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Studies of cancer radiotherapy by combined use of
radioprotectors and a radiosensitizer

by

Toshimi Ohshima, Iwao Tsukiyama

Department of Radiology, Tokyo Teishin Hospital

Research Code No.: 407
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l. Subcutaneous or intraperitoneal administration of I-cysteine, 1-cysteine-d-glucose, MEA or
AET raised the survivals of male mice and decreased a loss of body weight from single or fractionated
XK-irradiation. Among the SH compounds, AET is the most effective, and MEA is the next.

2. In rats bearing Yoshida sarcoma, 5-fluorouracil (5FU) was found to be effective as a radio-
sensitizer in radiation-induced depression of mitotic index of Yoshida sarcoma.

3. Administration of MEA or 1-cysteine failed to alter the reduction of mitotic index of the sarcoma
cells in rats treated with 5FU and X-rays. This suggests that two SH compounds did not protect tumor
cells from combined effects of 5FU and X-rays.

4. If the SH compounds exerted protective effects on normal tissues of rats, the effective killing of
tumors may result in prolongation of survival times of rats bearing Yoshida sarcoma. However, the
present experimenis show that the SH compounds did not prolong the survivaltime of the tumor-

bearing rats.
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1. SR

4840 dd Bk L O ddY R~ v R 2 REERS
JEX DAL, MEEET CERGR, KxB
Hics 2 THEL, 208RigIinotcl & A THE
o ARy

¥hT o PEOWTREFERER * AR ME L
150 i CER LT,

2. SEERIEDS
FERRRF AT X D B A 20 ok B Py
€5 » >, BiES5HEOMEK 0.5ml %5 HEH
LB YIEL LT, [EEEAHREL, £
i EgAifa10" EABELT, 4HHEDT v
FEREH L.

3. XAtk

XHRIBEN T BB R E S E S 2 A L
fo. MRS, EEBE 200kVp, HEHi20mAT
non filter. {fif§0.35mmCu T, &4 H ) Rk
1260cm. FHEER 135R/m T, HEHIELL Unive-
rsal Dosismesser Tfyino7o.

FLTEEBETE, =Y R, 5y FItioRE
DFC AN, SRNREDT T AFy 7805
Tk U, FEFBRER & BRI oA, £1
[fC&HCRE L. X, 5y F ORFTIEHTIX
AREEEBTCFRY LI T EEL, 18
WO T 2] 0 & 2Tc]EE 2 mDEhk T4
TR L.

4. EBH®

HAEZRMEHFEENESE 5338 W45

Watah ik O CIL, = RA150EF f=ih20
P —EE LT, B GRE L BRE L R U
Seft T, B—F o3 mE e RBaeTion, 54

T, EFHBETXTE 1 ERS X D0 ETL
B, FRFICAE b HE L.

¥ i, BRSO XBBACH LT, Lo
Lo ini e 52 5k ERT DI OHEHPAE
OFEBETIE, 1P FLRXTHNOT » +% A
L, X&eH ¥R B—% 13 &R
FTTRR, HBE L &L AEMR O, Z21HE
Foedgm e LTHBHEL, AFHEEZD LBN
fo. Tr¥s, B ZIRENIIDK RN ERIR LT
TEolc B EkIEA% Giemnsa s LTHIRL, [EH
#ila 2,00008 DD 7R B 2 1.

5. {ER%EH

[hsE# 2 LTI, l-cysteine, l-cysteine-d-glucose
(2= KK. OfRftcks), MEA(2
mercaptoethylamine) 3s X 0% ART (8-(2-aminoet-
hyl)-isothiuronium bromide hydrobromide) @ 4 f
v, ZLTChbOFEEN1ESD,
=7 AT 0.2ml, 5 b T3 1.0ml g5 X
5 IEEAKCTHEL, hAECY N Na OH ¢
M 700 Lic BT, EHOBATEHIHHNE,
¥ e o5 TR S04 BT B b L.

Fio, WREHIE LTRSS FURER LA, ©
Rix15mg/kgst 1008 5 » e h 1ml Kigs X
5 W AR ME U T g L.

7t3¥s, l-cysteine-d-glucose DGz II ki@ b,

COOH

| H OH H OH OH
H-C-NH

| | || i
| >c -- C—0C -- ¢ — C—CH,OH.
H,C-S [
H OH H
m g B

1. S HALEH DO BEHRB AR

l-cysteine, l-cysteine.d-glucose, MEA 3 L UFA
E T ® 4 oD HEH| D FHRBT IR o\ THE
Lie.

a) l-cysteine.

1 BE2008 dd i~ AT l-cysteine 2 mg/ & Ff
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T LOREIEAEES5 1, 500R X 1 [
Lk n, WEF (BHOR) H60H T2
R L, l-cysteine P FEEREIRION, JETERE
XL OPUAFE T, 5%0 fElER THEELRDL
h, fREICEY L’Cii?ﬁﬁ%%’iﬁ Bighote (Fig.
1).

——— L-cysteinels.c.) + 500R

[t i o U L e L-cysteine(i.p.) + 500R
----------- control(+500R)
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Fig. 1. Protective [effects of l-cysteine against
single X-irradiation of 500 R in mice.

b) l-cysteine-d-glucose.

1B« 1 #2008 dd = v &L l-cystei-
ne-d-glucose (LLF C-G LBEED) 1mg/g, 2meg/g
EThZhiEnfss LOBEER, 650REHRE
FHlickonr, N (BHOR) H19H TELHIFE
T Licoic i LT, C-G 1mg/siEnfbiEniao
HT&FFEE. 2mg/ ks, HE1ng/g,
2mg/ LS5, 27K, 4PU60HAFFT,
filhd 5 BOBMBTHEEELRDIN, FEIC
B LT AEE R B ehotk (Fig.2).

SEIEST 2 1 RIS ddY SR A 1 HE[HE
@ T 1 [EfidE 300R %, 4 mIFESS L, 555 [ Hicid

500RHRS L, &FMEF 157380 C-G2mg/ g %[

C-G 1M3/4p)
—————— C-G 2M/glpo)
------ — C-G 1Mm3/glip)
e —C-G IMAlipd
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Fig. 2. Protictive effects of 1-cysteine-d-glucose
against single X-irradiation of 650 R in mice.
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Fig. 3. Protective effects of 1-cysteine-d-glucose
against fractionated X-irradiation in ddY mice.
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Fig. 4. Protective effects of 1-cysteine-d-glucose
against fractionated X-irradiation in mice.

ELicECh, MR (ABIEK 0.2ml JEHE) 2340
HTaffEtes L, C-G #ETIR40% 2360 B 4 17
L, £FHH, hELITERTR 2.5%, 5%
DEHER THEEY ST (Fig. 3, 4).

RIT 1 FE20PLD ddY A= A 1HERT1
[E#E R 400R % 28], 500R% 2 [EEHFL, &HE
1553w EaRD C-G EHi16ng/ = v A JFHE Lic
LTAh, WWMEE (EEK 0.2ml J§7E) »60H T
2L, R CG TR TIARL, 1%
DfEMsRTHEEL TSN, FECELTTE
BEXRDT, FREWC LIl dIe iR ko
e s R g shichok: (Fig.5).

c) MEA

1 EIfES : 1815080 dd i = 7 A KME A

200mg/ke 84, 600R&EHMBH Lic & =5,
KRR (CEEKIEE) MI8H TLFIFEIX L,
ME ATHIZ 2 TE60HAERF L, 2.5%DfEMET
BRELRDIH, FECHLTIEEELZRD
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£-6+40R C-GA0R C-GoSOR
00—+ GBS C-Glip. isr{tnnic
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50%
g
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Fig. 5. Protective effects of 1-cysteine-d-glucose
(isotonic solution) against fractionated X-irrad-
iation in ddY mice.

5

Survival rate

500 15 @ B W G0dys

Fig. 6. Protective effects of MEA against single
X-irradiation of 600 R in mice,

fehofc (Fig.6).

SEIBE T 1REISIED dd /= v AW 1 AR
300R% 1 BREfRC3mMAT L, F4EHE x5
1[EIg§27H B & B L, #1558 IKME A
200mg/kegfFIE Lic & = %, SHBRREA60H 1 Uikt
L, ME ABRIXI2IG4AE L, AEE L HictFh?
h 0.5% B LV 1 OfEhER CHEEY B i
(Fig. 7).

|MEA':{£R MEAYNR MEASTIR ——— MEA(L)
100% ——E———— MEAs IR control
N1 R ML 0R /1 ————
NaCLo O} ____
L
1
! NeCL+0R
0% T [
ll__'_'l
g Ml
k- |
E T 'L B
o ——)
- L

Fig. 7. Protective effects of MEA against fracti-
onated X-irradiation in mice.

HAE SR RS 8% Has

d) AET

1 B20/Eo dd B~» AW AE T 500mg/ke i F
B L OEREPNEES R, 150 3IC 500 R X§#
by 1 [HESE{Ticotc ko, MBEE (4o
A) H60H T2 AR L, BTFER 9T,
JEERRIITIUAETRE L, fEE L dIT 1 % OGIER
THEEY R (Fig.8).
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Tig. 8. Protective effects of AET against single
K-irradiation of 500 R in mice.

2. 5 F UDME#HEREIROEEE.
HHPEMEBE4BED S » F15T% 5 PLf
D 3B, 15 F U 15ng/ke ISP TS,
I BRI XS 300R 1 al4&5 RS, 1PEHI5FULS
ng/Kg 15504 1 300 R X4 BB 1T L,
3 BE o BIENIT OB IR H A IS L B,
EFAED O TEZE LT

T DRER, 5 FUEHBETIRENAUO R B
PRRL L BA2oluvab ), BEFELPRRE T
W3, —F, XIRBHHETRELHINEL Bo%
WThaH, EESIEFRCRL. cheLTs
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Fig. 9. Effects of 5FU on single X-irradiation
of Yoshida ascites sarcoma.



B 484 4 A 250

FU : X#ROFARETIX, BOAERO%ELHINE
CHOELL, ¥REELFERCEELOk A
L, £FH#L 7.58, 6.75H, 7.7THTX*HR
Wichots (Fig. 9).

3. SHILEW®D 5 FU - X§HFHOHIHEIES
s XigTveE

a) 4% 1 [EfE4.

R FHEKNEBE4BREDOS » F 5T
DR TFIME A 200mg/kei:5HE 4 12 5 F U 15mg/
ke IEREPITEST L, 15480 500R X4 £ .
2R CHER) FHAERBHE4BEDS » ¢
STLIZ 5 F U15mg/kg fHIE 15 704 W@ X#i 500R 4
H RS

DED2FD T » b O K EZRERANCERE LT
BOZeEy L bR, AFEREY B L.

T DFER, BOZHREIImREEE b 3 R TAK
ETD, 1% TFERD, 6 TREME LD,
PR« cmE offx 25 b, 24ETrhE
A 1.8%0, 1.4%0, 48FFRITE 8.1%0, 10.6%0 &
REDIESTH Y, 3 HECH S Bl
LS T2 T fe,

T LCiliE oA Z4hiR 12 78 A & el —%
L, 24B¢fEffi% OF\TL, ME ABEOH 2R
FRTHBE LT, Tt LAEWME % & o T\ (Fig.
10).

—7, AEMROMAR, Hras Loz
M OMMRL M CHBi L& o 5, Wt
ORI ELX DI ot. ¥Rk ERRIT,

il
———— MEA+5FU+S00R
—====NoCl+5FU+500R
I,”
10%0) ra
P
4 /
E /,
:é JRT L it S,
E
9 12 24 48 7 h

Fig. 10, Effects of MEA on 5FU and single
X-irradiation of Yoshida ascites sarcoma.
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ME A%¥ 7.6H, ®ERET.75H L2252 FRbMoho
.

b) &E5EIEst.

HIF BHEAIBEDS » » TILIZME A 200
ng/kg Be FHEELHRIC 5 F U 15mg/kefii: L, 15404
T X#E 300R £ fRET.

B2 BHE4ABDO 59 6T 5FUIS
mg/kgfFE L, 15/ X 300R 4 &R 4T

ZLTHFE b, £<HATCABYEAE 3 AR
S ViEAZL, MOS0y & L1
HEE L b~

T DFER, 851 EIDNEL 6 BT, #4585
BAmEFEE DE LWL, 52 [\ HOMIE LIk
A ZUBBUITAREL 3 0 & b, LIREIE %2
TEWEELFMIET L. £ LT 2 Bosszih
BRI A ErEsim—3 L (Fig. 11).

s
=———— (MEA+5FU+300R) =3

<= =——= (NaCl.+5FJ+300R}*3

10562
g
E v O i
[ 12 24 48 (] % h

Fig. 11. Effects of MEA on 5FU and fractionated
K-irradiation of Yoshida ascites sarcoma.

E M OM L, RZHEAIS X o
WL MBS  TERC A e <, 245
X D ZeYuZEMEAR B A L ATIIC B Db b,
£ UCHE 2 [B1H o UEH 6 Bficic 5 &, [E5H
JARIEFWCHA L, Jefabkdbbs <, Zeiis Lot
WFERIRADRUIE « £ L, BHBGEREL Bk
W,
SEHAEFEEUY, ME ARE 8.1H, XBEE 9.2
HT, ME ABEOH R LA,

c) srElRTIESt

FIN :BHEH4AABEOS » } 5EOHF TFicSE
X SHALA & LT C-G &iEysi % cysteine @
& LT 0.8mg/kg L FIEEHIC, 5 F Ulsmg/kg
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BEL, EfOZEx LT 300R FHATRE %17 s
.

H2RCG o hicAEK (1.0ml/1008 5
v b)) FETEL, HEEE1HEFACAERT
Teofe. WEEE SR UCAES 3 BElftig iRz L
1225, H 180 5 FUORR 2 @B 7.5mg/
ke U, MREOKAIZEES XOEFRBE L
oTad

FORER, BAD 2 & —AEEN DO
Toddy, et OWREI IS L, BHEE TR
BT B ERTEY, > THRAARBERE X
B LR TEdoT.

FLT, AFEAFUXCGRE 7.2H, XWWBHE 7.8
H & #E& R ot

v & @

Blfe, RS oG RTacIE L, BIFERER
£EO HHTHAWAREHDBRHAG LR TV A,
O cysteine S glutathione ® X 57c SH
&I EERTHAB. Zhb S HILEwA S
W ERE o LMD L TH D, o
THGHS ARt T, BoE o sl %
Kig DN DT Th S 5 & & BFENHEE X
hs. R, S HILEWOMBSIIE &, RO
B H 5 WILEWF L Ol fbhe e X oTiE,
SRR OMHO D bbhin - HBIREE V5 b
DOHFAET HAREE S RE L bhD. FiT—HE
AT, S HALE D S O & F IEH A s X
ETEEYEMTAZ LY, XY REORS
DAREL L), ERBHOEREF LIEETE
NTERWTHS 5.

ZHViEErbohE COWREIO LT
OHDTHD &, BUROMEHRCEET SH
B DA ER LTcihnr &b, HlEshess
THEEY L b Aln { Tov., FEFIXE
Z|Z cysteine H3 radiomimetic substance “TH 5
Nitrogen Mustard %} LT @ = & &
FEDs D foiRER A B DT, = T3 alkylating
agent % &% C, HHEFAKCS Xigd SHLE
Mo ER Lcii sl 1, chbitont
D UEBRINL THI.

HARRE SRR SR B33 45

13 Ui S HIE A2 R % % \ i alkylati-
ng agent DHHERRA WA T 5 LH5H Lo
THBHH, BE% 1 Ehlich Ji—< v A1 cysteine
1.0mg/ 8 3 X O° 2.0mg/ & B2 T ##E, 300R X##
JBATE T, 1R REIE X o [R5 24351
BERPEHESED0, 3HMERIIIERD bhigdo
oLl LTwa., XEHM HFHEBKEE 5
w FIC cysteine 3.3Mol (.13 X 0O° 0.2ml JEiE
#, XEmEETE, BOZHEROT Y HH
Bzt , B2EEL R wE R LT
D, TR RE oK T, cysteine &
Nitromine Zfff9"% &, FmEBRD BBk
% & MR O FIFEZER AT 5 v, CR
Ball® 35 M pIfEifEj i alkylating agent “TH 5
Melphalan #J[HE 1L, [EEOHEX N L TE
OFEAE LB L T 5, cysteine THLE LT
PECIRBRICIE~ T, 92 f5dE D Melphalan
FELLCEFREL TGS,

Ll ko s HIL &8 O fIH R R LT,
7 T A Y- 57 Y R A O kv
it L LTk L. Cohen® 2 pIF BB A,
T kB EC3H=Y AORER, BARET
AP A L, pentobarbital & 1T\, &1
B CHESS LA % shield U, XHRMIEH %1702
fo. F LT 7,.500R TLBIERT 5 Z L aTEID
= b, cysteine 2.5mg% 1 B, WA, 1 BHO 3
HGeE T2 Tie ol Lo R Lic &
A, 1301280 h R L, G HESE92%, C cysieine
X O MR IF A K <, BE LB
BEBMELTWS. OEMHERERCELT
cysteinamine 5\ LA E T# T, HBEEIE
R ERIG LW S 2 BV,

% 7o alkylating agent DI RuE T HE
 LBAREHRITTE, KE®PXEFHEKAES »
Fic cysteine 1 mg/& Hz FiE#E Nitromine % Jofik
200mg/kg MEREMA 1 BESF 21T 7o\, cysteine (%
HHAES v F O&H 2 ORIEEELBEML, £
% protect L, Uid[JEFOFREMHBIFBIL
TIIFBA L B 2 52T, BEET.5% B L
ERREGRPEEBE LTS, Fic H.
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Peczenik? [} cysteine #% Nitrogen Mustard @
FEBSRELET TS L DR YR X, O
Ak Y HEEBERAY 7k Li- ¢ e LT
Wa. ZORMEYH S HILE IO HEh
RCHE L 5 200 LW S FRDLED T T 1028
B6)

Ll E, He§H§ 5 5 i alkylating agent o455
BRI S HILEWr B # L 52 5 hE\ENBILT
IREER, BERSHEELTWS EBbhs.
Thbb, sHEEYLBSHROE-HE2TERT
T, s HIbAWA SR O £ 5 EF A M
HEEEEEML T, A EHET 2 HifEshRic
REEZE L0060 S TREME b L b 2V IIEE
ETERNTHA .

RED#E2F 0 Libhbhii—#0 %Ry
TleoleDTHBHR, EMEBRELWH>RESH
L&Y OBEHRB RS % TR0k DT, £
DRERITOWTER LML THI\

bhvbhiiflioic 4 fio k&4 1-cysteine, l-cy-
steine-d-glucose, MEA & L O'AE TiT , WIth
bRBRE L OMIC 5~ 0.5%DfEfpEEY boTH
BEXADI. £LT, thb s HILAWORs
MBI R R 2B TH BT, Kaluszyner
DR T

Biezh ) =

(protective potency)

CRFIE 5+ XARFRSE E60 F M F45/E 7% B 3K
XHRIRATHE60 H [ P24 77 H 5

EERThBEFEZANTHE LTat. 0
#, RARB0HHEOFEEFRHTHLHL LT
B3, bbh OB, HEIRSCIRKBE N
R DBEH D DB L TH430H LB DT, 1[E
B XOrEIRS & 60 AMEISAF R E Y
fifeole. Thicks L, TablelitmT Lk 51
l-cysteine 35 X0 C-G 2% 1.50i#%, ME A% 2.0
B, AE T2 2.50i# & AE T OBELN 2%
Lifidotc. fr¥s, l-cysteine IR ER{LSH
12D T glucose A IR TREW L C-G %
= A= AJIRCARIF L CTER LT Bode s, *
DORHRIL cysteine L[ 1L THor.
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Table 1. Protective potency of SH. compounds on
XN-irradiation in rice

protective

drugs potency
l-cysteine (2 mg/g, s.c.) %;Lgl = 1.75
l-cysteine (2 mg/g, i.p.) _g% = 1.55
1 12.1 |
C-G (1 mgfg, p.o.) g = L2
o 21.3
C-G (2 L0, == =19
G (2 mgfg, p.o.) oa =197
C-G (1 i.p. 145 e
x ( mgllrg! lp ) 10.8
C-G (2 mgfg, i.p.) %%h_um
C-G (2 mg/g, i.p. repeated 501 1.56
at fractionated irradiation) 32.3
C-G (0.8 g/kg, isotonic, i.p. 38.9
repeated at fractionated =2 —1.49
irradiation) 21.6
’ 22
MEA (0. g, L.p. s =
(0.2 g/kg, i.p.) 0.8 2.04
MEA (0.2 g/kg, i.p. repeated 525 _ 1.97
at fractionated irradiation) 26.7
AET (0.5 g/kg, s.c.) %% —1.85
AET (0.5 g/kg, i.p.) ég%.=2ju

average survival days of
drug-treated

rotective potency = n
P P Y average survival days of

control

KBRS DG, T OB % AL
T, BiERSE L ORI X b X B
TLBD TR EE LT, SEBHEZTED
feds, AFEMRO ETIRESESED bRk 5Kk
Bhivd s, protective potency Tk 1 BB &
KRENLHOk. ThITHEBHOBE S 1 [E
RSN LB 2 TE0H TY>T L E o AricRIRE
BB ERDID. e bz Tl
HOFHEFHRTHE T5 L C-G o HEipst
D1.5651.861C, F 7 C-G MRYSWE D4 LIRS
D1.49%%1.661C kb, HEIESOHH 1 BRSHT
HeCBERRA BB L Bh 5. C-G Ew
DBFHENRIARE Tl droted’, Thidze ol
fEX@BRE |, l-cysteine OHEHRE T TEXieho
TeZ LRFERZ S S L Bbh 5,
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HEIELTT, SHLAWRER AR
M HEEEYRD D01, £FlhRO L TENR
ZEOL BRI AYE T, protective potency 7% 2.0
BB THR»TERD bbhb L Ebhi.

WIZ 5 F U D ARSI R O EBHER T
BH50, FOYHETIEFHCE LA, 5 FUHH
PR X HBPICTIERT, BoHOWMLW#EDT
EEIEOR S Wb, —EHEREIR BT L%
% 7z\~. D.R. Goffient #9% C-57 black mice D
iz SH-26 glioma % B L, HERC AT —F
A% ART BCAR %A LTXHBHE TR,
BCdR OREFEENR 2 RD T 5P, T HIEE &
Thk b E < AR L OREDE Lo T
T B EHBLTWA., Fic Y. Maruyama®® g,
LSA ascites lymphoma %/ LT BUdR % XU*
5FU%RHv, ChbiERECRLTEAZR
NTHBSRER DD LEDTWA. bhbhoif
A3, HHEKABES » » OJEEAICESES FU
EEAL, WONCERETH Y, BIRIRI R
T AR SD EELDNRS.

BRI HRRFI XS s Hib et Lic
B4, SHILAWHY R EoREREY S
% %5h, XR—HilEA TS HIbEHIHEF X RO
ERafke opEriEmisc el y, KER
SR 2 BRI LR TIESGEIRE B Ro0 E
52, thbiLbRZANTHEHKAES »
PN LT, BER#ERECRED S FURELX
# 500R 4% 1 B 21T\, £OHNRC S HiL
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