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Action of Aminoethylisothiuroneum«HBr(AET)
—Distribution of Radioactivity following AET-3S administration

and Optimum Administration Time of AET—,

Hitoshi Katayama. M.D.
Dept. of Radiology. Faculty of Medicine, Kyushu University
(Director: Prof. H. Irie)

In these series of experiments, the action of AET has been studied on the basis of two points. The
first is the distribution of the radioactivity following the administration of AET-35S in tumor bearing
mice and rats, and the second is the optimum administration time of AET.

The results obtained are as follows:

1) The distribution of the radioactivity was maximum at 30 minutes after AET-35S administration
almost in all of organs; i.e. the kidneys, the spleen, the liver, the large intestine, the sternum, the
femur, and the testes in decreasing order.

The temporal change of the distribution was also studied and it was found more distinct in the
intraperiotoneal administration thann in the subcutaneous adrninistration.

2) The tumors showed the lowest radioactivity.

3) The radioactivity in blood and ascites is higher in the fluid component than in cell component.

4) The radioactivity of the bone marrow of the femur was obtained by calculation from experi-
mental data and it was found that this was not as low as in the cortex of the femur.

5) The optimum administration time of AET was 30 minutes before irradiation by corrected

administration time (the time between administration and the median irradiation time).
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Table 1 Experimental data for evaluation

of technic, employed for preparing sa-
mples in these series of experiments.

cpm cpm cpm

Group I | 221447 | 2337448 | 2305+48

Group IT | 2226-£47 | 2134446 | 2294448
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HEY:  RAREES~OREN ST 2 4 55y
BRI E L7
LR
T—) Y Y b EEE 7 R EARBREE TR
FEM LTI 1000 X 10mmb2 85 L7 b o1z AET-
35S 6.0mg (Tue) % 0.5ced P AZER AN &
L RIS 2 1707, FOMERFEIE 3
FE 2/ TR TH By, —BES LT
=27z,
AL
RERRT LROEY TH B (FE2)
Table 2 The distribution of **S (cpm/mg)
in mice transplanted Ehrlich ascites

tumor subcutaneously after intraperit-
oneal administration of AET -*8S.

T~ UM€ y0min | 30min | 60min

lorgans | (cPm/mg)| (cpm/mg)| (cpm/mg)
liver 5.52+ 0.8/ 6.6+ 0.4 4.3% 0.3
spleen 3.79-+0.23| 6.5+ 0.6/ 4.0+ 0.7
kidneys 8.3+ 1.1)12.84+ 1.9 6.3+ 1.0

large intestine| 5.1+ 0.6/ 5.9+ 0.3| 5.4+ 0.3
fernur 1.7+ 0.3 3.3+ 0.2| 1.7+ 0.7
testes 3.0+ 0.2/ 4.0+ 0.2 2.3+ 0.6
tumor 1.6+ 0.1/ 2.1+ 0.3/ 2.1+ 0.2

BT X 1054% ¢ 8.3cpm/mg 30435 ¢ 12.8
cpm/mg 60435 T 6.3cpm/mg kLD ¥ DiEs
PEREWEZTLTWS, Zhiz K L T g

1.6, 2.1, 2.1:{EbdEIDICELTN3B,
SHETELIZBEE T34 b, HE23F, B X
ETh B3 NKEER, S|, EHLEsTA3
DI ARG B, REEIELIZFA A & D ISR T30
S —7 3.

ChEF 77 7IORT RO B (K1)

D2 AETSS 3l F#E& L84

HE) BEEOERLGHEET INENT S
ZHEEEE LI

SRRk

T—A Y v e EEE Y~ RAABEE T
i L TE S 10mm X 10mmi2 3 L7= b D1z AET-
S 6.0mg (Scu) % 0.5ceDHEH FAZEEALT &
L ORI E L7z, S+ Ak 3
FEE 2 THREY TH B, 1S LT

AR SRS S H25% Hoy

Fig.1 The distribution of the radioactivity(2%3)
after intraperitoneal administration of
AET-**S in mice transplanted Ehrlich
ascites tumor subcutaneously. The colu-
mns indicate the radioactivity at 10, 30
and 60minutes, in order after the admi-
nistration of AET-*S.

CP of el ]

tissue
10.0

T

ill

Liver  Spleen Kidngs Large  Femur Testes  Tumor
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Table 3 The distribution of *$ (cpm/mg)
in mice transplanted Ehrlich ascites tu-
mor subcutaneously, after subcutanecus
administration of AET-*S,

\ time 10 min

—~ | 30 min | 60 min
organs | (cPm/mg)| (cpm/mg)| (cpm/wg)
liver 1.9+ 0.5 4.74 1.2] 4.0+ 1.4
spleen 1.14 0.8 4.34- 1.5] 1.7+ 0.9
kidneys 4.4+ 1.2 7.84- 2.7/ 5.8+ 1.1
large intestine| 1.6+ 0.8 4.94 1.9 4.2+ 0.9
femur 0.64 0.5 0.94 0.5/ 0.9+ 0.3
| testes 0.44 0.1) 0.94 0.5 1.2+ 0.6
| tumor 0.3+ 0.2/ 1.34- 0.8 1.5 0.6
7=.
RS

EREFRT EROTY TH B, (F3)

Iy, AETSSS B515104, 304, XKUF604
T T 4.4, 7.8, 5.8 (cpm/mg) kLD X0
iR D REARMEZRLTV3, B2E1 74
V202, B, KBS, KBRS, S4LKU

EEA~DHEIDCR Z N BEIERRE L 7-E

LERTH 5. RRNARLSEE, SHLERCT

BEH0STY —7 3R LT

ZhERCRT EROML 3. (K2)
H2TH HRTHFHEEZRZ LT Y FICAETS
¥ EREARE L 5E
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Fig.2 The distribution of the radioactivity(®sS)
after subcutaneous administration of AE
T-*S in mice transplanted Ehrlich ascites
tumor subcutaneously. The columns indi-
cate the radioactivity at 10, 30 and 60
minutes, in order after the administra-
tion of AET-*S,

e

Liver Spleen Kidneys Large Femur Testes Tumor
Intestine

CPYmg. of
wet: tissue
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50

BEY B0 REEOFEOE VRS
TR 2 B E o0 L b,
SRR
VAR —FREM: S v S OAKBE T EHE
FEZFRE L, 12 s 15mX15micBEL 72 b D 12
AET-%S 15mg (7.2uc) % 1.0cchH:4d Ak
W& LTHBRES 21707, Fofinkiks
BT IEE 2 TAhRRAEY TH S, &, 1B
5 ILT{Fo7-.
ot
MRLZFRT L ROBEY TH B, (FE4)
A%, AETSS #5104, 304K 604
Table £ The distribution of *S (cpm/mg)
in rats transplanted Yoshida sarcoma

subcutaneously, after intraperitoneal
administration of AET-*S.

time

10 min 30 min 60 min
organs | (cpm/mg)| (cpm/mg)| (cpm/mg)
liver 2.7+ 0.9 7.6:£ 1.8/ 4.5+ 2.6
spleen 8.9+ 8.320.5:& 2.917.5+ 6.3
kidneys 31.94 8.7(36.2-+12.5(20.9+ 4.1
large intestine|23.6+14.3/21.3-+ 6.1/20.8+ 3.6
femur 7.3+ 1.410.1+ 2.2| 7.2+ 3.5
sternum 11.3+ 2.3} 9.2+ 7.3 9.8+ 6.2
testes 2.6+ 0.5[11.6-k 3.7 3.8+ 1.5
tumor 1,94 1.4/3.4-+ 1.7/ 1.9+ 1.3
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1B C31.9, 36.2, 20.9(cpm/mg) rHFAEZ R
L& TARE, Mg\, FFeik 2.7, 7.6, 4.5
(cpm/mg) & HgyDnorz. HFHETRE T
L9, 3.4, 1.9rF{EfEERL7. XET
BRGNS TR TABET LV AT ZEERL
7‘; . REREAVZELE A B L BEH30S TREM Z R
TR S B, KEERURE T2104 CREE
FRLTB VMO L s BRI LT3,
INEERICRT LD S, (K3)
Fig.3 The distribution of the radioactivity(®sS)
after intraperitoneal administration of
AET-*#S, in rats transplanted Yoshida
sarcoma subcutaneously. The columns
indicate the distribution at 10,30 and 60

minutes, in order after the administration
of AET-*S.
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FIZRRANZ & LT LTS L. B
Bz 1BESLTH 3.
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DAHELTRROSHE Lb 7.
FOMOEETHLEE 3 T 2 i TR/
TH 5.
R
RERZFRRT LROEY (£5) TH AR,
AET-3S 8514104, 304, KU 6054 THETIX
10.0, 9.9% U 6.1 (cpm/mg) LB KE LIEZ
Table 5 The distribution of *S (cpm/mg)
in mice transplanted Ehrlich ascites

tumor intraperitoneally, after subcuta-
neous administration of AET-¥S.

T~ tmel 45 in | 30 min | 60 min
(cpm/mg)| (cpm/mg)| (cpm/mg)

organs

liver 5.1+ 0.9/ 5.1+ 0.5 4.7+ 0.2
spleen 6.4+ 0.6/ 6.7+ 1.1| 4.5+ 0.3
kidneys  [10.0+ 0.7] 9.9+ 1.2 6.1% 1.0
large intestine| 5.14 0.8 5.6+ 0.8 4.2+ 0.2
testes 1.3+ 0.5 1.54 0.3 2.1+ 0.5
femur 2.8+ 0.2/ 3.1+ 0.5/ 2.1+ 0.2

Table 6 The distribution of *S (cpm/mg)
in two ascites components.

"“‘H time

10 min | 30 min | 60 min
c,,mpc,nen\ (cpm/mg)| (cpm/mg)| (cpm/mg)
fluid
component 1.4+ 0.1) 1.6+ 0.4] 1.6+ 0.6
cell
component 0.5+ 0.2/ 0.84 0.2| 1.1+ 0.3

Fig.4 The distribution of the radioctivity (*S)
after subcutaneous administration of
AET-*S, in mice transplanted Ehrlich
ascites tumor intraperitoneally. The colu-
mns indicate the distribution at 10, 30
and 60 minutes, in order after the admi-
nistration of AET-%5.
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Table 7 The distribution of ¥S in two
blood components of mice after intra-
peritoneal administration of AET-%S.

T timel 10 min | 30 min | 60 min
components | (cPm/me)| (cpm/me)| (cpm/mg)

fluid :
A bonent [0+ 81:0. 17]0. 96:0.12(0. 79:£0. 17

cell g A
component 0. 28-+0. 16/0. 30+0. 19/0. 26 0. 14

Table 8 The distribution of *S in two
blood components of mice after subcu-
taneous administration of AET-*S.

T tme[ 15 min | 30 min ‘ 60 min

componente ™~ (cPm/cg)| (cpm/mg)| (cpm/me)

fuid :
B onent |0 61:£0. 231. 2350 430. 85:£0. 21

cell .
Somponent |0- 38%0. 140. 46:£0. 13l0. 4240, 24‘

Fig.5 The distribution of the radioactivity(**S)
after the administration of AET-*S. The
columns indicate the radioactivity at 10,
30 and 60 minutes, in order after the
administration of AET-*S.
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wet tissue
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Table 9 Weight ratio of bone marrow to
cortex of femnur in mice.

Sy _(_:_ox_nppnents (\;\:feiggge (mg) weight (mg) .
No.of mouse \|marrow of cortex
1 4 41 0.1
I 2 6 40 0.15
3 5 a5 0.14
4 [ 43 0.14
5 4 35 0.11

Table 10 Radioactivity ratio of bone ma-
rrow to cortex of femur in mice.

‘\f,_”ilf_?fjfents (cpra/mg) of|(cpm/mg) of| o
NoNot o bone marrow|cortex 8
1 352 357 0.99
2 345 351 0.98
3 370 325 1. 07
4 363 381 0.95
5 365 377 0.97
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605D 3 & TEIDFRER U GRS 15 >
Lh30GTE—7 2 RTHDOREnD. IhE
RN A B LR, IF, MEUKRECS SN,
KBEE R UKE CRiiE L TP VER 2R L
7=, EEAMEEA~OSEEEEE R L. R
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(Corrected Administration Time=Time between’ i

Administration of protective agent and mid-
point of Irradiation time.)

Corrected Administration time .
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" administration time : ;
Administration Start End
of of of
Protective agent Irradiation Trradiation:
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1 Fi TR~ 7= AR 2 B A 7= JRATHTRS
AP SR (L RERESRMED) T<Y X030
HAA#R 7 i, #930540 A E T#5 0 B C60
%30 HAEFFR L 13 ) REBRPIREOME TR LT
3. T80, 0458185 O 40% T &

1957 2070fRETHE & 5 SIS IRAERC D\ TATE D, 1045808 5D35% LFE-Tw5.  (F11]
Table 11 Thirty days survival rate after 700r total body irradiation in
mice, treated by AET.

Corrected administr- 940" 14°40" 2940 3940 49°40""
ation time (10") (20") (30" 40" (50"
Survival rate of .
19'20" irradiated mice 3/10 2/10 6/10 4/10 2/10
Corrected administr- 2'39" 1239 22'39" 32'39"" 4239
ation time (0" (10" (20") (30" (40"
Survival rate of 518" 3
trradiated mice 2/10 4/10 6/10 6/10 4/10

Total 2/10 7/20 8/20 12/20 8/20 2/10

(20%) (35%) (40%) (60%) (40%) (20%)

SRz _LRCOAFER D RIS O B AR PR %
REBRLTw33 D LB NEROBIRYE2 (K
6).

Fig.6 Effective concentration curve of AET.

e

e N

0 20 3 45
Corrected administration time

IR

30days survival rate after 700r total
body irradiation in mice AET-treated

wAF AN

A B T Ci3flEB G TR0 07T 2 i
LReflTdh 3.

F4E BELVCER

AET38 #5480 $S DOEASHIZOVTD
R ERRD L O’Gara® Dy DRH 30 &%
RERZEIEH T h—E L-BERE R LT,
BEL, FRAIDEER~ D S SMIIARER 213 v —FK
LT3, Bi%, ZREEIRENC 35S 24 2 s -
LUCH, B, BMEUCERET T, BTFEERCIE

Bl ERRT B, T OISO AR
LIFRRTH 5.

b phAEH O Az 2 Tt Hans?®), Peter?)
X ) Friedlich®) #:53-Cystamine 120\~ T
TWaR, ZhEDOHED IS 5B AETOZ
NELTW3, ZhafBEERLT W 3 72 b
I, TR ETFRD B L OB IIF R R
RiZabmr#Ez 3.

HFEOAEMEN AE T O P52 45 L
TR, 2, BOHRZEDRLT LS EE
DEBITHE T 5 BS DA 0BG L
ZoTHbA T,

X, FEMREREE (=—1 Y veiE) 0l
BEHM CXARMGT & phiAIRS (AET28T)
TERHR 2487 2 L 3ERCR 2, ik E ok
B & U IR~ & i B 5 R BRAT A - DBY
PRCEEZEEARA T il o PR A o g
RUEL 2 D7D KO TR EFIRGE L 2 o7
LT B, AKER T AET-5S 8 E5HB0E
~D BS DL % A D L RARE R R LD
AT — B T B,

B8 4376 D REREAZ 1x AET-35S # 5151045,
304r, 6043 3 B TH:=M304 T —7 #5375
BRENPD, ZhEHET 3HCAETORE
B LR 35 2 4 23 ERE L 7o RIF B S 00 ST



134

BREARIS04 & Z5 5 e —B ¥ B HEmR 8 b 72 h
3.
RICHRERTB T AE T O & RS E
WM 2B AR TAL % (AL @HERS
Kefil) FRASBEAARTS0S & =5 5 i3 187-. Lan-
gendorff et al®® x5 v 5 % i A B T 30mgfigps
P 5-10435550r &5 RS L C4 i 770289
WXL T66%DEHFR BTN 3, RHDIZ<Y

AZHWTERLTC28F U AR THE5#10
STRE L7 b D TRIBCEFREETN 3.
L. BRHBOPRFEDIZAR T O <7 2L FHEIE
oDz (LDso 9.7mg/208 =7 R) % MBS
B304 T 700r 2L LT5%DEMER B TA
ET CIHEFI0MBRET 20ORRKEATH B &
WEL T3, ZORCRETT04ThE04 5 B
WET B DR,

BEL, FEH MR & Mz R BH A
Gz, #hiThIvERCARLATV R
207 I FEREI L MR B I N B E DL
L, $B3FE 1R BRE L VBRI T
DR+ /2 R 2 RS RGER SRR & L7,

& ZITME GIz0 EEER & T\, FRIERESRR
23204 Th BRI BRET 3088 b By &
W& L.

SEIZAE T2 & 528 2 17 IS ReH 8
304 & 7z BIRA RIS RWAEFRE R LR
Th 50, MEGH204%, AETHR0454EES R
MD2IZAETHAME G & 722 TR CBL#EH
#7257 £ =5 Oak Ridge National Laboratory
DEEOM { AET—ME G ® transguanylation
WCBIRA B B0 TkA NS S » & ¥ % %. Critical
organ t LTWA W33 5725 358 AET-5S ¢
WA T304 T —7 #5R L= iz 2 RES
TR Z 5 633 30 EEIbhB L, A
E T8RS DOHAEE L #2230
BMEGOHEDENE ESTEF VLTS Hix
LIREBEALND. 1, BEO30SEES F—5 ik
ILRAMEIEE AR TW R VR, BOBAR
KA, 304 % UR9043 O I TR o HifE 23
DA A~ TIER R & s sk 72
U, ;

AARE AR 3R 258 $2%

5% AET-*S &Rt

FEBETHAETRU AET5S n&mkiz
FUASREEE (I OEI%) ®0 CfFbhi- b DTA
ETOBFRCBBRIE®REV 70w 757 4
—I2Xot (BS TIRNINS: FAREI VLS
B .

B6E B ®

AETSS 32 8ELGFEO=Y ZAR S 505
2B BRERER S (RINAME R A E T O R
IO EEBR 1T, RO 2487,

1) AET-5S #5550 56 454 % % B &
3 L1040, 304K U6045D 3 M TR E A BT~
TOEAR TS TREEEZ R L. B, ks
b=y 20PA (AET-5S B F#4) 1210
o & 303 DR A& A3 D7,

2) BEERENC A B & S SARIIENC A T,
[, KEERZhck®, 4, KEEE, RE~0
BAEAD,

3) ERETELS (=—1LY v TR,
HEHETRIE) ~0 %S 543 ETH 3.

4) B TO4E B 4 < RS A

5) I COLSAMIIMIFITLE S, mIREks 4

6) ‘HHE~OLTIIATH B,

7 AETOHEEINz> W2 0E S FE
RERFH 305 TH DR KM AFERE TH 3.

FEST 2Bl b, FHEEERE R B AL
EBRCBEL UBLETS L, B OoMETY
ot U A 0 8, MEEEcRBoger
L ¥,

EWLOBETN I, SMEAEMHBEEE S cRHE
L=,

(AMERLBEHEMRBRICL L 0T HIWRH
BLTRHBELET.)

= 7

1) Patt H.M. et al.: Cysteine Protection aga-
inst x-irradiation. Science 110,213, 1949,

2) H. Langendorff, R. Koch: Untersuchungen
iiber einen biologischen Strahlenschutz. St-
rahlentherapie 95, 238, 1954.

3) H. Langendorff, R. Koch: Untersuchungen

— 34 —



mRFnd04E 5 H25 |

iiber einen biologischen Strahlenschutz. St-
rahlentherapie 98, 245, 1955,

4) Brron E.S.G.: The effect of ionizing radia-
tion on some systems of biological impor-
tance. Symposium on Radiology. Editor J.J.
Nickson p. 216.

'5) Z.M. Bacq: Fundamentals of Radiology
Academic Press N.Y. 1855.

) A. Hollender: Fundamental aspects of ra-
diation protection from microbiological part
of view. Physical Revs. 33, 77, 1956.

7y A. Pihl: Studies on the mechanism of pro-
tection against ionizing radiation by com-
pounds of the cysteamine cysteine group.
In advance in Radiology 1957,

:8) A.Pihl: On the mode of action of x-ray
protective agent. J. Biol. chem. 227, 339—
345, 1957.

‘9) R. Shapiro et al.: Chemical protection aga-
inst ijonizing radiation. Rad. Research. 7: 22,
1957,

10) Kb, FA, HA : BB R oL kREY
WM OEE, E¥o @k, 36, No. 6

305—306, 1960,

11) B, A, EA 0 EATE B o A R =
WiF# 5 M oge, MEG-HBr % ¢t MEG-
1, H,80, w-o\vT, HE#HE 21%, 8F,
773,1961.

12) H. Langendorff et al.: Untersuchungen
iiber einen biologischen Strahlenschutz.
Strahlentberapie. 108, 57, 1957.

13) BIEE  FAFHE o BT MER S B
THERITE, ARKE, 19%, 1%, 73—
92, 1959,

14) agERE: vy r VB B TIEFETRGE
LB o B, W ET M, 49%, 6
-, 1435—1457, 1958.

15) R)ilynh « Fadspra e Al M+ %
HERMPFTE, WA EF Mk, 49%, 64, 1186
—1197, 1958.

16) HIEEF : BN R oA 3 5 X#EER
chEdo@EoBEflicovToRBRNDIR, H
Bk, 23%, 1%, 1,1963.

‘17) Irie H. et al Influence of the Radiation pro-
tective agents on the Therapeutical Effects
of Radiations for malignant tissue. Chemo-
therapia. Vol 3, 176—188, 1961,

18) WA EIF + ¥ O EE A AET, ACT trans
Foo ACT cis B+ 5 KERMOBIZ, HERE,
193, 124, 29—58. 1960,

19) Roy L. Mundy, Melvin H. Heiffer & Howa-
rd C Leifheit. Blood and Urine Sulfhydryl
and Disulfide Levels after Large Doses of
Beta-Mercaptoethylamine (MEA) or Cysta-

mine. Rad. Research. 14, 421—425, 1961,

— 35 —

13

20) E. Anne, Dickens & B. Shapiro. The mecha-
nism of Action of AET II The interaction
between proteins and 2-mercaptoethylgua-
nidine and Bis (2-guanidoethyl) Disulfide
in Aqueous Solutions. Rad Researchld, 308
—322,1961.

21) E.P. Conte & C.S. Meville Jr.: Tracer
study of the phisiology of **s-labeled g-AET
dibromide. U.S.A.F. School of Aviation Me-
dicine Report No. 57 122, July 1857,

22) R.H. Bradfard, R. Shapira & D.G. Doherty:
The Intracellular Distribution and Binding
of Radiation Protective Mercaptoethylgua-
nidine. Intern J. Radiation. Biol 3, 595—
608, 1961.

23) O’ Gara et al.. Tissue Distribution of
Radicactivity following administration of
155 labeled AET in normal and tumor bea-
ring mice. Fed. proc. 18, 429, 1959.

Hans J.H.: Zur Frage des Schutzmechani-
smus der Sulfhydryl-(SH) Substanzen. Stra-
hlentherapie. 108, 73, 1959,

| Peter V.: Die $-35 Verteilung und Auss-
cheidung nach Injektion S-35 markierten
Cystamine bei der Maus. Strahlentherapie.
118, 4, 1962.

K.G. Liining, H. Frélein and A. Nelson:
The Protective Effect of Cysteamine against
Genetic Damage by x-ray in Spermatozoa
from Mice. Rad Research. 14, 813,1961,

Kollmann et B. Shapiro: The mechanism
of action of AET. IV The distribution and
chemical forms of 2-mercaptoethylguani-
dine and Bis (2-guanidoethyl) Disulfide in
protected mice. Rad Research. 18, 17, 1563.

27)

28) il ik ¢ LFRB O fEMEE T 5 E R,
HEE #csk, 234, 2%, 221,1963.
29) 74 v b - 7 RBREW, WIHK, rvy—-72

= o 7, {E¥ofmis, #T, 17, P.100,1955,
AL, B,

30) Langendorff. H.: Untersuchungen iiber ei-
nen biologischen Strahlenschutz IV Stra-
hlentherapie93, 281, 1954,

31) A E{E%, MRB--p: MEGD = v 7 %8RB
WA ovT, AEKE, 204, 25, 346,
1960,

32) Annabelle Cohen B.A.: Effects of AET
and 5H.T on the response of C,H mammary
tumor isografts to irradiation in vivo. Brit.
J. Radiol. vol 35 No. 411, 200, 1962

33) Friedlich Gensicke: Die *s-Verteilung u_
Ausscheidung nach Injektion *s markierten
Cystamine bei der Maus. Strahlentherapie.
118, 4, 561, 1962,



136

34) Kamen M.D.: Isotopic Tracers in Biology
An Introduction to Tracer Methodology
Academic Press Inc. N.Y.

35) Bernord Shapiro et al.: The mechanism
of Action of AET. IV The Distribution and
the chemical forms of MEG and GED in
protected mice. Rad. Research. 18, 17—30,
1963.

36) HIA, /g, IR C RO (H264),
2-(2-Aminoalkyl)-2-thiopseudourea o 3,
ez, 81, 1229, 1¢61.

37) HEZWF ¢ HddE @4 E Chemical prote-
ctor e\, HWAFME, 83 (11), 1015—
1015,

38) Bacq: Protection against x-rays and the-
rapy of radiation sickness with g mercap-
toethylamine. Science 117, 633, 1953. .

39) Baeq: Ein chemischer Schutz gegen Rént-
genstrahlungen. Strahlentherapie. 95, 215,
1954,

40) Bacq: The amines and particulary Cystea-
mine as protectors against roentgen rays
Acta. Radiol. 41, 47, 1954,

41) Bacq: On chemical protection against ioni-
zing radiation. Acta, Radiol. 41, 59, 1954.

42) Langendorff H.: Untersuchungen iiber einen
biologischen Strahlenschutz IV.Strahlenthe-

AR IR 23R 525% w2

rapie. 93, 281, 1954,

43) Langendorff H.: Untersuchungen iiber einen
biologischen Strahlenschutz VIII. Strahlen-
therapie. 95, 238, 1954,

44) Langendorff H.: Untersuchngen iiber einen
biologischen Strahlenschutz IX.Strahlenthe-
rapie. 95, 535, 1954,

45) Langendorff H.: Untersuchungen iiber einen
biologischen Strahlenschutz XIV. Strahlen-
therapie. 99, 567, 1956,

46) Langendorff H.: pg-Aminoisothiuroneum als
peroral wirksame Strahensubstanz. Natur-
wissenschaften. 43, 524, 1956,

47) Doherty D.G. et al.: Protective effect of
S, g-aminoethyl-isothiuroneum bromide hy-
drobromide and related compounds against
x-radiation death in mice Proc. Soc. Exp.
Biol. Med. 89, 312,1956.

48) Kimball AW & Dokerty D.G.: Chemical
protection against ionizing radiation I Rad,
Research. 7,1, 1959,

49) Doherty D.G & Shapira R. Chemical prote-
ction against Ionizing Radiation II Rad.
Research. 7,13, 1957,

50) Symposium on the effects of radiation on
man in the Atomic energy era. 1958 Japan
Science Council.

— 36 —

%.



