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Radioprotective effects of Cysteine and a-Mercaptopropionylglycine
for normal and malignant tissues.

By

Iwao Tsukiyama

Department of Radiology, Tokyo Teishin Hospital

Research Code No.: 407
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Differential protection

The radioprotective effects of cysteine and a-mercaptopropionylglycine (MPG) on normal and
malignant tissues were studied. Both sexes of C3H/He mice were employed throughout the experiments
and the experimental turnors were 3rd generation isotransplants of C3H/He mouse mammary carcinoma.
Following three different experimental assay methods were used, i.e, (1) LD50/8; the determination of
radiation dose which is lethal for half the irradiated mice in 8 days, (2) ED50/35; the determination of
radiation dose which induces complete epilation in half the irradiated mice in 35 days and (3) TR'T50;
the determination of time required for half the irradiated tumors to regrow to the initial volume after
irradiation. The test agents were administered intraperitoneally 30 minutes before each irradiation,
and irradiation were given under air breathing conditions or under tourniquet-induced local hypoxia.

The LD50/8 of animals treated with 0.8 mg/g of cysteine was 1970 rad while that of untreated mice
was 1510 rad.  DRF (dose reduction factor), if expressed as a ratio of LD50 (treated) to LD50 (untreated),
was 1.30.

The ED50/35 of animals received cysteine was larger than that of untreated animals. DRF, ex-
pressed as a ratio of ED50 (treated) to ED50 (untreated), increased as a function of cyéilclin-d.oscr and
a larger DRF was found when irradiation was given under air-breathing condition than under
hypoxic condition.

TRTS50 of mouse mammary carcinoma was determined after a single or [ractionated X-ray doses.
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Results indicated that cysteine exhibited the radioprotective effect to tumors less effectively than to nor-
mal tissues. It is also demonstrated that DRF, if expressed as a ratio of TRT50 (treated) to TRT50

(untreated), was larger when tumors were irradiated under air-breathing condition than under

hypoxic condition.

Similar results were noted after MPG administration. These results might indicate a possibility

that radioprotective agents such as cysteine or MPG behave the so-called differential protection in vive.
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Fig. 1. ED50 decreases with time and reaches a
plateau at 30days after irradiation.

Table 1. ED50/8 means the radiaion dase which
yields complete epilation in 35 days after treat-
ment in half the treated mice.

A c(fndfaﬂl ED-50 ey | DRE
T 0 | air | 2580(2480-2680) | 1
0.4 air | 2850(2640-3070) | 110
0.8 air 3520 (3160—3910) | 1.36
T 12 | air | 3690(3460—3940) | 1.43
0 hypoxia | 3870 (3730-4000) | 1
12 | hypoxia | 5030 (4930~5140) | 1.30

WLEidolc. 6 2T E DSOS —E i gl L
Felbf,  H B JEgE35 H H T E D50 (E D350/
35) k&b, SERED RS C kit L
fo. FofEginTable 1 12 7% 4 & ¢ T cysteine
5. fEe E D 50/3513 JEf-S-5 I RE 1 [ifs LT,
Wb i A R LR, RN IS i X
LIEEERE D B D50/3502580rads T % % 1 Kt
L. cysteine 0.4, 0.8} XX 1.2mg/g %+ hF
B E B30 RTHASE A 1 Do = v Ao E Rk
2850, 3520, L U¥3690rad L, cysteine OB
SIS LT 2 SR L. Zhb o DRF
(dose reduction factor) # %25 L%+ Fh 1.1,
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Relation between DRF amd cysteine dose.

DRF vs DOSE
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Fig. 2. There was a linear relationship between
cysteine dose and DRI,

1.36, 1.43°CAfilfiat LA~WiPHN Tl D R FiLfy
B il fF LTl & feode (Fig.2).
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Bote. DRF %A% E1.307C, & 0E RIS
LB cysteine 1 X 2% FiCAHRBAE bR 25 R
B, o Z TG o f&ic X B E D50/350
Iz, 1)+ ED5S0 (hypoxia)/ED50 (Air) # 2.7
L, JERRGRETIRL50TH HOIH L, cysteine
1.2mg/ g P Gff T 1.36k fgote, Z ooz &k
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%?aﬁmfﬁaﬁ
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BILEFE b, Lich2TL D50 E L,
R8s HHE ToRERILSL o L & L.
& T cysteine 0.8mg/kgfht -4 30471 ALy Haht

HEREZHRMHMREEMTE Mok F75

LD s0/8 of animals treated
or not treated with cysteine.

" Pa¢

N TR ]
20|

% mortality

60
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40|
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201
10
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1 2 3 4
X-Ray dose krad

Fig. 3. Effect of cysteine on mortality of whole
body-irradiated C3,JHe mice in 8 days alter the
treatment.

Table 2, Cysteine was administerd intraperitone-
ally at 30minntes before whole body irradiation.

cysteine | X-ray B [pre——i
(mg/g) | condition LD 50/ B DRE

15 IO (1450 1580) 1

0 air

0.8 air

1970 (18?0 208[]) l. 30

K 1T et~ v AD L D50/ 8 ik 1970rad ¢, JE
&5ﬁmwmmdmm&ﬁummmot"ch5
D IEEDDRFERDD L1.26THoA (Fig.
3, Table2).
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2y b L. &R Fig 4 R < TR
lfm“mwwfi%wﬁ“&$m¢#MW&@
[EiL, cysteine JlodA54ECH) B3, WXEE 2
7 7 LCHBERMNIE VLo L d ThHOok. ik
SR BRI L, A A H AL cysteine  fi

ERieTtwshd e, 2o T1 cysteine Djj
SRR R IR BT,
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[T}
=
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E' of animals treated or not treated with cysteine.
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CONTROL
5

1 2 3 DOSE: x krap

Fig. 4. Mean survival time after whole body
irradiation of X-ray of treated mice is prolon-
ged than control mice in each dose.
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cysteine J2 i fECIIIAN305 i, /rHIlAGECLk
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iGHRiL Fig. 5, Table 3 127R3 2 & { T, cysteine
BGHEO T R TS50 e GO Zhuc [, 1 [a]
WG COLBIR L, BRI R0 b B s,

5 [ulgrE g Tt iafitiz LA B bR
oo WM, 2850 FIASE T T R TS50 R
MTI5.9H THH DL L, cysteine fyEFETiL
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TUMOR REGROWTH TIME : CYSTEINE

BOO(AIR) % 6 4000 (AIR)

o5 4000 (HYPOXIA) —‘

g
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e
& 40 k !fb
g ' / 7/ :
E 2
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o
. ! /é
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: | @ G
“‘"‘1'6"?5.‘5&% B 1 L
cays after irradiation
Fig. 5. Animal tumors were irradiated with a

single dose of 4000rad under air-breathing condi-
tion (A) or under local hypoxia (B) or with five
daily doses with under air breathing conditions
(C) Tumors were treated with cysteine 30 mi-
nutes before irradiation (+) or not treated (—).

Table 3. TRT 50 means time required for half the
irradiated tumors to regrow to the initial volume
after irradiation with qrsteine‘.

[ Xy |

X.ray | cysteine

Koy | | TRT-50(35% C.L.)| DRF nnm w |
| (rads) | coudlmn (mf’u) (day-) (days) | (rads) ‘
[ 4000 aic 0| 159(14?—” 3 ]
| — ] I 1.47 1.22 |
| 4000 air 08 | 10.8(9.9-1L.9) ]
[ 4000 | hyposie 0 | u4s(la? 16.2) | |

—r—— | 138 | 118 |
! 4000 | hypoxie | 08 | mﬁ(mn 1.2) |
| #00x5 air 0 | 160(155-16.6) i

- [ S— _I lm 1‘0!1

| 80x5 | air 08 | 148(45-150 | [ |
* #* See text in detail.

D IESEHLER IS 2B ks L ) BE 1o hypoxia
CLLph e g ot
RSN X5 T R TS50 #EEETI6.0H THh 5

Fragt
—Jj 800rad il 5 [g]

DI L, cysteine By H5ECi314.8H (DR FiX

1.08) &7eh,

i,

1 [EIfSHCE L

, BIKIIFEA TR

LA o I B3 % e, Bh5% T R T50
JJII%, Hﬁ“‘zi%{ik LT3 Lichs, IEHfHne
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TUMOR REGROWTH TIME : MPG

l 800(AIRIX 5

4000(AIR)

g5 4000(HYPOXIA]

90, - pl+

30|
70
60
50
40
30|

20!

cumm o/o

10

5 | ' W )
20 30 20 30 20 30

_ days after irradiation
Fig. 6. Animal tumors were irradiated with single
dose of 4000rad under air-breathing condition(A)
or under local hypoxia (B) or with five daily
doses with under air-breathing condition(C). Tu-
mors were treated with MPG 30 minutes before
iriradiation (+) or not treated (—).

TRT-50 vs DOSE C3H MCa
300
b /
$ 70
E 50
m-

0 7 2 3 r 3 6
DOSE; x krad

T'ig. 7. Relationship between irradiation dose of
a C3H/He mouse mammary carcinoma.

Pz xR L (Fig. 7) £hXEDTR
T50%FCIRIE Lic, £ LCr ool & L
TDRFxEDL LA, 5T B LU 4 O

{c DRF (dose) & LCisd o k< ¢, cysteine
0.8mg/ g DIFHIC X B F T BETE T B 5\ ik
hypoxia "F4,000rad 1 [BI#ff Tik-zihZhl.22,

HAEZEHNRE MR Bk BT75

1.18 TH b, 800rad5 Hiftlg; Tix1.04& 7k
gy reil

3. MEMSRCHE S OMP G O R,
KICMP GEJH, R FESIEGHC ST L & o
55 leBha R T hvE cysteine PRI & R BRD
JEBC X D Lic. J) b MEIPIRTT B %\
hypoxia N C, 4,000rad o> 1 @S2 1T 5 B,
300rad i ifiF 5[], 245 IS TR L.
M P Gk cysteine [iiffE, WAG307) i ffE
e A B ol

Table 4. TRT-50 means time required for half

the irradiated tumors to regrowto the initial vo-
lume after irradiation with cysteine.

Ty | Xoray | cysteine | TRT-50(95% C.L.)| DRF* | DRF**
((du-c) | condlllon | (malg) (days) (days) 1rad',)
w00 | ar | 0 | 24200-240
e SR 119 | 110
| 4!1]] | air 20 | 1&{! (17.6—20. (}J
| N aLi0; I
_.."“n_l_*“ﬂ"_"_.'“_ L ® 3019.3-215) | Lo | 1w
100 | hypovia | 20 | 187 (180-195)|
500x5| air 0 | 1860 1-19.D)
= s - 0.97 | 0.9
500%5|  air | 19108120 | i

# #% See text in detail.

oy Fig. 6, Table 4 127392 & £ €, 4%,
MR o4,0000ad 1 [AIRASE LA, SEIARE @
TRTwmﬁﬁHfﬁﬁtkabm MP G,
20mg/ g Py YRECUE18.8 H & Riff HY SR Bt
TRTS50DHTHRIDRFIX1.19THok. i
hypoxia “F 12T 4,000rad 1 [nl40; U7z W, 560
B, 3o LORPREO T R TS0 2R F 12050 3
Y 018.7H, DRFILL.09TH D f=. —Jf 800
rad jliH 5 [@5EIHESHC X % T R T 500k i f s
LOMP GEEFCTHRFRIS.6HI L'19.1H
(DR F0.97) TEHOMICHEHIED LR,
“7z. cysteine [FEEICHE RIS L DRF (dose)
AR HE, MPG, 20mg/g OG-, 2&T
W Fdh A3, hypoxia T | nlBEASE L AziE L
Fh1.10, 1.03TH b, /EIESTIR0.99& e

e

v. 5 =
Patt?2028 = I 5T cysteine @ fir S a6h
AU B X, &1, BacgP¥® o X ) cystea-
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mine (MEA) {i% & BT 7eBhié i o & %

T EMFERENTLER, BAHRP#ERIE LTS H
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Xio. FO—JTE S H{IEAHEUS DO L oh o
HEHNC b FHRBT M ERI DO 5 & L p% in vitro,
in vivo OFFEEE MO T E LD s
i % HiEH A e b O JEHERTE O R R R
FILX S LT B oD OB ST L, %
D 12k b & OFFIH RGN { DK
Lz kL bl in vive TREEEH 2R &
ETHoI. TP L, AT MPG (2-
Mercaptopropionylglycine)#118308D > WR-2721
(5-2(3-aminopropylamino]) ethylphosphorathioate)
51)55)56)57)58)50) & v Oﬁ:a‘gf pj L \ ‘J%“E@ﬁﬂ yj‘; Bﬁ;ﬁ é
NDHZ LWL oT o OS5 RS bk T
% BiEHIORIRE I LTD4 1 2 OREA
&, CThXAEREERO 207 o8, AR L
THRIEIFRLR L, Hataiissko RiNTH
B R A A LD B D TCiRIs\ kv d &
LChh. METIE, BidIIERRGRO 2y
JESHREESE X b B L, MRS L Tia ]
F ORI, b Lo T Th Fhdd
B2 X Db oThHDH T
EpEE L, %, differential protection @
BEN %0 2 & DRI O K i itk it h
EiebitweEzbhb. £ T OMBERCE
LC, &k~ Dol EiRii e S %
EME I _

Box OEGRER Y, EFAA & AL & 2%
HLTx Lo e, {l2iE cysteine 0.8mg/g %
BG% w Je S R T 1 (IS LR, B o
DR F#1.22TH27=0H L, ERH#EA T
EffE (ED50) *iEBié LI2DR FIL1.36,
e (L D50) wFEs Liz2hudl.30T, 1L
HRLARC R LT X 0B R 2R Lic. Eic
MP G oWTHD &, 2SR 1 [EIHESHE O
DR Fix, 20mg/g D #H5HETLINTT Eieho
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