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Ethylenethiourea (ETU)IZ, » DT Z D DODHEKMBREER
WEZICHEHBHINE REATH D (Vettorazzi, G., et al.,
1995), £ /=, BEMH A X TV 5 ethylenebisthiocarbamate
RBREAOBREASIBEDBLCHEDATCORBEN TH
% (Czeglédi-Tanké6, 1967; Jordan, et al., 1979; Brocker, et al.,
1980; Autio, et al., 1983), ETU% Z v M+ D B E F &k ¥
CH2HIRZ v PoERKES T2 &, BAICHBAE, KB,
BEMEPE , KEAKE, NTHHE, DBEOMKER, RIEE, B,
HMERLCODEEIPEAMAETCEODO> N L WEIhTW S
( Khera, 1973; Petrova-Vergieva et al.,1973; Larsson et al.,
1976)s — /i ,ethylenebisthiocarbamate® 5% & #| T & 5 zineb,
manebPB L Wmacozebz @A B CTHIRZ v Pt OES L -
KiCd, ETUZEAER S LERBFLBEIhZ DL A
ULBRRFEIFSRIhIZIHPASNLTEBDL, ZOFEAK
BIZETUT H % L HER I T&ETW 3 (Khera, 1987)s ETU
PREORRUMOBEERYPEBACRERORS LEHE
KENE, "AXY—-TEEFEEZRTH, Z0K2H
&2 v b & D& < (Teramoto er al. 1978), ¥ ™ 2, ™ ¥ ¥,

TLVEY FBLERXATITEHFRBIEEEST W TV AW (Khera,



i
1973, 1978; Teramoto et al. 1978; Chernoff et al., 1979)o

il

nesOWENS, ETUOHESREICHN T2 EZHEE T Y

FBEFAEMEVEHEHINATWY 5,

ETUSZ R AR OMER KA IZE LT, ETUL invived &K Uin
vitro€ o v PFIZ oy —LERBEE (FITP-450)I1
o Rh@ah sz ®REST N TW B (Iverson, et al.,
1980.)75 , R HBH = # (P-450fH E ¥ B ) D SKF-525A% ni L
B LSy NCETURE 5 T28, ZORTREMEDIER S
nN2e&#HEXINTWS (Khera. & Iverson, 1981)s L2 L, =
v MZB I 2in vivoT DETUD (KA & 5 TIE &K D &FH R
XhiWwZe»sb, ETUOEFEMIZETUZNEHRKCH S
DTk, ETUOR#D D LI RBAEBEEOLLZ T L
FERICLZAEMETIBLUERSE D H 5 (Teramoto, et al.,
1980)c THh S5 DR T I2HRE D L, ETU@%%%@?DSE‘TU
BERIC X200, Dr0WEZToRBPCLZ2DODIEREHN
E@C:EO’C@L\&L\?

ETUD IR MBI 2 EHKAFHRICDODVW T O ZEIE, 1*C
TIN)NVUEZETUZ 2w bicgO®ESES L, BEmd, &
B, RAPBLUBTFPTCORAERBREIPRETNL TV S

(Ruddick et al., 1975; Kato et al., 1976; Ruddick et al., 1977)o



b
L L, VA FPAY b—=TE2HAVERRTHE, ETUD

St Tl

Rt PRBAWOCOBEBEERILLTULE S OT, ETUX
RBtEoOBRERIRBEREERZ->TLEILEEILONS. & 12,
EOBRELERAOEKTOBEEZH#FMCHUEL EREJ
kERLS, EAEBNTEIBFAODRBL DV TRIEFLAL
st X T WA W, Nanbo(1988)lk , # &k 5 v b & p-
phenylbenzoic acidZ #F#k 2 v PIC AW #HE L Z MR IC B WV
T, ¥MOBFANOBROTEBD LLEIBRERB L LT, F
KEZ ¥y FEER2RHZ2EL VLI LZRELT
W3, COZ X, ¥KkENTI2EVORED, BT EMH
PERTIEERERERBZILZRBLTIVNS., 25
D, ¥KZEHLULZETURRBEADREIC DN
THEMERe 2T >, ETUOR GRMEZ BT T % L
TEETHDHLEZIOND,

KFEIZ, FRODhFEFTCOIETIFEFRMAOESR 2 B
£FZXTC, invivol inviro DEBRHBFRFZOFERZHV, &
Ry P ETUZROBE LELELL, BFECHEZFE
TAHAEAARK, T abb ETUORRBUAEDIPARB D D>, 21
SR T B, ETUREHREMZR T OLCLEREYNH

BERONSY—vZE2PELDPEZT S L2ZEBENEL, 2O
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DIZ, ROLSREHFE»PSO7 70 —F XA E,

if{l

BIWKHER 11,5 HBL W 125 HIEBF 279 MBEFOD
ETUIC XN T 52RZMEZHANLIENT, ETUZHEER S v b I
MEIEORE L, BFOFERORELZORILBERE 2 8%
L7%Zo

B2, IRy POREZU DK T &HAEER in
vitro R TOER E LT, RE 11.5HH» 5 13.5 HD M D K
BV MBEFDODETUIE N T2 RER2ZMHE2MRETL =,

B3I, BHESy MEFEFI oYV —20HOHEES
LUVFHLEETCETULCLREZEL, ETUODHFEMEDIZD H D
HERIZCELZ2DD, 3 0WiEREMcL2or2RE L E,

BA4Z, v rPBFR¥FKZEBEBULCETUDS BERE & %
PTW3eDoREDD LI, WISy PZETUZREO®R S
LEROREMBEAR, FKkP, BFBLCEHKBH D ETU #E
EZRBOICHAN, EVHEBENRIGE» 5RE L .

i & c:,mum%%%#hﬂz > h8O — VA BE R ,invivo-in
vitro R B X W inviro R TZ v PBEF %2 ETUICERE L ,ETU

BETGEMEZ R T EMHREN Y - 2R L Eo
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% 1% Ethylencthiourea® > v b I X 3 % invivo T D

e &1 1%

St U/ & 51, Ethylenethiourea (ETU)Z 2 w b

T

ODHEBREKRBMICHEBGERE T2 &, BPICHABE, MK, &
BEsg, KEifE, NTEHE, WEOBKERKR, RIEE, R,
HEREDAEHFEDPEAETCIZFRINDI I EBIRE X
NTW3 . KBLECBWTEK, ETUORGEMFTROEF 2
RETL2EDOERONBE2/ 2 20, B 11.58B LT
12.5 HIZ ETU % Wistar-Imamichi 2 v MIZTHRE & LU < & #
H@d#EO&S LERIE, ZRIWINAEHFROEHLE
BRAFOBRIEBE2BEHELEZ., -, #aEEOHMER X

VEFTEBLRLIEBERBIDVWTHIEREL 2.



B 1E
B ML TR

1) A @Y

Wistar-ImamichiZ v b % () BWEBEHFEAR LD E A
L, BRI LE. BEALCKEFIPBEEINZHZARO
HeEBEELE. BRI ER222CIEEZHERETNL, B
B 1205 R0 (7 : 00fH 4T, 19: 00T ) OEME T, 1-2L/7 —
ST B L, f (MF, Charles River Japan, M {E)FH K UK

BEKZEZEHHEBERT YL,

2) BE5 W OHAK

Ethylenethiourea (ETU)IX I M ¥ T ¥ A x4 (KRR)
X b AL, ETUIX A I20.5% tragacanth gumyK & ¥ I &
BHUL,1,10,40mg/mlBEEHRZEH L . B85 W= X5 ml/kg
YL, SR S5HoKEZEL, SHPOREWEEZEHBL

7 o

3)) BEB LU EUBHKRE
FiR11d L F12HOHA & (B, Bik11.58 X Uf12.5

Hesd# 4 %) 1010, 50, 200mg/kg®ETUZ B b L < &



o1 E
HASO®BS LE. IBYEDo G HIE2-8k L, &

AEBERBESHBLUCEE20FCHEL 2. FRECIEE
D 0.5% tragacanth gum/K ¥ V& (S ml/kg) D A & &5 L ko
FR20HICT —FIVHEB T CROBFE L&, & LU
MEEEBLE. ERK, EFEBRTH, EEKE, KRET
BIUOBRFRECLHEZRERE, FERTFEODVWTZOARS
FoEmEzREL, KE, ARBLIXUROEZDIHEL Lo
Ric, BREEEBEORIBRE 2B R T2 20, Hik11.5%
L<iE12.5H 1200 mg/kg®ETUZ B &% 5 L, HHR12.5,
13.5, 14.58B L 1S SHICHMTFORRBERERZEMBL 2. &
B, BLBORGY»»PSbAKICKHETFEZHALLUERBEZ
EHLE. SRR TOFERABHYHERE3I~6LE L, WER
C—EhroeBFULEEMHLUTCEHRERLEZ. NS OH KK
CRAOEXRBR>»SOMERR T2 LdiC, BFDF
KEMBHRZ EEREME T C27GOEHE ZEEF L &
ImOEHBECHERRL,ZTh50BBEZKMETETHE

Lo

4) Wt R AT

BAEBIUBFOFHEBEICODVWTE, — B E2HS



# ] =
og, EECHNIE Dunnett DZS EILEZH W, &#EOD

FAEEICIE Fisher DEBERERFHEE AW TRELLE. &

%Zki%‘i p<005 C\: bf:o



28 KR

1. HERN.SHEBEOKRS O/ R

ETU #2 v PO 11.5 HtEREOBRES LTH SN
g EVIBARE O EI KSR & Table 1 ICm Lo #E4r 11.5 H
PS5 20HFETORKKEDHMEIL, 200 mg/kg # T K fE
ERL, o5 Fr, BTFTREBLIUCHBEBER O DN HE
CHREBECEWEZRLUE. 10mg/kg B & U 50mg/kg &
CBEBWTE, ThesDE NI RA—F—F, TBELEDSS
Rhol. EREBLIVEER FHIFT SOmg/kgBHEITBWNT
WL BDPEDFDHZIIOD, BB FRECERICINEFHMBI
MEFENEREZRZADLNRD 2 o

AN B AR % Table 2 WA L 2. 50 mg/k B & 200
mg/kg DEESHIEIBVWT, ZEPAEKENCRDS N,
50mg/kg HETCTEHEZBL DB FICHEZE - TEZTEEPRD SN
(Photo1),2oomg/kgzﬁé“6@%Eﬁ?czé%ﬁ@%ﬁé%}ﬁéﬁ%
» 5 N 7= (Photos 2, 3)o 200 mg/kgHE T O H L O HEH X,
EEHEHFERELT, MANVZD P EKFEIEMD LLEHES
TeBFADSIE, BHEHAFR L LT, MNRXE, OF

H, OB, NTHEIPZOON, &L COBFREPMTHA



B 1E
iR ERTFLROONE, BIRORFE L LT, AiOE D,

REBPLIUVEEIPZE 2B FELADOALE, BRTE 2K T
BEBRED LSEERTH L, Th b 0K IE A H
EHEoTVWE, ChoofbcBEHROZUDPDEB TED S
BB RERE2 > THEINEZ, L2 L, 10mg/kg

BTRRALEFEIRDSNWARNP oL,

2. R 125SHEREOKREORK R

ETU 25 v PO 12.5 HEBEEKEOHKS LTRSS M
R TUEBOSNEEE Table 3R Uk, ik 12.5 H
PS5 220HETCORBEKKEDHME L, 200 mg/kg B CTHE P
CEMERLED, NBHREOESSEOLRIC B W THE
P EERER R k. BTHRELHBERRARLCE
Dok SOmg/kgBHILBWVWTE, BTFHRKE, AEBIUTE
EDPMBRHRICIERAEARCEWEZ R ULEZ., L»L,10mg/kg
E*G::i%”%ﬂﬁ?%ﬁ@%/fix—ywbi, NEE LR UT
Dol BERE, EERTERBLUR/BFRTCERICREEH
MicEZEBPZ OS5 NhAdolk,

A RERR% Table 4 IR L 2o 50 mg/kg H £ T 200

mg/kg DEESEHIECBVWT, H#REIPARKRENICRZ D 5Nk,

10



1=
SO mg/kgHETIHIZIE 2B TCERPZ D S5 N (Photo 4), Hi

BRORBBLIUCAEEILEFACETHI2PERICBEEINLE
200 mg/kg BT 2B T2 HDESFEILIRD SN -
(Photos 5, 6)e W OEEIX, EBHHFE L LT, MV =
7, KB, DEMED LI E|MEIERDS LIIIHEESR
T2 FLBEERIWE, HHAHRKL LT, OBRHE /N TH
el rFic, NMNREXE, BEESE/NLELHREIMRAEHNICEE
CBBEIhz, sioRBEL LT, miBEoE /N, REB L
Uaf, BRTEEHMERMEBLIUVAUDPEHRFCHRES
Nk BTk, tHE, BE, EHREILIEEENZ LD
FE@EOOSN, EECRKRICHEIEFE>~TWE, Thb
DREEAMEAEZE> TV,

L2 L, 10mg/kg#HETRERALEFTIZDON AR > =,

3. BIR1I.SHBL®I12.5H0HEH (2/0) fO0#%50
i &R

ETU Z 2 v PO 11.5 HB L 12.5 HO# H 2 & 2
EEOKRESLTCHEL N EUBM O WS % Table 5
R U ko

BERBIEINBRHLLEEEBECIEERETH o> =2, 200

11



B 1
mgkg TR, BHRECHARBILEZL, £ERFHEDNA

BEORN 0% E>Z. BTOKREE, 108 LU 50mg/kg
HTHBHILREBECE»DPo . BTHRER, NRE
DB FICHER, SOmg/kgMTRPEVWHRBAIPBE R I L, 200
mg/kg HTCREBCBWHETH > k. BRIE, 50 mg/kg #
CBWTAEBICEP P> ED, 10mg/kgBHE TR ASRELH
BEORZTR LK,

AR EMRA%Z Table 6 R L7z 50 mg/kg B L U 200
mg/kg D EHICBVWT, ZRIPAZBKRENICE D SN L,
SOmg/kgBETCRIFEL2BFEERBLITCHMEPRA DL N,
HMEDOREBLUEEI DA CHEEET W, 200 mg/kg
HTRaehFealodaa kPO NE. TEOE
i, Mo Hmz2RTE, £k 11.5H LK 12.5HK
HREEELERIECFDOLNEEBE LR LU TH >k, T 2D
b, EE TR, MANV=Z 7, KBEE, MEED U & KK
E, MR oHMm»EMBS LSRIBEARTERFILBERI L
. BE T, OB®, D&HER, E, DEZEME, THOD
RIEBBHULLEINTHEIRBFIC, Md L MR KRE D
BERILBEEXhE, BiETiE, 8, REBLUCAKEI2

BT, BETEIEHMERAEBIUALDIPEBFICRES

12



1
nro. BT, MELIAMEA#EI B FICRD S Lo

LPL, 10mg/kgBHETRHRRALHKRRBIBHESNED

2~

4, REEEFEORIEBRBICHTZEERR
4-1. HHE 11.5H DO B AKIZ 200 mg/kg® ETU Z R O&KEF L
J= fH R

IR 11.5 HIZ 200mg/kg D ETU ZREOK SN/ Z v
F2 BN ERFORBHERELZ Table 7IZAR L Zo
IR 11.5 312 200 mg/kg D ETUZ B EHICHZE L LB G,
QAR B ORRE 125 BT, BT w oK E R, o #E
HoxrH, AMEREOMEBSIXTCRKEOFEELBEBRE VR
$» 5 N /= (Photos 7, 8)s M4 13.5 H T, F I ailk DK
B, PREHORHLEFE, AREORKEITE2, THOD
ERE, iiEFoRRER, EHOBEEEIITCEELE
W DFIE DR D S5 N = (photo 9) i 4 14.5 H T & LB 4 13.5
HTRObhE2REEHMCaiMOEERZ# 5 KIRE, O
BZ, iEoZzk, iikBEHROBKERERE, THOFIE
BILXUOERMED S N = (photos 10, 11)o F 72, FHBEEH D

MR, tgRozk, EEEROEERERUENZE L ZND

13



Bl
BHllcBRdebnNkE.lBE 15.5HTCIE, BE 145HDE 7T

BRERINEEEORN, BHOEEBEFEFZRIOR2TCOREL
ERBPSISICEEICRVEMENRAD 5 N = (photo 12), &

B, Table G RS e okd, FHERBHIC EDOELED

N

BAEPSBFEHEBLUCBEELEDY, EBEEBREIRALE

ANN

BINRDP o Zo,

4-2. MFHE 12.5 H O A IZ 200 mg/kg D ETU 2K O& &5 L
= R

IR 12.5 HIZ 200 mg/kg D ETU Z R OSSN 25 v
PR OLNEBFORKMBWEREE Z Table 8IZ 7R L /2o

MR 12.5 HIZ 200 mg/kg D ETUZ REKICEE L B &,
AR HMBOMRSE 13.5H TR, BF I M OEIE B, # MME
HorM, THORER, RiKF LBKRFOEBESR, B X
CERLREWMOFEIZD SNz, BBAE 14.5H T, A i
DK %25 KEE, LHEOKEER, THOMKMEMR, i
BRoZER, mikEROKERERE, BRIEROKER L
Rit, BXUERILPRADONE. 5K, MEHTOM
EoHiegr@EETCHREINE BE IS.SHTIEBE 14.5
HOREBER LA ULEENSISLHBCLHERESIRLE. &5

W, Ml comBeEHORFEIERI W,

14



1

4-3. IR 11.5H B L r12.5 HIZ &K I 200 mg/kg D ETU
EREOBESLERR

R 11.5 & 12.5H O M HIZ 200 mg/kg® ETU %2 T h 2 h
EORSsIhEESy P28 h K% 135 HOMKB T
DR E L & Table 9IZ T L 2o

MMOERK, SHEOKATL, AikFLERY 2R
Flo, hRNEHoRE, A SREomED L TRKHFO

KIEEDPN 1/3~12BFECHEDLN Lo

5. BEOMmME, BFOEKBLUMBHEBOREL O A
E 5 R

FIE 11.5 HIC 200mg/kg D ETU ZREOHZ ESI N T Y
K oBLNERKNE, BTOEKRKBLIUMNERHEDOR
BEZTR 12.5 25 155 HETHMEL ZH R 2 Table 10
KR LE. 2B, JIECLEREOMEBRMORND, K
£ 125 HOZEHOBFBLUBEE 3sHOMNBHOR T
(ETURSBFRAFEE) CBWIHETCH 220, H
ETCERDPo k.

EWEBICBIT28BHOoNE, BTOEKRKBIUTKE

15



HHEROBRBEFIZERCMEZTIL, ETUR S O R E|

SN h oo
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%1 =
w3 FE

ETU% 5 v P OB BRERYE TH 2EKRIISHB LT
RsHICHER LLEFHEEKEO®KS LK, 50mg/kgT i
HRD, 200mg/kgTRMHFRE, DB, HROR®E L RE
(Bt) Buai (i) , ERZ2EHML T 2B L2 O FED
ZERINEEBRSHATCHBEIN T EORBR, , EIR11.5
HEScROBRTHY, BREOHAREIBO TEBEETH
Sk T, HIE12.5HE S T, B OBREI2BE
Ehanwhd, gRoFREEBRTECEHEIN, MLEALE
EROBERERINE, HRI11.5BB L 12500 #H & O &
5T, SHTOHEMEBES CHEILWLREBEVPETCEES
hred, ZhoblhodFREIBEEILEPDE. BRI
=& DOY A4 7L, Josephetal. (1975)F £ U Teramoto et al.
(1978) DR I11IH D L IZ12HD 5 v FIZ50 mg/kghl £ D
BEFKETRE LEEAEFELEFIERLUTHDL, REAE
PIFIEFRALTH > ThHDZ s, EOHFIERK, 50
mg/kgfl FOHESELCLVFERINZIEFELTH Y, ETUD K
SHMECREACRBT A AR LOLLTH S LELD

N3, RERTIZI0mg/kgTRRALGHARERERBRIFTES 1

17



B 1E
tﬁb)ﬁt.o L_@lomg/kg%:7/}\@%§ }f/ﬁ&%‘k—@ﬁ&%

LEREL LD, ARBIUBREREIFIRERI LR N D,
MM EDIBLEDN DT HICEZ B ((2/58 3.4%)8 OWE
(Teramoto, ctal., 1978) & , B & (1/132, 0.8%), & I %iE (3/176,
1.7%), E FICFEEEBCLOBEN S EKBERECHEILEL
Y @ % (Khera, 1973 H b .2 5D & LY ,10mg/kg
DETUZ BEREBCEKES T I LD, v MIEZH
KER2BEEECERTIIEALFR LRAVEADD D,
AEMBCBVWTREAMEOLEDS, BEERELCEV TE
FEABLORENSKBE CHES N2 ARENH 5 L%
Z2b5h3, LhL, LEBRETHREILENAEEFRIKHE
EThbbh, BRARENZREF LT LELERESIND
= L (Morita et al. 1987) , P OME XM AR EZ T & R
WZ S, ETUO BEREMAL T2 CEAMEMIPE L. 5
HoRRBRIZCBEWTIE, LEREBELEERDY, HEZY b
ODHERBHKHET, POARBREIERERINT, POEEDH
BBErEASETCH-o- s, BRIIHB X TI2HE BT
210 mg/kgD BE S L X EHABSE, REHKS v MBTF
DGR L TEIERLERETCH L LRI NS,

FEERETOEHOBEERCBWT, TR 11.5H% L L X 12.5

\\

18



&1
Ho¥b 6 HIZ 200 mg/kg D ETU ZRAFALCHFOHEEFLTH

BAEFHMICBERINIOLAKRERESEDY, §CERBRE
3.5 HCBVWCBEINE, BE 105 12HDZ v b
B2 R IZ 120 4 g/ml O ¥ E T ETU % in vitro TR HE L & R
BRicPWT, BTFORAGERICBEITIZ2BEEORT HFE
L, DI LHETUIR LBRBER —BETHDLOHED
% % (Daston et al. 1987)c L L, SHODERRIE B W TIE,
BEROME, BFOEKBLIUMKEHM TCOREEELD
BOLNBRD O,

LﬂL@%%ﬁﬁ%%i h, Wistar-Imamichi 2 v b O ¥ E K
£ 11.5HB LT 125 HIK,ETUDEHFRECHN URZHE2Z
HET 332 eDBHsPER>DE, & 565, 200 mg/kg @ ETU
IR ILLSHB LT 125BE/ Yy PIEOKS LK,
BERBICERINIERE, TTREBE1I3.5SHOK FK
KEBRSEOREBEELELTHREBTEZ I LPHLPE R,
— %, BhOomMFERBEE, BLXUTRFOEKLEMEBEKD
BBEEENHYW~OBTUR ST LV ELE T, BTORE
EEE, BTUHKIP PR THROASMLBMEZEE T2 I K

LDhELLIARMEPEILOND,

19



B1E
B4 N

MR 11.s BB L 125 HD S v M ETU ZHE & L <
FTEEEOLEK, s0mg/kg CIRXER D, 200 mg/kg T & i
FeaMHcEEAMoFTEIERI N L. BER 1150 B L
IR 12.5 HIC ETU Z /8 2 v P2 200mg/kgEOE G L
FRAORMKNRAERE, ThZ2hOBRLEBKOHFET
H oMo IR 11.5H & 12.5H® i HiZ 200 mg/kg ® ETU %
oy bl SLTHEERBECZDoNEBRTFOFER,
MHCHERHKELCRDODONLEGROEEAGETHD, HRER
ZERrBEEREINARADP o=, LP L, 10mg/kg D ETU % 4 4
1I.SHBLTI12.5HIECES Yy PICHEELTH ,AXFRER
BEaINRD >,

HEiR 11,5 HPB X125 HD R Z v b I 200mg/kg D ETU
ZHEEDLSIEIREOLLEZGA, BERXKBHTHEREIND
CEBRIEEREDL, ITKERE IBSHORFIIEHERSI N
e TOB, BAOMmME, BFOEKEMBEHRHBORER
CREACIZD SN RD >k,

Ihs0Z2 e BEINMSHBXT12.5HD 7 v b IZ
BWT, BETU2ROBS5S LEBEORBTFONAREFRERERICH

THMEEEIL I0mg/kg 2 EZXZ 5N, 5S0mg/kghk LD EIZ
LoTEHKINBZIFTLACETCORREBERE, BE 13.5H

20



%1 =
PDHEFIEBVWTTTREBEINZILPWELIPER D,
Fh, BFOEKRBLIUMBHEROBELEI B A FE O &
BELIFEEETHD, ETURSICLDIBFOEKRS LU
MEHROBEBRELLAVWI ESHLEP LR S E

21
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28 T v MEEMBTFICAN T B ethylenethiourca 2 % O

&

i

m1BEICBWT, 72y PREFHBE 1L.SHB LU 12.5H
I ethylenethiourca (ETU)IC B ZM 2 HF LegticakrE
Lazr, W RIHMHTOHOETURKY T2 EZMHDOREE XX
FHE LW & & invivo TR Lzoe £, 84 11.5 HIZ ETU
CREINhEBRFTROBRY, BE125HRZBTEIERBK
DHEDPRBUOREEEE TCHLIILELMLELE. 51T,
B>y PO 11.5s HB L 12.5s HICHEES LLEHEH
ETU 285 LEK, BERPCBEEINI2BFOREBER
DAY 13.5s HOBFIEBWLWITTKBEREIND 22 W
Ehic L. AETHEH, BENLSHIECHBLES v MEEF
FREBRICKE U,inviro TCETUKRRELERKROREREE(L %
BELE, S5k, ZOBRLEBSI Yy POEKR 11.5HB &
¥ 12.5 HIZ ETU 28R LR EHROKBELEBEAL
EULAFERNRBRTFOREBELIERTCH 2D EI »ERE

Lo
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2
BE MR e Gk

1) i A & ¥

Wistar-ImamichiZ v b & (M B M EHHFRAFT L DB AL,
@I LE BEANCEFPERIN -0 2EIR0E &F
=L, MR EE22T2CICERERI L, WPIF 126
i (7:ooﬁﬂ,~19: 00 KT ) ODEE T, 1-2E/7 — ¥ T
# L, f8 ( MF, Charles River Japan, H ¥ )¥ L K&K 2 B

HER L.

2) S v MNBETOEEWHRODEH

BHEWICIE S v b L.C.IM # (Immediately centrifuged
serum)iC 2 mg/ml @D Z )V T —R, 51U/mlOR=> Y > Gl
T 5 £ gmDAMLVTIPIALA Y EHRMLU, 22 4 m D
J4NY—THEBLEDODEHAWREZ, LCIIHFELUTOF
BECT¥EHLE, T—F VB TTo Yy POBERBIRL» S R
fL,104MMIC 25003 L <& 3,000r.p.m T&EDoEEL,
roy boEHEENLE O ERN 2~4 KRB BERELZ. X
OB, 7oy b EARREED>»S YD HE 3,000r.p.m T &b
SELUNE2ZBRRL, ColEE 56°CT 30 oM L L

(I.C.INFE) o« O I.C.MEIXFEHEEET-40COBWET
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REL Lo

3) v bbMBFOEERRE

BE11.SHDS Yy MR FEB BB, LS DGR (1981,
1985)lcft o CHEH LE. §RbbH, T—F VKB TT, &
i 11.5 HO S v o5 FE2H D H L Tyrode ICHKE L L
ToBRELZER LE. REEME T, KTrzabRKE
mMEBREBCEATAE-RETCHLE®, BBPOBRERZ,
REEPSPEM, REEMBEE, >4~V MEZIERIR
EL, BPFHHNEE, THERBLIUBBECEERBAMRZR
FRETESE®R (1BTF/4m/BER) TBELE. BFO A
ShEEHERczENEABTHEEE (MABER T X KK, B
H) IWEBEL20rpm CHEI Y 48 REBEELEZ. HBEER
Bl 38°C & L, BEEMIC 95%0, - 5%CO, BB H R % ®|4m 50
~120ml CTHEHEPHBLE. 2RKRBORMBERER, WA
BERBPLICKBERTA2OB T, XM BOES 2K

FeREE»PLRAL 2.

4) In vitro T® ETU ND R & /7 &

ETUM MM ETEZHRA A, RIR)ZZABEKICHEMHEL 1

24



B2
BLU3mg/mlOBEHRZERL, Zh S5O 100 1 % 5 &K

CEmEML (AWM AEHEEWRD 2.5% W M) , ETU © & 8 & E
BIBEFYED 100BLT300u gmlickd 5L 7%
NBEOBRTECRARE TCHIZEBKOHEHBBD 2.5%
AWM UL, ETUILHRFZ2R2E T 2RBEUTORICHE
L7z
1.lBEHE 11.5sHCBRBEBELTDS 2B ORIEERIC, ETU
17 R RE L, TyrodedH C 2 HEH LR, WHEAE
ERBL, WO 29KMIZETUKREZELRVWOD T (ETU
SERVHLVWHEBRCTESR) , 2hz 11 HRE
LT %,
2. 2HRMOoMEER, SOHOWXCETUZEERVWEEWRT
17RBEEL, WHEEZMBL, TCHEREZRIT T
SHEBICREBEORFRB FICDA ETU 2 24 K &
#ZULE 48N E LU (ETU BB 2z iCfTbd,
BELTOPLEINE RHBEH LT D) o
3. 2RHRMOMBERTEREIPOARICGKHEUEE (HEHK
BEM®)
AERTHE, FRBEBLCEREHOMEABR FHIE 2010E

Elize BB, NEEHEEIRTOBEHICHEBEBL L, B
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2
EOB, KBAKOH EFEML, I E 32K ATIC Tyrode #& T

DAV L, Wik 2 RSP, O E Al 17 ke, MR E

Rk 28K OG 4 8HEEL Lo

5) BIERBIUAMELE

BEABTFOREH RIMEBERAKRB L EHERERTHE
zhzhEHBLE. BBEEBCLOMBIPRLICKBEBRIELL
TWEHBOR, ETHRFLHUELEZ. KFORERRKL L
T, JREER, BEBLUCHKE (HRE, CRL) 2H &R

TRIZBEEL L.

6) Mt at R

BFORWEMICIODVWTRE, —THESTHIONMOBE R
ERADOLNEE AT Dunnett DEELRZH W, HEODRE
B Fisher DEBEHREFHEEZAVWVTIRELE. X

K #EIZ & p<0.05Z2 FH Wi
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w2
wof ERHER

ETU @ inviro TO F{F BB IC L htE LRI R TORER
#w Y Jinvivo C ZOOmg/kgéﬁﬂ%ﬁéﬂtﬂﬁi@Bﬁi 13.5
E@%?@%%E%%%ﬁbtoZ@%,%EB&E@%

FHRRIBEI1IBORFHRZA VL,

1. 11HBBEBHOKR
m%%%?&tﬁﬂuawoﬁiw3mugmwmjﬁ@%%
L, ETUZR S ERVWH LW BB TS SHIC 29 KHEBEL
7= % B % Table 11 IC R L o

100 BL U300 gmOBREHTHMOKER, THROD
ERp, BEROBEEFE, FMRFORERB XTEARD
G AR CEVWEETHESILE. CRHHEDERR
B4 11.5s Hc B K28 U CETU KR TFTERNTRESNL R
E13SHOBTFLEERUTCH >k, Cofiic, BREHFO
ERRD 300 £ g/ml BRERTCARECRBIBEINLEL
(Photos 13, 14),

%%b%%thf@%ﬁ@@u,motwouymwﬁ
REMHMTHBHECHREEZRLEDY, BFOHBES &L

VHETHNBELZSETUREHOBICEZE R ok, &
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o9 =
t,mwwfﬁﬁ%tﬁwtﬁﬁéht%¥uw&,%%

BFCTHFREBIVCHEREBEP L. BB, 1 BT
AnWEELEBEO 6BEKTOKRE 3.5SHOFERARFEBY
PEBREBLUCHED —HHBA TOFY LEERE(S.E)
i, 2hzh 8.3+0.23, 4.5£0.17 TH ok BRHI,
MUWBOFERNBTE invivo CHRAE 11.5 HIZ ETU @ 8 &

P2 EBRFOEBERLIVERIFIERARKTS o Lo

2. 12HBBHOMR
HHEI1ITHRBEBCHEERKZEREL, SHEMRBRCREBOR
R FICOAEBETUR24RBERE L LR Z%Z Table 12 E T
L 7o

100 4 g REHTRHMNOEKER EEREFREFTENICEH
BCBWHECTHEI I, iFOoOREBHEIPARZEZ RV
HbODEMETCEHEINE, 3004 g/ml BEFHE TR AN
KRk, THEOEER, RFOKERBITCERDI R
BFEHNICERBRCREVWVHETHEEaNE, L2L, BREOD
EET2ZTBEEXINhhRH»o %= (Photo 15)s T 5 DEE X
BBAE 125 HECBAKZEULUTETU KFEATRESINEZK

R 13SHOBFLIEIERBETHD -7, BRER, BEREDR
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52
FUBBLCRNABHELESZSEITURZEHOKB FLOM - EZ %

% It

hei
[

DR T, invivo THAE 125 HIC ETUZ 82& S
FREI3SO0OKRTOHERBES LUHEE K, AKHOKIL
2o FEAKRT (BEBRE 83+£0.23, K :14.5£0.17, F
B +S EH) e HREFTRWD, EBFICHNFEREEBR LT
FELrOED o (inviro ¥ invivo DBEEBR FE P EFL

CERZED, MALBIERBLRDP > &) o

3. HEHmBEBHOHR
M ERTEDPOEMRACKBEREZE L LHR2Z Table 1377
L 7Zzo

1003 XL 300 u g/ml DRBECHIMOEER, THOD
EHRE, 2REBEOEAELE, AIRFLERFOEERB £
VERDPHEAFEFHNICERICEVWEHET, Lrd HEKREM
CHEIhE. NSO RFERKE 11.5HE 125 HO#EH
CRAEZBUTEITUCFEATCRESINZRBE 13.5 HOD
BBFLIFIFRAMETH o, 100 4 g/ml BEHOBBER,
BMFOHEBRE, BEPBLUT300u gmBEHOHBRE X,
NBEDODZNS CEABETH o= N, 300 4 g/ml D & &EH

CHBITLI2MBERLBFOHRRE, HHEBICHENKIFN
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2 E
CERBREMEZ AL L.

— 5, BBE 11.5HE 125 HO#EH FEWNT ETU & # 5%
SNEBEIBSHBFOHRBRECHEER, BRE O ELE

DFERNBFOZNSE (FEE 83+0.23, HBE :4.5%

0.17, FH S EHNEHEREWHBEIPZD 5N &,
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o2
HB3E EE

Sy PBFOEEICIBWT, BEILSHETOHEEKL X
20 - BRER, FEATOML - BELERTETIRL
B, BE1NISUEBEOZ Y PR TOBBTRE, RFHRANTO
EHABREIPEVEDY, FEABRTCER2EEOREZE
DEBET Z2ILDPBMEZIN TV B (New, 1977) T DT & X
h, BE 11.5H»S Yy PEFAEHBEBITSIARAERRIEBWNT
b, BESYINRFCOBEAARREMIME T TSI EICKD
FTEHABFILHEARREDIELS R LD, FREECHAEN
FERNBFLEREPDPoEBDEEILONS. LR L,
KERICBWNT, 1008 X 3004 g/mliEE D ETU I &
BF2EUEEBRORINO 17T KRBICRE L ERE, BHE 22
BRRBICETUIR24BBEBELEARL , A TICABEER TR
PELEMACKBERELEKEE, Zh 2R T 2RKHIIC
FERNTETUDREZEZ2ZT R FCRIAEREBREYORE
ISR THh ok, £k, AEBREIEIERUREEN O
B F & ETU @ 30~300 £ g/ml % 46 KR invitro TR E L &
EFRIEBVWTCH, AEROEMICKHUREHOTEER F L
FEABRREEBEEPIDPEHEIRESZZLIPRE T 1

T W % (Tsuchiyaeral, 1991)e TN 6D &5, g4 11.5
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B2 E
Ao 13.5HOMD S v P FE, in vitro T & in vivo T

5} ETUL:iia‘%)im'rétciciciﬁb’éf)%t%i%n%o
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CR TR

BAE11.5SHDOS v M FZ2RRaIEELLER, RAOD
17 B, 22K R & REBEOD 24 K[, I KIC 46 I [ He
T 1008 L 300 4 g/ml D ETU % in vitro TR B L L.,
NsDREBEZFHTTEERTFICELIRERZLZHEE L,
ZORREBS Yy POEIR 11.5 HB LT 12.5 HIZ ETU %
FR LAEXHEOBOBS LEBAICELSLSFEARBFOD
FREEEPELTHDIDEIPERGFLE. TORR, &
BT B ERB D invitrod LR invivo DBRBTHFERI N
PRRERFOEBFILEZEIRPoE. 2D LD, IBE 115
H» 5 13.5 HOBMDZ v bEF &, in vitro ©T$ in vivo T
 ETURC W T2 RBMEFIIFIEFEEALCTCHI LEZLHN S,
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B3 E
E3E fHHEMOEAARKIODVWT—HEES Y PBEFZE

i\ /= ethylenecthiourea O ERER BB R EEIT N T 5

70V —A0EHIERMDEE—

wEIWCBARE X ST, ethylenethiourea (ETU) L in vivo B
X WinvitroTZ v VI 70y —LARBEEE (EITP-450)
CEXOR#TINZ2EHPHRREINTE D (Iverson, et al.,
1980) (Fig. 1), A # B £ HE A O SKF-525AZ L iE L 7= 2
vy NZETUZE 53 %L, ZTOGFREMEDIPERINSE Z &
M E ST N W % (Khera & Iverson, 1981), UL L, 2w b I
Bl %in vivoT DETUD FKABRESETCEHFEINGZRI L &
WZ &5, ETUO#EFEMFIETUZ N BEBKICH 2 O T &

%<, ETUOMREDS LT BGhHBEDOELEZNLEMEM

[

L BHAEMEZRBLERSED H % (Teramoto, S., et al.,
1980)c TNHSDODHRT Z2HREDP S, ETUDO# &R M M ETU
BHARCXZ2DD, B20WIEZ20R#BIIC L 2D H»IixkE
B> TiEWVWR WV,

T, BEIL.SH» S513.5 HOoMo > vy M IsFix,
EXHTTCTHETUIC M L Cin vivo AU KRB MEZRT 2 &

ZE2ETCHL»PIIUL &,
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g

=
ETUDO f# & JE M DETUBHMKRIZ L 52 D H, %

3
AT T, )
Witz oRBMICLZ2OEHBEICT 22D, KEEZ Y b

70V —LASBEOELETBLTERFLET

]/

BB+ %> v M

TETUCLRZEZE L, EFEBEFTDODZFERIZODOVWTKHI L =
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s

% 3
s1E MR & JTk

1) HEHEY

Wistar-ImamichiZ v + % (8f) B EEH KR L DB A
L, ERicftLE. BERAICETFPBERINEHZEIRO
HeBELE. IMIZEE22L2CcERAERTL, H
B 128 F (7 : 00/ 4T, 19: 004K ) OMET, 1-20L/7 —
B L, f§ (MF, Charles River Japan, f# )3 X OF K &

Kz HHEBRZ ¥ Z,

2) S9mix @ 7

Phenobarbital B & U8 5,6-benzoflavon THFEE I N = Z v b
Fizoy—uasE (sH(FvaverHhlAast, HH),
a7y sy —Fw b (MAMEIEHRASHE, K) 2 H
W S9mix Z A LU 2o S9mix @ Iml #IZ i& 300 pl/ml @ S9
(E B & & 0.4 mg protein/ml) , 5 pmol @ Glucose-6-
phosphatase, 4 pmol @ NADPH, 4 pmol ® NADP, 8 pmol

D MgCl,, 33 pmol ® KCIl, 100 pmol @ Na-phosphate buffer

1l

FED LOICTHELE, ETURMEMETEKRA S (K
) o5 AL &,

SImix D SOEERXFHARICIDIEELEZ. FHAR
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& 3=
<1 Somix T D SOEE L LT 3.75, 105 L 30%%2 AL

(Ames, etal., 1975; Fantel, etal., 1979; Matsuoka, etal.,;1979),
Bk T S9mix 2 11.1%%m ML, B, R#micEak
MHNHDBLBE XN TWB cyclophosphamide (CP, Sigma
Chemical Co., St. Louis, USA) (Mirkes, 1985)®D 50pg/ml & ¥
muLT, BEBTFORELELIIODVW IR LEZ., TDHR
Somix D SYOEE M 30T LGMOEREREE, 10%T HH
T, iR BIUVEODEEMPERI N LD, 3.75% T X & &
BEEITHERINARDP o2 (Table1d)s 2D DS, RO M

WREELDSBEI N SOBE30% EAARCERAL 2.

3) B FORBERBLUTRE T E

e 11,5 Ho S w B FRBHE®R, S8 5 D5 HK(1994)
TR o THBRELE. BREBEBLUCEESZAFRE 2ZTAN
B, 2HBOMBAEKTRIC, ETUBM®Z 10,
30 B L 100pug/mlDEEICRS LD ,SImixDHEET L
S REFETCEBRCAMU 17TKRBAREL Lo SImix &
B amlicx L 0.5ml (11.1%)2FMULE. BEKTH
2, 2@ Tyrode BT W HMHEBEM K 2z RMEL, ETU 23

FRVWEZHICREL, S S5 200RMEEZMRELE. BX
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$F 3 H
MBI EEE KA W 25%TCR2EL, BEAFRICE

cyclophosphamide (CP) % Dimethylsulfoxide (DMSO, Sigma
Chemical Co., St. Louis, USA)IC AR L , x S E E D 30 pg/ml
R A LS BERICHEMLU, ETUREH EEMKICHEEL

s 1EEYEDOEEBFHIF 6-12RE L,

h{.

4) BlEwPp kR E T E

AR TFOREBRINEEMRBBS LUBERT KIS
zh2ZhElLE. ZOB, 0CHBBLTAKERIRHF R
bk, FEBTFEHEL o Bﬁ?@%%?‘é*ﬁ%tbf, L

E, EREBLUVAREREHERTRICBERL Lo

5) W ET R A
Ba F DI BE B % @ & £ £ D I IZ 1X Fisher O 8 # #E R 5t
By A, SR EMIC DWW T Wilcoxson OB MK E =2 H

WP<0.05DODEBKETHREL &,
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%5 3 E
B2 KRR

ETU WBEBSZIhEERSY PBFIX S9mix O F &£
BLUIEELEICE DS 2645 #% L =, Table 15 B & =
hrEFREETOHEELZOHEBIUVHABIERZRL &

SOmix DIFEHELE T T, ETUD 10 pg/ml B E L 5 BEEMKE

N\
U

HMrERZEHRE LEEEBEEIBEIN, 30 pg/ml B 5
THEARGHH L EFRXICEWIE TH > /= (Photo 16),

— F, SOmixFEHE FTIE, 30ug/ml BETCEHED 1HIZH
BXNEOHRTH>R. ETU OH—-—RBRBREREICBIT S
SOmix DHFHELETELHET CORRBEFEORIAHEE 2 It &
T2 &, SOmix DHFELEIF, 10 pg/ml BETCOERER F O I

WE 2 0K T, 5C30ug/mBETCHIEERF
PEROHEBEHEEEZABICE T EE 2 (Fig. 2)o £ /2, S9Imix
DEETIERT S 30 pg/m BETORAHHE, SImix D
kBEETOZhICEREELCSE P>, L L, BEER
CUTOEBREBLIVEERCIRZOREZZD SN T,
EHCTEIERAKTDHD 2 ko

BEH, SmixDEETFTTCPREBEINLEEES Y MR
FEeflicesloREREIBERIN, SImix OH WA

MBAEZREHBTFTCERFCHELTWEZ EDPBERI DL,
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% 3 =
B3 B

ARBICBWVWT, SImix DEAEP L VIHEELETF T ETU D
10B X U30pug/mlBEDETUIRE#S v VB TP 2 RE L -
ER, FPEEWNORBEEED SImix DFELE F T HZ MW H
SN TOZ LS, HEPICETU D S9Imix i & b A #H
ah, ZOEGEMEDPEBLELEZ SN S, v bMICHB
7 % ETU O U % & U T, imidazoline, imidazolone, ethylene
urea, 1-methyl thiourea 2% in vivo B & O in vitro D EE » &
WE XN T W 3% (Iverson, et al., 1980, Kobayashi, et al.,
1982.)(Fig. 1)e TN S5 {LEWD invivo THOREHFE ML ETU
gk ,d LU <& %W (Ruddick, etal., 1976, Teramoto,
etal.,1981)c SEHDHEZDERBRICBVWTD, BHZRHAY
BELZDEODETUOHRFEMEIPEB LELEFZ SN S,
L2L, ETUOREPICERERFRETSh TRV D HIZ
I D (Iverson, etal., 1980), ZTh S5 DO HFEMEICE L T
HREFshTuwizn, SAO0OHLDERICBVW T, HF&
FIZ ETU A SOmix I X D EHERBF I L TB D, KAMOD ETU
ODR#FWMEISHD TCHRFTLEZZELICRD, ETUDRBE I
HETUL DB VWHEFTEMZ2AT2VEEIRVWEHRI N =,

RE->T, ETUOESZEMIZEITUBHKIZHD b, R#EHmHBH
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ELTWAafEHEIRWEHERI N S,
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B 3=
R RN

Ethylencthiourea (ETU)D# HF M DP Z h BRI H 52 D »,
Zhe b ZORBYCHDIOPEZERF T 22D, v bIF
270V —AZBESImix)DEEBLPEEET T 10 B X
30pug/mld ETUKRHEEES Y MBEFZ2RZL =2, S9mix D
FEETTRIARBREFHCEBRFOEEIES R ok,
— 7, S9mix DHEAE T TREEBEEIP T LALHEI LR
Poft. INS KD, ETUOHGEMIXETUBKIZH b,
R#FECLDZOMEAIPETIT IR bDLHERERT N S,
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48
Ba4E YR Z v MICPB T B ethylenethiourea ® K A & &

DWW T

Ethylenethiourea (ETU)D R B M IZ BT 2 AN EAEIZ D
WTWE,™CTIRIWUEETUZHES v Pic@EO& 5 L,
BARmMAF, P, REBLXUOBFIcoVCHll ERH R IR
& &I N T W % (Ruddick eral., 1975; Kato etal., 1976; Ruddick
etal., 1977) o LD L, SO VAPAV I —T%AW
EBRCTE, KR#GK, REDBLUsBEPFoCcomE %
MEHLTUEXES>DT, ETURRBHAROBEITHHTH %
LEZBND, TR, FAKBPOREZHFMCBEL WS
EERZBRLS, ¥ KENTBETUNDH FORBIZDWNWTIIE
FELAEREF TN TWR WV, Nanbo(1988)ix, IR Z v b i
p-phenylbenzoic acidZ MMM E Lz HRICB W T, FKIE
BMFOXEPRBFUCUHLEYHIRZLEERRIZHELTO
ZEHMEL WD, 2O, EKXKDPBETFEHEZFHET
P2EELRERLERZZELEZRBRLTVWS, INEDIZ LD
5, ¥KkEZ2EH U ZETURRBENDOB FREZELC DWW TSE
Mirmst2ERmMT 2L, ETUOEFEME 2@ T 2 L

TEETHDILEZOND,
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%4 HE
KERIZ, B>y PP BILTBFEKRKPTDO ETU D

gEEZMBEL, ETUCL2BRFROEDHEEFHONMEZ
W T B, £, ETURRBAKO E KL I mHEE
PEFHRBLIUBBYEEOHRBELEMRST S L ZH
e lLTEBELE. ZOED, E1ETCHLIPCILEIL
RV, IR 11.S HB L 12.5 HD &K IC ETU % H [B] #F
OS5 LER, BhreeghoadkEzdRIT55HE28 LT
200mg/kg %, BROA%2ZFHK T 52HEL L TS50 mg/kg 2,
hNEZRZFERLRVWVAHEREL LT 10 mg/kg ZKAEXRTOD
ETUHE L LE. 7, 8K 11.5HD > v b I ETU % H# [0
EEL, A—EATKEEBENCOE T ETUEE 2B EWAK Y
onvY MY 357 4— (HPLC) ZHAWTH EL k. KRIZHIR
125H®D 5 v M2 BETUZ B 5 L, ETU © &K M & &,

¥ARF,BFBLUOBBIOREANERBRNICERBEL Z.
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% 4=
B 1HE MR &%

1) EHBY

Wistar-ImamichiZ v b 2 (MBI MWEMHA LT L b AL,
ERICHELERBEACE T PBERINZH2HIROE & &
E L. WMEIER2 22 CEeHFERIN, PR I12E
M (7 :00R4T, 19:004AT) OHET, 1-20L/7r —Y TH
& L, f§ (MF, Charles River Japan, B ¥ )P L WK E K %

BEHRHEREE L,

2) BE5 WO A

Ethylenethiourea (ETU)IZ f1 XMl T # X &4 (KBR) &
DAL =o ETUIX FIFF 12 0.5% tragacanth gum7/K & % T & B
U, 1, 10, 40mg/mliBE R ZER L EZ. #5WE L5 ml/kg
L, RESHoKEZERL, EHPWOBRSHEEEEL L

A

3) HIRIIHEBESICB T 2RBEKMEFDOETUE E J &
FHR 11HICETUD 10, 50, 200 mg/kg® &/ 4-7PC |2 B [0 £ O
®5U, 154, 300, 1, 2, 4, 6, 12, 24, 36, 48, 60,

NEMBICOERICIDMWZ20.1 mIEEER U &~ IM#EE A
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4
S L MLE L =500 pldF 2 — T B L, 12,000 rpmT 147

MEo TR, LEoMErRESRICHL Zo

4) HIR1I2HEBS R IT 28 EMHONE

FIE12H 110, 50, 200 mg/kgD ETUZ B KEOHLEE L,
54y, 104>, 154, 304, 2, 6, 12, 24, 36, 48K Rl H &,
SHEBIC3-SEOREHYWZ2 T —F VHKBR T CTROR XK
ME XY, BbIEKEZERLEZ., ¥ KOEERIE, 25GD
AR E AV, MBEOREABICB FHMO RS 2 E U
WHIC, ERBEMBETCER LEZ, ZO0RBFIB LU RE
ZERHEUZ, ?%ﬁbtﬁu%&‘@o.lmnif\/ﬁuy&&@bf:soo
Il F 2 — 7B L, 12,000rpmT 1 E LS BER, LB
DM rEESFNICH LA BEUZFEKIE, BBF B IZ500
UlDF 2 — 7B L, 12,000 rpmT 1o MEE LT EE®R, L
BAEAEELSKICHELE. RFBLUKRRE, EE22MHK

HELEE, PWHETTH40COT7 ) —YP—-CREL Zo
5) ETUEE @ Jll &
MEB LI CEKDSO plic A ¥ 7 — )V 100 plZ N Z & O

AuEE®, FE®0.45umD 7 4NV F —THWBLU Lo W50 pl
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B4
ic2s0plofiAKEZMZ, L ULHPLCY > 7 e L, £ D50

ylZ HPLCIW H A Lo ETU#E E X, HPLC (LC6A, B #HE
# FF ) I YMC-Pak AQ3034 5 A (250X 4.6 mmI.D., YMC Co.
Ltd )2 EE LEE240nm TR ZE L =& B O W& IE1ml/min
YL MERIE, ETUDO.5~5 ppm/KBEMW TIER L %= o
X KPOETUEE L DVWTHE, BHEBRF»S D6 > 7

(EETFEADPSZITY>TLV)EDVWTHEL, TDFEY
Er—BOXKABELLE. ThosoHlEEZEICMF
EE BEMB TEHBEULT,AUCH LLIEIRESZEE LK T),
EEMTEE Cnx)BLUFZORMB (Tmax)Z HFEL 2. &
B, MERER»S, MF1m 2002 pug®ETUDN &
HEfAaTREHREINE,

BEPFBLUOB®BE, tHEVNAEEKCIRURNEEL T,
EHEICOVWEEKRKEHVWBEL, BFdLLIEHKEAEL100 mg
Cx UAKImBLUEZvibA Y Y L1.5¢gRmMUER,T5%
A% ) —)1.5mlzEMAAY bo>Tc20FEYF A X
Lo BIZT5%A Y/ —)V0.5mlzMAR®E, 0.45 pmD 7
4NWHF —THEBL, BEZ50CTHIOnICHERMEL Zo
EHBEIZAK100mlZMZANFY 50mITHE L, 500CTK

BAEs~10mliic MEEBHLE. BEMLEKBIZ1I12KERL T
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B4
VE- O LABWHImIZMZ CIEA L, Extrelut208 7 A (30

X 140 mm, Merk)IZWH U AN, 20~300 B L% Y 7 onO
AH V20 mITHEBIY 2, BEBOBEHZARE Y, &
mE b %ALY ) —VKSmliZEMBLEDZ2>HAAN
L, 10 plZ HPLCIC F A Lz, MEHRIZETUDO0.5~5 ppm

KB Z AW TERL Eo

6) # &t MR AT

BAT -2 BLUVBTFOKHEBBCOVWTR, —mEE
AMAWMTHEBEREZDPRAD 5N/ E I Dunnett® % E KK
MEEH W, FEOELEFKIC DWW T I FisherD E % i K 5
B¥HzHAWT, ThZh@BHRLE,
FE,¥KPB LI CMNPEEOLBEAAERRE G (n=5) &,

paired t test® EM L 7= o HRAKEICEXp<0.052 FR L o,
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W4 E
B2 ERER

1. MR SBCHNEORS L EKO BEKME S O
ETU ¥ & HE %

Mg P OETUEE OHR , AUC, Cmax$P & ¥ Tmax % Fig.2
KR LE. 2 EHCBVWT, BEBISHALER T TILERE
CmaxiCEVWEECHHEPCHREBINEZ . Tmaxik, 10mg/kg
BEICBVWTEEESHNIRER T, 508 L 8200 mg/kgT &
BEBR 2B CERIN,Z08HBRLICIFERH»SHEHK
LTWE, 10B LS50 mg/kg 5B WVWTixES5Z48KHE
PLFE, 200 mg/kgE S BV TRESERZRBECHES D S
Bk Uk, AUCEB L UCmaxt 5 HE O H R HFBILAUCT
¥ =0.999, CmaxT ¥ =0.992%2 "L, TO&KE & O TE

AUCE  Cmaxig o EHGMIcEmMmLU =

2. WE12.SHICHEEO®RES LR ORAKME S,
FE KA, Bé?isiﬁﬂﬁ*ﬁ%th*@@mu@%%f&?ﬂz

kB L UBAKME POETUEE OHER , AUC, Cmax
BEUTmax®Fig3lim Lo 2R EFHEBVT, BFERS
%mﬁ?ftﬁﬁmﬁ¢£iUi*@tﬁmﬁmmén,

BEBISHAETCEATEEPAFEFRELVDEBEVWEZ T L,
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5 4
B30 TRFKRKPRBEDRAMPFAEE LD & H» K

Wh DD (200mg/kgBf: M HEE O88% ) , WEICHKE
23 < (pairedttest) , FERAUCEBEECELEZLEWVZ %o
IR LB E AN ERTBLICEKRPTOETUE B IZIEHE
BhHEBZRLE. 2O CITHEV, AUCE & U Cmaxid &
BEERTIEIFEFRALUMZRL, TmaxiZ b K ERMEETEHEES
nNihok. AUCEB X UCmaxD R IFERXN B L OHEFREE,
ok ¥ E T Y(AUC)=9.39X(dose)+26.13 , r=0.999 ;
Y(Cmax)=0.59X(dose)+7.22, r=0.990,
M 4 & ¥ & T Y(AUC)=9.60X(dose)+37.51, r=0.998 ;
Y(Cmax)=0.59X(dose)+7.22, r=0.984& & b, Z O &5 & A
TIREMRRBIFEZ L L,

200mg/keg® KR ICHEES LEKROKBFB X TKEF OETU
ERBMEDOEEHBE 2 FigdlcRmLE. BFHDETURE R
30 CCmaxZ m L, ZOBBALICHELISKHETHRERRA
mTc:t,cotoCmaxa)ﬂz}l%ﬁbﬁﬁﬁumaﬁtbisotz»‘iykqﬂczﬂz
RETEIhOUEMOWIISLEP oD OO, T O
By — B BANETBLUTEKRPTLIEERLTH > ko
M o REHBIZIOWVWTI, 304 TCmax%z R L6k X

TZDlevelZ MR L, ZOHKLICHELISKHK THRER
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B FIZ&Ro ko
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%4 =
B3I B

BAEmMEH O ETU BE D AUC & Cmax X, ETU % IR
1M.SHEHE S LERKOAD , ER 12.5HICHEES LR LD
W e»PrBEPoE L2L, BEHBISHOTHHDODES D
FEiE Cmax CIEWEELCEL, HEAKBIFIERLTH b,
EHROMHER NS — L IFEERLUTHILHABmINh . EIR
1M.SAHEETE, B—HAE»ro8ROIcOEZERL ZOD
L, BIR125HBES TR IKRATIHAZER L K
mLiZzzedrs, BEMAEOENWITIDWLS S DPOERED
S UEAEEMEDPEZILONDS, LPL, EHHFHEARITIEL
T, MBEOHEBNNY - TEDN RNV EPSE, SHA
bhEEEOEZREIES>D>ZEOHBEATH 2 T 52
ERTE, MAOMHPEEHBEIRAULTCHEZ LEE L S5N 2,

ETUZ 2y POBBERIHE TH 2B RIZHICEDOXR S
LERO, 2k BLOCBEADKEPOETUREOHE 2 R
B EOHS®SATT TIEFERN B L OB A MR IR
BEh, WHEPLOREABH TRV LB RE AL,
SHICBERISHETCE, FRPEEDBAKMDFE B REL
ERBEWHR ZRLUED, RE5B302THEROEERXE

FR LR, ZThUBREIERBEREBZRLE. 2O
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e, ETURR OB EIC L b, ﬂﬁczu&mgnféi
b, BEMAP BT ULZETULE S P ICEARPICEIT L,
WIOR TEXRKFBLIUCEBAMDEFEEIFEIEHERELCR
BeEZIOLND. 2O LIF, EERSF5EICHBIT % CmaxB £
UTmaxDIZFIERE LMEZ R T I e HERIND ., ZODOR
OHBICELTIE, ¥KkFP B ICRENE+HREEIFEF
GREEREBRDS S, MAPS5RB LTHEPFTANDETUD B
Mok wmFEFHI»PLEBEERL, TORFR, FREBLCBT 2
kB LUORBKMEDRTDETUDAUCH FIEH LU E Z 5
TLr#HR XIS, Kato et al.(1976)1F 100 mg/kg® '*C-ETU
5w POBERIZAKCE S L, 2, 6 B X 24K B &ICEK
B LUORBAMPEFOIFHP KBS CTZOMRHMEEEZH
FELTW2, ZOHBRICBVWT, ETUREPLPZRKR TN
BRAEmBLOEKRFCBTTZILERELTWVWEBED, &
MoFKLOERL BT 5. £, HEI12HIZ10, 508 X
200 mg/kgDETU%R & 5 L 2 5B &, SAEMEF S LT FK
EP%%E‘H&[E%%B@E%MT%:tbs%@@%%#%ﬂﬁ%#cz
b, 10h 5200mg/kg® P CIX R MEICE LU TRE S
BrErhTwd ez Chs5DZ PS5, ETUD A

FTAOREERBLELT, FAPLOBRBVPER RS 2 #®
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o4 B
LTW2ATEEMDEZI OIS, £/, SEORK L 0L RIS

BPWT, BTFrHPBLUTBERPTOETUR & 5% 1280 <1313
HELTED, FXKPOETULHRMH A ELosE, & O
CEePOLRFREETURER LRV DD, BT EKDBIZ
POWTERNHERBEEDETURRBEI W T W2 LEZLN D,

X, BHRANDI10 mg/kgDETUB B R O® &5 T B F
FEDPFEINT, 50mg/kg CTEBFRER2ZRT 2 2
CEHBIBETHLPICLE, 2O D5, ETUOBE M
X T A BE, BAEME AFEE DAUCT 102~ 467.6
pgehr/ml, CmaxT12.5~34.7 ug/ml, (K F EE Tl AUC
T 100~ 555 ug+hr/ml, CmaxT 11.8~47.7 ug/ml<T & % 1] K&
EBEZ SN B,

LEXD, BIE12HIKETUZ 2 v PICROBLS L=,
FARBIUBAKMFERATIIIERACEEHBEZRL, »DOHB
FREEFBELRAWZI L RENE, L, BFE/BEKD T &
[ U ETU DRETFAKFLEBVWTCRFREINTB D,
ETOC L 2HFREFRCEFAXRKENLCOREDPEETH 3

ARERENEZ SN B
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B4 =
B4 H DI

iRk 11.5 B X T 12.5HDZ v Mz, 10, 50, 200 mg/kg

OETUZBREBEORS L, BEmE, 2Kk, BFEHBETOD
ETUOBEHBEZHEL L ERI11.SHB L W™ 12.5H D #
mMEOXEESLCLX2BHRMBEFRD ETU O# B IZIZIERE L T
Hol o MR IZSABSC L2 AN ETB L TEKP D
ETUEER, IE2BBTYEY—-—21IC&EL, 208%BLIICH
HL, SRRBETREL2CHEELE, L2L, BTFEEODETU
BEIEF30OoTE—JICEL, 58 2KBETIERIEHEKL
B TICNT B2 ETUORED —HIZ,¥KFPTODEW ETU
BEECETFIPEREEEINEZZ LI DLEEFZ SN
%o
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% 5 E
4 5 2 Ethylenethiourea I K 2 REFEFRICHE S T % X%

MBEZFHNERNOENFNI—REEE. RSEEPB L
CRBRNHECERBAERFEOBEMICEE T % in

vivo-iv vitro 2 T O fi# ¥ —

BABIZIBWVWT, IR 11.5H® > v b IT ethylenethiourea
(BTU)Z & 5 L= RO RAEME R EEDOHRE , I KK
mﬁaaﬁ%btﬁwﬁwmﬁw,$m¢,%¥£$w%
M TOERBTUOEBEEOHRB ZHMLLICL, FXKP 5D ETU
REPBFOHFESFTRCEERLEI ZRETHBEMED?G H S
CrETRBUE, AETR, BEZ Y PICETUZ BREED
v srzrickbh,BE115HDLLFI125HDODKR F%
ETUIZ invivo T 2~ 12 KB RE L, TDHK, invitro TH &
TR LIlCcLD, ETUDRARZZER T 52D LER invive

TORBEHBEBEICODWTHRE UL Z,.
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o5
w1 ME L FE

1) 5 A 8 Y

Wistar-ImamichiZ v b Z (MY WMEBEMHEFRF L DB AL,
ZRICHLEBIERNCE FPBEESINZH2EIEREOR L&
EFELlE. WMEIER2 222 CloeHEHIN, HE 12K
B (7:00M4T, 19: 00 4AT) OMET, 1-2IL/7 — Y THl
# L, f8 (MF,,Charles River Japan, B E)B L K&K %

ﬁﬂﬂﬁﬂléﬁ‘f’:o

2) HEWMOTABM L K E HE

Ethylenethiourea (ETU)X M XM E T E A 54 (KK)
I hEEAULM. ETUIZ AAKE IC0.5% tragacanth gumsK & W T &
BL, 40mg/mlEERZMERLZ. BE5EWE XS5 ml/kgl L,
BEEFORKEZECKSHDORSHEZFEHL L, #HZE
O 5 Lk, HEBEICIZAB DO.5% tragacanth gumK & #
DA HZEHREL . lﬁ%’ltbo)ﬁﬂ%’&ﬁé[@}:bto &5 &
FiRE12.5H D2, 4, 6, 8 LG 12ar, §2&bb, I

FEEBBEUERCE T2~12BREICEBL 2.

3) v MigT OHER
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% 5 H
BENLTCFERNTETUIIZ 2, 4, 6, 83 L < Ik 12 K

mREZIhEBE 2S5SHOS y AT 2t E, 28T
HmAREILHEDS D (1981, 1985)IC > C 24 &E L 2o
BMTFORMERKRICE, EAREMBEBTCHNEEMRERZEEL ,

Hanks M C 2 EH R, HEHERIHE L L,

4) BERPB L UCHERE

REBRFOREBHRIBHERONEREMB BN B LU
MBE O EKRTRICZhZNERELE. ZOB, 0D
BLUKBEBIPAGERRFR2EERTFEL, LHBAFPRD
BNV HDORETHRFLAUELE. BFORERMK L L

T, BE, AREBIVAHHEEBERTRICBERL Lo

5) #iat A

BMFogsHE@EIc>WTR, —TEESBIN TERE
bi{?u”m&’)f‘ohti?%éli,Dunnett@%iﬂzﬁﬂﬁﬁéﬂib\,%%
DFEEEICOWTI Fisher DEEREFEEXRZAHAVWT, £

NZhERLE. HEKEIZEp<0.05ZHERL Lo
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B 5 HE
B2E REER

200 mg/kg @ ETU Z HEIZF O/ S I hER_E» S5 HHL
MBHEELEBFORMREZ Tablel6lZm L. TEAWNT
ETUR 2~12 K BREI W ERC24AKBEEESINE S V
P FREMEELE. FTEATO 6 RBERSZH (HE
AUC: 570 pghr/mDT X, HERELCEAGR OB E & K &
RO, BTOREMBIPERILEZD, KEBAEAE 2
FTHEERBRFIELLBEREIW RGP E., S REBZEH (H#
F AUC:713 pgehr/mDT d 6 R BEH LEARKRICHEERE &
BREGHROBERKMEIAD LN, BREIHIPBE RN,
KEELEL L TRERRODROLPEHE TCHADLNIEDH T,
HiERhREEEZIHERINL AP FEATO 12K HF
ZR (M SE AUC: 937 pgrhr/mD)THR, 2 FTRCREBERE N
Hgahk, BREIWhEEFEE, o EER, PO F
B, THEORKER, FEFBLIUERFORER, BET
% o 7= (Photos 17, 18), 12 MEABEH T, BRI H O K
ErZHLhE, FBREFPABHELALEZRALELZOE,
Mo EEIcERTELTHD, BRFOREREZ T T
BTk, BRBHROBEBEIERICH D EZELTDH -

= o
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& 5 B
B, ANHMBREH CHEINABBCLEREECE? 2 2o

B3 FE

ETUDHHEZ2FRTHIOLLBELRBERBIC DWW TKRE
T 5-®, Bk 11.5H» 5 &K 12.5 H DA I 200 mg/kg D
ETU 28 5 v PCHERBEOKS LEDB, 2~12 KR IK
BT EME LTSS 24KHEBEL 2,

ARBMBESH CTHEIMNBHRIIERERICE? > 2D,
6,8 BLU KB BEH TCOBRFOHERENNBEL EZDV R
hokobtds, BETURBIL L2 EcRIR, BROR
Bl EZ%. £k, c NEEEH COTFBRRINKBE O
BFICHERERCE» S, RAFRIPSHEOR FITHL X
EHT 16 bW RS, REOEBEIFPELTH D L
£ Z 35N %, Tsuchiya & (1991) i, ZTOKRBORK FIHE
B WT, 150 4 g/ml D ETU 2 46 R, v PR FICHRE
LEK, BFODNABLEHEMNK T T A2 LZHRELT
W3, ¥2bb, ETUIRLDNAARZME §2 2 &ICKD &
HeERoMEl vz E2bh%. ThbDZedb, F8
WD 6 SR RER, BFOBEOREEZED S5 TREE
TDNASGHEDPIWE ShTWAAEENRRENE. LD L,

6 BRIREBEILBWT, FEEBIRALGBEILEP I
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% 5
s, FEWNTO ETU O 6 BB EZE (H# & AUC: 570

pgrhr/mHTRAFRLBEFRIhRVWEEZ SN 5, 8 KR #
ZILPWTH, FRELEAHROBEEREMEIZ DS N
REMGDERINED, BOXMUARBEELIEHEE S
Nhhore £/, BLIETHERE invivo DBEREBRICH
WTEHEOODRMBIBERIN (Ao d2s, KREAD
BRodFRIIRDIEEIEZIHE VLW, ThbDZ s, F5
HOSy PBFRIERREZ2FRT 22010 0F 6 Kl 2 &

Z1I2KBEETOETUDREBIPRLETH I LI AOLN S,
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B4 N

ETU D &HFEZ2FR T2 LERRERMBIC OV TR
N B0, Bk 11.5H» S EHR 12.5 HD B IZ 200 mg/kg
OETUZRZ v PCHEEEOKRESELEDE, 2~12 KM
CHBREI12SHORFZ2HEB LT, S5 24RBEEL 2o
FEATO 6 RHABEDS Z v MEF OBEE 2 5 & EE D
FHohizd, SHHEBEULPRLW L PHELREREE S IXZR
Dohirdok. —H. 1 2KBRBICH VW TIX. AN,
. BIRPLIUVRBECRERBEENBHREREILZ, 2h50DZ
L5, FEHNOZY PRFURERERBAEAEZFR T 520
oK ZHMX 12KBRBETCOETUORENLETH 3 &
E LTz o
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% 6
% 6 % Ethylenethiourca C L 2L REH B Z R ICHE 5 4 % %

NHEFTHERNORIT I —BRERE . BSEE B X
CHEZRNBEEEEEZROEEMLCE T 2 in

vitro 2 T D R W —

Ethylenethiourea (ETU)E in vivo T35 w MR FICH I %
BRI DL T TUEEIBTCHE L. Invitro THE RS
Yy PEFTZETUR B LLEERICBVWTE,BE 10H» S
48 D 40pg/ml BE, BLUTBE11HD S 48K B D 30
ng/ml BHBIECBEVWT, MEPLIVRCEEEEIERINT
W % (Daston, et al., 1987, Tsuchiya, et al., 1991)s L » L,
ETUDRREBREZ2FHRITI2ODELELRLRVDPOREEE L &
BRECODWTEBRF I TRV, KERIZ, invivo T
ZYFPETURCH LBVWRZMEZ R ITHER 11 HB LT 12
H (Ruddick, er al., 1975)D ¥ E > v MiEF &2 W, ETU »
R EZ2BZRTIOCXDERBERBIE DV TRE L &,
RB, AEROBRBZEEER, E4ETHRFELE, ETUOD R
KOMPEABLVEKRKFAORGREED»S, invivo T v b
BFe2BM0EFR2BRITINOBETH S 100 pg/ml

CHEBEOBEMBARZICEY 300ug/ml, EOAHICHFIE 2 FH
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£ 6=
THRED 30ug/ml, X ECHAEFRLZFRELRVEE D

6ug/ml Z FLIZEE L =,
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B1HEH MA L AE
1) FER#Y
Wistar-ImamichiZ> v b Z (BB W EHEMEFRF L D AL,
FRICH LEBEACKE FHBEI N ZH02BRHELEER
L. HMIEIER2 22 CIcEHERIL, K12
B (7 : 004, 19: 00H4T) DHE T, 1-20L/7 — Y TH
% L, ff (MF,,Charles River Japan, fi#E )P L WW/KE K %

HHBERT € L,

2) 2 v MR FOEER

Bad 11.5 HDo > v PETERBEB®R, LHEHS Ok (1981,
1985)I2 it > T 95%02 - 5%C02 BA A XA 2K L&D
5 20rpm CHERRELUE, BEW(Z v b LCHFHE) DA
FEeETUricEEfEo#METE 2T CARLEED & L, 48
BRoREZER LE. T2 17TKHEBEZELZHE, Hanks
WL, EHREMETCHNEEHERZRBEL, 51229

MEEELZ

3) ETU O 2 & /# &

ETURI M St TR a4, RBEOBRAB K CEHEL, %
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6
ZEE M 6, 10, 30, 1008 £ 300 ug/mlicik 3 £ 5 &

WM U =0 ETU O 6 Iy R 5 28 &, 99 25 28 fif i E & 1T 100
BLU300ug/m DEBEETEBLE.BER TRICEEER
7% 20 Hanks M TH®H L, ETUZ S TR WVWEERICEL
TH I 4B EEZMR LU IWEBMMEIIK, 12KED
ETU R & 1% 10,30 B L 100 ug/ml O EE T ,17 KB D ETU
FHEIL 6pug/ml OEE TEM L, WHIEMMB LV Hanks
ETO20DO%EDH, ETUZEETRVWHEBW TS 51T 24
BREZELE WTFNOERICB W T D B AERKIX 48 K H
P U, DM E R BRI 18 6 U< 24 A E KR

ﬁﬁbf:o

4) BHRERPBLUAELE

HEEBTFOREHERIEERTRICEBL, HHEROHH
BB LUAEREEZERTODOREER FLHELE. BFOD
FEREELUCHEBLIUVEBRE(CRLZE KT K ICH
"L, ok, REHRZRERTREERERTHRICKZ,
2ABECHMUEGEER (BRAGOEME) 26 HFiH L

7o
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6 #=
5) W a3t W A

BT OREREOREROWLEIZIE Fisher O H £ i R 5f
gk, FWWEMIC DNV TIE Wilcoxson O JHELKRE Z A W

P<O.OSDEEBEKETHEL =,
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%6 E
B2 REHER

ETUKCBBINEHES Yy PlETREE2MEHEL = Table
17T 6RHBEORRZ R LE300pug/m BEHICB VT
bR EREE 2R THEER TEE2SBE I 2 » > /= (Photo
19)o Table 18 I 12N B E CORRBEFOEE L Z DR R
FERS CKEEBHAUBERZ AR LUEZ, 10 ug/ml L ETRE
KEMICEEBT, RORYN (#E, ERBLUHE) O
BHEMNEMU, 30 ug/ml U ETHERLHMESHKRE FHI
EEICEBWHEE T8 % & h = (Photo 20), 100 pg/ml T &
5, HIMOERER, "MEHOFER L UCHKF O FE
BEEINE, RFEFAFERIIBLWCE, BAREHK, B K
VREB24BBTHMUERBAEARSHD, 30ug/mll ETAH
BIZ/D R D o=, Table 191 ETU D 6 pug/ml T D 17 K [ 2
ZOHEZRLE. 6pg/mTO1ITHBEBECEIRERHE
FeaBRgRINYT, SEEHAUBRINABEFLERAKT D

97:0
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%6
HB3E ER

AERBRECBWT,BES Y BT %2 ETU®D 300pug/mliZ 6
BEASELERICE, BN Z2EEREES L CRERENH 2
FTRTAIEREFUEORBEIER IR, F 4 &
THLPITUEHKI, nvivo Ty METFLE2HHDODHFE
PFERT S 200 mg/kg EROKE L ERORA B EKMIEF
BEEIZ 92.6 nug/mld L& 114.4 ug/ml, &S FE KPP EERX
121.5ug/ml TH oo £/, invivo T v bPEFIZE2HME
DHERZFERT S 240 mg/kg D ETU Z2RRAICKHEOKE L &
BomESMmMEPEEIX 125 ug/ml L O E & % (Ruddick,
etal., 1977) SHOEBRTCHWVWEZEEZZNLS DN 2.5
KLY T3, COSEETCODRBREBEICLBVWT, EEEA
EHhABERIhRPoEI RS, ETUD 6 D 25E &
REABRPHFERTICEFATLTHILEEZSNDE. LR L,
%Sy PBRF A 10 ug/ml L ED ETU K 12KHE B8 L &

L.

B, RBOREDPEEKREMCHE SN, 100 pg/ml T & 7B,
MM B LU BRRERBAEIFREINEZ. £z,
B sEDSw MO in vivo-in vitro R TORREBWVWT D,
FEATOSKHBBETCREEREFEIFRINT 1I2KHR

BETCORREBRENZFRINANTWVWSE, 5D D56,
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B e
Sy PRFUERBETEZFRTIZICE, 2ERMBILETDH

zrHWEnNDd. —H, E MBILUERBHCHERENE Z
7 9 valpronic acid (VPAYIC B W T, AERME R & & BH
hRGERKRBCEITIHEIINATWVWE, T4abb, Nau 5
(1981) B X U Nau (1985)l&, VPAZ Y U R{EF I &FE 2 i
CXVAHEBETCHRKICERTEHESLEK,4KB T VPAD 90%
BEEMEIhTLES> 2L, BLY VPAORBEMHF REE D
1/15-1/6 725 L2 CBBENRY 7T VPAZMMRB I 7H
BMEgxcRE LEREIATREIPELRVWZ 2S5, VPADRH
KA FZRTACFIEKHEMCTCEEEDOREIPLETCDH 5 LW
LELTCWVWb, —H, AERBERICBWVWTI, ETU BHEE S
y BT REEE2Z2FR T AICE, 10 ug/ml L LTOD 12
B oOREALETHDHILEZRLEERE AUC: 120
ughr/ml)o L L ,6ug/ml O 17 Kl O 25 (FFE AUC: 102
wg-hr/mDTREES Yy PRTFTEREBERESPFEI LR DL -
FoohdDZ b, ETUR VPELRERD, EBERE2ZH
KT BRI H B —EEE (10 pg/ml) U ETOD 12 K D #

BOILETHDIDLEEAIALN D
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Boam  NE
Ethylencthiourea (ETU) D2 v bRE F I BE B & F R
TODREMBRRBENBZ 2B FHEBRCLIDREL &
300 pg/ml1 D 6 FMA B L LT 6ug/ml D 1I7THBESZICB VL TIE

FRREKZERERh=RrdPo/k. —F, 10 pg/ml MU L O &

e

TONRKHBECLBWIE,ROEREVEEKREM TR D
5h, 100ug/ml TR, & 5 ICh M, FiKP L ordkickE
REDPBERERINE, Ths LD, ETUNRS v VB FICHE
RIEEEE2FRT IR, 2HEBMOREFPLETDHD 3 &

RNz,
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& &8

ko RPEEDKBEL S,
(1) ETUZ 2 v P& K I1I.5SBHB L X125 HEOLS L
ER, B RXRBARBFCBVWIHERE, OBFEH, IO REE
Y REBLUCAEE, ERE,  HEZ2FH LT IEL2DOHE N
I h,chsoaREBLdINT22EMLMDPDIT TEEMBAE 13.5
HoBFREBEIN S
(DETUR B KN, B FOEXEKBIUMBHBROEBEELE KX
a5 252 cER0V,
(3) B4 11.58H» 5 13.5HO MO FOETUD & & B 1% K
T A RS MIX inviveB K W invitroD £ H T TEDB R W,
(MHETUD 5 v PR F I 7 2 #FREE, HFEOMNHICX
bW B Eh 3.
(5) # 5 v i ETUZ & ELEK, ETUBR RSP P KA
I h &&KWA~BT L, 10~200mg/kg O & 5 & O % H
T, mMEd B LT EKRKFT TO ETU OB — 7 EI TICK
RERITIERRBIKZ ST
(6) B miEhs L KERKF O ETU BEZIEIERALEET

%352,
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T =R
(===

(7) B THH O ETU BE TR VWM THLT 2N, 207
b FRKPTOREVWETUBE LR FP ERBMEBEZ I %,
() ETU » 2 v P FERBEBEE 2HFRT 2 2O IE, in
yivo TOD EKAF S L invitroTOBEWRST T, BFH
ETU®D 10 ug/ml A L O RBEIC 1I2KBEH L TCREE I N 5
D RBETDH B,

REDRRDP LN,

Ih e &b, —HF THhIEETUIE in vivo T H N in vitro T
bhisrics g ghakesdraltaswsdzdboTcdhh, K
mMPlcERSEEZXD, itﬁé?i%ﬂiﬂﬁ&i%ﬁiMQJt‘lﬁJﬁz
EroRERIAAR# I AT ESZ L, ETUORB ZREREE L
HDBL, ZERORAIBRE T I E, TOHEFEREM R
ETUO R BT L BT RSEBETUZ D HDIZXEH DT
HbrrEHRIND, 5T, ETUR S Yy PR FRKHFEZ H
Ha ¥ a2 IClE, 10pug/mIll EDOREE OO ETUIK 12K B,
fkbTehhEERDTCHODNEBEFPREIND Z LD L HE
THharzem»r s, ETUBFCETFEMZRR $ICE, ETU

D 10 png/ml £ D EE D 2B EREm P cHFEIRRS

BENH B EHERmT N Do
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Ethylenethiourea (ETU)IZ, Z h B, RELPHEZE C »
DTHH TN ERENMTH D (Vettorazzi, et al., 1995), =
7= ,ethylenebisthiocarbamate R X EH H 0o BE T B B L O
BHEYATCONRNBMEY T H 5 (Czeglédi-Janké, 1967; Jordan,
et al., 1979; Brocker, et al., 1980; Autio, et al., 1983),

ETUZ 2 v P FORERRBCRAICEREKE 7 5 &,
BF A RE, M, BEEE, KSBEE, NTFTHEE, OO
ek, REEE, BB, HERLLXrOEEIFPKAEZETHRD
5N % ( Khera, 1973; Petrova-Vergieva, et al., 1973; Larsson
etal., 1976; Khera, 1987)e T 65 O Z & » 6, ETUEL Z v
PR EEZR T ILEBALSDPTH S, > T, KA
MoBEGTADOBEAFAICEIDENRRECOBEET Z2H2 DL N
RnwZ e hBBEasIhd, L L, R#MHEZEAODSKF-525A%
MW ELES Y PCETUZERET 2 L, T &EMED E
BME N 3 & D& (Khera & Iverson, 1981)¢ , T MR U
T, v PlBIF 3in vivoTDETUD (KA K & TIEHFE
BDEHERKRI N2V E O E (Teramoto, er al., 1980)» 5, ETU

DEELHEMEDPDETUBRIC XZ2DD, 2 WiEZoR#Y K
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r20D i REPEBEIC R TRHEWHRWL, /2, ETUD & IR

Sy PEBUITZIZHEAHELCODNWTOMEL L T,MHCT 7 N

VUEETUZ BER v b BOES LEZDSL, B&E&MA,

i

g, RPB LB FP TCOETUEE Ol & & R MV R&
xhTBbh, Zhicshid, BOHESI N EZETUERBAKOD
i, @GP Y FICBRFDPCEDIPEBEBITT SR
n T W % (Ruddick et al., 1975; Kato et al., 1976; Ruddick et
al., 1977)e U L, Bk d B & ”EKFH CTOETUR M H#
hoBEHBEEMIIBRFTLEREIREZRLS, FKEN
TEABFAODRBTULLMNVWIBEFLELALCRIT TN T R V.

KB XX, ERAFELEHORFEZA L, BTUL X 2 F
B HBETUR R IC L 20D, 2 WEHETUOR#BHIIE L 2 D
PEBEHLMICL, ETUN #EHRMEZ R ¢ X¥MEH BFHIVY

— Yy 2WHLEPITHEEDEIT>EDDTH S

w13 ek, IR 11.5H B L 12.5H K ETU 2 & 4k 7 v
Pl BES LR EABRHBEORSLERIE, SR N D
BIoARZROoOBEBELLEREFORLBER ZEHEL Lo

ME 11.5 A8 &L 12.5 BHic BTU # B & L K E&EHR

N 5 L, 10mg/kg CRBFOAXRFRLEIRIBRS
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hd, BEXLERETDH-o Lk, SOmg/kg TRERIBE RSN -,

200mg/kg T AL, DBERH, MNTFTHEE, NEOR®E R
ERPLUVEGHE, BEREZEIHMLITI2BELOHERISZI RS L,
ik 11.5BHKX S TEOBAEDY, BE 12.5HB 5T, &5
cEkowmEE/NMNLELHEE, BREEIBEEIh ., IR 11.5
H&e 125 HOEHKRETRE, i HoBEESCLDLEDS
h’zHEDPEeTBHEINE, 2, BE13.5HICE, T h
SOHFRBICNB T I2MMUTCEBEEIBERIL, 20K,
BREBYOMBE, BMFOFAKLELMAEHRBICEELEDODELEALITR
DNk o ULED o> T, 200mg/kg® ETU %2 4 & 11.5
HB X125 HORS v PICHEEEO®RELELESG, T O
EHEEMEICE LUTHBE 13.5 HO B F T3 TIcF 1l o 482 C

B EeEZLBN D,

Bo2ETE, 2y PR FE2RAE 1ILSHPSERRICHK L,
invitro CETUIRRBEZE LERKRORERBELZHREL £

BB 11.5s Ho >y P Fzr 2RBEmEELER, 10038
K W 300pg/mldD ETU%H:H\%%DOJ 17 K M ETU & 8 & ,ETU
RBLUT 220 BEREOD L 24K ETUKR 88, I FIZ 46 K

MEHE CETURNEREED=2HBEHDODERZITEZ. TN 5 D
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FFCETUK BRBEBI N -AHES v VBT, B 18 CH

b XD, 87y POLIK 11.5HB & v 12.5H I ETU

~ab
1953

#ERB S LIETEHROEE LEEADFENR T OE
FhRECRAKREWL, F2bb, BINOKER, &52&EDRE
afh®E, DTHE, RFBLUBEREFORER, BERE N
BEINl. LEP-> T, BEI11L.SHD» S 13.5HO B D >
vy Mg F DO ETU R XN § 2 BRZMIE, in vitro T3 in vivo T

bIFIEMEMLTH B EHE XL H N B,

BEIBETHE, ETUOE&HEM P ETUBRKRKIC X 2 0h, &
20wz ooRBYICLI2OrEHMBEICT 2D, BES VY
M F 2 2y I 20V — A5 H(SImix)D EE B LU
FELE FTTETULCRSE L, BEBEBEFOFHIZ DWW THREL
7z o

1038 & O 30pug/ml® ETU K SImixDEAEB L TFEEET
Tow b EEBRF2Z2HEEZELEZR, Somix ODFFET TEH

=ik F M R ETOOEEINEBELS R >kE. —H, SImix D

S8
b
o

EE T TRRERBEPEFILALCBEEINRPDE, LD

ST, ETUO B ZEZRMIFZ ETUBNRKRIC ® 2 LRI NI %,
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BABETHE, ETUDR S Yy PR FREHFRZERT 20 KCE

TAEDHEZTHNREABECODOVWTOHNREZ2B 22D, 7 v
PO MYk 12.5 HIZ ETU % 10, 5038 X OF 200 mg/kg T ¥ @ £
n#&E S5 L, BERMES, Fkbd, BrahdB LB Edco
ETUB E 28RO CHE L =,

BAODHEPFBILIEEKFPFOETUZIE I ICIFTIEFHERLLEE T

'

[O2N

&

B L. WM 2KBETY—2ICEL. Z08%K L2 I1CH"
48 R THELE., TOK, 10~200 mg/kg D 5 = O i
T, E—7ELEVCRBREECLCSLAERANREIRD 5 0,

AEECKELEAARNREEEXRXB~OBITHRADL N

o]

dr

L L. BTFTHED ETUEEIX 30 TE —27 &L, ¥

=

BI2EHEBE TEEHEELEBFICNT 2 ETUDZ R DO —

(4

k. ¥ KPP TCOBEBVWETURBECLKR FIPARKEHEBE S L L

Ll kB DEE RSN DB

B s B TIE, BTUDDKB FLAHAEZFRXEIT DDICET % F
TATCTORERBICODOVWTIRAN TS Y, &Ik 11.5 H®
LSIX 12.5H® > w b IZ 200 mg/kg® ETU Z B Ol & O & &
T3z rickb, lBFZinvivoT 2~ 12KBREL, &5

K24 I B LTREBERZBEL Zo
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THEHANTOMBRE»»S Sy FBFTOBRER R Z&E

FROBNED SHBREZLB VT bWk EERN IR
pohad ok —H. 1 2BEREEIL SV T E. WM.
. M P ECREBERESBEES . LMo T,
FEWNOI Y PRFURERE2HRT 5 2 01013 128 M

DETUN D BREBEDPLETH 2F L 5N B,

meBTWH, BWEIL.SHP>DEES v PiEF 2 6, 30,
100 B &£ U8 300 ng/mld ETUIC 2~ 12K B B &Z L, ETU »# &
HERERZRFIRITAODLCLETZHEERMBICOWVWT invitro T
at L &o

300 pg/ml @ 6 BRI P LT 6pug/mlD 17TKHERELCEWT
R ERSIERIALARD D —H . 10 ug/ml BL £ DR
ETo 1 2HBBEESE LRV R, ROEEIPREMKEMLE L
DB . 100pg/mlTlE & 6 KA. & B L TR ICH
HESEFERINLE, LEN>T. ETUB S v MR TF Y

MhEREYEEZRT AICE. 10 pug/mlA LDREETO 12

KBoOREEALETHDIDLEEADLINE,

M FoOAFEORESED» S5, (1) ETU 2 5 v bMIZHEI 11.5
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A L1255 HEHOKRS UK, TERBEB TFTCTB VT

R h2&HFRLEERNBT 2ELDT TCIChE 13.5 HD I
FreBEBRIND, Q)ETUE KM, BF O FEKkB LKA
gmoOoBEELCELMZEZZ R RY, (3) BE 11.5 d
e 13.5HDODB DK F D ETUIC XN T %2 B ZMHIE invive B
L invitroD £ T TEMN RV, (4) &5 v bIZETU Z &%
ELER,ETURERSPEKRANERR AL ZERBE~NBIT L,
BAMEDRS L UCEKRKPOETURERIEZIERAULCEE CHR
T3, (5) BFBHED ETUBEFZRWHRBETHKRT 20,
208 BEKBTTCOEWETUEE LR FOPERBEBE S N
2, (6)ETUN S v P RFREREREZFRETZ2OLE, I
THAETU®D 10pg/ml A Lo EETI12KBE, ¥Kb& L &5
ZEMP CREINDI I LLPLETD 5, TR EDODHERNMN

50 7z,

oW

Zh & & b, ETUIX in vivo T & h in vitro T &H N g F
XX T hEBEFLELIESZBOTCH D, BEKMHF KRS
s h, sEBFEAPLCISAMDP EEAREELC RSN
MHxnFioerEasl, ETUOR#FZRER LY S &, A
FEoxBHIEET L L, TOREFEER ETU @ X 3

Mzt 20 CHERBRLLETUZD DI L2DDTH S, &
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HENhhd, 6K, ETURS v FRFLHREZRBR S ® 2

FHIWCE, 10pg/mll EDEE O ETU W 12K B, £KkKH T
PNEBEERAP TCODLBEFDPREBEINDI I LDPBHLETDH 52 Z
yh 5 ,ETUR BB FICHEHEMEZ R T, ETUD 10 ug/ml
Mo EED 1I2KBEUEIRBAEOLPTCHREINSE LEDD

5, i SN Do
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e L, W BE ABRBHWEH L, L RHE BHE Il
AT LTOTHRBELLIEIES L IKRBOBETH D,
CIKBEERBSIBREREERL X T

Il
Rt

AfiXDehTeHIZHLT, TRRHELEERIY
BEEE LERARZFEEZHERZEE BHE KEXE
t, A BREFHEZREDFHEE HR —=2HRE LT
j:?ﬂ‘btlbibﬁ&%%ﬁ‘b\tbiﬂ‘o

REBEIC, AR ORITICHED, X
LEZE B2 MHBERATER T2 EAMO#EK
FLHEZRLE T

O EIESE X
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Table 7 Dysmorphogenesis in fetuses derived from dams
given 200 mg/ kg ETU on day 11.5 of gestation

Days of observation

125 13,5 145 155
No. of litters used 6 6 4 6
No. of fetuses observed 80 72 51 65
Brain region Prosencephalon hypoplasia (%) 100 100 77 85
Mesencephalon extrudoclusion (%) 36 38 - -
Mesencephalon edema (%) 0 14 - -
Mesencephalon rupture (%) 0 0 2 0
Hydrocephaly (%) - - % 100
Nasal region Medial nasal process hematoma (%) 15 6 - -
Nasal process noncontact (%) 0 100 - -
Cleft lip (%) - - 100 100
Cervical region Mandibula hypoplasia (%) 0 100 98 100
Forelimb Forelimb bud hypoplasia (%) 0 100 - -
Forelimb dysplasia (%) 0 28 66
Forelimb plate hypoplasia (%) - - 100 100
Oligodactyly (%) - - 75 94
Hindlimb Hindlimb bud hypoplasia (%) 0 0 - -
Hindlimb bud hematoma (%) 0 0 - -
Hindlimb dysplasia (%) 0 0 2 0
Hindlimb plate hypoplasia (%) - - 2 0
Oligodactyly (%) - 4 0
Somatic region Dorsum edema (%) 44 9% 100
Tail Tail edge edema (%) 26 24 2 0
Tail shortened (%) 100 100 96 85
Tail rudiment (%) 0 0 0 15
-: The term not applied.
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Table 8 Dysmorphogenesis in fetuses derived from dams
given 200 mg/kg ETU on day 12.5 of gestation

Days of observation

13.5 145 155

No. of litters used 6 6 3
No. of fetuses observed 73 71 35
Brain region  Prosencephalon hypoplasia (%) 100 100 100
Mesencephalon extrudoclusion (%) 32 - -
Mesencephalon edema (%) 0 - -
Rupture of blood vessels (%) 0 51 100
Brain region hematocele (%) 0 0 69
Hydrocephaly (%) - 100 100
Nasal region =~ Medial nasal process hematoma (%) 0 0 -
Nasal process noncontact (%) 0 0 -
Cleft lip (%) - 0 0
Maxillary Maxillary hypoplasia (%) 0 51 100
Cervical region Mandibula hypoplasia (%) 82 100 98
Forelimb Forelimb bud hypoplasia (%) 58 - -
Forelimb dysplasia (%) 42 100 100
Forelimb plate hematoma (%) 0 21 54
Forelimb plate hypoplasia (%) - 49 100
Oligodactyly (%) - 32 100
Hindlimb Hindlimb bud hypoplasia (%) 56 - -
Hindlimb bud hematoma (%) 0 21 -
Hindlimb dysplasia (%) 0 62 97
Hindlimb plate hypoplasia (%) - 49 97
Oligodactyly (%) - 34 97
Somatic region Dorsum edema (%) 0 0 100
Tail Tail edge edema (%) 12 38 0
Tail shortened (%) 79 100 100
Tail rudiment (%) 0 0 0

-: The term not applied.
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Table 9 Dysmorphogenesis in 13.5-day fetuses derived from dams
given 200 mg/ kg ETU on days 11.5 and 12.5 of gestation

Day of observation

13.5
No. of litters used 6
No. of fetuses observed 68
Prosencephalon hypoplasia (%) 100
Mesencephalon extrudoclusion (%) 46
Medial nasal process hematoma (%) 56
Mandibula hypoplasia 100
Nasal process noncontact (%) 100
Forelimb bud hypoplasia (%) 100
Hindlimb bud hypoplasia (%) 38
Tail shortened (%) 100
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50 mg/kg  Control

Photo 1. A rat fetus (left side) deriv ed from a dam given 50 mg/kg ETU on

day 11.5 of gestation showing a short and kinky tail.
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Photo 2. A rat fetus derived

from a dam given 200 mg/kg
ETU on day 11.5 of gestation
showing  brain  hernia,
hydrocephalic, mandibular
micrognathia, shortened
forelimb, forelimb digit

anomalies, and no tail.

Photo 3. A rat fetus
derived from a dam given
200 mg/kg ETU on day 11.5
of gestation showing brain
hernia (top arrow), cleft lip,
cleft palate (middle arrow),
mandibular micrognathia,
shortened forelimb, forelimb
syndactyly (lower arrow) and
oligodactyly, no tail and anal

atresia.



Photo 4. A rat fetus derived from a dam given 50 mg/kg ETU on day 12.5

of gestation showing a short and kinky tail (arrow).

Photo 5. A rat fetus derived from a dam given 200 mg/kg ETU on day 12.5
of gestation showing brain hernia, hydrocephaly including blood,
mandibular micrognathia, cleft palate, shortened fore- and hind-

limbs, fore- and hind-limb digit anomalies, and no tail.
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Photo 6. A rat fetus derived from a dam given 200 mg/kg ETU on day 12.5
of gestation showing brain hernia, hydrocephaly incduding blood,
maxillary and mandibular micrognathia, cleft palate, shortened

fore- and hind-limbs, fore- and hind-limb digit anomalies, and

short tail.

Photo 7. A 12.5-day rat fetus (right side) derived from a dam given 200
mg/kg ETU on day 11.5 of gestation showing prosencephalon

hypoplasia (arrow head).
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Photo 9. A 13.5-day rat fetus (left side) derived from a dam given 200
mg/kg ETU on day 11.5 of gestation showing prosencephalon
hypoplasia (white arrow), mesencephalon extrudoclusion and

edema, forelimb bud hypoplasia (arrow), and short tail (white

arrow).



Photo 10. A 14.5-day rat fetus derived from a dam given 200 mg/kg ETU
on day 11.5 of gestation showing prosencephalon hypoplasia,
mesencephalon extrudoclusion and edema, nasal processes
noncontact, mandibula hypoplasia, forelimb bud hypoplasia,

dorsum edema, and short tail.
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Photo 11. A 14.5-day rat fetus derived from a dam given 200 mg/kg ETU
on day 11.5 of gestation showing prosencephalon hypoplasia,
mesencephalon extrudoclusion and edema, rupture of blood
vessels in brain region, nasal processes noncontact, mandibula

hypoplasia, forelimb bud hypoplasia, dorsum edema, and short

tail.



Photo 12. A 15.5-day rat fetus derived from a dam given 200 mg/kg ETU
on day 11.5 of gestation showing prosencephalon hypoplasia,
mesencephalon extrudoclusion and edema, rupture of blood
vessels in brain region, nasa_l processes noncontact, mandibula

hypoplasia, dorsum edema, forelimb bud hypoplasia and

oligodactuly, and short tail.
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Photo 13. Two-day cultured rat fetuses exposed to 0 (control), 100, and 300

ug ETU/ml for first 17 hr after 2-hr preincubation. Both
fetuses exposed to 100 and 300 pg EITU/ml show
prosencephalon hypoplasia, mesencephalon extrudoclusion,

nasal processes noncontact, mandibula hypoplasia, forelimb

bud hypoplasia, and short tail.
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Photo 14. Two-day cultured rat fetuses exposed to 0 (control) and 300 ug
ETU/ml for the first 17 hr after 2-hr preincubation. The ETU-
exposed fetus shows prosencephalon hypoplasia,
mesencephalon extrudoclusion, nasal processes noncontact,

mandibula hypoplasia, and forelimb bud hypoplasia.
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Photo 15. Two-day cultured rat fetuses exposed to 0 (control), 100, and 300
pg ETU/ml for the last 24 hr. Both fetuses exposed to 100 and
300 pug ETU/ml show  prosencephalon  hypoplasia,
mesencephalon extrudoclusion, mandibula hypoplasia, forelimb

and hindlimb buds hypoplasia, and short tail.
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Photo 16. Two-day cultured rat fetuses. The left fetus, control, The right
fetus, exposed to 30 pg ETU/ml for 17 hr without S9mix, shows

prosencephalon hypoplasia, and short tail.
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Photo 17. A fetus exposed in utero to 200 mg ETU/kg for 12 hr and then
cultured with ETU-free serum for 24 hr. The ETU-exposed
fetus shows prosencephalon hypoplasia, mesencephalon

extrudoclusion, mandibula hypoplasia and tail shortened.
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Control

Photo 18. A fetus exposed in utero to 200 mg ETU/kg for 12 hr and then
cultured with ETU-free serum for 24 hr. The right fetus is its
paired control The ETU-exposed fetus shows prosencephalon

hypoplasia, ~mesencephalon  extrudoclusion, mandibula

hypoplasia, and short tail.
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H
P-450 or fravine-
dependent oxidation /

( -

NH B> N H
oH Ho
Imidazoline

l Oxidation (P-450)

HN/J\NH
2H _E_L_J HZ

Dehydrogenase

-

Imidazolone

Fig. 1 Metabolism of ETU reported by Iverson, F. et al. (1980)
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ABSTRACT

AStudy of Teratogenic Mechanism of Ethylenethiourea (ETU) in Rat
Fetuses

By Takayuki Iwase
ABSTRACT

Ethylenethiourea (ETU), one of fungicides, has been used for food crops
and fruits (Vettorazzi et al., 1995). ETU is also a degradation product of the
ethylenebisthiocarbamate group in the environment and also its metabolite in
plants and animals (Czegléi-Janké, 1967; Jordan et al., 1979; Brocker et al., 1980;
Autio et al., 1983). It is well known that such a kind of fungicides induces
malformations in rat fetuses when orally given to mother rats at a high dose
level during fetal organogenetic period (Khera, 1987).  Moreover, ETU even at
a low dose level causes fetal exencephaly, encephalocele, meningocele,
hydrocephaly, mandibula micrognathia, forelimb hypoplasia, hindlimb
hypoplasia, oligodactyly, short tail, kinky tail and so forth (Khera, 1973; Petrova-
Vergieva et al, 1973; Larsson et al, 1976; Khera, 1987).  Accordingly, it is clear
that ETU has a teratogenic potential for rats. From this point of view, this
teratogenic potential of ETU would give rise to a possible teratogenic risk for
human fetuses when pregnant women are exposed to sprinkled ETU.

It has been reported that, in rat fetuses, the teratogenicity of ETU is
reinforced by a maternal pre-treatment with SKF-525A, an inhibitor of drug-
metabolism (Khera & Iverson, 1981). On the other hand, it has been also
reported that, when directly injected into amniotic fluid of rat fetuses in vivo,
ETU causes no malformations (Teramoto et al., 1980).  From these conflicting

reports, whether the teratogenicity of ETU depends on ETU itself or on its

metabolites remains to be solved.
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In a few toxicokinetic studies, after oral administration of 14C-ETU to
pregnant rats, its radioactivity levels in maternal blood, tissues, and urine, and
in fetuses were measured at a few points (Ruddick et al., 1975; Kato, et al., 1976;
Ruddick et al., 1977). As a result, it was found that 14C-ETU was rapidly
transferred into maternal blood, tissues, urine and feces, and into fetuses.
However, there has been no report dealing with a detailed time-concentration
curve of native ETU in maternal blood and fetal amniotic fluid. Also, a few
studies were made for exposure of ETU to rat fetuses through amniotic fluid.

The present study, by the use of experimental teratological methods was
conducted mainly to darify whether the teratogenicity of ETU depends on ETU
itself or on its metabolites, and then to elucidate the pharmacokinetic pattern of

ETU occurring in its teratogenic dynamics.

In Chapter 1, after the administration of ETU to pregnant rats on day 11.5
and/or 12.5 of gestation, their fetuses were subjected to observation of external
malformations and processes of dysmorphogenesis at term.

When pregnant rats were orally given 10 mg/kg of ETU on day 11.5
and/or 12.5 of gestation, no external malformations were observed in their
fetuses . Therefore, this dose level of 10 mg/kg was concluded to be non-
effective. The dose level of 50 mg/kg induced short tails. The dose level of
200 mg/kg. induced various kinds of external malformations including brain
malformations, cleft palate, mandibula micrognathia, forelimb malformations,
oligodactyly , syndactyly, short tail and so forth. Additionally, cleft lip was
observed in fetuses derived from dams given 200 mg/kg of ETU on day 11.5 of
gestation, and hindlimb malformations, maxillary micrognathia and aglossia
were observed in fetuses derived from dams given the same dose on day 12.5 of

gestation.  Treatment with 200 mg/kg of ETU on both days 11.5 and 12.5 of
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gestation induced all of similar malformations. On day 13.5, fetuses from
treated dams already showed morphological defects similar to those to be found
at term. The osmotic pressures of maternal serum, fetal amniotic fluid and
fetal cerebrospinal fluid showed no differences between the control and ETU-
exposed fetuses.

Accordingly, it is possible that the teratogenicity of ETU is evaluated
already in 13.5-day fetuses after a single oral administration of 200 mg/kg of
ETU to pregnant rats on day 11.5 and/ or 12.5 of gestation.

In Chapter 2, 11.5-day rat fetuses were cultured in vitro for 48 hr in total
during which period they were exposed to ETU under various experimental
conditions. The cultured fetuses were then subjected to observation of
morphological changes.

Using 100 and 300 pg/ml of ETU, 3 types of exposure conditions were
made as follows. After a 2-hr preincubation, the first series of fetuses was
exposed to ETU for the first 17 hr, and then cultured without ETU for
subsequent 29 hr. The second series of fetuses was cultured without ETU for
the first 22 hr, and then exposed to ETU for the final 22 hr. The third series of
fetuses was cultured with ETU for 46 hr continuously. Under these
experimental conditions, cultured fetuses exposed to ETU showed various
morphological changes similar to those found in 13.5-day fetuses of dams orally
given ETU one or two days earlier as shown in Chapter 1.  The observed
malformations were prosencephalon hypoplasia, nasal process noncontact,
mandibula micrognathia, forelimb and hindlimb bud hypoplasia, shortened tail,
and so forth. Consequently, it is assumed that between day 11.5 and day 13.5,, the

susceptivity of the in vitro rat fetuses to teratogenicity of ETU is very similar to

that of the in vivo rat fetuses.
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In Chapter 3, in order to clarify whether the teratogenicity of ETU depends
on ETU itself or on its metabolites, the cultured rat fetuses were exposed to ETU
with or without added hepatic microsomal fraction and cofactors (59mix) to
examine the resulting morphological defects.

When the cultured rat fetuses were exposed to ETU without S9mix,
frequencies of morphological defects were increased concentration-dependently.
In contrast, with S9mix, morphological changes were almost not detected.

Consequently, it is likely that ETU itself possesses a direct teratogenic action.

In Chapter 4, in order to detect the pharmacokinetic threshold of ETU to
induce malformations in rat fetuses, following the single oral administration of
10, 50 or 200 mg/kg of ETU to pregnant rats on day 12.5 of gestation, ETU-
concentrations in maternal plasma, amniotic fluid, fetuses and placentas were
determined chronologically.

The results showed that ETU-concentrations both in maternal plasma and
in fetal amniotic fluid showed similar concentration-time curves in that they
reached the peak approximately 2 hr after dosing, and gradually decreased to be
null 48 hr later. To the contrary, ETU-concentration in fetuses reached the
peak 30 min after dosing, and decreased to be null 12 hr later. It is assumed
that a part of teratogenic effects of ETU on fetuses is due to a relatively longtime

stagnation of a high amount of native ETU in the amniotic fluid.

In Chapter 5, a study was conducted to assess the least duration of ETU-
exposure needed to induce malformations in rat fetuses in utero. After a
single oral administration of 200 mg/kg of ETU to pregnant rats on day 11.5 or

12.5, their fetuses were allowed to remain in utero for 2 to 12 hr and then
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cultured for additional 24 hr without ETU for detection of morphological
defects.

The 6-hr ETU exposure in utero induced a slight growth retardation in
fetuses, but even the 8-hr exposure caused no morphological defects.
Nevertheless, the 12-hr ETU exposure in utero caused morphological defects in
prosencephalon, mesencephalon, forelimb and tail. ~Therefore, it is assumed
that the 12-hr ETU exposure in utero is needed at least to induce malformations

in rat fetuses.

In Chapter 6, in order to examine the least duration of in vitro ETU-
exposure to induce fetal malformations, 11.5-day rat fetuses were cultured and
exposed to 6, 30, 100 or 300 ug/ml of ETU for 2 to 12 hr.

No morphological defects were observed in cultured fetuses exposed to 300
pg/ml of ETU for 6 hr and to 6 ug/ml of ETU for 17 hr. W hereas, defects of
tail were detected concentration-dependently in fetuses exposed to 10 or more
pg/ml of ETU for 12 hr.  With 100 pg/ml of ETU, moreover, morphological
defects in prosencephalon, mesencephalon and forelimb were observed.
Consequently, it seems that the concentrations of 10 or more pg/ml of ETU and

the 12-hr ETU exposure are needed at least to induce malformations in fetuses

cultured in vitro.

From these studies, following results were obtained: (1) the 13.5-day rat
fetuses already showed morphological defects similar to those found in full-
term fetuses after maternal oral administration of ETU on day 11.5 and/or 12.5

of gestation; (2) ETU did not affect the osmotic pressure of maternal serum, fetal
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amniotic fluid and fetal cerebrospinal fluid; (3) the susceptivity of in vitro
fetuses to ETU was about the same as that of in vivo fetuses between day 11.5
and day 13.5; (4) the teratogenic action of ETU was reduced by the hepatic
metabolism; (5) ETU that was introduced to pregnant rats was rapidly absorbed
by and transferred into each maternal and fetal body fluid, and thereafter, the
ETU concentration-time curve in fetal amniotic fluid was changed in a fashion
similar to that in maternal plasma; (6) the ETU-concentration in fetal bodies
declined to be null earlier than that in amniotic fluid which remained to be
high for a while. Thus, fetuses remained to be exposed to a relatively high
concentration of ETU through amniotic fluid for long duration; (7) The display
of teratogenic action of ETU would need the dose levels of 10 or more pg/ ml
and the existing duration for 12 hr both in the amniotic fluid in vivo and in the

culture medium in vitro.

Summingup these results, the teratogenic action of ETU is responsible for
ETU itself, but not for its metabolites. =~ ETU induces various malformations in
rat fetuses under in vivo and in vitro exposure conditions. ETU itself is
retained in maternal blood for a long time and also retained in fetal amniotic
fluid at a level similar to that in maternal blood. @ The frequency of
malformations in rat fetuses is reduced by an increased metabolism of ETU.
Moreover, it is concluded that ETU requires, for its teratogenic action, the 12-hr

retention at the concentration of 10 or more pg/ml in maternal blood.
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