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AT X 5 23t (intestinal death)
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Comparative Studies on the Protective Action of the S, 2-aminoethyl-isothiuronium
Br. HBr (AET) and Phenylephrine on the Acute Intestinal Death of Mice

by
Haruo Nakatsuka and Yoshinori Fukui

Department of Radiology, School of Medicine, Osaka City University
(Director: Prof. Moriji Fujino)

Comparative studies on the protective action of the AET and phenylephrine against partial body
irradiation of mice were studied.

The phenylephrine offered less protective effect on the acute intestinal death of abdomen irradiated
mice as compared with that of AET. On the contraly, the phenylephrine and AET produced same
degree of protective effect against irradiation of the abdomen shielded mice. The difference of this two
compounds in the degree of protective activity suggest that phenylephrine and AET act via different
pathway. The phenylephrine may produce a protective activity by means of tissue anoxia caused by
vaso-constriction. And the phenylephrine may produce a greater degree of anoxia in the bone marrow

and spleen than in the small intestine.

FLoHI 72954 (1,000R~ 1,0000R ) OBIESEDEHE

JEER DRSO D TR L BHREEIC L2 L AR Eh, ZOEDE—F

7= DL 191248 Regaud, Nogier JL1f Lacassagne?® VX2 EIGSE (acute intestinal death) FF&2 4%
THot. [ O SRR OB ERIEHE Eo7.

DO ESHEDOENZ ERERTHS 5 T 243, vk AR v A2 B LA ARG 00 B BIFES)
Z OHHMEEORER (AR, Wik, K&, kv BphEiEh Ao e . phenylephrine

THZ E) BEEAHERZET 32 & b L HEH % naphazoline o X 3 iz LR 25 55 <
ENBLIATHD. FOWHEHL DAROPIEE T, MAPIRRTE R 2388 <, Las b Btk & 2 kAl
T Lo THSRT & B I A B RS I DR ROER 2 Z L ¥ HE L. SEOER
DR 2 b A TEIEEROERD —> LER BT, MASIUREHRI @ intestinal death }z 333
D LN BIWTED. BECARE L EOsg R 2 5E L LBE#ERI A > & bone marrow death 7p ¥ L E

_.1—.
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TeRuogE L ORETT 2 BRIV T, BRI <Y 2
S AREHSR A Lz, 4B, BMERCE
TAGMRIER E LT, IR L Caa Ryt
1o = Y 2547 BRHEI RO W T O #E
L7z, Akl oot & LT phenylephrine 3
v, s HIEAEOMRFEL LT AET (S, 2-ami-
noethyl-isothiuronium Br HBr) # F\~, FEH#E
5% B9 5 & Bbh 2 A ORFRED S # B —
BRI BRRET L 7.
BIRAiE

EMT : dd By—R~<7 X SHKRHE18 € #ifk.
XM B 2 Bhc s, —BRCBEE
Rgt #1740, o —EaaInc R LT
oD DL B #7227, T A & FREE
FriCAROBmO_Fc@EE L, EERGOBAC
X, BRI RPMRERE, TRKREIMZR L 0
MzEIH L, fliofa 28tk (E& 4mm) 12T
W LTRSS L7e. Bioo@htiic & 2 3ReRI # 6
T 5ENT, X#HREZT, HEEFORES
BENHFRIZD D, Lr D RUNELSSRE DN
CRHBRIZEI AW ST L. s
RSB L iz _EERo0 1L 0 &30 % gt
VO Lo 12 3§ LT s RET #1740
72 BB, FEBICB VTV 2D EERIHO
i LIRS ER 0L EREL TAH 5 &,
R D Bk &E 034% £ 2 THD
7o, XERSHICE BT X 200E0REEESF
¥ SR ME, ZYEE 200KV, Z
FHE20 mA, AT Cu 0.5mm+Al 0. 5mm, 4
J& Cu 1.08mm, FZR§ferifHlEERESOCn, #EhMm
S30R THOTs.

A E Tix BAHHE + v, ECEL T,
F OFEH R T NaOH 2 in X THYE LT Hw
2. SUA—PLIzoFAETS5ME% 0.5ml D%
BT L, MEF104H1HIC B FESS L7z, phenyle-
phrine X AULTIEIO X F ¥ 2 ¥ ¥ 2 Blv. 0

0. 1mg Ak THF LT 0.5ml oF&EIZLT
JRF 104 BB T FE FYESE L 7.

FRYNFESRI105 5 HE 12 IS 1, 000R,,
1,200R, 1,500R %, J&iekimsd12131,200R,
1,500R, 2,000R Dfgss #4772 07z. M4H30HE
ez b, —IRRE, KE, EFRPHBHF L.

2

BAE FBAHR S CHRE  W26% W59
BRI KOG 2058+ —FE & LT 2 [ iz
2o TUTabhiz. fHE & fHEHE < 100TA A
L, foBbk RO FIgRR 2 5 2 72 B A% &
b —sEdefE T AR TET L, BEYRo
—E LI AT
B 95 R

A BEEPRSECHT 2 A ETRY phenylep-
hrine o BiiliZ it

A E T J; U phenylephrine 506 I #8845} % 4T
ROV AOETREFNIEIRKO S L, 4
FREFW1FzEOZTLTHB, Thabb,1,000R
BLEoRRRN X % 28 Ry 52 <1 3 HIEEDIET
RPBBEP 272D TH DA, BHREEE T 4
~5 HEDLTERIME O EY. T B ET
4 EFEORENE DEELI0E < by ER T FET
TZ230b5H30, FhDUBIDEGAHAEFET LA
W, ARMEIZERT B LS, <7 2 a3 ~
4 HTEHLEUD, TRHPES X5 1n3. 1
ERNEIC B CRMEBFED R Y T % 3 ~
5 BRI KD & 5 THovz. 1,000R R4
DAHDHREETIX 3~ 5 HHIZ BT 241731335
% TaH BN, AETHER TILT5% phenylephri-
ne #ERE TIXT0% DEFR 2R L, RO
R A EDENSE. L20RBHETIE3~5H
iz B 24ERI R B T40%TH Y,
A E THREBTIZT0% T 52> CHH#EHNI #7758
phenylephrine 576 T1340% DAEFH 57T 12
TET, TOBESR I TAA ETDH LN,
1,500 R R4 o T, SHRBE el 3 ~5 A
WAEMIET T 5. AE TR TIX10%04ELE
2% 7759 43, phenylephrine £ 5 1L SR FETS
T3, 20k 3 wESHRESEIRT B & WAl
VIBERESh R ANRIE T B, 30 B AHAE AR TIE,
XTREE, A E TH#48 phenylephrine #5302 5
WU, FFEN L, 000 R A 71310%, 65%, 30
2%, 1,200R JRSEEC1220%, 50%, 20%, 1,500R:
BB TIE 0%, 10%, 0% THo. KEWID
HERMEORIBIRD X 3 Thot. Thbb,
RS Z 07 =y RS EREOMRD &3k L
20~30% O ERE/> L iz 4 ~5 HIZTHETL
oo ETAR, 4~5 HEDFEFHENTBIIOMK
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Fig. 1. Survival curves of mice following abdo-
minal irradiation. The effect of pre-irradiation
treatment by AET or phenylephrine.

HiX 5 B PR L U TDIEEnkEE D BR 2oR
L, 2EMFE B\ TREFFIOMIcEEL, D
BIEIRST OX FRH B O FRBFRIR DR E I 2 7R
TR LDz

B [EEEERST <V 2 T3 AETRY
phenylephrine @ fhHE%, 5
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& — 12008 . N X-ray + phenyleghrine 0.lmg
...... X~ray + AET 5.0mg

———= X-Tay cnly

deys after frradiation

(A
B o= 15008
s===es-- E=12§ + phenylephrine 0.leg
- -—a—-X-ray + AET 5.0mg
{F— ——— Xeray only

e e

survival rats (€)
EJ

—

5 i 1§ £l 15 20

days after Lrraiiation

(B)

€ =-mem Z000R .

100+

wrmmeene X-T8Y + phenylephrine 0,lmg
7 ===+ X~vay + AED 5.0mg
E ———— f~ray only
IS
8
s a0 & £

days after irradiation
q8))

Fig. 2. Survival curves of mice following irra-
diation with abdomen shielded. The effect of
pre-irradiation treatment by AET or phenyle-
phrine.

JEESIRANT R T B R R & LT, s
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Table 1. Survival rate of mice after partial body irradiation. The eflect
of pre-irradiation treatment by AET or phenylephrine.
A) abdomen only irradiated
Percentage survival
Irradiation i § days in 30 days
Dose I
X-ray only I X-ray+AET | X-ray4phen. | X-ray only | X-ray4+-AET | X-ray-+phen.
1000R 35 75 70 10 65 30
1200R 40 70 40 20 50 20
1500R 0 10 0 0 10 0
B) abdomen shielded
Percentage survival
Irradiation . o . -
Dose in fise days | in 30 days
X-ray only ‘ X-ray+AET jX-ray+-phen. X-ray only | X-ray+4ALT | X-ray<phen.
1200R 100 90 95 45 80 70
1500R 100 100 100 0 60 60
2000R 90 | 80 8 0 0 0

BELIRELY 3~5 HoWRZ B 2FETIIFEA
ERDbENLahot, Thbh, FERBIBY
=0 ZOFCORIE 6 HX b 2 R 12b7z
0, B500R~ T700R D4 L REFDFETREII IR
LT3, 2,000R FRHFFAEFETRHL 5 ~
10HEIZ 7= D FETCRERE AR T 5.

1,200R fRSIEED30 H A TERIZ45% T H B 43,
A E T U phenylephrine g3 013 Fh Z2h80
%R UT0% TH Y, WIENIEIZE L2 B
RFED LT,

1500 R JRGFERZ D W Tk TRERZ 28381
201756 LT, AE TJREU phenylephrine #E.¢
WBWTRII60% DAEFRERL, R YEK
NI E S PR RAED b iz,

2,000R JRETEE CIX W REE, A E THREH, phe-
nylephrine 5B LHNBIET L, Zhb oM
FlOBFEEBIFh EHD bR ho7z.

SR RO E R IR L TAHR B &, &
iy 2 BRI b 7o THIREA L, BICIETIC
EBojz, LILAHMNR, L EANEHNII0HE X

VETHERECRIER RSN, 1 7EHBCESTR
2 kRS RIOHE A 72
E =B

R, PHSIER (LDsy) 127\ Wi 04 4R
HE5u-mynygiEEE:EER e LT, 10H~
2 B DL DECIELCT 2. Z 0D E
— ¥ & & #i%E(bone marrow death) : #i3 %, ##
A 1,000R Dz % gs & R4 8 ~ 5 BEICTET
TABINEL 2B, ZOFEDE— FOEEIE
SRR X ZWLEEEIC L 22 L3Sl D ARD
M L W I N B 1], 72 & Zif Quas-
tler™ DEEERIC L hiE, TV 7 OO A5
FHSMCER LT, TOWEEOL RN TS Z
L1 XD, SERETEE & RN 3 ~5 B
FETR LB Z LAk, Osborne?® (1956)
WEhE, Zok S s 3-~5 HEDIET IR/
BD50~80% # JRIF+ 3 Z Lz ko THEBET, #
DEFCVERCET 2 5AHRE b 48 RN & i
BETHolk. 37, £H5MBMNELT, BF0L
FHSMCEN U TER LB e, o
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5% 3~5HEDFETC 2723 LDBanr>
7. Zo k357 1L,000RE FSFIZ L 33~5H
BOFENE-— Vi, ER0 X 5 kBRI LY
HILEFEEL ER TR AA 3 h, AMEESE

(acute intestinal death) £+ bhn B12FE>
7=. Quastler (1956) Ffho Ax OFFRIz L b
Z ¢ intestinal death (3o k S 128551 b h
T3,

1) &RERESE 1,000~ 10,000R DRI X b
05, 10,000R DI _Fiz Kz 32 & brain death \z#4T
T35,

2) FOL4FFHIREH3~5 HTh 3.

3) NEEEERSEOFEHTH B.

4) FREEMELE LT, BREBEOUS AR
PRI R TS 5. T b bR B 04
Tk ARRENRR S h, FORE, BBk
DIEFE R L, MR EEAER L TES A DR
BB, ToOfE, ¥ESBIVERELED
s & DIET T 3 LHRIE A T3,

bhbhid Zmk 37 intestinal death |z344
SRR I > BP9 T 2 B By CREERAT
ZBR #4770\, #7236 intestinal death a4t
L7550 UEARBLHE B9 2 B B CIE R RR
GHEERR 24T oz, ISR SEE BT 2 mt &
L Tt Behrens® mSzBapkfiinis s, Kbizk 3
&, WSS 7w 7 0 LDy 131,025R, [k
BH oG/ LDs i 1,950R & LT3,
Bond® 1z k3L, 5w 7 O RGN o E A - HlE
LT, Fofidt % gram Roentgen |2 TFERT 3
L, RE 2508 D5V FIzowT, Fd LDy i
W Z w7 71220 Ti2 134,000 gram Roentgen fif
g RS 5 Y 7 122 T 13275, 000 gram Roen-
tgen £ A4 T W 7 LD\~ T 175,000 gram Ro-
entgen F3E LT 3. HERHEBEOTED -7
GRS 4~5 BETH Y, FEEFIRIX 4.6~

TABTH D7, HEEERAROIEDO Y — 71
9~12H T, FHEFHINX 9.2~11.THTAH >
7z & LT %, Dunjic, Maisin, Maldague
J U Maisin'® (1960) 1 S L 27V 7
# LDsppo 1 94IR EFEL T 3. bhbho
PR & o T EERINC X 2F7E0E — Fi

5
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4 { intestinal death }» —F L, MRS
bone marrow death ¢ — ¥iz—3 7=,

AET (S,2-aminoethyl isothiuronium Br HBr)
t& cystein, cysteamin F 7»13 gluthation 7 ¥ S-H
2T T B HINMOICERIBEA D 5 b T ey
RERREN, BAFHREHO—o L h T
%, AET 0.2NHCI By 28T, pH 2,512
B\ 2-aminothiazoline nE— 4RI TAH 3,
pPH#Y 3.5~ 5.51274 % & 2-aminothiazoline }
MEG (2-mercaptoethyl guanidine) izp%k & h
%. PH71272 % EME GRME—DAERD & 72 5.
AET 2280 HSH T 5 L % @pHid 4 ~ 4.5%
72 1), £3#C 2-aminothiozoline * M E G DIE-S4)
LT 3. 205 12 AE T 53%1204> 3
% . 2-aminothiazoline X A ET®MEG L b B
TIRGh G, AETRHBERCMERER
Eabiw, IEAE T NaOH 30z T
WLTHWLRZDT, MEGELTOFREA
TWBZ L%, AE TR R
VTS O|ERD B8, BIEER TV
DEDL S BEERR LS.

Catsch® (1957) 1z X IEME A (mercaptoeth-
ylamine) J(f A E Tix3z =7 2 045z
X 3 BOEMA 1 L AR R L,
DRF (Dose Reduction Factor) % 1.4~ 2.5T3
D7z & LT %, Maisin (1961) 12X 3 < ¥ X
DRIz L 5 LDy i ZME A 240mg/kg#i 5.
WX D132BRICHIAL, MEG 152mg/kgi5.c
£ D1425RICHIR L7z 24t LT3, Doherty
KU Burnett'® (1955) 13 A E TH&IZ Lk W &8
J@dhic & 5 LDsojsoday 2500 (DRF=2) ¥ L
DT L LT B,

phenylephrine {3 epinephrine i~y ¥ v 38z
KRN 2 DT B LT, 1EonwT
BB TH B, FER S N AR 2 v

(sympathomimetic amine) D—2TH3., Z0

E AR OB A b 2 2, O
TAERSDR L, MERREEROER L Z 22
BEELEh T3,

FEIDEN 2L & 5~V R DEFEER

12> & phenylephrine, naphazoline, norepineph-
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rine 7z ¥ OBFHESIR ZHIT L, Zh b o mBRE
FNPFHEEEIR 2 A Lo, MEPIEEHERDIBRL, 3
S0 F5iGes 0 £2y~ phenylephrine 7p X124k b
W R 2 B T %38, ARG I b M
BIkEHI O & L C phenylephrine % fiu, i
#4E#Al & L T phenylephrine » § HILHE D
RFE L LTHOAE TO SIS zD &  intestinal
death %fR & L7z & & OBhEISHIR O Hig e &
LTHTDTH 5,

s & B IHLEREE T T 5 SFRIRAI OB
Mz DT, o ¥ L 3 AERRbh 3.
Williams J1f Long?” (1953) /Nyt b Bz
B 43244 2 oREE & L T gluthation DGR #
DT %, Conard® (1954) vk XERHE DO
PR OW> RS & LT gluthation o BL7ES)
HEPEREDT3, Beliles, Kerliakes J&f Krebs?

(1959) 12 7 5 /NGRS D 32U 2 SR & LT
cysteine DELESHI e T 3.

Maisin, Fievez!® J&(f Desaive, Varetto-Deno-
el®(1955) 13 XARFESTIT & B /NBRERE |k fmpa o
SEIGREIEVER .2 EME A DRFHESHR 235 L
Tw%. Maisin, Novelli, Doherty J77f Congd-
n'™ (1960) 1 900R, 1,500R, 2,000R JR4f <™
A OV LS (E, kR E om0 22880
D) 12T 5 AEToRREc>EH5EL,
Wi BRI 055U 2 oREE L L7 L EODRFRE
#92 (2,000R =1, 100R)FDER #5778 L Lz &k
EODREDH2 LHEL T3, Maisin(1960)
bix % 7-1,500R RS~V Z DEEED Na HUK
BEOEBCOWTLERESREFAD T3, b
Wb OERREIC g, EEEimihic s 2
bone marrow death |z L Tix A E'T & phenyl-
ephrine DFFM#ESHE 12 K2 13 horz. LA
2, [EEmETIc & % intestinal death 3¢ L Tk
A E T OB5EEISE 2 7 H BEI g E 7228 ph-
enylephrine M F5HESIHUE B 3 DR T b D7-.
Fr19634F 12 E b Maisin Jrtf Doherty'® 513
A ET & serotonin $fFIZ X B HinbhaEsh i
D EFE L, BEFEEII WX FOERR
SYET- A, BAFREEz O\ T serotonin |2 k
USR8 Ahot WE LT 5.

6

HZRIE 2 BHR S SHEeE H20% %5 &

serotonin {2 b MAFUREIER 233 b, MR X
B enEaR O RERRZ 0, AR E R o A
BED—DEEIALNEDT, ZOLk3bhb
LoD 558 1= & % phenylephrine [Fff serotonin
DIFEEEF T 2R OZ L 2 L3 IERE
CEBREC Bbhh b, AETO&MEEECET 3
PSR O VeI D 2 L {, %o SH- 3
DRV T BILERIEIC L 23D TH B, &
Z %3 phenylephrine o & ElFEI T 2 Bhaih
5L phenylephrine IRFMEAIC & 1 [ f1iEo
WA ER: L, EMAEBSRRZ ORE, RN
Bidishis 54 % & A bh 3. phenylephrine
7 & DAEERARR AN X B0 MITOMET T %
ZEEFTHLEATHE, - L A, Green® (19
55) &1 AR PEB Rl E 528z & 1 epineph-
rine %} noreinephrine @Fp5.z X W IERHIER)
ROUHE % W T b, Mcleon (1956) 1AM
NBE R oA AANIE X Dbt E LS~ nore-
pinephrine £512 k b /MEMLITOWE> % epinep-
hrine 2LV 2vk M OWR DI HTIN & 00 T
Z. %7: Haddy™ (1962) &R OBEAIBMmEED
R Wz 5510 & b epinephrine 34 no-
repinephrine #5542 & 2 MWD & 7 & DT
Z. Zo X3 %uEk L b Tk, epinephrine [5
RS kR M &P IEHI < & 3 phenylephrine §%
Bz koTh, BMmindRd 35 & HE Sh3
M, MRS OBEGEMABREORZ 215
Bk TIEETRAVDTHS . LD
T, WHAKRAERS KTz X % phenylephrine =
DA 72 IR R B AR AR b T hIZ ERE (v
DTHBEAEEILNS, TACELT, 28R
5 & 7203 B EEERE RS ~ ¥ 2108 B phenylep-
hrine @ [EEHESIEL 200 T & % D1, phenylephri-
ne 5.7 X 0, Bl 2 & oA Myt
2B T, AMABSEORZ b S E
THBENE LEILNS,
#OOW

fEE RS~ v 2 R U [ EERRST ~ 7 2 DBIE
iR 1z-> % phenylephrine %) AET (S-2-amino-
ethyl-isothiuronium BreHBr) ¢ BhEhEHE 2 Hi
Brge L7z, ofREBBRERE I OWTIZAET
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DB 3350 T » 27z 4% phenylephrine ppjf
SR A VBTN, L L, I
WS EE T DWW T, A E T phenylephrine
& \ERRZBEESIE 2 SR L7z, phenylephrine
VAR TERNC & B HERNESR R & Y BhE
ST 2T 3 LM S, — 5 AE T SH- 24
FE LTI ERT 3 AN T3, 2
D TiH OV FSIE O AR BEMEEE 5 2Eh#
BIROFE LBIH L T2 Ebh 3D TIDK
WO EBEEMA .

Bk 78 B0 BE 2 BUERE T ar ok SR o IR EE N
X LIRMEL 7.
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