | BAEZRIGMRFRMSS. 1979, 39(1), p. 60-69

Version Type|VoR

URL https://hdl.handle.net/11094/19129

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



60—(60) ARSI BESER BH39%E B %

TECE R D BB A DB
D1, BRRIRELE I 7B R O B B

JE B ORS BRSO R 1« bR )
ale K iR EB OEW B
VR S 3 R 00 R 27
R K #H =

(WAFI534E 5 A 29 H 524
CHAFIS34E 8 H 25 H A #¢ RG22 4)

Study of quality effects on radiobiological actions.

I. Improvement in target theory based on microdose concept.

Shigeru Iwanami, Keiji Nakazawa and Takashi Matsubayashi
Department of Radiology, Kitasato University School of Medicine, Sagamihara. Japan
(Director:  Prof. T. Matsubayashi)

Shozo Hashimoto

Department of Radiology, Keio University School of Medicine, Tokyo, Japan

Research Code No.: 400
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In order to interpret the quality effects of high LET radiations on the radiobiological actions, the
target theory formulated by Oda on basis of the microdose concept introduced by Rossi has been de-
veloped to express intertrack effect (cumulative effect) and intratrack effect (non-cumulative effect)
separately.

Analysis for the dose-survival relation by this theory have been discussed with comparison of those
of Rossi or Bender.

If the target for the intertrack eflect was the same one for the intratrack effect, it was found in this
theory that the contribution of the intertrack effect for the cell lethality was larger than that of the in-
tratrack effect in the case of high LET radiations as well as in that of low LET ones.

The survival rates of Esherichia coli B/r and B, irradiated with heavy ions such as He, C, N and
O at 4 MeV/a.m.u. and neutrons at 1, 2 and 5 MeV were caluculated with this theory. The results

were in resonable agreement with experimental ones.

1. #% § WTHHHY, RSO BETE, B

W LET s oM RE S, ko8 D= FF —EEN—FETHDTE, BEIET©
DR 2 Wi Bl T & 202 B I R C DIRBEREC YR T D R Do, LET (334
H%. LET (3 % RBIT A oic A X ht- —DETIRIe <, JERITIRIE MEA & 5. B



B fus44E 1 A 25H

Z o LET 434k B 4 5 ok JEFw i 7co
¢, LET 5% 323 5 L LTy LET %
FHL, oy LET cHEDRY#ER T2
DRI TH S, Lo Likd b, P LET ik
T DFEHD LY FHie koT, REFH LET 2
e LET 2356 b, ZhbD¥g LET YA
Te e R OREANR L MBI L T B o,
w3 hoEE LET 33 RBE % OER o fiH
BROMIMHEL TN B DD, it AT
BHHH, EBE LoD FR .

—7, Rossi 12 10T, FhtiiomsE—uh 55
FRICET D IER 2T 5 7, By G
S DB FRED RS 3 % RRESEHERRAL, —iiki
MRtk 23 2 H T 5) ~ O
HO =5 A =5 b LT OMBHER A E RS
HHENRE SR X, #REC o
M 2 IR ERR ORI RA L, & 0k
MRS Vires 123635 @ LET Jich
O —ERREY XL CHPLE S 2 2B e
1w L722%, Fof, Rossi b Kellerer 1LY
MEA RS R, AR ER O
TG T % & & A, @SEmMIa o Fit
SERC B\ B PICE Dk 2 DT
Hey b (—CEHEEZ SR TW5) OHIE
ERIC X TOEWFRRYS T E sz shd &
5 dual radiation action OIEFAERIL LT,
Bfe, @ ET#to RBE offfins iz o
Mia T o iehh Ty a0 - = o
T, BORERCER R S KA 5 intratrack
action (—{fD fF2%F D track [ZF2T2L B
by FORR. D, FERMBEHREFL T LT
T5) LR MR intertrack action (I 4
ORTIZ XoT2L bhtce » M OFE, Bnfl
BREES) O 2 DO TN % JiEk
ThH DA, FMIATEH HIERIESGETE £ T ORGHHR
HEMER © X% dual radiation action 3¢
BALBL L0 E I PR CICEMTH S .

—77, Rossi DALY oD BITE D F- b PSS
L7z Rossi counter'® T, & %M/ PRI
X% W LET Mt o LET Ao WIED: 7o

61—(61)

Eha ki), —“OFREYDL LT REREY
LET S#fSEs LET 28 2B Robh b X

5o T &7z, Rossi 3o 3EEY LET © 5 4,
#ESEE LET 2B @ o b oA&RHHE & HER]
LizigChh, RETE LET 130550 7o Bk A
Fofov &R LT 507, Z ik dual radiation
action DLGTIRIET B 721, F 5\ ok
T2 T % TEEER B . T Tk Bootz A3
#E LET ok Sl o BB de oi < FEEY
L, RSP LET »3p@iniigh it L T
b, B e OBCEHRCHE LT, HET LET 2t
R LET 2 T ey FT5HE, fiBEO
WWE I SEHTCEL D LERELTWBRY. o
Dz LR LET LiEFs LET ok
g X D IEMC U 228 L1 AT eth a5t
LTWw5.

ARG SE R <ol « O LET 2085 A dei:
W sh RO R L HBE L T B0 %<5
ZEFHMELTED, dual radiation action [)
Mo radiation action DFEARIC MG TE 5
FEATIE OBHRE DR — B & U T, #RENC Lo TR
AL AR 2 A U RS e,
Rossi gk X 512 Bniugh R & JRRmElzh
Ry cE s X owsiR L.

2. B H®

2-—1. fFEROMENIZE b & Ui
L oGk,

R AEER OXB Ak, ASUR T X
TEBII ZHRMERTIC X2 TH &R &R
5. WHOERE U BIEEY i X 5 L, RE
—xhRBIR ORI & LTI & B ) % 1 2 DFrT
PR oL By PR, T b U R A )
Dl TFR BT 2<% vy MBI 2 FRAT
. 20§, J1XFRFR Rossi o FER L -l
[ysRit lineal energy density, v, 7ciUNZ Speci-
fic dose, Z 1[RIG LIz THS.

AREE Clugse s LT j &£ J o Input %
o ThEhO EfFRY b2 5/ % BRILL 7
D, D2 ODEFRD 5 HLIEPRIT LB L DL
R BRRR ORI 5 O ZM T DT



62-—(62)

b Lich2fz., —75 Rossi (3fikH @ J-Input 1=
Y43 % Z-Input DA% AR b2 5 Kickk
WML, L»d Z-Input, @ 5% dual radiation
action DADEFRICHETH L AL, ZofF
&I & BN TR L T B,
AWFIE el L 7 B3R, Rossi gk L)
i, #H O J-Input & RMBEHE D K EEHT X
SIWEE LicBL, BERMMe » + GH) LR
e o r (JED) OZREEARH LT, sroRIE:
CHEBHT HEMERTh D .

2—2. EFN

PnBEE (J8e » ri2 X5 %8 : Fig. |
(@) R Lzt » b E— T, B Hiladho
TR ARBICR R B iR AL 2R 2
FRF, BANCE 2 1wy P Lo, 43
ORTFC X o TEC ] U ko e » k23RS
har lwwkoT, MilgErgl ko dhsbo
ETH. ZoLEZOMAOHETRY S5 L35,
CCZTCEFH L) ey M x ORITIRE 4 1
Ly Pl L Enb, ERMHO jMe .,
MIEERY, MEHOER LB » 10 2
MOHOTHS.
FERMBENE G We v biC XBHE) : Fig.
1 (b) iwmilice y Fox— FC, Efyxiys
KT 5%, Fo track 102> TRRPNC jEHLL
Eov .y rEREFIRTC LTINS &5
CERBLDETE. COLEOEFRY S L
T4, 2o jley FXiRHO jFInput® L[E L

(. L.

(v}
Jj type hits

(a)
J type hits
Fig. 1. Spacial distribution of hits. The target is
expressed by the circle, (a) J type hits occur
an random in space. (b) j type hits occur along
tracks.

HARE SO e S less W30 1%

THHN, BMMOTH e, b EEHLEVXS
T jZ204%&% ol 5.
FEEOAETFER S 1T HIC RIMBURIR IR
SROW S OFG-2 55 . Wi OMHBEEI D X
i, 2FERS KR THHbEh s,

§;=8;+8; J=2, j==2 6))
J=i=1 o BmahE- JESinkLh R
ORHNLIRS, 1w PRIDEFER LS,

5=8,; J=j=I (2)
T CCHERE LRV BIER LI O & 5 Ak Eoa i
DT D. (DRPLW LM X S IEFRS I
W, RIMBSRO Fy S LIERMBE) R OE L.
Sy DWW x @ By T\ 5. LET <eiEghns
K& Teh LR D 5 IER NG R 0%
BREL Teh, RINEZHIEO FER XL eB
CERMEEIRS D, ZoFET (DR B
T 85—/, Sk, Ewh 8, Sy OTERRYK
NERLTEFRSwEH I, £/, JHe
v P& jMe y MZBIL Tk D X5 Il B
H. JBey Mk Fig. 1 (2) wRLicl, %
BT at random THofIC fEHR A, = hic
MLUTj®ey Mk Fig. 1(b) o, FRF
o track IR TIEB R S 12dic, H LB T
% track effect X Hhbhib L Twb., FO76H
J®e » i UCiEEa, MEHEE D
TEMIRT A E 23 <, ey PEHL TR
BECL WEELBIL, 0Ly FEiE
fiIRFHIZh & TR &% 5 ChWRlicHyit s =
LR LT, BATRTF-OREL L b T LT
5.

2—3. H4HHFE S, 5, S,
TERSTATBIEL by's hoyyueenss’s by D X 51T
FEFT 5.

hy! (PN 2 —2 CEE L] Me » b 2% )
{43 B HER S BIEL

hoyroeeess’ T EEWC 2— 2 CEF LA j Me 4
FAN0 e § AT B RS ATEIEL .

h : BERC & » F Y0 DR,

Mifiarh 1 B oG 04T S, §), S 1k
THbhahb.



T #u544 1 A 250
J--1
S=fhs 22 @
Sj=h\n+1+'"+(i--l) H ng (4)
S,=h, ; J=i=1 ®)

Mg n lH Y, 055 1]
L Ef U JEED e » P23 Ui & il
JED s C HE BN OBEOAFRL, 1HHOY
HD Sy, 8, 8, b EC LT URNTELLRS.

Sy=Sj ®
B)=5 &
=S5 ®

n BORAH Y, T J EL ki

Uit 0w » r 23 CA5e, Mlastsis o

SHatk, AR THEX RS,

Sj=1—(1-S8y)" ©)
S;=1—(1—8;)= (10)
§,=1-(1=8)" an

Ao, (1D, @ikekvtXho
S, 85, 8, o fh i ETkdBAEFR LR O
Sp Sy S, RIS,

2—4. E‘E$%Tﬁgﬂﬁ hy'y ho,gyeeeny’y by £5 &
m RO L H5ICERTS.

f : & BRY) 2 BNF BTS2 Be v |
B ORERSAREIE.

m : B A ) 2 TR ,

m IFERA IR T 0 EEfE kR T
zZbhb.

m=gA

2 CA R O FFEAIW R, 613K T
Hibhi.

pe=[¢:(E)dE

#(E) 1 ~&m&ﬁ' Fhe2o2TtfEbhs=
UORLT, —URTR XoTEBRS =K
BT, %"F N TaETr total HARY + o
T, ERZRBLRNTFO=2A¥—Th5. X, &
IR D &1 6(E)ocD DOBRICH 5.

by" WTEERDHBEE 5 & m ORERHARBI O
convolution THHE Ei, L»nd §, k f 200
FHEEFEL LSO THD. OFE b 1LkK
ThbbIhs.

63—(63)
i : ‘
(ln;“) e’(p“‘m(l '_ftl) ) (12)
ho, hosyyeenss’ WU TH fKE D BRAE® LT
B, iﬂtﬂ"@—fa‘m‘t bhia,

hy=exp—m (1-f;) o (13)
Jf
h\n+l+"‘+ir=cxp'_rn ([_'jzu ;j) (14)

fj k=% ¥ —E DRFH EE BB L 4 &
E, by b2 jHEBZHIEREY PE, ) 35
&, A THELBRS.

fy=[¢:(E) « P(E, j)E[g: (15)

2—5. LDl EofERokk

Mo AEFRIKR TEL bR .

S=8; « §; ; J=2, j==2 D
§=8, ; J=j=1 @
S35 855 S, vxfMilah 1 B O B iGh Tl
Zhhs.,
Sy =exp| A1 -1 )] (‘?‘“;’fﬁ”
‘ ,J =2 (16)
Sy=exp—pi(1- % ) ; jz2 an
J=0
S;=exp—giA(1--fy) ; J=j=1 (18)
B O BE X, 1EMogEo (16) ~
ag) Xxdbewrt, (6) ~ QD Refw
T, 8, §', 8 wRe, gz (1), @R oD S,
S5, 8, ofhic, FhbEHEWAS

Pk XD AGEBRRT % total JEEA ~ 7
Fob gy & f Db, total AEfERS, Fhic
T35 BInGRT X5 EAR S, IR K
TR X DEFR S AkwbhB.

3. ERELUIICER

DRI AR D 1k DociA TH B A5, (16), (17)s
(18) K &Lb, 1EMDOBHE D] vy MR
S, FIRBMNE v o FIC X BATER S i e
LIFBRITHS. —0, Bl » P2k p44F
R Sy MEBE e B,

Bender |30 LR kORI in
A EEHEL TS, o Bender DF34
< OEFETWHBADOFE « ORGSO & 04
RO F=2—-C I{AD R RERDBAT

ZD 24)



64—(64)
S==S, « Su 19
TIC S k1 ey MEAERRRTHREEORK
ThEzbhS.
Sl_,—_e"D.-"DO (20)

SHICH L, S X HTAD PG D EFRT,
e n BB, Mo ETl vy B8
e Utc & EHIPATEDSE A & Lic 2 & 04K Tk
RThEzZbRB.

Sa=1—(1-—-e D/De)n D

20) & & (21) X D, o fEi: —i% i« i
5.

(DOAE QD KE M T2 L, (DD S
2 (9) KXo 8y i, S S, wHIEL, FhE
NOAFRMBOMTIIE—FT 5. Hb, 14
oao (1D E Bender @ (19) KIXEHERY
LX< —&T5. LaL, 19 Rz S, 241
B, Sa BEEROBETHY, hd A%
T 2R LT 20050 E b Licwhorext
L, (DA 8, Sy o FEBRI i D IER LD
Rk o2%G, BENBANWYHROFE THS L
Lo RTHIETH S

—J3, Rossi [ZrkFRIASIC X % i B
JaDEFROT — 2 — KB L, DL
RITRKOBC I b & ExRFRL T 5019,

S=exp(—aD--g8D?) (22)

ZIZTa BIXEHTHS. 60 ig dual
radiation action @HEG" 1 X D, @) OHILIER
MR DOFETH Y, ROTFNLRINI LT 0%
LChb EMERL, MBEHCKRET 50, #
FIHIE LT ERF L O 5. 1R SED
(DR E (22) ReHBTH. (22) KYEWT
5HE

S=exp(—aD) + exp(—8D?)
Lien., (DREEXEHETHLE, (DXOIF
PR 0%y S 25 ko JERMBELE 0I5
exp(—aD) 1, BmBzhRoOE Y S5 2 ExR0R
MBI DI exp(—BDY) 1ZHIR L T\Ww5A., Lic
232 C, JEBRIMBZR T TR Ui s
73, FRIEER OBURIEIRIE &\ 5 B T
TR—3THH, FtrD bR LT bic.

HABESRERELSEE $39% $15

X, AT MBI s E ¢ & i i
BKFET 556, BIMBROFE S M-I
JER A h R & 7 U J: 5 AR TE T 5.

(16) Rz T L —ﬂj,—!—’— Il Xh
K&, »2J %+ ﬁ}x &< T BHE exp(gAly)

WCHE S5 WEPS 5. 2hib kRaAEnh
5.
Iim Sy=8;_, (23)

(“]23) RX&LD Sy, 5, 8 oy, Wi s
JAJ=2), j(G=2) wHLTh, X, BEAesTk
Lk EoThH, FRmEEHR < LT RZnkl
R U THF CEEEE 2 5B D, koOBIF
DT 5 .

S,< Sy« S (24)

BB e o b23ETHHIE LET i © (24)
KL T B O MR L THHH, BB
 LwiiE LET el vt (24) RITH
3% . Kellerer S ik Fiit & w54 Ehdp Il
RS LB EOAFEREMIT LT, & LET ji
SR B\ TSR R CrR IR SN AV IR D %
BRI ThH B ERFELHELTBY, @ LET
o Ba&wir (24) 13 Kellerer 20 ik
E—BFETHH, 2O EonTiE oS
T5.

Fig. 21ciXIMeV i fiA il B8 L 7035
&, AmBle y b, JEREME e, b, 1ey b
X5 Hila0EFfEER Sy, S, 8 % (16), (17), (18)
REAGCTRO MR AR T. HER o TH
larfe> DNA A4EE 2 Sde L, IMeV dapg: o
‘BErh o recoil proton, § A 47y total JHHE A -2
7 b e & G IRTRENSEO SEE 2 FIH L
7z, Fig. 21D 35 2 — 2 — % o DEE B
el cofo=srAr¥ -0 FRETHS., —7,
Wx & ORI LERRT, | RO,
Witley FM4Doe, Fa|Ek T o
=i nF—Th AH. i1 U5 XTeRKdDHR
B, Mk 15) R o pE, ) Uk ThHx
.’CL‘ZJSI

pCE, = {LCE) - YWY

i exp{—L(E) - [[W}



Wafns44 1 H25R

Neutron En=1 MeV

LW =1.010%¢m" keV
7 = 0.125 keV

-
=

Survival rate

=

) L 1 1 L 1 1 L
10625, 20 60 80 10 T2 14 16 18
10° Dose (neutrons-target )

Fig. 2. Survival rates for two kinds of input mo-
dels plotted against dose in unit of incident neut-
rons per S,.
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Fig. 3. The variation of survival rates for multi-
target models of eq. (6), (7) and (8), with the
number n of targets in cell.
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Fig. 4. The variation of the survival rates for
multitarget models of eq. (9), (10) and (11),
with the number n of targets in cell.
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Heavy lons
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Fig. 6. 6. Surval curves for E. coliB;, and B,
irradiated with heavy heavy ions (He, C, N and
o).
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Table 1. Inactivation Cross Section for Escherichia coli. B,, and B,.,.

' Inactivation Cross Section in cm?
Kind of inci
palr]:(iiclc;s Ciie Calculated Measured*
B,y B.‘r Bs-l B-‘r
He 4 MeV/a.m.u. 2.0%107° 1.8%107° 5107 2107
C 4 MeV/a.m.u. 1.2%10°® 4.2%107° 810" 5%107¢
N 4 MeV/a.m.u. 1.4%107® 5.2%10™° 1107 6+107°
O 4 MeV/a.m.u. 1.7+107° 6.2%10™
Neutron | MeV 2.8%107'* 3.8%10™
[ Neutron 2 MeV 3.2%10™ 4.0%107'%
| Neutron 5MeV 3.3%10™" 3.4%107

*) Yatagai, F., Takahashi, T, and Matsuyama,

A., ]J. Radiat, Res. 16 :99—112, 1975
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DRy, PIEBER, BiEE o b b+
ERTHLERSHH. T 50 DNA il
couple - A @ ERYAHS 3 2 { W REAIE T
Fho@Rirks o bl v, kL, # LET jk
FHOBETS, RO JH e » Hik DNA 7
5 &b D3RGS couple T HFEITNZ VDD,
JR e o bR Uik iR A E R T S
ey, chbo#ExHik, Elkind REEEY
M A 2 OPHBOEFROT — 2 —%
v AT LT R, (19) Ko #REAR
S, oL LET fieghi Tk e np &
555D & RERME —B T 5. X, Rossi Hpd
(22) ROFERMIENRERDLTH | HOH %
DNA XD Hiksdick ¥ vwlpm BEOMaZE
EOEl®EL 52 LR X OTIEHT ISBML
TWBIFEL L —3T 2000, A, i
DWIMER) @ X5 LET 2760 P 31T
lpm BEOKE ZOEPMTE I Rbh Ty 5.
P EoEZEELERET 5 £, BESYMETE,
7 LET jiooik j Me » PIoXL Tik DNA
DR S ) KEENEYEL, JH
ty MIE U TIME LET Hebtii©F i Tt
BxroE EAV5E2HT, & LET BUHRO
WEYHALES LELBRD. ZOFEZLHIL,
Rossi OIERINIZDRIL MENCARFT 508, RN
TS E NV ARAE LT &\ SRR, fERAY
ik Ebd TEUL TS,
4. % B

ekt o SESRE, Be, + (Fig. 1
(a)) LIERME e o +(Fig. 1(b)) DWTTDARK
SREE TR % BAYC, #EC XoTEREEh
Fo MR R A A LB B &, Bl e o
P EIERIE e » b O ORDR A K H L TN
TEBLORHBL, FLIERELE C—5).
% OHSHRBAIC X 5 ST O 47
DF — x — 2T LT bl Rossi b Bender
DIFHTHE &, S & L CERAL S hic AR RS
OEAEGRITS  OFUSEFFoOTWH Z Lavb
1Ly A

- OREMEG LD, 1B TRIMESRCK L

EAESZREHESEE H39E H15

Th, JERMEBHFH L THRCENLEL S
fRb, LAKEE LET wigoTh, Rinfle »
M X BMlATE D Jin, IERMEOTh XD K
x <, pofifarec hiE e R v » O] A
KELIDBIC LT, FRITXS R S
ik, JERINE e » PICX D AFR S WY
Lo krRIBLR.
1MeV it Ml B L7z & & DR
%, By DNA L LT, 1BENOBE L AEH
OB AT THH LIz, X, 1, 2, 5MeV fifk:
TFég b AMeV/a.m.u. @ A 4 g (He, C, N,
O) # Bscherichia coli Bfr £ (it IEHIE
KR & Beo, Bk (BUNSRRESZMEM W IRH L8
HOEFRYE, ThbOROBEBEELZEL T
HEL, WEIhT Vw5 HRfEL X —Hr sk
7.
AW b Bk oo T MPFRRT « JEMfERk L
ERERE L WA EE L, WLl W T,
ChTrgE D B 0 AREFERS R4 - 4Y32EpH
MexcawELI. )
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