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The studies of radiosensitizer (part I)

Masatomo Hashi

Department of Radiology, Faculty of Medicine, Kyoto University, Kycto, Japan

As the foundamental study of hyperbaric radiation therapy, the variation of radiosensitivity in mam-

malian tissue and Ehrlich ascites tumor under hyperbaroxic irradiation was examined.

In my experiment, the effect of hyperbaric irradiation was characterized by these features.
1) In lethal effects of whole body irradiated mice (1100 R-700 R), early death increased in O,

inhalation groups (3 atm. pure oxygen).

2) In %Fe uptakes in peripheral blood of mice, the time to reach the plateau value was delayed by

irradiation under 3 atom. oxygen.

3) Reduction’s rates of organic weights (thymus, spleen, testis) by irradiation were greater in Oy,

inhalation groups than control groups.

4) Radiosensitization in bone marrow cells were not so remarkable by irradiation under 3 atm..

oxygen compared with air, but in the none irradiated groups, spleen weight and 5*Fe uptake were reduced.

markedly under 3 atm. oxygen.

5) In mitotic cycle of Ehrlich ascites cells, the time to reach the initial value was put off by irradia-

tion under 3 atm. pure oxygen.

in Ehrlich ascites cells, mean survival of host mice were longer in Ojinhalation groups than control

groups.
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F IS 5350 7928k & L ¢, pressur chamber
ZHA Lt 8 REEMSR OB AR ~ ¥ A DIEH K
A IR 7 5 B % 35 X0E s, TR HEMIED

@thEmm)Lﬁbamxﬁtﬁ@%%&
HFL 2 B haBR LT .

IL {HERRE O T :

BEMET coEMBRIED LR 213 % i
DT, =V AQEWEM, =—1 )y v @k
TOMRERLME LIz, FEEE L T i3 19424,
Davis, Brink iz X 2ER I hi-A&EBHIc L 5 %
—Z w77 7R kot

1. E—Fr 7y 785 5HBMEENED
JRE.

HAeE e eBRyBle U, fafiREs:
TSR LR TR LGB E LCBRhe o, B
B HIMBELR volt X n#inses &,
BRI E A EBT TR i W ABRORTERE
CETH LEEH MR OB e E D, BEE
B OWER ORFEH A L BB 0B & ol
B AT 23T 5.

2GR OB IR X oT
BEL, BASGoMMIBE AL 5 T CER
DG S h, BB o IMEE 0B o T BT
PERLTWIR, KfEF0S2THRRIL,
DWHBE O, 3 ILEUBM IT ¥
T, MR BARC X hl%kT BB L ke X b
BEE SN B & 2VF Lo E R R s &
BRERS —E LT ) BIEERS 3 8 &
5. ZOfif%Y L TELMELEINEEs &
BEmEco HY B s Y HERcS RS
W ED Tl e kA3 5.

ZOFHEF LR TBIEE, Tb bk Bk o
EZEFRRECIAIL, RERCRIET 58
o IEEOFFEE O X o TR B A,
HEEROMOIECIE— 0.6volt 7y sL-- 0.7volt
& LTEN, Afhciis.

LicaioCafic— 0.6volt~ 0.7volt DEHE
ZREANC T TR EBIEOL T & IR
REDZAL DRFIHFER 28 LT\ & = & pH
k5.

Lo LERELRET 5 L ORBEE DL T

AREZREHRERNEE #20% F65

ru. BERSCEET2RBT, #cEsss

BF, BREREEERET L kETER
CERECEET .

cheobod LTidgko
XoktbonELLRS.

1) BrxDAFvELIU~ErmEy

Pb**, Hb, Haematin, Haemin £

2) RE

afE DT H DI, B O, B
ROBRELE»BIRT 5.

3) H
i B o F By Lo LA &P oM
@Xﬁoﬁ@ﬁfumAAaHﬁttw

4) movement artifact

BRI LS.

5) solute effect

AR DILHCRIED BT 5 .

6) Poisyning

BEOET, BEOBERLF+.

2. B

Davis, Brink L3, BERERIEDD, M4 0
BERMNEERTESHIRWED, kDX 5 B
EHRINTWB.

1) open tip type

2) recessed type

3) coated type

4) coverd type

5) enclosed type

UisLHFETIL enclosed type o3 mpid o

ERFIAEIRTWBL5THD. Chix BE %
pols ethylen film CHBH-% fop BRALERIIE
1 R OB & Rl X h ¢, Solute
effect, movement artifact, poisoning ;%S
BEAEZTI. kb BEEENL LD &
<, enclosed type ¢ platinum, 33 ) 0% gold, elec-
trode MFEH T T\ 3.

3. nERE

BBEINEEL X — A bR T\ Wb, B
REOPHEREE 2 WD ST, Fo1+ v
WX % poisoning %A &, | Bl OREME L
&% ez Brink & X b KA INEERE 28
bz, LA L enclosed type BB A FEFET 5
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BEcxwTholigic i ot BB oBEHME
Yk dThab.

4, Calibulation
BETIEBIEEOHEMEL T3 2 &1
enclosed type OEBREM LT BEIME: M T
BB L7cfl % o L e RT3 % 1od i/ ]
BThs. o THaldEr b oCcEERE
WAL VBRED LR AR L. Thbbi&
BB 2 B\ 7% original level & LT,
XA THERN G & T 2B BB B -
OEWfECH L, 3KEBRAT cREZcE—HE
WA OBHMER ERT20% 32 TRE L.

5. EBEOBRENERSE

bhbhIEE 1 wRT X 5 /g pressure cham-
ber #FfELc. Zhix3&KETERTL LA

FH1

FH2

P ———
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IRfic chamber Py © Bil% A LT EMREHRE
PUEHRD XSl BH21RT X 5 7
enclosed type platinum electrode¢—= 7 & Ry Tilz
N, BEOMFELRE L. fR=—1Y o e
AR DEESRIE D in vivo IREECRIE L7z, Jl
R Table 1 1WR3-2& & ¢, BRELER

Table 1. Measurement of oxygentention

Ehrlich ascites Ehrlich solid tumor

1.0p0; --sresven 0.054A  1.0pO; «weerees 0.09u:A
1.5p0, woeveenns 0.214A  1.5pO, «eeveeves 0.300A
2.0p0; -weeeens 0.30uA  2.0pO, wreeeee 0.48uA
2.5p0, «rerieinn 0.43uA  2.5p0, «rveeee 0.72pA
3.0p0O, «oeeennn 0.66uA  3.0p0, «ooveeee 1. 20uA
(at pheripheral zone)
Mouscle 1.0p0O; -----or 0.031A.
1.0p0; =rreeeee 0.09A  1.5p0O, wereeee 0.03uA
1.5p0O; «eeveennn 0.72A  2.0pO, eeeeee 0.04uA.
2.0p0; weveeees 1.20pA  2.5p0, --veee 0.04uA
2.5p0, «ooevee 1.62HA  3.0p0, -oovene- 0.041A.
3.0p0; «orereee 2.16uA (at central zone)
Peritonium
1.0p0O; -veenee 0.13unA
1.5p0; «oeovees 0.24uA
©2.0p0, ceieeee 0.451A
2.5p0, «rerenees 1.201A
3.0p0, ---eeee 1. 651A

fETR L. JEix moving effect %A iz
% jz% nembutal 0.05cc % JEREPIC A LBFEEF
Tleote. WERBFEHSbHE &L 1 KFHR
RT3 RECRIETAM (Fn, EE
TS BB ED LR YRS, ==Ly
e @A ciz A 1 KERSE AN 3 SERE
TS CEEEE LR 52U 1.55FED
5 25Ew chamber JoE% BTk 5 & ik
SRR ED EARALID X5 ThD. =
DT L X YBERR TR 2T 5 Bicd &b
2,555 L) iz pressure chamber PYDFE% FIF %
CENRMBETHB L b b ot = oflEk
Enb=—1 y e oiRKERoOMREL EF5
3, FRFCEFABROBRIEL i) RT3
& oot
OI. =EBRAE
A. BEFER X OB LM
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HRBMEEORE DR TRz X 5 7 pressure
<hamber & F\ fofcid, B X b o 1 FEERS
FiTiOf.

BB B BT X 0 1F & h i XERGHE
*EE, EESEEALL.

RS 41 200kVp,Filter 0,5mmCu+- 0.5mm
Al H.V.L. 1.0mmCu, 20mA, dose rate 40R/min
(distanse, 50cm) ‘G 5.

B. REMIINGE

3 KT % A Rk o pressure chamber %~
FER L CIRBESRT 5 2 ~109 702 & 3 KEMRBRA
SEMHHRT T C20~250 B U TR 2T
Ui, HR9XE 2 E 3% b oid distanse
G T dose rate % BT .

bhbh OEMBERE HIETIL, 3KREMRE
T3 5h0 50 ThyBEERR K LR
L.

C. BMRB %

. REFET &5 RS0~ v 2 DTS
K%lﬁ?%@.

1. dd R=v20FIEHR ¥ XiFT EE
ddf~v A (R8~9M) 20X 15 & L T
‘pressure chamber 17 Y ->C BRERT 10457 b FBEHE
TET3REMERAL, 1,100R, 900R, 700
R &2 5B U CBHROBIEHRE L 2ic. R
F13 pressure chamber HNTZe5 AT A S, [
e 1,100R, 900R, 700R % JRH Li-.

2. L&FBHREo~vAoMSER (g, M
W, 83 crxXiFETF

dd Sf=9 A (A#8~98) 60 % 15 & L
T, A0 BIRSHE T ¥ T 3 REMBBRA
X, 300RZEHME LT, BHKRIBH, 15
B H, 280 Hr20lE 3 oo, MK, 2ho®E
BRWEL, WEFoTh B L.

3. =wA@ YFe uptake |T¥s X IF¥HEL

dd = A (EHI0~128) ST 1FFEL
T3KEMEBATIZ 200R, 400R % RS L,
TBA 4R BEIR X b 1 uCi @ *Fe citrate
ZEAL, EAK1HH, 3HH, 5HH, 8H
H, 12HH, 17HH® %Fe uptake % well type
sintylation counter “ClE L € SBHE & gL

HARESERSRESME 52058 Hew

.
%Fe uptake mFEIL,
¥Fe % uptake=: &) (B‘)_I(C) @) x 100
A I 1 eeHtz h oe.p.m.

B : Zififi (ec)

C :plasma ¢ c.p.mfecc
D : 4 plasma fr

I :EHLEE cpm.

Lifnftid 1008 57 b 5.5cckHA L. i
*Fe 3 BRI plasm rhofiiBIxMBR LT
Ivsmt, (A)B)/Ix 100==% Fe uptake L 1.
TRHE L.

4. HEARC R XIETEE.

dd R=v A (E#H10~138) 5Ta 1FELL

Fig. 1

150R. 300R.irrad.

4

Q \ isologus bone 'D \

marrow 1rans-
\ H planfahon

SSOR irrad.

spleen weight
®Fe uptske

le f
fail venous SP'¢&"

= injection
FEMmOr. pone marrow

suspension
(Donor) (Host)

T, Fig. 12”425 RFAFCTkeotk. b
% recipient mouse |z 880R 4 IBH 2477 Ve,
donner mouse |z %, & &EBERA204H o
&, 3SEMBERATiz 150R, 300R &4
&L, donner mouse o REREZHEH L, BHi4
YL, zhe Jyrod WicilEx¥, AIMK
FHSSCCHIlaECR Sl LT, —EiaE o
& LT 0.3ccx BiflR2 HIEA L. HfETHg
BIR b SRR IRE T 0. HEABR24RERE A
{z. recipient mouse |z Fe citrate (,2uCi. %l
REPSEEST U, JESHE24R5H Fl o recipientmot se J;
DAL, ik X0 Fe Y LS
fz. *°Fe uptahe |32k c.p.m/[FREHTEAL
fe4x cpmx 100 (%) TRtz

b. BERBEREHO=—-LY » e FKETs
X3,

[ IS S
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1. 100R~ 300R[B&f 4, mitotic index
ks XIETE.

==Yy e BUKEEHIRE10® = BHEH% T By &
BL7- dd R=v 2 5% 1 FEE LCRERTSS
D BBHEET T3 SAERELTA I 100R,
200R, 300R#%4ZrM4tL, WAL, 3, 6,
10, 248%fE H o mitotic index A WERE (LEE
THRHEE ZHBLi-.

JEAEE R o R (4 — 1 vHfhuc 3 K40
Hys Lok LEk). FH3EM.

EH3

1) slid glass biz=—n1V o K % 15k
&,

2) TokwrKy 1k e LTRMCEMLT
3 HEiES%.

3) EHEEOERERLIHT LTEML 3
HTEBEEL, Lo lic cover glass »E ¥, #
T cEEL, B ULRETS.

2. =—,V y efiiAHE o mitotic cycle =3
LiE3RAR

short intervals jz %513 % 284k,

100R, 300R#E4fL7-E#, 20, 40, 60,
804 3T % mitose DEE(LAFARTATE L R
FETHg L.

long intervals {317 5%k

MR R offdE, 500R, 1,000R % B4+ L1z
& o mitotic delay %W AREL BB CHEI L
7=,

3. =V y e HKED reproductive Capa-
city 1o XIE3HE

Fig. 2 jw7r3 24 <, 300R, 500R, 1,000R
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Fig. 2
300R
500R
})00 Rirrad.
UﬂmMEmﬂg

| innoculate Survival
E—j %108 _innocliaie Q fime
Ehrlich ascites tumor .

innoculated mice. L x:;g*ﬂm—m%- D
(Donar} (i3

LS

Irradiated Ehrlich ascites Chest)
cell suspension.

% donner mice (= —, 1V o v JHAEEBEE 18
HE) w3 KUEBET caI Bt L, BifER=
=Yy e BAEMIE Y FELT, Th#10%
10°, 10*= HifiZ¢ host mice UL, ok
FRLBARE, NERCHEL .
IV. RE&#S

a. BEBET28 RS0~ v 20EFEic
B IETRE.

1. dd F= 72O RCs IETHE
Table 2 7R3 2 & &, 0AAFR Tl WHED

Table 2. Lethal effect in wholbody
irradiated mice.

Motality | Motality | Survival
Dose | Condition p rate after| rate in
during 5 davs 30 dav:
5 days days days
O, inhalat.  70% 30% 0%
1100R — "
Air | 45% 55% 0%
0O, inhalati 709 30% 0%
900R ;
|Air | 35% 60% 0%
) |C)2 inhalat| 509 359 15%
T00R | — -
|Air 25% 55% 20%

flic4s { BB b o, BARECIX5 HE %
Tz 1,100RCI1370%, 900R TIx70%, 700R
TIESS S BT LT\ 5. IR Eh-Thdb
%, 0%, BHGHPFEELTE IS HE ECORT
BB wTENRRD LR,

2. ESRERcs XiETEE

Table 3 RR3- X 5 Jolg, RT3 RHE S
B BB kR ol et wiEEoE
wiadic. WL L16A, 280 LEBRT 51w
TR 2 AR AR BN B[ & TR B RNIRARET
WL OERIAEREL b/ ChH ok,

— 19 —
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BAEZRAREEEE H520% $62

Table 3. Variation of organ weight.
300 R.irrad.

- i 3 3rd day 15 th day 28 th day i
organ condition I (ng) (ng) (1g) .
O, inhalat. 16.44+ 1.0 20.5+ 4.0 29.6-F 2.6
thymus ( 2.5%<P< 5%)
control 24.94 2.9 28.1+ 4.6 35.8+ 2.8
O, inhalat. fI 59.1+ 4.3 73.0+ 9.5 124.0-F 2.2
spleen | | ( 0.1%<P< 0.5%)
control 110.3+14.8 85.8+15.0 135.9-F17.1
O, inhalat. | 136.3+14.3 107.4x 3.9 68.0-F 7.9
testis | ( 2.5%<P< 5%) ( 2.5%< P<C 5%)
control | 135.2425.3 126.0+ 6.8 97.0+ 7.0
ZHTRHEHERI BECIRBRE LA LE EIES 5.

RS, 15H, 28H HEBT Ao TR
i oEERAbRS. 280 B TIXAE
DN BT E 2 TR fn.

3. ¥Fe uptake ¥ i3,

Fig. 3. *Fe uptake in whole-body irradiated

mice

0 }> 200R. irrad. e~—— (), inhalatian

=== =% Control

ks ’/’I%‘"‘-\\
2 F >
St L7 i
8 of -7

E el
e8] 2 ‘

b=

1] 1
10 15 (Days)

Fig. 4. *Fe uptake in whole body irradiated

mice
40F 400 R. irrad. —— Qyinhalation
»~===x Control
£30f
f)
5 I
=2 20F /",f
Q - -
L P
8 10} A ;;7'/
oL, S :
5 10 15 (Days)

Fig.3, 4Ww/R3X 51 200R, 400RBE O
BEW G T plateau value 1253 % 7R
TS5 BEOHINT & /x> THEEE b plateau
value [z 33 A H5H 4, & { 7z v, plateau value §
NEL B, MARETIL 400R RS OBE, &
Bz ) plateau value 4 3 B 72 b

4. BENIEC R LIETEE.
Fig. 5, 6&aAd X5 3KEBERADILT

Fig. 5.

——3aim. 0, group
o———<control

59F¢ uptake in spleen
w s o
(=) o o

N\
1.0- X
N ———
96 ~——
OR 150R 300R
dose
Fig. 6.
184.2mg
100
—— 3aim.0z group
= o——= conirol
-3
g \h\__“‘__'_'-_'_d}
‘-—""—\—_
0‘:, 50 T ——
o
&
(mg)
1
OR 50R. 3007
dose

FRER, “Fe BIRE bicdich 0ErnZ b R
5. 150R, 300R S OB RATHIMESR,
PFe BECR & b B MEA R T 2 BRI A
BoEIBED LR

b, BEBZETEHO=—L Y o v @RS
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TiETpE.
1. 100R~ 300RJEHf o84, mitotic index
ks X,
Fig. 7 wwind X 5 w42 oM o
Fig. 7.
XIA’rm 0]2+KRay
L x—xXRay o
. *——“Aatym Bgoniy
20
. ,..--**%
3 1013008 7
§ \ ///
g 30t
§20h /{‘f S~y
S 1.0F \200R
= /-
§ 30
=
201 |00n
1,0
%

iO 24
(Time in hour)

4 & TIPS AN RS R~ DI 2348 A
ARG 5.

2. mitotic cycle =i X IFFHE

short intervals = 3511 %28k,

AR, SR L @B mitose 2P L
T, MARETILMiAz limiting voluey: 4
LIS X 5 wBbh s (Fig. 8 B8).

Fig. 8. Immediate change in mitotic index af-
ter irradiation.

100R irrad. 300R irrad.
8100 100
£ N\A ——(inhalation —0inhalation
= \ x==xControl *=-=xControl
2 N
&%
= 50r \ ) 50
&
=)
= %
()
e \
é(%) L 1 . L% | ! | N
20 40 60 80 20 40 & 90

Time after irradiation (min)

long intervals = #5177 5 28k,

500 R @5 C13 B4 A{E % © mitotic index 2t
3 BRI, R ARES0REH], AR 20MER ©
mitotic delay |33 iclb~<KTH 5.
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Table 4. Mitotic index in Ehrlich ascites

tumor
| o Time to resover
i Dose | Condition initial value
O, ihhalat. | 14 hours
300 R. -
Air | 10 hours
500 R. O.2 inhalat, | 30 hours
Air | 20 hours
o0 O, inhalat. | 70 hours
' Air | 50 hours

1,000R FAS T, X iz mitose DIMEIHIR
RS B, MARECTORER, *RRREC50HER
i IR AT E B % (Tabled ).

3. reproductine capacity |z} Y (T f4E,

W AFETL3 host mice  POEFFAEUIIER 1
TkB. zhik=—n) » e BKERK O repro-
ductine capacity @S <) hFE s
12HThHD.

Fig. 9. Reproductive capacity in Ehrlich asci-

tes tumor,

3007 irrad. —— (zinhalation
. 06F (9 )}‘%ﬂ (104 === Control
E \ =-— None irrad
= |
(o]
k= itJET uaz)\f W\ (68
= fe R Gradient ratio: 1.12
0 deN ey D)

i 2 30

Mean survival time of recipient animals (Days)

Fig. 10. Reproductive capacity in Ehrlich asc-

itis tumor.
500R irrad. —— 0 inhalation

108 @2 28 P Pl

B ~
5 LY Gradient ratin :1.24
3 h
g10°r (176)x NN (239)
- O\
=104t Se
- (289) (32.9)

10 20 30 40 (Days)

Mean survival of recipient animals
Fig. 9, 10, 11ie/R3 X 5 = #u % Semilog
curve 3% &, EHRMCAETBBER LA
ik 300RCLl.12R, 500¢1.24, 1,000RT1.35

—_ 2] —
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Fig. 11. Reproductive capacity in Ehrlich asc-

ites tumor.
1000F. irrad. ——- 0y inhalation
108 (189) x(20.1)= = == Control

A

£

=]

3i0°

(=} i B

A= Gradiznt rafio: 1.35

@

EI
1 L

0 30
Mean survival time of recipient animals, (Days)
Ligh, ZoREoBEHA B oRMmE &
EN AT AR Sy a
V. & =

R HEEER T RO RS o IEH s XiE+
BELT, =V ADOBICRE A 2tz sy, early
death pR& TSk~ KkThHsb = &1, 700
R 6 1,100 R Off i TR o EF B
FEMICL DL DTHS0, Cronkite |2 L5 &
3 1,000 R #iE8fES oA fE <12 5 B AR &
12HT# 2 2O D ¥ — 2 535 0 iiZ I EREE
Xy, REGOEEFCLISb0LETbRATY
H. T Erb early death pikTH DB = L%
REME TR X 0% oSS 5 1
D7D THSH. TherEiT 5o dd F<v
A 1,000R #2458 LT, WAL NBR O
B RN S 4 SR A A El U e, S5 R B3
4, 5, 6, T, BT X5 icBH#3IHAT
IR L LR oA SRS, 5 HET
R ATHIRIE L opii s FEW e i 5

HARESERERESME $29% H6 5

FHS 3AEMEBRAN 2SR ES HE
DRERE I o B, FLEAEITH 5.
e -

W6 AATa4LBHE3IHA

HHT 3REMEBRAREFMHEIAE
E{HBERaBE s h, WEFoBEX Hic 7
LTWw3,

A, AEECAE, BRI E s B
XBECEBEOMEEN R EDERS. 0= &
I VBEEEOKTHB - L 2 BIEBE TR ©
early deathz % ¢ LT\ 5 & EXWIE LT\ 5.

P 22 —_—
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HFHS KRG TaxWB##EsHE
PMEEBR R EER ORE EE LTy B, R
LEowE, REZSABCES, BETHS.

Atokins®® (¥ EIFEREFRIC X B HSHERE T I
TR SRR EV Cv Y, MRS conven-
tional 7e MRS FEICHANBEECHB & B X T w»
5.

S v 5 B L U T He B S
O Y VAR TH B, VoS
Zrbh T bR, £ 1 oTH BRI
DT L L7, BBFEMcI L Thh £
iBd btz Lo LSRR BEHRES M 0K
VR, BRI S e o CEEREE TS e
CRIET B0 ERS ot b—oolETHAS.

B D b 0 & b B\ MR 3 55
BCORBRMRE, AmERE, AmkEcou
ThH LBERNTRENELENDED LRI
DT, KM o**Fe uptake %A Till30 gy iy
RO TREIMIA DR A L 5~z pt ®Fe  uptake
T3 platean value BELVH, ZhicET 3
WERIAGEBEES 5 & & X DRESES & oEH A =
ENELBRB.

Till pJigke X > BfififaokEcw, 3&E
BEBA DL CER L FE BEbh, BihcX s
WEBIERTEBL0ThHOk. O LIVE
ERRSRRR I 3\ Tk, AR BB A ME T
THZEETEEIhED, FoBERkEW- &
L OVBEPHELEL b TER TV L0
AN A 4

1—»Uytﬁmﬁﬂﬁm%T5%§mmmm
& LTkl i ( 100R~ 300R) T,

619

B2 b & oI 23 % A8 0 B BAIDS 5 Had
bhich, 500R~ 1,000R % B4 Ui-Be, B
AEMFN O E S, WREoELY
T ig>7-. reproductive Capacitys3 300R ~
1,000R Ol cAf iR omn e & ik
ELIRBEAHD D, ARSI R o
BHHTERBERLT WS, RSk
BB ERCICH T 58, @ERFE TG
BRDBIMENE S5 b E 2 A48Tl 1 ~ 2 [RE o
TgEw &bz EnHRMOX 515, = oy
iihdie> mitotic cycle pFERBELBE L TL o
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