u

) <

The University of Osaka
Institutional Knowledge Archive

Tale EEMEs L CESHEBHMRICS T 5 REHREBRZOD
E1& (repair of potentially lethal damage) DHF%E

Author(s) | KB, ES

Citation ﬁ%@%ﬂz%ﬁ%ﬁ% 55, 1977, 37(12), p. 1168-

Version Type|VoR

URL https://hdl. handle.net/11094/20550

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

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

The University of Osaka



1168-—(68) HAEZRHEESNS 5378 g8

S 3 & OF IR R AT RS Jo U 5 BURBR IR £ D
[n] {5 (repair of potentially lethal damage) o Hf5¢
TR NEA
X B B $H

(FRF0524 6 A23H %)
(B FI524E 8 A 29 H B #¢ R R 2 4)

Repair of Potentially Lethal Radiation Damage in Mouse Squamous
Tumor Cells and Mouse Embryo Cells Grown #n vivo
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Pediatric Surgical Department, Chiba University Hospital
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The repair of potentially lethal damage induced on two different in vivo tissues by radiation was studied
using #n vitro colony assay method. The tissues used in this study were transplantable squamous cell carcinoma
(NRS-1) spontaneonsly derived from C3Hf/He mouse and developing embryos of the same animal strain. These
were regarded as a model for tumor and for normal tissue, respectively.

1) The squamous cell carcinoma and embryo tissue were excised, trypsin-dispersed and assayed for colony
survival with increasing time after X-irradiaticn. Increase of surviving fraction of cells was demonstrated either
with a slight lag period in tumors irradiated under local hypoxia or immediately after irradiation in embryos.
For both ¢n vivo tissues, survival values attained to the maximum at 4 to 6 hours and, then, stayed constant until
24 hours. It can be concluded that the repair develops not only in cells of nonproliferative state, but also in cells
of oxic and proliferative state.

2) The repair was accompanied mainly by increase of the Do value in the survival curve. The ratio of Do
values at 4 — 6 hours to 0 hour was 1.2 for NRS 1 tumor cells, 1.8 for embryo cells.

3) Contrary to X-rays, fast neutrons did not induce repair of potentially lethal darage in embryo cells.
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ErREDLhDC ERREShBR WY, —
TEREIESS o HRIRLE O MEMEIh XHKieD
fo. —RR i EEES R RZ OB A
ST (aerobic) il &, BEHEDE
WEREFE ST (hypoxic) o ffiffafiHE & 2> HEL

DIDOTWBEELLRTWEY, LZAN, &
DEFEFMEMERIT ST, BERTERRE
OEIEHI D B &L IRERHHP. o
Lk, [EEMEOALR e ANEL A I 5k & ek
HoO—2THAH 5 L5 FThigl.

G, AR L T, B OARE
feds s, TFRAMOBERT X 5 RE L 5 R
REDRIRTZ ENTER ., LEHDT, EY
HE LD B B KIE & 0l s\ TIEH
HORIGE b ms = ENEETHS.

IBEHR R T 5 Ml D F AL A & R Bl E
T p e, AT TH B, IEHHE
B IS R e 2 B TIEARERE T A 2. L
ML, bhbhIEFR#Bo =7 rE LTV A
WP k2T, B R
B OFIEL R A E AN D in vitro THITET
BT LB L. A Tk, C3Hi/He =¥
A HARFE Lo k@ P BB (NRS-I) &, IEW
M4k oA L LT, C3Hi[He = 2D GO
KRR A, R E SR in vive THEAT
#%, WBHEFTERRBOEIEY in vitro $5E TREY
LicoTHET5.

ERRFTE LB

1D S5

specific pathogen-free (SPF) O4&{F T fH
ThT 5% 8 ~10ilHh ©C3HI/He = 2 (30~
35g) HHHI Liz. =2 ALBEEFAO HilR O
FERE NI LIEHEmMAK &2 Bdics x
fAHE L.

2) SEERIEYS & OB

C3Hf/He |t~ v A @RFEA: Ui T LRk
(NRS-1) o 1 A% X b 5 3 R % Tl ibs
FC AR L, 4 1A% C3Hf/He i~ 2D
PSR, ERCiE L. ERIEEI RO
IO LT Lic, 4fREDEE B I T
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Wh =y A% BB T R, EE A
Wic E D L, ~* 3 THIYIL, 37°CO4%HT
T0.25% b ¥ 7> v (Difco. 1:250) {BRRASEH 1

(pH 6.7) ®JH\v, 157 F23E Y Fov
ek Tieots. & bhi- MR & R B
L b, Kb C154TEHE L CHIBES 2 T & 2 e
DL, F0 LiFEf2/sfkR L, 1600rpm G54
PRI L. F Okl 5 T4 R i 2 &t
~vy A (Hanks) OB CHIRESE, —&
B00.5% =Y Aan s BERE BN, 24
BBk ERY A, fFv L DA Ry
IS U Bix e, 1~5%10°%H o A Hifla %
C3H/He = v AQLEKEE T L. NRS-1
qiia o I H-- 3 o v o F— b T O F S
S 7HE L DGR L Eamb R,
B ilaR % 2 8 THEF O K& S Smm
B E GEFED Lizgoic. :

3)  XigmRst

[EEEAVEIGE R 8mm Pl | & ix o fcify X g4 @
S UTe. TR 4 kB RIE200KVP, EEfi20m
A, ffifE0.8mm Cu, TSD 15cm, #HE=R700rad/
min TH2f.

A o AT SRR E 2 DHicd
ik, B oigEi e &Ey 3 v 7 (heavy metal
clamp) % [REHT 2 s BIBS I bl D IRE L,
B~ 2 Wit . FESEnC RRE g
le# 4 LC A v 7 % — L (Nembutal, 60mg/ke) ff
e T L.

4) 1In vitro SIEBHE

TEE X R TEE M a0 A FFRII R D X 51 LT
R bt Bb, =7 A2BMERACCERL
fotf, EECBERA R, ik~ Tl
gk, 0.25% v S~ v (NBC 4, 1:300) #%
fhigiiing (pH 6.7) 1T, 37°C0 &M F TI154
fdEo r Y 7y ot Lz, 1EHE, 2
B Ao k-, 3EHE 48 Ho LiEe K
TRIEN T L. © O RFIC 5 %0EECHF
ANz, bV 7Y volEHRELR Lok,
1500rpm 5 [l Uiz, & OFREE % BT

(0% 4= in F 10554, ~ =Y 100units/
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ml, 2} V7 } =1 > 100pg/ml) W CTE L
oo IR MEREHEAR TR X -, BRvE T
LB MBS S 5 ATy 7« F 4 9 v
(60 x 15mm, Falcon Plastics) \23&ffiL, 5 % CO,
TR, 3T COREB/IBATIARREER LY. Ch
Z10%+- A=) VI CHETEHE, 2F v v« HAE
HT%EL,ﬂ&$ht:m:~ﬁ&ﬁﬁLt.

5) [EE O

in vivo WHM X h i EEMROBE M5 1
DI, BREMIMFTAEL coTXY, 2 L LR
3EED 3 HMDERE a, b, ¢ &/ F AR TEHH
Lic. EHEHAE (V) 3B#EE LTFROR LD
RKobhiz, V=1/6+m+a+bec iV R B
CERE ORISR LT ey R,

6) IEFHIS

EHHE o571 L LT, C3Hi/He = 2D
PR MHETE R4 F V. Z8R%158 B o C3Hf/
He flff~ v Arc & H RBHA T L.

RS 44413 200KVP, 20mA, 2AififE1. 16mm Cu
TSD 50cm, A H100rad/min THot-. =@ R
WSS LB, BN X b SRR B
Lic. =Y AL DI ORRRAE S = L hiC
Eh. ChHLORE X8, mEs X ORI
BEBREL, ~¥ I T4 COLETTHEILI-.
Zhic0.25% + v 7~ v % 30ml fng, 37°CT
ISR Y U 7o vl L. & OBfEY 3 BT
L, 1EHDE#IEREL, 2EE, 3EHEOE
He R BENCrZ, I vitro B OE T
IRAFs X 5 e

7 74 —#—Hilly (Feeder layer)

IEHA MM = = = —JBREY B2 BT
7 4 = —filgkER L. Zok»ic, C3HI
He ~w 2o RAHMAE vV 7> v AL Tl~2
X168 /7 v 7 gL, WhEFEhe iy
L. ZhaSBo 1 BRI 75 A5y 2 « 5
4y ¥a (100x20nm) wiffliT 5 &, Kz
FABHAML TS, 6 HCTHE» R IhS. Ek
HH0.1% + Y 7o vin T fifax L, 75
AF 97 o T 4w ¥a (60x156mm) ¥Mhi~3x

10°OWE CHIBEM Lic, $02000 o koo

AREZERERESEE 237% H128

BRIk XFRFEA 318 (Softex) 1z T4000rad =
DS, NRSZEEL WL LD 1o in vitr
REWRBHE L. BX e & 2 B,
60K VP, 30mA, fE AR 9200rad/min oy,
8)  MrP TR RS el
WEFCREE RIS 20 b r VCHEE LT
SOMeV D HFTF VYV v 202 -5, bicd
THZ LI EDRE B L vie HPETFE % B
Jz. TSD 3150cm -ciE®R 1350rad/min =%
Yl
EERER

1) LB (NRS-1) O£

C3Hf/He ~ & A0 KR Fiz NRS-14ja 2 x
10°ME & B A U 7oy D IEIS (5% © lLEMIN% Fig.
WoRLie, CoBEERERGE LD, Ecfm
L7e 8~10mm O MEEE 3 Cio BB BERTY 7o
W2 B, BOMEWLEENOLDTHS
ZEDbing.

2) NRS-1fEE I 31 5 XELRESHE © #E85E
ORI

~ v AOKXRRE T I te NRS-1JE i (%
PR SRl % o< Dict, 2600rad MREFL, HEHERY

oo} 4

VOLUME (mm?)
Py
\
S

DAy

Fig. 1. Growth of NRS-1 tumor in C3HI/He
mouse. The tumor volume was measured every
other days after 2310° cells were inoculated
subcutaneously at the thigh of mouse. Different
symbols represent two separate experiments, Vol-
ume doubling tire in the expenential growth
was approximately 24 hours,
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Fig. 2. Change in survival fraction of NRS-1 tu-
mor cells after irradiation with 2,500 rad under
hypoxic condition. Tumor was excised as a funct-
ion of time after irradiation, and the tumor cells
dispersed by trypsinization were plated ocut in
dishes for colony survival assay. Survivals obtai-
ned were normalized to the (0 hour value. Each
symbol respresents the average with $.D. obtained
from several separate experiments.

o~ v A% BR LT in vitro a5 W Tl
B0 FROE AR Lic. Fig. 2@
55 2 ~24B I ot B M D A 1F R & IR TR
i Ui EE Ao s FROkE LTRL.
AR NARBAE 2 Rl X b R ofB L L
kAL, 6FELIK24R: ¥ CiiEER R b
HEEbRS. ZhEXEREShC s HlfaoliE
D, WHIEBERTER o R B 0T, in vitro
DB L b o r EBIEMN eEE L 7 505,
in vive Vo b B E ZIIEHIE E B BIE 3B
5 EERLT WA,

Fig. 313, EWio NRS-Iic in vivo pw2{Efik
F 4T 1000, 2000, 3000rad oG4 W4
Licts, WSE s X ORI 6 Filic = hoids
L, in vitro @ TEFRERDIHEOEF
Mol chs. BHEER T D,=450rad, n=
2.4, 6 Mpf#sicit Dy=533rad, n=3.2CH 27,
By, $FodFisoait, oAt kb
P AT HD, Hvoo{fE (Extrapolation num-
ber) TRb I HEHL (shoulder) §EEE DR
MERLE,
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Fig. 3. Xe-ray survival of NRS-1 tumor cells irra-
diated in vive. The tumors were exposed to gra-
ded doses of radiation under local hypoxia, and
were excised either immediately or 6 hours after
irradiation. Following dispersion of tumor cells,
colony survival was determined for each radiat-

ion dose.

RATIO OF SURVIVAL FRACTION

01ka 1 L L ; P
0 2 4 6 8 24

HOURS AFTER IRRADIATION

Fig. 4. Change in survival of mouse embryo cells
after irradiation either with 850 rad X-rays or
500 rad neutrons in utero. C3Hf/IHe mice, 15
days pregrant, were sacrificed as a function of
time after irradiation, and the embryo cells disp-
ersed by trypsinization were plated out in dishes
with feeder layer for colony survival assay. Sur-
vivals obtained were normalized to the O hour
value. Average values (circles) and their S.D.
were obtained from several separate experiments.
Individual data points, not treated statistically,
were shown by squares,
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3) IEHAMD XHIBEIT X 5 B
DIaEIf .

IEHEME oesFr LT, C3HifHe < 20
Ve - B EETER Lo
B % B bTedic 7 4 — &2 —§illa % [ L
fo. T DRER, BHEURRIH4~55cERGL
7=
AER T, ZBHISH Hoff C3Hf/He < v
AYc850rad D4 LIRS % WifTHe, AL L D 24B%
[ H ¥ TRMMIC = v A% B L, BRI 1
L, inovitro CCEFR Z BT L. oo B
i, BRCEE Lo &k, v ARBBIBIET
) I vEREAE LS % CORILT T 40D
FERED, BEFRERE 523 Lhicw gy
MELkz & Ch%. Fig. 45 LSRR
b, EFAMKTY, XBREEIREL in vivo
HHRHORI L & HiT, LERDO LB TLE L
HLbha.

o 4HOURS AFTER
1 '\\ ® |MMEDIATELY
t
)
> 01}
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Fig. 5. X-ray survival of mouse embryo cells irr-
adiated in utero. C3Hff/He mice, 15 days preg-
nant, were irradiated with graded doses, and sac-
rificed either immediately or 4 hours after for
embryos. Embryo cells collected by trypsinization
procedure were plated into dishes with feedar
layer. Colony survival was determined for each
radiation dose to embryos. Each point represents
the avarage and 8.D. of repeated experiments,

HAREZREHRZ MR B37% H125

EFRO ERACBHERCEE T, 5—6HT
R HICE L, 2 ORF O BHTHHE D L4750
EIE 5 fECH O, BB IR S\ T b i
B BB B & 2RI L C [ & h
LI DG,

Fig. 5ix, U< CSHi/He —~ v A0)JRIRE
Sl oD X FR IS O A A7 I & X5 RIS 4
EEDOZhEDLE THEZ. fiiFHED D, 12286
rad, ni32.6C, HFXERFhS1Irad s X 0°1.2
TH2le. ZD 2 >04F RO LB EE K X
L\ Dy o (1.8f%) % m Ui, i
I n fEEEA L.

Fig. 6%, C3Hi[He - 20> A RIHESE M
DERIEEY LV 7o v L, 2 bR BB
R HERR L TSIl F T AT, 7 -
T4 v ¥a (60x15mm) HFMiL, 6WERHIEH
MEHINE & LCF 4 v v = ICEH LICREB TS L
TalcEfFigchrs. oo Dy skttn
1325Irad L 1,27, TFig. SR L=<, in vivo

h
\\Q iz

o1k N\ D=25lrad
\%\\
%

0.01} N\

SURVIVAL  FRACTION

250 500 750 1o
DOSE(rad)

Fig. 6. Xe.ray survival of mouse embryo cells
grown in witro. Primary culture of C3Hif/He
embryos was trypsinized and dispersed cells were
plated on feeder layer grown in dishes. Following
attachment and spreading of cells, dishes were
exposed to graded doses of radiation and kept
incubated for colony survival. Each point repre-
sents the average and 5.D. of repeated experim-
ents,
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BHEHCHE L T2 FimiEoch &L
LT ENEHERS.

4) IEF R B s TR R O
iredaivzi=le TalCil

150 Hofff C3H/He — v AT
$4500rad £ H IS L, XIRIES © BHE & A
LT BEHTEE X )R & BT AFERYRD
7. Fig. A OWFRTREN D X 51C, XM
IR ERFRO LHT 6 kiicbic
DTLLADH B2,
£ =

19664F Phillips - Tolmach = X b firhHiic X
5 PSR FEN IR B O BN L THE X h Tl
e, in vitro TR \NTEE, FAEOBZESHER
WTHiE ST 5. Whitmore 2 Gulyas? 5
%, 5°CE\ 5 {ER i Bids < = &, Phillips
L Tolmach LI EAGHHEHR L L TOYA 2
v F& EH &8 %5 2 L, Djordjevic
BIEE S 2 v v (107M) i BIREREIER & &
%z &, Belli B34 BAEEERE (balanced
salt solution) = FRFfEIFH Swapz &in s, %*
FOFRHRT L LTCHEF TS, LrLohbix
B ETh invitro TOZ LT H2 T AT
13 in vive TIREZ D 2ie\WREETHSD. 19694E D
Little L0352 k5 &, LICH gl (e T
HsERE M) % in vivo D ETFTALEZRD
EEPOFIE TR Lich L, EXMEEEORE
TIRBE N o 7o CHTEB R IR G5 O BIE 2355
FEINI-L\H . FO, PA88=v R, ) v
% NCTC LFRXiasiKEs X O o SEhklE
EoRAEORESHER 2 hYY7, chboH%
Ewknk, in vio TRZBHEEL, EHFOT
OIEHEHEY: (non-cycling) @, HAH WL XhHT
RO o EREE LTV 5EELBR
Twa. chicl, &< BEls s, B
JESE D IEHEFME B B L IEFESE D (K HEFEA S\
LEZ bR A ERBEESEOLIL LT, thbD
WAL BT THS 5, —RFHICEREHR
WHBIC Fsh e (acutely hypoxic) JEERHAS) M
CHBEBFENRBORE ZD b5 EHMEL
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T3,

C o s Ui EIEE (NRS-1) &fH>To
VEAEBFER RS O B B3 5 HBER L FEF O
WESP -3, (1) FERCERFRORM
iziE e Rl cEFRRBeET A L, (@) ©
DOEJERE © BIE Do © k& (NRS-1TI, n
fEDOHLRS) fhieofe. W LR in vive PET
AR IR O BHE 2 T L1ohi,  in vitzo
FETHRBROFERBB LI EAREDOERE
NHBIEAY, = OMOBEEOEE L TR
BEHCTET B LRI EH, KEEOER
Tk 2 R Hic B PR o (KT 2 o ds, A
& HEIM LB (lag) RFEBLICEARbH
% (Fig. 2&M), Little HoHE" T lem® [
ToERMERBCETLEoR { FAFEDEH S L4
BhTWwa. 20z bk, WAERIERREE AR
=R A H = KXARERENRTHHDTIRIRNT &
FRRLTWS,

= OEIE R EFBR OB R LW &5 2B
W& bDT, ZORIERIGY B E 2 5IEN
REEhinrhidic bigys. Rk o BRE Tk,
ARER S (B ETREAE OB 1910 J 72
IRT AN, [EES R, BEETcid L
LA T, YA 773 A7 74 F
(cyclophosphamide), 7 -5 v 7 5 o - (5-fluoro-
uracil), 7 U= v i O(LEFRERC b
ERTEMRBOEBENTD Hh T h 1010200,
b DILSEREER & X L OPFREEL 557
B ik, WEDoL HIEFILNEL (non-
lethal damage) # T 1T 02T, FIEWIE
# (lethal damage) o 28 34 X5 L5 A&
binXhTnwa22)

fEde, IEFEMNOBIHBDOIRAY 45 Titk &
LT, ~vATZBEY, 79 P BT, 7
PR, =y AR, InEkoh SN L
bhTXic., LarLohbizwd b in vivo
TR L, in vivo CHEMRERLZBHETH
D, BEBGEREORENRSE VB LTI E
BEhT A ik@ L Ty, £ 2THRTR T,
FEE#goeTALE LT ADBREH G, =
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o in vive TR L, BHEEFIC in vitro 4
BB XY EFROE LR RET 52 &ic Xk
DOTEEOERCRI Lz, F0fkHE, Fig 4,
Fig. Sicimdhicin <, IEFER & A
7% D, {EOBHZE e Kk X h o WAEIE
HRE O EHED R Shde. Fad ko fas 5y
RN THB EEL D LD, invivo D
X5 I IR E O &4 T cREME S b HHu
EELZDBRETHA . = OHRIL SR G
CEEL TOERMAMD v A& v A2 #2128
iR Rt s Lo L BB, in vitro T,
Ao BHEIRO&4T CRE LT Bk
e AAF fhiiL, in vivo JEE O EHNEL T 2
TAEFEIMIR L 3E —FH LT \v5 (Fig. 6). =
Z T EEERIE TR BT RE O BE A - &
ZBEOTHFEE TRV LERL, oS
EFBELi. ¥-@f, HEEMaTciishsi
HEMIBa D BH Tk Z M I hi- 2 4 FOREIE
LMW LEFERLTWS,

HAPPEFICH LIEFEAfkeFr 2 LTo=w
ARJHIE V%, BESTERYIRG © mfivR S
L. SHIRERD, BEMRCOWT R SR
—F L. HPETHRO—BENE#o—o L L
T, [EERIEE 7 BiBFEIBAE (sublethal damage)
PRERELILS BRI EDRHIBRTED,
PETFIRIE O KIS/ IBIERI C b 5 Fo b I PIEBIE
FREOEHE LME L X\ E &% 50 L33y
ThsE&Bbh5.

T &8

B =50 L LT C3Hi/He ~w Aic BSR4
Lo LBE (NRS-1) %, IEH#ME#D =571
& LT C3Hf/He < v A0 RIRERMESF Wil A Fi
T, in vivo AT C BAHRBAE T, B
Sh HIBFEBIENHRE © B Y in vitro H£%
B TR L.

(D {ERERSHT CTXHRBS Shic i ©
X, BEOBHIICH T, BRBESTRAE
R &Y BECHEFROMMARD Oh, 4~
6 R CEFMBICRE L. = oSBT
REOEIEES THEHEMTD, T EBE

HARESHIERZ&ME H378% H125

&M (NRS-UEJD) CRHIhiz0bTY, EHME
EATEE BARMARD TR 22 &adbon
2.,

(2) CoEFEREELTEFNRBED D, o
BWRELTERBEhS., +OH KL NRS-1FEE
T20%, MREMAHT0% ThH o,

(3) AP H:T IR ICHVHRSS © 615 % 55
FLiwv., ShilhEFHRTEZ 2haEBok
HAODBIECHTH DI EEL BRI,

Waftrsehioh, HEOES S L OHEEBME W2
Ko BHREERATER - 4WFEENETESE
HESHE, AERTFESHTREES, FEANLI
BIEEH/EH L cERoBlo@E LI L £,
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