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The Relative Biological Effectiveness of 200 kVp X-rays, 1¥Cs
g-rays, %Co ¢-ray and 22 MeV X-rays on the three
types of tissue cultured human cells.

By

Shosuke Yoshimura, Takahiro Kozuka, Giichi Yoshii
and Hiromu Tachiiri

RBE of 200 kVp X-rays, %¥Cs ¢-rays, 6Co ¢-ray and 22 MeV X-rays were studied on
the growth inhibition of three types of tissue cultured human cells. In order to identify
radiation sensitivity between normal human tissue cells and tumor cell, some experi-
ments have been also studied.

Liver cells and reticular cells derived from bone marrow formed the material for the
normal cell experiment and HeLa cell for the tumor cell experiment.

The technique employed in tissue culture were essentially the same as that described
in text book. Cells were exposed to graded doses of irradiations 200, 400, and 600 rads in
the acrylite phantom.

The determination of RBE was taken for mitotic rate measured by cell population on
the 8th day following irradiation (Fig. 1~3).

Results revealed that cells given at the same dose were more sensitive for 200 kVp
X-ray than the other three types of irradiations.

Relative to X-rays, RBE value of 1¥Cs g-rays, 6Co g-ray and 22 MeV X-rays indicated
0.99~0.90 at the dose of 200~600 rads, which were found to be proportional to LET
(Table 2).

As for ¢-rays, RBE decreased with increasing dose in the range of graded doses 200
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to 600 rads (Table 1). A dose rate dependence of RBE was not found for «-ray and
X-ray irradiation from 18 rads/min to 90 rads/min (Table 1).
The radiation sensitivity of the cells derived from normal human tissues was a

slightly higher than that of HeLa cells (Fig. 4)

&

BREHASROLYrERER 0z, B EYEN
HEE (RBE) 2w TILFESHBOBEN L &
nTWwA, 2 Storer % (1957) DIk 3
mammalian system 2513 3 RBEORIEIZL
HWTEERNL LN THS, ZRFITOREITLY
Ao R B B HEARE F oA E T

(B EPHESE) wioTtRonErRT

ZLEBHLEN T3, EELED—ANTH B/NFX
T TIZ19604E 12 S8R5 # B T 200 kVp X-5,
80Co y-f N IC ¥Cs -t RBE #4745 L T
3938, SEEE bITKPOCEEEMICERTEE h
T\ 3%22MeV Betatron #{#fLT22 MeV X
BMORBEZ b b2 THI L7z, L BREREE
XT3 mammalian system (2§45 RB
EOWgE, FOFA ENR in vivo D EBRTH
Y, in vitro 2BV B HIfEE AV T OERHRE T
E b T, EEELEDMDEPE T Lansnitzki
B LU Lea®, Bonted 0y 0RARLIZ DA
TH5. in vivo DREBOWIZTRIEE 23 3
Dk LU BEAROEBIC & 3 Zeia0ie & 4516,
e RIS 72 £ OMIR LIS o SRR ER
FORANDEREREIBND., T THEH
INLOYENETZ2TESRTEEL L O &
L, MIEEAKCEZ LN 3 HBHARORED L#z
BT 570, RBEOHFIHMEEOEA F
A7z Bl biEfErE s h: AOEFHEGmRES
T UEMEOMAEREICE X2 TREEBLIRELT 3
RBE :ERC, ZhbMEORESIC X 3R
BEtEnzET bbb TUEBRE L.

EBMHE B LUFE
D ERg#HE

a) HeLa ffiflg® (AMUAZEE 2 NREH 5T
Fr& hEEShiz b D)

Lactalbumine 7k¥E# % Earle oEw* =

0.5% DEETIEM L, T4 il 24020

o

%7 B & I AT B 3T CIE IR E A
TR LD D

b) Chang MDFFflfE® (ESLFEHMEER AT &
VS I N2 D)

HeLa {ifig & FRROBEHK ERFTHRE LD
D.

C) MuFEMIAE** (B FREEEM TR L W IES
INhzHm)

1O9FFWLT Y™ (24 1Ml & 2R D20%127% 3 &
IR, BI=F &FERETHERE LD 0.
2)  HAHER oS

a) 200kVp X-ff (CEfF 1.9mm Cu)

b) $Co o-%it

c) TCs o-#8t

d) 22 MeV X-igt
3)  HAHE e SR

200kVp X-i#, $Co -fift, ¥Cs o-fionisE
WEITIZAMEET 7Y T4« 777 b—aR
12 Victoreen 100r Condenser Chamber % 38 A,
LT, ¥ 7222 MeV X-fio Sdisciz NBS-
582N, 11.5eMEEDTFT 7 YT A+« 75}
— AR WEA L. (200kVp X-§ 12 1% No.
131%, Co o-f, ¥Cs o33 & UF22 MeV X-
ik No. 6212 L7z, ) 7ZEr & rad &
DHEFIEARDOERED 122 7=,
4) BB A G

HeLla #ufig, FF&mEEZzAZh ffud 25 2 x
105/cciE o L E (Lactalbumine }> Earle o
WYEHD) RUEME & L, AEiBfmAmE 2 x105/ce 2
BED 199%SKISIENEE LT, Zhb 23EANE
B lLemDKRY) I L v e F =—T I AN TER
L, Zhz kEosdilEogific Chamber #
ANAEWCHALTRIRT B L. SE I
200r, 400r, 600r J5 L UF 800r 2 %&h 2 L&
A, T -ARESRIZS0r/min 2EME L, KEWRE
Eixhotz,
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5) RGO

JRETEE B RIIIRIENE T S hAfadaniiz 2
X104ce k72 B X D ITFER L, Z o4 Mk
¥l n20% B L 3T imA . T oMzl
Wz 1l.5ccs s ERBREFITHEL, 1FETI64D
DFEY, 37T°CIEIRIEE T L.

6) AEROHEE

SEES, 1,3,5 B L U8 HEBISHFEEE »
FE X1 FOHEREEIEOERREOHN S
FNFNIENZ 3 ESo2822 0 (B HENAL

4F), B NIMEE 2% 7 = vBREELT Y
AT VT 44 Ly VRTHRE T, MBREF
BT 1lcchi- W DI E M F X, 34 (8
HEDOST 4E) DFEEE KD, ThZhof
IRt iRE 2 72, RBEWE 200 kVp X-
fRziEEL LT, 8 HEOMBEERONHDO LT
bbb liz. ZOFERIEMEEOBSEMED
KBy 5.

R

D ITRBOERE LT, SHEoNRE,
Bl b IEmATHmiaEE o By5E & B3, Hela, T,
o LMig--Th b SEEFEHEEEY N
L, 5§37 7 7 BT S EARR 0B ghis 2
= L7- (Fig. 1, Fig. 2, Fig. 3)

2) Cs o-#5200, 400, 6003 & UF 800r fR4d
BT, SRS AR E ORI & & BT
BHElE 1, (Fig. 1, Fig. 2, Fig. 3) %S

x10°
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z 400rad
_____ 600rad

/%-*.
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““““““““ _800rad

Cell Numbers/ml (log scale)

0 2 4 8 days
Days after in

Fig. 1 The Effect of “'Cs y-irradiation on the

growth of HeLa Cell
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100
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E ~~_»200rad
=] -~ adl
Ey //;/
= =
< 0 / S 400rad
3 %/ S -~ 600rad
= / /4/ -
3 %/// T T S === 800rad

i . :/:/'—”/ 1

0 3 58 daw
Days after inaculation

Fig. 2 The Effect of ¥Cs y-irradiation on. the
growth of Liver Cell

XTO‘: Control
100 - /ZOOrad
—
plr= _—400rad
S S soora
= = B00
: e
S o /4" _——=800rad
0
- 4.'6‘
S
8
I B L
1 3 5 8 days

Days after inoculation

Fig. 3 The effect of “"Cs -irradiation on the
growth of Bone Mrrrow Cell

H H o3 Rt e BiE e R+ 2 (Fig. 4),
Fig. 4 »h5HE85 72 & I CHFMERd 2 & b2
&L E h, DUTHmAEmAE, HeLa iufa o JE
W22 B, ZOHEBOEENLEENC X 2
DOHETEEEIIRI 2 F5E LT 5 Z LI RBEO#REHC
LD EEALNS,

3) &I Hela ffifig @ &faFHEIZE—
AEE#50r/min T200kVp X-£8, ¥Cs -5 &
U Co  o-Fio ST % £ 2h 200, 400, 600rad
ThE %7z, 2B RBEDIGRBMEE 2 DT 5
720, LELOEE X b HEHER (18~20r/min)

— 47 —



1076

x104

iﬂ()[ '-‘""-_'—_—4\
o \
o . w&n '
g \ \ ~
,:f 10} \ Bone Marrow Cell
5
&
2 \
= .
= Liver Cell

1F

0200 400 600 800 1000 7200 red
Radition dose in rad

Fig. 4 Dose.response curves of three types of

Tissue cultured cells

Table 1. The RBE of “'Cs y-rays and *Co
y-rays on the growth inhibition of HeLa
Cells.

Dosz Dose
Radiation rate
rad/min| 200rad | 400rad | 600rad

200k VpX-ray | 20.0 | 1.00 | 100 | 1.00
9Cs y-ray 18.1 | .99 | 0.94 | 0.91
Co ~-ray 18.0 | €.99 | 0.94 | 0.94
200k Vp-X-ray| 47.7 1. 00 1. 00 1. 00
| 5iCs yoray 50.8 | 0.95 | 0.93 | 0.90
200kVp-X-ray| 95.3 | 1.00 | 1.00 | 1.00
| ¥Cs yray | 89.7 | 0.98 | 0.96 | 0.96

B L USSR (90~95r/min) ToORNER
v, HEasi Lz, 2 b ofEE2 Table 1 ©
»%. Zo Tablel dRT L 512, ZOEERIC
A BEOMEROEITIIRBEIZEET 3
LA, LizR2> T T 05 Tix48~51
r/min O HEZ A7 F 7222 MeV X820 R
BE#skdb -4, ZoEcuaEFosiel 3
200r/min D7 VECIRER TS 3 o TR
L7= 200kVp X-fid Zh &1 w[E—fift® T |
M U7, IUFREBZ &S X omiEimi
VT BRAER 1T\, 15 5 7-RBE % Table
21T 7. ZHOXRTHALA B, RBEIZIX
BiCs o-ib k8 9Co o-ARSNT L TRREAR
HEDBEER D LD BN B, OCo -5 2 WICs o-
MORBEIXE—HE T, YoMz wT

AFIEFHAIRF LR $H5238 mos

Table 2. The RBE of #*'Cs y-rays, ®Co y-ra
ys and 22 MeV X.rays on the growth
inhibition of Three Types of Tissue
cultured Cells,

’(I;'?llae Radiation Dose
: 200rad | 400rad ‘ 600rad
| 200kVpX.ray | 1.00 1. 00 1. 00
Gel® [Cs yray 0.95 | 0.93 | 0.90
22MeV X-ray 0.90
| | 200kVp X-ray 1.00 | 1.00 | 1.00
J_ Efgcu- 197Cs n-ray 0.99 | 0.93 | 0.91
Cell [*“Co y-ray 0.98 0.93 0. 93
22MeV X-ray 0.93
) 200kVp X-ray| 1.00 | 1.00 | 1.00
Ghver [5iCs y-ray 0.99 | 0.99 | 0.95
“Co ~-ray 0.99 0.95

YEFREOELADY, F 05 L22 MeV X-ig
DD FEDEZRAD L 07,

Zik

D DEDX S hEREREES, ZoEs
FIRE L 22 5 3 ox 2 1 b ORI BTS2 B
W EEEREE LIRSS 1 H H OB O 2 n
ZYHMOYABRRALNABL ETHD, Zhidlk
SMoMiE A B M, B HapE s kst
CHEOBEEEOTHREY, REBHEOBOEY
LRV Z 2B LB L ok
FER: DM A 72D DD T v % DBy
LAV D EEZILASE, WTRIZEEE
ERFIB T EhFhofilgiRzE—&fics
A TEY, ZOHEOHEEENIESBT 77 1
TIRTEMR T 42T 2 & X W RBEORFIICHE
FRTHOTIEAZ,

2) ERFERCEL WSRO RBE
AIEAT I Bk 3 & 200 kVp X-fi 3 2 2 L7
%Co #59> R B Ei0. 93~0. 99, B7Cs or-#5D % b
0. 90~ 0.99,22 MeV X-##mD%#130. 90~0. 93 &
AOTHEY, WTRY LEY/AE L, F7:5Co o-
iie BICs y-#oiBEEOZIAD b h T,
INERHE L B0 EBRFERLFE LA, o-
Atr22 MeV X-fit & HBEL 72 HA Y Pk
ORERHE TXIT LA EFE O Z2HEDB -0
(Table 2).
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3) IhbDRERITOVTIIBREEZMAT
BELTAZ L, v-HORBEIXDWTIIZHD
WERH Y, BE XM oMICEEOEZEZTAD
71w Eus ) Paterson!®, Crabtreell) Ep—iff
OIS D F-TE R SENTERE XS R
BRATHB L LT 3002~20), —HiRar X-
MOV THITESBROBED LI NT B3,
Ty Bk B B 1322 MeV X-f5 L 60Co o-fit
@ 200 kVp X-fuzsd¢ 3 RBEWC2>WT o Sin-
clair £ —dinFLETH 5. HEl Y saccharomy-
ces cerviciae ¢ LDs!", mouse 3 L (f rat @
L e B2 rat ¢ “Fe-uptake®®, FERLGD
LDs*) #2458 L72RBEIZOWT, »ih
3200 kVp Xt L2z MeV X-fB k& ©f
0Co oy-$RDEYFIZANE {, F7222 MeV X-fi e
60Co -$MIIZITE LWEIREIbbT & BEL
TH Y, FERCHSOWRERL SHBRRF LD
FUMF R LT3, 7= saccharomyces cer-
viciae ¢ LDs 12-2wT 180 kVp X-#§ikr22.5
MeV X-#i21F w4 LW 2R 7 &« 9 Gunt.
er®) LN H HAR Sinclair 1 ZEOFFITD
WTHFE LT3, EEEORRIERD Si-
nclair O#E4E L1E s—B LAz R LT3,

) IALDORBEZHEMEAOLET & oREHE
PEVZ B\~ T8 5 & StorerD 12  MIZRBEIX
LET 3~10KeV/ie [ TidsgimL, 45~4000
KeV/pe o ] T 75 LT3,
AEE T 200 KeV X-#, 7Cs o-fgt, %Co o-
B U1z 22 MeV Xt o) LETxF~ 1.8,

0.4, 0.27, 0.2KeV/n Thh 2L FCh 3,
LETWHHLTRBEDERNE { 2T 3
DIE, LETOHZIHbITFEATS.

5) W RBE®MHER k UREREKFHECS
Wik ICRP o) #5202 $ 55 & 512, —c
MEOHENE L UREROMIMI o TRBEIX
MNELBEDTD, FERCE W T o
22MeV X-ft & 1T 200~ 600rads Dk A
TREEHII & & L 1ZRBEIR/NE {72 b ICRP D3
3§ 5. 723 Locken) |33 HERRIR D A1E
BEFTRFiE L L7z 220 kVp X-§#: 9Co o-f50
RBE ##~ 330~1030rads o #ifi Tz RBE
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UEBDERFRD T, FREREEMEICEL
TIEALEERRI v =itk R D24 + 18~90r/min
DEHTEIRBEICHELZEELIZAZIZIEDLD
FRDAHoT. Lea?D (& S5 2B XI1Ed 160
kVp X-$o#h R 2 #-<, 10r/min Dl EofGER
Tid LDs 12 Z (cBRTH 2 L LT3, —
J5Cik Boland®® 1X[F L ¢ #8545 T36r/min b

151r/min W REREFRE 1 Lizigh, 059
% O E 77z i LT\ 5. 72 Stearner?)
VEERME % AV 7200 kVp X-# % f55 % 4. 3r/min
& 6r/min T4 LEGHEOH R LDo 2ENZ
EEFRD B, o HUIEE L Tk Vogel?) 3
12~22r/min RO 2E TIIFRHE D L7 g
LR D 072, 6r/min TR LB
CRIOSE L OB h R h O F RO, B
R 5 r/min DIFEI21312~22r/min D4
& D#936% > LDs oigmE iz L#E L T w
3. Zo#EZOWT Vogel 3ERRCH7: 3R
SHHHRIR O SIEC & 0 T L T B 28
LOERIZEVTY & BIBRWHERTRE L
HERBEWTL 1Oz flH 3 THLH I L
BEILMS,

6) AILERTH S N7 BRI o MU
ST IERAEM & D B REE & hmiifg o 23
T LA fEM Ca 3 Hela il bhaasEsng=
MENS 2\ AFERBE L W7 T X RvE R
O b R ESR L G—RARK T 3 2, Pucks)

(1957) WX NERIEEES hi: N\OIER FEE
#4fnfE & HeLa flifig o BT RERSEMEG I 124 L
WELTEY, BESOBEICLOTY in vitro
TERES N B, BENEo s B
BN ATH D EXA AR EE o7 ¥
7= FIFEOHIE T &0 T H S UE R AN o
EPIFPRBICVERENE L5 THSB., A B
B OIE AN & BRI o HEWCET L T
HRIREE AL 5. Elb Leighton®) 4538
ARG in vitro TEEEIN- IR T L B D
Y & DR OBTEMERE LA ESR, b EORE
S IER, ¥ O MTChnbb Y, —RRICER
KN tE 2§ 312\ 72 3 2\~ 3. Coriell®),
Foley) &g d & DML ZRAD TE Y, 3561
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Coriell®), Fough®) %%z Hela st » 2,3
DFEMILE & U AL EEHEM L WERE h
B OBENED, ~EORMERIZEZ Sh
7z rat A TOERITEEEEC OV T,
Faix 2 RITIER % Bk 7 338 U T IE R e
OB S LT LA PIER P IUR LA
WS, RO, Zh b oy
b EOMWREE X EFUREELE TS & S 2

D, ZHOKTYH Hela Nizss: o fEEEmAD & KLl
L7-REFER LB 2. L LEDEEIRAR
MEDHMICERLLNBZ L ED D T H
b, KT Foley®) WX [FH & 2§ —0 O kb
N TCOREDIERIERAEC B\ TS 1225
DT3B, L7380 TRIMHEMEE X i
T, M ED > BHEZ L Tw23—%
IEHHESIN E OB EEZ, D LV RMG
DETEHEFRET 21005052 LT,
TP X Zh b Digo D% 3o
T in vivo TOBZHED L#Ed b bTbiic
EV e,

SHOPIFEH & L Tid, R0 RS
MIAE & REEHM I O HUN R 2 M 2 i+ 32 & 3
—DODHETH 5.

HBIEL L UHH

& DAY X - Hela g, R
MV RIRSRI I ORIREREC 3 ST T RSB e
LT 200 kVp X-{, ©Co o-#, 157Cs ey-gi1ifi
1222 MeV X0 RBE 2 #3193 L[k, =
N5 ORI FIRI DI IRRZ YD g 3 Hedt L, %
D& 3 fER 487,

D F—fE s L-54, migoks
FEEEVC B X128 200 kVp X2t o L Y
KEL ZhZELTiowTFR b A S v,

2) Co o-f§t, WCs o-f517z HUFIZ22 MeV X-
HORBER LETWEE®T 2. L LRBER
0.90~0. 9D HFIT S I N3,

3) 200~ 600rads OFHEHPTIX, o-HU
BI L Tia RBEE#REICKTE L, SEoBmmosr
LTigld 5.

4) 18~90r/min DFFHEFE N TIZRBEIZE

AFEEHEIMECHTE $23% moe

BEREAE DR,

5) ZRESIOMEMEEMIID 5Cs Ry
B oAt 1 HeLa M3 X v b F
5 L UHIERIE D BBk TH B,

* Earle oifi#y; : NaCl, KCl. CaCl,, MgSO,,
NaH,PO,, «-Globulin #:% & ;.

B HEEMNE ¢ B gic iz “ Human bone marrow
HO946” riprsTva, EWHASHE LD
BEE#REI b0,

O 190 HE « MK O —FR, N LU

OREHE ARG EN TV B,
R s BHBIC B T MM 1.5~ 5.0 10/ cc
DEMH ok,

(ABROLEEARER LIRS KA 5 Lo s08
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