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The Repair of Sublethal Dama;ge in Cultured Cells Derived from a
Mouse Squamous Cell Carcinoma Following an Irradiation
of Mixed Neutrons and X-Rays

Hideyuki Majima™
Nihon University Graduate School of Dentistry Tokyo, Japan

Research Code No.: 402

Key Words:  Neuirons, Mixed beam, PLD repair, SLD repair,
RBE

The effect of combined high-and low-LET irradiations on the cultured rurine squamous carcinoma
Sq-1979 cells were studied. Neutrons were produced by NIRS cyclotron by bombarding 30 MeV
neutrons on a beryllium target. An x-ray unit was operated at 200 kVp. The cells were irradiated with
split-dose schedules to investigate the repair capability. Firstly, Elking-type recovery curves were
obtained in 4 irradiation schedules, i.e., X-X, X-N, N-X, N-N. X-ray and neutron doses were 6 Gy and 4
Gy respectively. The most substantial repair was observed following two x-ray doses, although the
mixed beam modalities inhibited the repair of sublethal damage as well as the two neutrons doses.
Secondly, the cell survival curves were obtained following graded doses of x-rays or neurtons given of 0,
3, and 22 hrs after a priming dose of 6 Gy of x-rays or 4 Gy of neurtons. The mixed beam irradiations (X-
N or N-X) given with a treatment interval of 3 hrs inhibited the repair of sublethal damage, indicating a
synergistic effect of the mixed beam. At a treatment interval of 22 hours N-X and N-N groups demon-
strated a slight synergistic effect, but, X-N group appeared to lost the synergism within 22 hours. These
results indicate that the synergistic effect between low- and high-LET mixed beam might be related to
the cellular capability of repairing sublethal damage.
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Fig. 1 Dose effect-survival curves of Sq-1979 cells
vs various doses of NIRS cyclotron-produced 30
MeV (d*— Be) neutron, and 200kVp x-rays.
Curves were fitted by linear-quadratic model for
low dose level, i.e., 0~9 Gy for x-rays, and 0~5
Gy for neutrons, and by multi-target model for
high dose level, i.e., 9~15 Gy for x-rays, and 5~9
Gy for neutrons.

Table Survival curve parameters of Sq-1979 cells with 200 kVp X-rays and 30 MeV neutrons. The experi-
mental data were fitted to linear-quadratic model and single-hit multi-target model. RBEs are calculated by

using these parameters
X-rays (Calculated dose) Neutrons (Calculated dose) RBE X/N

Multitarget model D, 1.38 Gy (9—15 Gy) 0.808 Gy (5—9 Gy) 1.71
n 20.0 (9—15 Gy) 52.3 (5—9 Gy)
Linear-quadratic model a 3.49x10-2 Gy-! (0— 9Gy) 2.99x10-1 Gy-! (0—6 Gy)
B 3.89x10-2 Gy-t 0— 9Gy) 3.84x10-2 Gy-* (0—6 Gy)

90% S.F. 1.26 Gy 0.338 Gy 3.72

50% S.F. 3.80 Gy 1.87 Gy 2.03

10% S.F. 7.26 Gy 4.78 Gy 1.52

5% S.F. 8.34 Gy 5.76 Gy 1.45
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Fig. 2 Repair of potentially lethal damage (PLD)
in Sqg-1979 cells. The cells were irradiated with
200kVp x-rays (12 Gy) or NIRS 30 MeV (d*—
Be) neutrons (8 Gy) in the density inhibited
stationary phase of growth and subcultured up to
8 hrs after the exposure. The bars indicate the
standard deviations.
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Fig. 3 Split-dose experiments with Sq-1979 cells.
Iso-effect dose, i.e., 6 Gy for 200kVp x-rays and 4
Gy for 30 MeV (d*— Be) neutrons, were chosen
for each fraction of doses. The survival changes
in four groups, X-X (0), X-N (@), N-X (A), N-
N (A), were obtained as a function of various
time intervals. Short dushed line shows theor-
etically full level of SLD repair.

B Fig. 3wwRLed, CoBRERIZ, b
% Elkind 2[5 dh#§ oo Lol & 72 B,

XBooEIRecix, R 3 B CERRK
REMoOE—21E&L, TO%, BHERI0RRE
I D 22ERE CIRIBIE—EDE L -1, ThIT
HLUT, PHEFRSEBAIC L 28R, v~
sribrY~yv i AOHECLY, BAER
THEE X D 22RSR F COMITERS TR\ T\ 5B
B, XBROBECHEEL IHHMHEOE — 27 3@»
bh?, BAEE2EECsITsERRIE, 48
OBHE (X-X, X-N, N-X, N-N) ofhCc—F(E
WMEE TR o fe, REFRSEIRE 0BG, B
ERRZ30BECERE L T, MRoERERIIER
ELTXXoEEY A (R, fif) okkx
0% TH T,

FERBSH XSy B S RSB TE S
hicphffix, £4L 1T, XBSHRHO g
R ERR LI, Tivbb, RETHERE 3 K
BITEBRRO v — 2 2R L, L5 R 522K
MWE CAEBRIBECEI N LRI XE S
SEEBRO VSRS T D, L Liehi b,
JRSTREIRR 3 RiEic B 2 £BRER LA ORE L, X



FEFI584F11 A 25H

-3

LOG,, SURVIVING FRACTION

LOG;, SURVIVING FRACTION

-4

=1

1311—-(57)
DOSE IN GRAY DOSE IN GRAY
o 10 15 20 10 15 20
E\ T T T T o . T T T
§ \ X6GyHoh X s \ N4Gyr+IhrHN
i ) 4-1t N d
| \1\\ AN
L \ '...:‘ \
\ \ i 3o\
; \ 4\
j i\
- A \\ - =3 "“" \ -
A I
_\ T T T T L T T T
C X6Gy-+3hr+N N4Gyr+Shr+X
- * AL ."-\ E
3 "-\ ] ...'-. \
\j\ .""'-.\\
¥ AR
- “"._‘ \ 4-2 "‘.“ + \ -
= L\ ]
."‘. ."\. ¥ \
-._3 \ 'c_‘ \
| \ i ) \ J
b \

Fig. 4 Survival data of S¢-1979 cells irradiated with graded test doses of
neutrons or x-rays with 3 hrs incubation after priming exposure of x-rays (6
Gy) or neutrons (4 Gy). Long dotted lines show theoretically defined curves for
full repair, and short dotted lines indicate no repair. The bars indicate the

standard deviations.
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Fig. 5 Survival data of Sq-1979 cells irradiated with graded test doses of
neutrons or x-rays with 22 hrs incubation after priming exposure of x-rays (6
Gy) or neutrons (4 Gy). Long dotted lines show theoretically defired curves for
full repair, and short dotted lines indicate no repair. The bars indicate the

standard deviations.
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Fig. 6 Survival data of Sq-1979 cells irradiated
with graded test doses of neutrons or x-rays
immediately after priming exposure of x-rays (6
Gy) or neutrons (4 Gy). The bars indicate the
standard deviations.

Rk, BHEBR22REY S 2 RoERER
%, Fig. 5a, 5b, 5¢, 5d iR L., XER—2 IR
&t (Fig. 5a) Ti%, RBREZ, LEREHFEOFE
(W) & L —HKLT\5B, T, XEBEXWER
L LTRABE L& & (Fig. 5b) 1%, 4£&BX
DEBHIBERIE-bD Linote, ZOKRIT
Fig. 3® X+Nvar DB & L i2E—HK T35, *h
LT, PEETFERESETT 584 (Fig. 5¢, 5d)
13, [EFEA 3RO ERIER (Fig. 4c, 4d) L
BL, RIGHBITES LWELIZRD bhich -
iz,

v) X &EPHTFROBABIRERH O

Fig. 6%, X#R&PEFREZBAHERL= GFf
BEAHEER) LLicdE, MR4AEREN2EE
BHBOBREELCH L TRTRIGTH 5, A
EiR R X O ERITE 4, Fig. 1 TRLHHE
FHER X O X RBBA T 5 A BREMBRTD
5, WEBHCXHR 6 Gy #RE Uit —BIEHBR
HohlTFREELYELLITTELhMROL
BRI, oSN ERMBHERICIVED
RIcABRRER (G L—FELTwinwd, M

1313—-(59)

WEER TR L Ao TR B R AT AE B SR R oD 4
Gy (X# 6 Gy @ iso-effect dose) HIEA L3 %
#Hor LHEETH B, Wi, PHEFRL Gy 2 PEIR
SFelLTthEarct XBoRELXE LI L
O, SRTFELCXBEMBEHE®RED 6
Gy g xthm &5 84 & Etlici b3, %
NIV AREFENSD L L,

4, # B

4 ¥ ¢, WEH0HeV (d— Be) #ihikFio
BERMRoBEHFE B L CEbhi RBE#
G XA 1, ZAERREI0% T1.41~2.242930, % -
D fED BT ik, 1.33~2.123082) L B4 X b 7\
B, AEBRTHV BRI Sq-197981 1R E - F
FERSR oM T, 0 XHBEIT kB LK
(Fig. DR h s ko, EWHEEET AHK
Th5, i, PEETFRBEMPBEIC X 5 ERRIRE
FLTHKRE LTHEERROFE ZDRD,
Fig. IR EhcEREHBILEH LR B 27 2
—4# =X > THEEh7RBEf# (Table) i,
TCIRHEHD30HeV (d—>Be) H¥Fig % A
X L cfio ek ¢ b T\ 2 REBEE
B35 L BB oh T, D, fEi:EECE
<, EfHE o RBE fEiz/hED o7,

i FRRIC X MO BHREZEER YT 5
BEI, TTCREEOWMRE T I hREZI LI
10, F D5 G R, TR A BRI
ATB—2o0Hle o T3, REBCHGE
N7cSq-1979MilR D E&, PLDEIEEXXBoHE
ICRRA 1 2 BERIA B 8 SR ¥ THU 2 fE D AR |
AELTRD LR, FEFHROBETE, 20
B 5L v il & hf- (Rig. 2), L L, Fig. 2
RSN LIHEXBERBHAC I - CHFHI AL
PLDEIE X, —BRIn5BEERPLDEHO
FEILEERB E, ZTOEREIES LB, 4
< &b, Sq-1979M N AERSEH T CHERT
A48 LET fwz x4 % PLD [0 48 80 B o i 5t 45
EEEECEZ LSHRHTHDERELENWT
»HAH5,

Wiz, “HEIBAHET X - THRE S h 5 EIIE
[EEEETOWTHEER Fig. 3T, o
MR X AR U C Ay 7 Elkind EE % 7R L



1314—(60)

7. Fig. 3R Lic 4 HOERIFNENFEG
B iso-effect dose 5 2 12T CTH B ML, B
LEEAEBHEBRICELICE Z MERKRNIC 448
ODHBIXBEA L v _ricET S LEEEAh
5, Linl, #EFR_SERHOBE, XHB—
SEIRH TR R 3 RO RRD bh
Elkind repair AT A 4EBE DO ©— 2 1145
T, BhER, JRETERR O & 36 IER i igig
WEETER L, Thi3, BHERY22~308
MR L TE O h - ERER (Fig. )68 5
NTHHH, PRHETFRICE > TCHFEIhCEED
M3 2 EIE A X ROBE B S h-EE v
~NEHB L CHER I ENMEL, B EET
fTlsbhTWwa Z ERRBLTW5, ki, —
| BRSO FHFRBRELY BRI L T0ER
BRI, REHmE22RRE (Fig. 5d) &, MR4HHERE

IR BB 5 (Fig. 4d) wwksEm\wo &
ERLTWA, 2%h, YLboRBRERL, F
MEFR X b MiaREEEE S ME X hT\wbz &
FRLTW5,

BREORRI _HEOBMABYESRE T2 &
&, MESAROBHERBLE B aei L &
DfifaBE ORI, Fig. 3RFEEIAB LS
2, XEXPIEREE & /a8, R 3 B
TEBRELEROC—2723Hbh5b, ThicHL,
ik TR I ER S & 78 585443, Elkind repair
CHYET B &) Licy — 27k SRR TiEH
nlses, ¥, BEMHRL2EE LT, ZEE
JREHC N B B BSHR x5 MIRa o &R A R
BicEB (Fig. 5) T, XBxIERE & Uik,
2 [E B o EFRICHT 5 & BREH R, WER
g (X8 CXoTHEIhEEORERRL
Twb 3D EE 2 Hh5Fig 5b), Zh & B
I, FEFREGERBSICHGCBE TR, 6
BRSO Xk 5 Kt #HEBHIC X 2@
E0ELEEYBET AL, BEIEL K
ol b BETH HBOPHECMEEL TV
(Fig. 5¢). Thb iR, BB LI-BE,
M T 2 HENBIED RV R BSH 2 h b
BEHBROBEL, Thiehx C=EARBS % To
HFEE WS ZoDER X - THE X5 MmE

HARFHRESMEE $438  wus

BRLh KESHEBIRBZEXRLTW3,
Fig. 6 KR L-EBRERE, X s hlTFEo
BHEELZ €= 2L, 2@EEOBHICHT 5i5E
ERRGREYA~I SO TH B, —[EHBHC
BohiciliRoAR S, —E BB
ROBEMBH LI L B 6H5ERKER O
IhREofc ik, —BORN LG
DARESRBIHIHEEHRLRTLEE XL S, X
& ® LET B %50% 32, » 5\ k75% &
5% DRI TRBEBH L& 2B oh 5458
FEh#F % Railton H23RDT VB9, F DFER -
I, BLET ROBEENE 3L, thigod
IR LA VBRREL 5, ¥, Ngo H243,
Neon ## & X4 %50% o 5 8 H.C SR E U AR
KRR L RDOFER, BohBoAR Iz rh
THOBHBRBRIC L W BSh B EBROF LS
HTEBRKBROAN & r—HeT, ALichi
RUREMEL T2, ZEBOBMHBERR, *
oL E GBS & L4, I Railton BV
Ngo bPDORBER M LHEEHE B —oDiEH
13, RREOFIZED 58 LET MGG ED H;
EHAKXEOE, ARREHOAR T LT
%. Fig. 6 0ERC, —[EBBHOMH BT
HHEBREMBE, PEBRH LTSz bR
iso-effect DAEBRRLXBHAE L LT, Mlao—EH
FRENT P AR D BB A1 543 5 AR B SR
MEG DD LIFEL, BohiciERc
VR TR 2 BIE R & LB, £ @ iso-effect
DEBRRRE &M< XRoERRME (Fig. 6, &
) LEfTiebish o, Fig 6 @RS his
EROGE, YRR REREEIh T30 T,
T EHBHOBRERE L T L E, FoLE
BRI 2R ROBELI—KCITis,
BRELIGY 0BG, Ebboidbe Tt
HEFHRLEXBOBREORAF L1t h oL
BERI—HTHZ b, ZOEBICKITAER
FEFARIL, Railton HYDER & MR, SiETH -
XBOERC X 2EBREOTERLTB LD
EEZLRE,
FHETHE I HEABHEROBR 1T,
Y, X#REhHTFROERBHOBE, Tk



MEF584£11 H25H

BMOBEENEIZHYLTWA EE 2 bh i
BEBhhoT, Fhoefhd LT, WsHER
HeBRHEEBEEYE L X, FORMYEL TS
BE, MESHROBEIMELFAT &%
FHEEs, Lrl, XEXPERHE LEE
t%, Fig. 355, HEZH 3REBsHEEEE:
X BREBFEEEFMEER IR T3 TTHED
2, XR—FiETFHRoMAaEbe T, CoE
R TARBRIFE S B LA, 5T (Fig. 3,
4b). AU X 5 fefE 83, Durand & Olive*3s X OF
Railton 5906 & 2 h T %, Durand &
Olive?i3, V 7T9ffa% Fi\~, 4 B o BEAHHER%
BEpEFREXGoSEBEH LI L E, £
LERECEH LTI EHEREEORENERE I L
TV ERWMELTWEH, XB_SEBshc X
WBEINAHEAMEOBMBE ILLT L b “Te-
paired” TiL/e <, Afe £ b 2@ B DRBEI X
D L F“repairable” CTH B LW HEFEZERIBL T
W5, AEROKEENLIBEARBRH ORI, W
TR o B R A ME R AR R Y R T &
EZ i1 bhah, BiEiERE2E 5 oI1IdE LET
Bic X 2B EOBEN E LICERCHE SR
BUHERDB,
5 #& @

i) Sq-1979#1 g O ARE(LIBE 3 % 30MeV (d*—
Be) F¥EFio RBEE(N/XD W, v 7rey
FP=AFE—F e b EFAREL DEBLR DM
TI1.71], LQ = FricX h R BhERKL
Tk, MRAEEIES %L Y% DOHETL. 457\
L3. 7208 b,

i) 30MeV (d*— Be)s#:T#iX, Sq-1979
@ PLD E{E % 3 iF %L i+ 5,

iii) 30MeV (d*— Be) s Fific & 5 HEEIE
BEEER, S8R, Thbb, BHLRE
S0 % Js XehEFIR - A EIEA LT d, HEHIE
EEDSELEERR IR T,

iv) 30MeV (d*— Be)ht:Fif &L XfROBRER
ORI,

a) ARBHIT A ek b, HEPEIES
iz,

b) 3 eI BA MR TR, X, bk

1315—(61)

FROLELLHEIBHE L THHREDRLE LR
y i

c) 2285 o RS HIRE TRE T L, T iR
TR LIc8E, HESRRSEbh, Thig,
PIENC fR 4 X h ok Fitic X 5 B EIEEE B
PIHEh T bbb tELBRD,

Fixdtz nwdich, MHEMH LMY B - o
REFRG U RIT A ERE P AR50, BERBI ST
ThHEt, WER—Et, ~— - VA TFa -y
YBAERERTRRELCEC S oEYEREDbL, i
Z TR o B AR R A R 8 T
EEHIE, BAXFEEFHBE RN RER =5
BRI Bl Fe LR

AL OEE IHE B REZHHRESBETR T
FEFE LI,

XM
1) Elkind, M.M. and Sutton, H.: Radiation
response of mammalian cells grown in culture,
1. Repair of X-ray damage in surviving chinese
hamster cells.Radiat. Res., 13: 556—593, 1960
2) Schneider, D.O. and Whitmore, G.F.: Com-
parative effects of neutrons and x-rays on
mammalian cells. Radiat. Res., 18: 286—306,
1963
3) Nias, A.HW. Greene, D. and Major, D.:
Constancy of biological parameters in a 14
MeV neutron field. Int. J. Radiat. Biol., 20: 145
--151, 1971
4) Railton, R., Lawson, R.C. and Porter, D.:
Interaction of y-ray and neutron effects on the .
proliferative capacity of Chinese hamster cells.
Int. J. Radiat. Biol., 27 : 75—82, 1975
5) Hall, E.J., Roizin-Towle, L., Theus, R.B. and
August, L.S.: Radiobiological properties of
high-energy cyclotron-produced neutrons used
for radiotherapy. Radiology, 117: 173—178,
1975
Ngo, F.Q.]., Han, A., Utsurni, H. and Elkind, M.
M.: Comparative radiobiology of fast
neutrons : Relevance to radiotherapy and basic
studies. Int. J. Radiation Oncology Biol. Phys.,
3:187—193, 1977
Durand, R.E. and Olive, P.L.: Fast neutron
effects on multicell spheroids. Brit. J. Radiol.,
50 : 423—429, 1977
Raju, M.R. and Jett, J.H.: RBE and OER
variations of mixtures of plutonium alpha
particles and X-rays for damage to human
kidney cells (T-1). Radiat. Res., 60: 473—481,

6

R

7

ot

8

Ry



1316—(62)

1))

10)

11

A

12

u

13)

14

15)

16)

1D

18)

19)

1974

Barendsen, G.W., Koot, C.J., van Kersen, G.R.,
Bewley, D.K., Field, S.B. and Parmell, C.J.:
The effect of oxygen on impairment of the
proliferative capacity human cells in culture by
ionizing radiations of different LET. Int. J.
Radiat. Biol., 10: 317—327, 1966

Hall, EJ. and Kraljevic, U.: Repair of
potentially lethal radiation damage : Compari-
son of neutron and X-ray RBE and implications
for radiation therapy. Radiology, 121: 731
—735, 1976

Shipley, W.U., Stanley, J.A., Courtenay, V.D.
and Field, S.B.: Repair of radiation damage
in Lewis lung carcinoma cells following in situ
treatment with fast neutrons and y-rays. Can-
cer Res., 35: 932—938, 1975

Withers,H.R., Mason, K., Dubravsky, N., Bar-
kly, H.T., Brown, B.W. and Smathers, ].B.:
Response of mouse intestine to neutrons and
gamma rays in relation to dose fractionation
and division cycle. Cancer, 34 : 39—47, 1974
Hall, E.J., Bird, R.P.,, Rossi, H.H., Coffery, R.,
Varga, J. and Lam, Y.: Biophysical studies
with high-energy argon ions. 2. Determinations
of the biological effectiveness, the oxygen en-
hancement ratio, and the cell cycle response,
Radiat. Res., 70 : 469—479, 1977

Raju, M.R., Bain, E.,, Carpenter, S.G., Jett, J.,
Walters, R.A., Howard,]. and Powers-Risius,
P.: Effects of argon ions on synchronized
Chinese hamster cells.Radiat. Res., 84: 152
—157, 1980

Stone, R.S.: Neuton therapy and specific ion-
ization. Janeway Memorial Lecture, Am. J
Roentgenol. and Radiurn Therapy, 59: 771
—785, 1948

Hussey, D.H., Flecher, G.H. and Caderao, ].B.:
Experience with fast neutron therapy using the
Texas A&M. Variable Energy Cyclotron. Can-
cer, 34 : 656—77, 1974

Catterall, M.: The results of randomized an
other clinical trials of fast neutrons from the
Medical Research Cocuncil Cyclotron, London.
Int. J. Radiation Oncology Biol. Phys., 3: 247
—253, 1977

Hussey, D.H., Parker, R.G. and Rogers, C.C.:
Evolution of dosage schedules at the fast
neutron therapy faclities in the United States.
Int. J. Radiation Oncology Biol. Phys., 3: 255
—260, 1977

Peters, L.J., Hussey, D.H., Fletcher, G.H.,

20

21)

22

23)

24)

25)

26)

27

L

28,

—

29)

30

AREFHHEESMIE 5433% e
Baumann, P.A. and Olson, M.H.: Preliminary
report of the M.D. Anderson Hospital Texas
A &M Variable Energy Cyclotron fast-neutron
therapy pilot study. Am. J. Roentgenol.,, 132:
637—642, 1979

B M EPETFREROBKRTE. B EK
£EE, 420 823—847, 1982

Barendsen, G.W.,Beusker, T.L.]., Vergroesen,
A.J. and Budke, L.: Effects of different ioniz-
ing radiations on human cells in tissue culture.
II. Biological experiments. Radiat. Res., 13 : 841
—849, 1960

Masuda, K.: Effects of 14 MeV neutrons and
X-rays, singly or combined on the reproductive
capacity of L cells. J. Radiat. Res,, 11—3—4:
107—112, 1970

Ngo, F.Q.H., Blakely, E.A. and Tobias, C.A.:
Sequential exposures of mammalian cells to
low- and high-LET radiations. I. Lethal elects
following X-ray and neon-ion irradiation.
Radiat. Res., 87 : 59—78, 1981

Durand, R.E. and Olive, P.L.: Irradiation of
multi-cell spheroids with fast neutrons versus
X-rays: A qualitative difference in sublethal
damage repair capacity or kinetics.Int, Radiat.
Biol., 30 : 539—592, 1976

Urano, M., Nesumi, N., Ando, K. Koike, S. and
Ohnuma, N.: Repair of potentially lethal
radiation damage in acute and chronically
hypoxic tumor cells in vivo. Radiology, 118:
447-—451, 1976

BIRFEAT, ZEE—, SbET, HIIEE, FE
B, WPEE, £HE BT - hypoxic cell
sensitizer SFFlIC sV 5 WP E, AAEREE,
42 : 398—405, 1982

Kellerer, AM. and Rossi, H.H.: The theory
of dual radiation action. Curr. Topics Radiat.
Res., 8: 85—158, 1972

Elkind, M.M. and Whitmore, G.F.: The
radiobiology of cultured mammalian cells. pp.
7—51, 1967, Gordon and Breach, Science Publi-
shers, New York

Todd, P., Geraci, J.P., Furcinitti, P.S., Rossi, K.
M., Mikage, F., Theus, R.B. and Schroy, C.B.:
Comarison of the effects of various cycloton-
produced fast neutrons on the reproductive-
capacity of cultured human kidney (T-1) cells.
Int J. Radiation Oncology Biol. Phys., 4: 1015
—1022, 1978

Ohara, H., Mikage, F. and Maruyama, T.:
Biological effectiveness of the NIRS cyclotron
produced neutron beams for radiotherapy on



PEFI584FE11 A 25H

cultured mammlian cells. Presented at the first
“High LET and Allied Area in Radiotherapy”
Seminar under The US-JAPAN cooperative
Cancer Research Program, May 22—23, 1979,
Kyoto Univ., Kyoto, Japan.

31) BEEVARME, FRE L HE, /NIEHE NIRS 44 7 =2 v
EFEETFRE L UAYF 75 7 b T RS
ik (L5178Y) w33 % MilRANESE, BARER

BE, 37:976—978, 1977

1317—C63)

32) Inada,T., Kawachi, K., Kanai, T. and Nojiri, I. :
Inactivatio:n of cultured human tumor cells
irradiated by cyclotron neutrnons and protons.
J. Radiat. Res., 22: 143—153, 1981

33) Little, J.B., Hahn, G.M., Frindel, E. and
Tubiana, M.: Repair of potentially radiation
damage in vitro and in vive. Radiology, 106 :
689—694, 1973




