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NG O — M8 EFET ARSI N, 19624 ICEF I C I #HIcTHEEL L
THI%E S N7z alkylbipyridyliumB D {L& 1 T, % < i3 paraquat dichloride (1,1'-
dimethyl-4,4"-bipyridylium dichloride) D2 T, % { D [E 4 TLEHFEEE DM 213
LA HILRIROBER & LTHAINTWS, 87 3— FOBREH L LTH
VERER E. BRIGEICHUCIC & D A 8 N A G MR FEATIEIRE 2 EIT/EB L T,
T OEERTEZMIBIEEE VI BDT, N0 —- L OBREFFICBITLE
HAMIZIERICE < BICERER S 258 L 2B Eah R, Eabbic BT 5 R R
FOBREIIBVWTREZAZL 20, BETHORFHENTVWIOZATD
%o

B MIBIT BT a— NHREERONEERL L, HATORKIC L 5 HE
FATHAHH, FEYLIDPB L UREKIC X 2hHEHEMIIS 2L, HFICH
BHDLVIIMBOBNTHVWONE Z LIZ L » THRET B85 a— FhEHEK
DBEE L HAHND (HEE XK, 1987 ; Valeetal., 1987) o FOEIIBWTD
EMCBITLENTa—- EOREGKR (BRDLVIZMKENTOREDLE
) 1Z1965FED LMD —E L2 72 &) | 19864F12131,00014 % M 2 5 S5
EHTWS (FEFETF, 1994) o FFRSNAUWO/8T - FEFNE, 853
— MN2UREFT AT ITEXFV VBLUBBUEED/NTEY FThHolds, &
DL BREBOHPEREERORBEN A LN L2 G, 1979ELFRICHFE S
N7 d DI EMFIARINE Nz, 51T, 198241 IdH ., 19854 ICITH R
ZEFNHT Z LIS L o T BOWERO TR RSHEL 5Nz, 2R THN
T a— FREBEHEEBOBPICEES Loz T, 198651287 2 — M EH
B TWT, 2735 a— b & FEfEDalkyl-bipyridyliumiE RO ILFHE TH 5
DIy bERRBALLEA BRELETV Uy 7 ALBLTYIEY PT
NG A= 15% - V7T M%EER) ~NOUN BRI TONI, S, EFE



BICI VYNV ORBRIITIOREHBERIC., FL20BERENE
RICTHRRA ORI T 5B IEBEBFICHEF L7,

CNODIKIZL o T/8T 3 — ML BFHHREHE (19864 LLEIR /5 0
— bV POREHANI L HPHELET) 1. 1986FED1,2024% ¥ —
7 & LZDBBAMETZ R LA, 192D EIZB VT 2 B4200E0 b3
PEELTEY, RBEICLZHFEORAFRRTILERI0ELL LI 1AL
EVIFERIIR o TV S, /o, /35 02— bR ARSI L B hEHERROW
FHAEEDLLDOTH DD (FEFETF. 1994) ,

EZAT, 287 a—OFEICOVTIE, LEiL S e b REIcx LTy
ﬁ‘l‘é%ﬁé‘ ZEFHMOHNTBY (Haley . 1979 ; Onyeama and Ochme, 1984 ;
Smith and Heath . 1976), BYFEIC & o TEZMICENDH AL L HE ST
% (Butler and Kleinerman . 1971 ; Murray and Gibson, 1972), & MZBIT 5%
73— brhEOMEIE., IR, AEFOUL A, BER EDOHEILEER
BRI THBEBLI N Y a v 7 Thb, 237 32— FAMERRITRINS NG &
BRI, B PR, OB, BUE R CEIEEESRIC BV TESE R L,
LB AER TR L CHBNRER L 5 Gidhl BB 1981 ; BEL1979 ;
Valeetal.. 1987) o /%7 2 — b HEHOREEIL, MO—RELILFWHE L IR
D, BEZIENFE THAMICEAETPEN 2R L% Th, 2B EMEIZIE
W 2 AT REE R ZE I LT, SBICEL LA LIZH B (RHL
ZE. 1981 ; =/ 5., 1984) o

INHDEMIFTH/NT T — FEEEDO X S = XL, 1975F L F)1dBus b
(Bus etal.,1975 ; Busetal., 1976) 1Z & o TIRIBENLFIIALLZFITANL R
Tz, FOFICEAE, 7T a3—MII TV —LADNADPH-) ¥ 7 ¥ —¥
FRTCETLINDE, ZOBRLETLY A 7 WVICL o TELLA—NN—FFH A F
ToF Vi —BEBEANCENML, DR EOBE LA E LSS T L TH
BEOBEEZFZRITLVIDTHL, TOHDIZENLS, /3T a— MHEEE



DX J =X LGHEMRGT CRILE /ST 2 — b EBBILKFELORBTED
2e Fax 7 VAN a— PERDOFERETH S & D (Winterbourn |
1981 ; Youngman and Elstner,1981), F7:. /85 I — FEROMBEEICIIELD
WERALIZEE D & 72 v>(Misra and Gorsky ,1981) & D, & S121E. FREACED
RENTNZ A MR FaF PN eELEE, I IZ K 5BELIRY
DERBHMIREE 2 5] & 42 2 37 (Smith ,1987) & DF % &, HHSRIBINTE
TWh, WETIE, XFI— P EII Py FYTANOBEUNZFORETHS &
D (Hirai et al., 1985 ; Yamada and Fukushima,1993)b & 515205, 4 HTH
BB, 37 2= P OFUBFICOVTEERIOBICH L EEZ LN 5,

CDEHIT, T a— PRIFEEICHET R L OBEFEHIA N Z X LITD
WTIEZ L DB 2 SN TETWAED, Z054E - EEFmhicEL Tid, &
BOBEDPLOLNDEDATHD, TNHIZLAE, NTa— MIJEBETEEL
JEFABITT 5 0ODZDFFITITT 2H M, BEICHT 550 L BT
BEDLTNTHS LI (Busetal, 1975; Ahmed et al., 1988; Khera and Whitta,
1968) o

EIAT, JAFE. RESRPBRFELBER» oL BEL TRNLTEY ., F
72y FARPTEBFLTHD20, HiildEIEL TWiEv, 20D, KHE» L0
A% S N MBI 2 ST, BRATRON AR G R % 5B DR
Fr o TV D JBFEROMFHE L BENIR & IEEIROTIE - IRROTE -
IIMFLB L UBIRE DFED D 5o FIAILEL . LERRICHFET 5ILTEHL
BLEEOGCEZEETLHDOTH), BIRE L 3, MBI 2 EHEREIRN L HS
KWNAINZATH 5,

COBRE L, BEMICBOTRERELBERRAO-RE2iHoTEH, WA
BRONWHIEDIME Th b, I OIS BRI E t MBIk > KBk &
B, BOTEEHCEUCPEZETHHEDIRTDH 5,

R IR 2 o TR A ISR R A, AERIIHMFHR O Bin &



& HIZINHERISE T A (Rudolph, 1974 ) o FBRBAMGTR . BIIRE OIHERISHICE T
LEEEIE. & MTIid. 10~158: (Rudolph, 1974) ¥ ¥ Tid 60~905

(Mommaetal., 1980) . J v b T%60~90% ( Hornblad and Larrson, 1976;
Pawell and Cochrane, 1978 ) & Wb TWw5b, BREIZIUEEL. BEOZEL &
HICHIRER L L GEET 5. BIIREVIGRST A L2k, IEIFERY
SREIEIR, 2F 0. MIBEERALBITT 5, LL., COEREDERDIHE
HSEAERICAT b v, FEFICEREEENF AR S, Ghiik
HEICaB Z & bdH A (Rudolph, 1974) o

BIRE 3O TR MEEROMETH ). 20—D2L LT, BIREIZ T
NEHRNA M OPO2 DBEEILICBBRIIIIET 5 vwhbhTwa (Dawes,
1968 ) o EBOEREDINFE#BI&RITEED—2 L LT, MiKHDOPO2 D
ERBEZ SN TS (Rudolph, 1974) o

T, ) —Do0RRLEEL LT, BFOERE DIRMERFIZTOAS 7

S UFYUVOERICE B E ENT WS (Coceani and Olley, 1973; Clyman et al.,
1978; Momma et al., 1980) o & @Eﬂﬂlﬁ’%@?fiﬁﬁn”ﬁ%fﬁﬁﬁ &, TRRY T UT
4 VDOEASRERET A VaaNF a4 FBLUIEAT O A FEPLSESRE A
YERAP LU RERRSTHAILICL T, BIREWGET S Z L OHEDD
5TV A (Kantrowitz et al., 1975; Hong and Lewis, 1976 ) o SO X )T, 1~
NX &Sy REEREFN. H2VIEENRS ERLER) §5 LBIRED
WHE$ 52 225, VY (Clyman, 1980) . 7 ¥ (Sharpe, etal., 1975) B &
U5y FTHIPOLNTWS, 512, HE, MPEETRLZWILEDEIZX
5Ty DF D EHMEDSEBR L =7 VI — V2L o THRFOBIREIIET 5 2 &

(Arishima et al., 1993) R, H )V v A¥EHEE N T /33 )V (Takizawa et al., 1994) |
TUXFT Yy ] BREEFEEERT S 7))V (Takizawaetal., 1994) | f-
SAMENSR 7179 10— (Arshimaetal., 1996) 7 &SRR OBIRE

DOISEESE A BIE S5 2 L 2 EFPL s s, A O LEWEOBIRE I



3T AERNER SN TS,

Z 2T, AUHFZE T, EBEROZEWFFMICHWV SN B HET, Z0OIE
R AEREEZBSET AL Lo T, XTI - PORBTFIINTAIREB LV
FOEBBFICOVWT, Iy bW THRET A E LT, T, FE1ET
X, FIRT v NI a— P REETHRS LIZHED. JFFICBIT S350
— FOEREICOWTHE L, 28T, B39 a— MEEIC X A I6FH)
REDEL 2 BREFMICHET L7z, B 3ETIL. 237 a— M OBIIREIEER
PHEHOVODEHICEZ T 2Ry DL 2R Lz, H4ETIE, NTa—
MZ & o CT—HUGH L 22 BIIRE OPGE2UI 3 5 RS2 RE L7z, 58T
3, TURF TS VIV VARBRBETHLTUAAY ISV VI FRVEF Y
Py vy —¥ (YratFirr—EBlferudi x5 —4¥) I
xt§ 5285 I — |k Dinvitro IZBIT A EELHET L2, £6F T, invivo 1T
By 5,35 2 — b OPGEAIXTT APEH 15T L 726



£ 01 =

HIRT v P LUBBFICH T B85 0— O Ehke

7 v MEFEBIREND/IT a0 — F OB ERIIRIT BICH o h . KB
THEMWLRETE LT, 73— 2R T v MCBEEKR THRS L7 E4.
TOBEB L UBFOMPEF NG 2 — MEESED L5 IZHRT A hIZonT
a7z,

B MBEHFE

1) HEBWHE

BERME D7 a—MEEAS () BEHELL VM5 SALZLD
(paraquat dichloride, #1B99.4%) %7z, FOHFEIF/STa— b F
& L T186.2, dichloride& L Ti32572TH 5 (W—1) ,

2) HEHEMW B X URE &M

B ARE OB 12~ 158EIE L O Wistark T v b 2 Wz, B0
FAF R, BE2E3C, BESTI0%ICERESNIBMETITo 72, FEE L
CEIFEE# Labo-MR-Breeder 3 & U7KEK % B HICIE S L7z, HHIREN %185
720, MEHES v FERERCS—VICANE &, B, MERICHETFOEE
2RI, BTFOMRSNLAREROBTZIBHOBL L, 201G,
HEIRME 2 I 0 5 — 9 CHIE L 72 |



3) FEERITH:

HEAR21E OF % 1 B2 BRI & 0 T BIRL. 2. 3. 6B & U24BE AT
/N7 O — b 25 mghkg DRETEMHICETHS L, SROB, MRz —F
VIREE TS CHIBE LIERENR & DR L 720 JAFEFEWEICL o TR WL
2o BFOMBIIEFOMEHL 2. BT AMBEEZF+ET ) —F 2 —7
2 & o TR L 720 RELL 22 BB & U5 F D Il 1ZEDTA A V> THLE EL 3
L7z1%, 3,000 rpm, 155 D@ OREC CMAEZ 8L, MAEH/8S o— bk
BEDOMEDIZODHF L Lize Tz, 16 N MEHEHIE s 5 T80T
W THRERF 21T o 72,

4) MEH/8T 2 — MNEEOHIE

M7 a— MBEOHZEIX., IHALOHE (1989) % —#ZH L T
Whra< 7774 — (BUFHPLC) 12X 047072,

s A O RLEIZ . BERILAEIZ0.5 NoBIERB 228, KVFrv 7 X
XY — (TTRANE. 6,500 rpmil TLO B EL G EET 5 Z & THREH 21TV,
COLFEEIVRT 74 —022 pm) (HRIVET7ITE (B ) ICTHE
WL, SHEHERTE LT,

WE AT OE) TH 5,

TV A T WG HAESERE S 5 LCOSMOSIL5CI8 (FH 54 F A7

fet

(#) ) . 4.6 mm (I.D.) X150 mm (L)ZfEMA L. # 5 L DFTICCOSMOSIL i 7
ANT =T h(0 pm)aHEfi Lz, BEMHIERA Y /= @ #Biik=25:75%H
W, CHIZA A UHEREL LTSaMANT Y Y ANVKRVERF MY T AB X U50
mMGEIEFRERF P U T AR, U VERICT pH22ICFAEL - b 2 W,

HPLCY A 7 AILC-10A (B@#ZERT (k) ) M. & 1 mi/min, 7 5 A

BBE40C D 4 THEI D IEFEBEFHRIL 2R1C T 254 nm COWNEZ WE L, M4
HPQIREE 2 B L 72,



5) 7 — ¥ DRI HE

MEEHINT I — MREICED CEREEN ST X — & — OB RIEIERERANZ
SEEMAT 71 75 LAMULTI (Yamanakaetal., 1981) 12 & D /8—vFbar¥a
= EHVTTo 7z /2, MEEHIEEMMR TER (AUC) oW TIkAEE
WA hERLZ,

B2H ERERIER

1) BEROMEFR/SS a— MEBEOHER

BRDIMEF /ST 0 — MR, &5% 1RHICBVW ORBMERIEE (8
MIME 5 43.65 + 476 pg/ml) ZIRL, TOBRDHIET L, 5% 6 BE LI
BHRE5%2 4BHETOLRP BRI ERLEZ, (BH—2)

T, MEEPINT a— MREOHER D O EE L7258 1 HE O ¥E130.59%

. AUCo-24n i 87.1 He: ht/mlTH - 72,

2) BT OMEFEH 85 a— MBEOHER
JeF MR/ NG o — MR, 5% 2 BHICBV TRSLEREE (B
ME ; 3.49 £ 036 xg/ml) ZRL, FOHIEGWBERLPIEBLILE (B—2) o
F o, MeFEHRNT a— MEEOHER > S EH L2 EMIE 21.5 B, AUCo-
24h 13 46.9 pg - hymlTdH - 72,



H3E EE

RBEIIBWTIE, 2873 M2 IHRT v MCETHRE L. BEB XU
FOIEFINT a— MEEED X S IZHERBIZOWTHRE L 72,

Busetal. (1975) . #THR13. 16B L U21HD T v biZ[145]-7%F 23— b #15
mg/kg DR TEIRNIZS L. ZOROIBETFHoMEaeEEEZHIE L2, 20
BRIrL, INLOFHRICBVT, 873 MIBBEE LIET~BTT 5
EIELTW5D, F72, Ingebrigtsenetal. (1984) ., #FHR20H D F v b I255
» Cikg DB T[47-759 I — P R EIRAES L, ZOBREEMICESF— b
7574 = EoTEDHARREL Twh, 22 THHRE5%2 4BEHICBW
THIREDB L URBFIBAREENRO b, BFNOBTHIRINTV S,
RETHONIERPL D, ETREICL o TNT a— M2 BEICIRE LS
A 8T a— MEIBERICRIRE N, BEEEALIEFANEBITT S LD
T (AN

BARLBFoMmsEH T 2~ MEEOHE 2 T 5 L. BEMiEFRET
i, BED 43.65 £ 4.76 pg/ml 123 LT, JEFTId 3.49 £ 0.36 2 g/ml & &
o720 Flo, BRICBV TG % 1 B ICREMSEHIREICEEZEL, 0%
H51% 6 B CRBICZDRELZEL S (pH) | KERZ6 REP»LHRE
%2 AETRRAICZORELZREY (y ) S 2HEOBRIZRLZ, &
IS L, JEFCld 55 2 B TRE MR ICEE L 21%, k5142 4
BR & CRHMR & TR 24 1R OBEORI AL N, T, #5154
6 BB TIE, BBFRBALETHVIIEPRELZRL TV, INHD
T ok, BBV TIE, 28T - MIHEE TREBRR PSRRI, &
HIZHEE S N TW L D23 LT, BT TRAMHIRRLENS OO, i3Ik
HIZW o ) TREP»HAZEZRLTV D,

MEEPERECHR > L ER SNAEFMIC BV TE, BEDISIEMTH S



DI L. JEFTE215 BETH D . #36F0EPA LN, ZOHEROEEDS
fAbh b, 51T, AUCo-24n DIEIZB VT, BIETIZ 87.1 pg - hy/mlIxt L.
JEF13 469 pg - hmlTdhHb, DL ICHEEN T XA—F PO LETFT
EREMEPRERENS OO, JHEPBWLCOICREEOMIALND 2 E
MRS NI,

FAR /ME

IR H O 1 LRSI E L, 1. 2. 3. 63 & U24BRBANC
HIRT v MZ/ST I — b % 25 mghkg DHETHER TG Lz, BRI, B4
BLUBTOMBEEIRWL ., MIFEHL, /BoNMEERD/ (T o~ MEEY
HPLCIZ THlzE L 7z,

BAOMEEP 87 a— MBEIR, RE% 1 RHIZBW TRELEPRE (8
HME ; 43.65 £ 4.76 pgml) ZRL. ZOHREBUET L. &51% 6 R LIRE
5% 2 A ETOWAERRL LRI ERL, —H. BFIXBWTIE, &S
MAEFFERE (BRHME ; 3.49 £ 036 xg/ml) 3%5% 2HHICBE SR, 20
BV LRI L, T2, INSOMmEFIST a— MBEOHEEIHLE
S N BB X ORRFIC BT 5 R 2 205908/, 21.5 BEH T, &
72AUCo0-24n tX. 87.1 pg - h/ml. 46.9 x g - h/ml'Tdh > 72,

RETEMLULERNS, NFI— METF vy MIBW TR L ®EE LIEF~
BATT AL, T, BEOMEEHIRE & T 5 LIEF TRIEFICEV T
HIBEZRT OO0, ZOHEHLE  BREIC O o THfH$ 5 2 &R S
niz,

10



B 2 B

185 O— N QBRI IS4 B BB
— IR 51 3 S RFEORN S L U
IR U 7= BIAR S O T BE Sy Eas —

EIEICBVWTwR LA L IIT, )\"9 I— MIBHMFICERBIE TR SN 5L L
FIZBATL. £0MFHRERHES% 2 HMICRSLFEPRELZRL, K5%
JEEBICBNTH ZOFEVHER I N, EREIIB LETMEALNL TV S,
ZITAETIE, N7 a— FOJEFEIRE T 5B 2R 5 HMT, 2
73— R BRICEERBOBAETRS L, Z0%ERHIETFORIRE DZE(L
RIS L7,

B1E MEEHE

1) HERME
HRALALRZ - MIEIRRELLZIDLAETH S,

2) HHEMB L UEE &M
HHEYS LUFEEFRIE I REIRLLLDLFALTH S,

11



3) EERHE

IEIR21H DF R 1 R BRI & B, IR, 3. 638 L U4/ T
a— &2, TB LU 25 mgkg DHBCTERFICETHRS L7,

OB, BFRIFEDRICE o TR L, EIPERO TICEHEHE (7-L
XA 700D, FAT v (BR) ) WCEoT, 45~50CIKHFHSINALT >
HIZTHFE L7, s LIBT3 £ C20CITTRE L 72,

4) BIRE DBEFE:

BIREOBE I, Arishima & (1991) 024 G L 70 Fik
BUTOLB)TH B,

BEORIC L, TS X OMEAIRES & ) %5 OWS % I L CREL.
RO OEEBTEHXI 720 b—24 (MCSRA/MATLL 7 hu =2 A (¥))
DG LA L0 LTRYE, SIREAEEICAS LD 10, B ERRH
L REOTFICKEE AR THBEE LA (M—3. 4) ,

GO B LFRBTO L B0 Th b,

BFOWEEAFICH T EC L FECRL (B—5. 6) . &
B H D D . S5 D DTV &, R WABIRFEZ T B (E
—7) o SHITHDABTRC &, PRICABATN, AEAH TV ER
BIIR & BTBHIR O 5B AT 00 & 1L, W IS HEIIRES & KEIIRICHET 50 TR
ENKBRDPSELEITHML-EZATHIADERD, I THREDOHEE
SEARBEBGEOBIRL ¥ XA L7 A 2 0 A — ¥ —C, BIREORELF
L7z (K—8) o,

5) TERESFIVEREE ik
AEREEB L U8T o — MRS IRHOBE,L, FEUREIK L - ThKhTz
WML, BFoMEL . BRE £ MshiRe L OVREIR & & b I L.

12



7T B ER. NXT T4 AL, 5 am OMERYA R ER L 7, Hefald,
AT XD IV R L . JEEME TR L/,

6) FLATEFHILIE TS

BREEHFHMEEIC L > TRONTBEFHIREDOHNEDT— 513, FHITLIC
FHE2RER L, —TEESHST 2TV, BEHICEZEDOR LN HDIZonT
. 25 1CTukey DZEHBIREIL & o TEHEBOEZEDRELRIT > 72,

B2H EERHER

1) YE/ER o BERFE0MET

2mgkg WHHTIE, BIELLTNTCOBEICBWTAEELREbIEA O N %
ol (B—-9) .

7Tmgkg IRE5HETIE, /37 0 — MEER 3KMICBW TR L HNTHE
REIRE OIS A S NDS, 5% 1. 6 BEUUBBMICBVLTREELE
LB sNzro7z (B—10) o

25 mg/kg WEHHTIE, 373 — MES5H 3B LU 6 RHICBWT, HHEEL
AR THEELRHIRE OWHED A S N7z, 5% 1 8 L U24KHICB W T
BELERERED SNz holz, Tz, /87 3 — MEEH IBH LG 6 I
A LB L TAD &, HE5&3BHOFIL Y EAELA O (R-11,
12, 13) o

S 512, 28T I — M55 3 BEEOBIIRE O IUHE 2 7 mg/kg 58 L 25 mg/ke
REFHETHE L THhB L, 25 mgkg G BHEDH ALY BV A LIz,

13



2) WHE L ZBIRE O REFA AV ER SR

TRBEEOBIIRE L. W, IR, JHEr SRS TB Y, RIRIIERR%
TERFGIA AR S N7 (M—14) o /35 2 — 125 me/kg 15504 3 BRI O I T-B
RE G, RS MERICEEBLTEY), FAPELHERT 5 E5HORY
DEND A LNz (F—15) o

BIE EE

RETIE, HIREPOT v M a— 2 HAIETHRSE Lk, 20EF
DERE DEALIZDOWTHET L 72

)85 32— b 2 mgkg HERHTIE, BELLETORECIHEFEIRE ICELI
B b N o 72h5 T mgkg X5 FETIZIRG-£ 3RS, 25 mgkg BT
P54 3 B L US4 6 IS, W HREEE M CTEELBIIRE O I 85
ENize T, TRODELE 7Tmgkg I 5 & 25 mgkg IKG5RETIREL TA
BY. 514 3R TAHAL NIIHEDORRIL 25 mgkg KGO HPFEL L, &
512 25 mg/kg I 5B TIE, 7 mgkg G TRE(LDORD b ko ik 5%
6IERIICBVT Y, BELZIHEIROOLNTWEZ L2 b, HERFENRE(L
EZEZ bz,

—75. 7 mgkg HEFTIZ, 5% 3FHTHREOIHEIRDO LTS
DIZxt L, %544 6 B L TR 55240 H TR ST e, FRIC,
25 mg/kg HEFICBWT D, %554 3N TR OBVEIRE OIEIFBE S N
72t P54 6 IERITCIE. I LTV A D O Dik514 3R & b5 LR
EORNBIIHEMLTBY ., H5EBUBHTRAELZEZZRDOLON TV ARV, &
DT LiF, BHET a— MRS X o THIERI SN AR TEIRE DI 1.

14



514 3B CTZOMERP RO M CHN, ZORBUIRICAD?D L\ i
HOEITHLEILERLTWVWS, ZDXHI2, BIREI—HBELTDH., B
CIFRT A L) T ik, £ ¥ F A% 2 (Arishimaetal., 1991) | BRI &
JVE > (Takizawaetal., 1993) 7 VI — )b (Arishimaetal., 1993) T¥ #&EhH
HINTW5S,

REELBIZII BV TR, RO MDA 5 LD 25 mgkg HEHDIR5 4
3HEMIC DA ENE L 7S, xR & B L TR MEE~DZRE B LU
HE A AR B RO RT OE N BIR S, Thbogkihiz, 4k
DEIRE DTS HBRRICALNHELLFRTH D (Jones etal., 1969) . H
BEOFEHONHEC L o THREEFIIEL T, 2ONEEZRLSEL, #
DR, BIRENEORTREIEAS L7222 L1 X ), PUEHMII S ERER~ & 52
HLZbDTHA I,

BlEo k)i, RAETEBLAERBEELY, HiERBOT v Mg a—
FEKET S L, FOBTFEIRE ICHEBERFENZIEIFISRBIENL T L,
BXU, 785 3= MIXBBRED Z 0N —BIHE L 7-%, BUMET 5
LV HRDOEITH B LS E 572,

BAE /ME

HiR2 1 HOFR 1 ERER L D, 201, 3. 6B L U24RRHETIC
RS v MZ/NS a— b a2, 7B X U25 mgkg DHETETRE L, BIRE,
JEFITEIFR O S L1, WEIFRHIC L o T-45~-S0CICHH L7427 & b TRl
Ll BONLBTRESHBEICCHREONZELHE L. 2 mgkg %
SHCHAELEREAL NP o205, 7 mgkg 5B TIdiR54% 3 I
BIIRE OB BRI O NI 25 mykg G HTIRIREGHR 3B LURFR6

15



RIS B LR IR I b I Tze UHE L 2R & S BEMEE CI R0 1
LA, AEMIESIMEEIZZEZBELTBY) ., FAPELERT 2B
DEFIOENIEE Sz,

CNODRERDP S, N7 I — MIEERMO 7 v METFOBPRE 2K LTI
WIERAER> L, o, COIMEREAEERTENZE(LTH S Z LIRS
niz,
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£ 3 =E

INT O — b OBIRENHEEHOERFREADARET

BIEICBWT, N7 32— b GERIB DT v METFEIIRE 23T L CIHEIER
ERITL, ZORBIABKREN LB THSL L 2/, 22T, REIC
BT, 285 a— Rk Z;Ebiiiﬁﬁg"ll}(ﬂﬁﬁ{’ﬁﬁﬁﬁfﬁéiﬁﬁ@wo@H%Eﬁﬂ#6\
BREMERTOPEMET AL EHNE L, RIIFETIR, S0 &) sk
HICBIT 2 BORIVIED A%, BRI (Critical period) & L THUY

-

Jo

B1HE MBEHE

1) #EY
BRHLZNNS - RE1IBIRLADDERAMLITH S,

2) EREB L UEE &M
HEHEWB LIUFATEMRIE I EIIRELTHAIbDLFALTH S,

3) EEHBE:
EIR19H OFRII00: B L UF#% 1 B, TIR208 O FR11088 L ORI H O

FRIIOFFIZ/NT O — b % 25 mg/kg DB TR TIRE Lz, HMiZ, /85 a— b
5% 3WMICENEFNT o 72 (BEIRIGB D4 1 B L UFHk 4 B, #E4R20
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BOFH 11, ERE OFH 15 .

HRRORS. BT RFEWEIC L o T L, EREO FICHHMEIC LT
45~S0CICHRE s N7 b AR CTHE L7z, HRBTFEEE T T20TI
THRF L7

4) BIRE DBk
F2ETHENLEHEEHGRHEELTHVTHIREOBZE 21T o 7

5) METEFERYMLEE S5k
BEEHFHBEICI o TROLNEBTFIREODAROT— 7L, FHIT LI
SEE R BEE L, Student's t-test IZ & > CHBBOEZDOREEIT- 70

B2HT EERIER

BEORFEIRE L, BT B) TLIKBRAICFOREREL Twis,
EARI9H DFRTI0RFIZ/ ST 0 — b 235 LA & 1 RRICEI L7228 Tld. 3
BN a— MESBHTERELEG AL N Do 72, HIRIOH DFHE 1 RIS
G- LAk 4 BHCHIR L 7286 Cld, BB L N THE L BIRE DO IHE AR D
b7z, MRS, HEIR20H DOFH 1 B L UHEIR21H 0414 1 BRICHIR L7228
7O — MREBEIIBW TR ABE L R TEELREIRE OIHED A 7z (K
—16) o

18



BIE EE

ARETIE, 37 2— ML LEIREPHERAPBERO VO SI5E 5 7,
$bb, BEFRH (Critical period) 1ZDW T, MEF 21T o 72,

IEIR19H OF % 1 BECEIMR L 2 BECld, MERE ST a— MY SBCHER
ZALIZ AR O Nedr o 72 HIRIGH DFR 4R, IEIR20H DOF R 1 BB L Uk
200 DF% I IFICHIMR L 72287 0 — MREBEICB VTR, MEHRLLXTHE
REIREDPHEASH O NIz TRHEDFERIE, /XTI - DT v MEFEIIRE
PR O BT, JEH19B1/2 (2 18) LHAME19A23 (Ffk4B) OHIC
HHILERTLDTHL,

F 72, BRI B 2BIREOIHER LA TAL L, BE21H 12T RO
#966%  THHEL TWADIIH LT, a#n20H 128 L Ula#1982/3Tid, €
NEN, #85%. 87% F TL2UUHE L TWwirvy, fito T, IR (E#21H
1/2) OBREICHA, EREHLET (B&#20H 12, JaR19823) DOEIRE
B8 a— MEEICL BIEIRETH D LER LN,

Fv MIBIFAEA Y P25 r OFREHEER OERFUH 2 #ET L 7-Sharpe
etal. (1975) OFEERTIL. JEW1I7TH DIEFERE TREBMAEA > P25 ¥ x5
X o TUHEIFBI SR SNBSS, BIRIOB TR A9, £, &
DO, JAE21H TA S NBIRE QIR & . BRI 19 B O faFBhIRE O U
BBRETHo VI, F/2. Arishimaetal. (1991) IZBWTH, 1 ¥ FX 7Y
VY DBIREIGEEROBFRMIE, 9y MIBWTIERIOBORPILSH L L v
Jo RETEONLERLEEZLAEDLES &, BIREOILFWE I T 5 U
s, CORICHERT S 2 B IR,

19



BAE /ME

235 02— b OBEIREPRFEER P IEE OO ORI ERZ TR RT O 2 W
LAY AT, IR, 20B L U2MBD T v MI/ST 2 b %25 mglkg D
AETETRE L., X51% 3RHORBRTFEIRE DONEOE(LE: 2o &g A E
WZCEHIL 72,

FOFER. JBEI9H OF% 4 . J6#208 X U1 B 0T ik, BRE DL
HEDSH O NT2HS, JEET19H DFR 1 IRDEFIZB VT, BIIRE O IUNE I3 Bi%E
SNeholz,

AECHEONLEREHE LD, EFERED /ST 2 - MIHT 5EEHOH
FRNE. BBEIOBOBREICH D Z RS NI,

20



B 4 E

B{A/85 00— MEERICH 1T BB FPGEEIER S
(C & BEPREDE(L

HETO RN LI, BEBOBIIRE IZPGE2I & o T2 DILEAHER &
NTwv3 (Clymanetal., 1978, Coceani and Olley, 1973) o $7:. 41 ¥ KA ¥ ¥
VR EDRAERMIE, TURS TSV VEARBETHA Y s Ot XU —
YPEHEETLIEICE T, BREICH LCMIEREZRIZT EEIATED
(Hong and Levine, 1976, Kantrowitzt etal., 1975) . 1 ¥ FX % 2 12X o TIR
M L CBIIRE 3SR BICPCGE2 2 185§ A Z L IC XL o THUMRT 5 L)
(Arishimaetal., 1991) o #ZTCTAETIE, /N7 I Lo THIERIEN
FZEIIRE OUHE IS xT LT, AP RAYICPGE2 % Hli o 12RO BIRE D LI DWW T
MFE LT,

F1HE MEEHE
1) #ERY

AL a— MIE1BICELLDDOEFELTHS, PGE2ULY vt
JOVBALLZLORZHW,

21



2) EHEYS X UET &N
HHBWE LUHBTRHEIBE I BIRLTHL DD LALTH %,

3) EERI

IEIR21 B DR 1% 1 W2 SRR L B . FRO3BERIBNIC/ NS o — b % 25
mg/kg DFETHEICETHRS L, 0 2 EMBICEHEL T —F VBT CH
JEL., FEELZEBL CHTICPGE2 4, gk BHERETHRE Lz, sHBIEFIE, /3
52— b RS LBEOELE (PGE: 4% 5 L %W JETB & UiER21H
DB R AP ORBONLIEF & L,

4) BHIRE DEREE T
F2ETHRNCEEEFHEEEZ AV THIREDBELIT o 7

5) MAMFHYLIRT

BEREHEREIC L > TRONTBFHIREOHEDT— 713, EHITLIC
FHEEER L, —mEESBGT 2TV, BHICEDR LA DIV T
iy & 5 ICTukey D ELEIEIZ & o THEEHBOZEDRE 21T o 72,

B2H ERERER

N7 a— b RS LBAOELEIETE, MLERFPLFOoNTIETL
BT, BEGBREDIHESAONIZ, LA LS, N7 32— MREH&2
FERJICPGE2 % A F 1o # 5 L 2B Cld, LB AN L5 O NCEF & el L
T, ZOHREICHEELE(MEAOeholz (H—17) o

22



B3 EE

FETIE, N7 3= ML o TG L 2BIRE S, Fhkmicizs sh 7o
AF TGV VRIEDIIIIET A M E ) k., BE L7,

ZDRER, N7 a—  MREOBEPSBONLTORSY 50V VR eits
LTWRWIEFTR, BIREDFELIES AN, ARO TR 75
YU VBRERERERS LZEFTR, BIREONFIEELREMASALN Do
720 o Ty SOMNRMICTORY 75 0V VEEHRS L JEFIZB VT,
TUAE TS YT VEOREIZL o T, BIREDIHEI IR SN2, HHW
. N7 3= NI X o T—HIE L 2BIRE DS, YRR S 750V VRl ko
T, BUMBEERETI CIRLEEZ N,

CNFETICD, BRI TURY 7I 0V VRIGBERCBYT, &b
SN BIREIRME TH 0 . (LFEWH I X 2EIREDEEIER OHIG. 50
. —HIGHE L BRE 123 L TOBWIRIER 2R 2 Ml bh 4,

—ﬁf\N?Z—FMEWKﬁiéﬂt%‘57%?u7nx&?5y7y
B2 % 38N (Girietal, 1980) . 7. 4 XTIEEL 85 L ORE
(Chandler and Giri, 1981) #¥& 5, L2 L%aH 6, T v M TOHEIL, Sprague-
Dawly:%., H ({KE450~550g) %= H\T 45 mgkg &\ 9 KEERERNIRS LT
WBDITH L. FIRTIEREERBEB LURBRFTHY ., Tix5EEB L
ORERBOEL DL 25mgkg. ETHRE) 2ehs, Thon7F— 7 khliE
THZEEREETHL, 22T, RELRBRIIBWT, X7a—-to7uxsy s
5 VT VERICHT AERICOWTHETAZ L L Lz,
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AR /ME

N7 3= ML o T—BIME LG FEIRED T O RS 75 0 ¥ VEUTHRT
BB RET 572012, EIR2IB DT v M EHMRIC/NT I~ % 25 mgkg D
HETETIRGLTHO 2RI, BTFREET7ORASY FS VIV R%ET
#5 L. €0 1 FERROBFEREOHELHIZEL 72,

NF a— b ERS LCBEORBRFEIRE T ABENAEK LIRS LB R0
WMERGTF L WRTEHEEIZHEE L T0izds, R a— k5%, Suxsy s
50V B S LR TIIRE 1L, A8 L FRCIEIE L TV,
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$ 5 E

’/

INZGOA—PMDTAXRE TSI ERERICHT 31ERAOMKET

NWNGA— P DTURY T T 0T VEGHRICRIZTTEE»RBET L70 A
FGA—=MRTORY TSV VERBETCHATARAY ST I Ty RV
FXEVIFV RS —¥ (P70 F TS —EBIT FOUFIFF LS —

) HEEHZ2ET A0 D%, invitro IZBWTHRET L7,

B1H MR EFE

1) #EWE
FERLAENTa—-MIE1EICRELAZDDERILTH S,

2) EEBI7:

NG A—=MNDTAAY TGPV RVFFYF IRy —¥ (YraFt
FUrh—E, e FOFTFF LI —8) T AREOREFEIL. LT
DBNTH5b,

EYVEIZUY—AT L P BEKOS mg BERER) . 1uMOY VI
EANETTE Y 50 MO[1-"CIT 7% F U (2X10°cpm) | ImMD /T T —
FeBOEF 0l ml OReElEE, 24CT1IHHEA v FaN— LA, ThIZ,
03ml DIF NI —=FI/AY /= VIMZ T B (30:4:1, H57LOKE
FTwWH) ZRMLTRIEZEIL L2, 0.5 g DEKTERT M) 7 A 2R

25



L7zo LI DERIEEEE D501 % Slicagel F254 glass plate (Art. 11798, Merck)Z
HIRIZOE, FEMELTTORY IS YV UBIRFAIZARY LR, TF
VL= F VAT — 7V EEEE (85115 :0.1) DRBIEEEAVTI5 cm EH
L7z (#4057) o 2Dk, T > 7RV CPGBIORERLE v — 7 L
72ty XBR7 4V AICEBREE L THHA — S VT 5T 7 1 — 24T, I
AR ORBMELMRE L. 79X FVB, FTURYF553 0V Bk
CTURYTI I HORBRG P&, Y > FL—Yar ARy
b X —%— (LSC-3500, 7% (#k) ) #HWTZhZhOBUEEZHIE L
ARETEH L, $72, AHROEREZ001lxM~1mMD A » FX ¥ v %
WTATV, £ DFER & EHRET L 72,

2 RERER

AV RRAZT 001 uMBFETTIE, TURS I 0V 0GB LUTOR
Y75 I rH0EEIE, MBLIZIZASTH o205 0.1 MU EOFFE
TC, BEKFNLTORAY S50V 0Bl TORAY TI VY VH2D
EREOBRIDHA SN, 1 mMAEET Tk, Z20ZDEKITITIZELICHE S
ntwiz (K—18) »

—F., N7 3= M oMFEETIZBWTE, 7OARY 70T v GRB LU
ORA% 75y VHOERRIR, RALRELSITT. FRLIZIZFAFOENE
Thorz (H—19) ,

26



BIE EE

TAAG TV FRVEFF SRR TIXFUBEI A — FIZBITA
BEEGHEHWTHY, 7RSI 0T 0 TaRy TSIy Hahidh b,
EFNETNTORY ZEHEDISALITI5(S)-00H, 5(S)-OH#E A L, 9, 11ZicT
VRRVAFY PR D o TVh, THRAY ISy UL Iy FRLFF Y F
DEGHIE. AIEMEOANMENER (FL LT IF FUB) 52 utF
PRIl EoTTRRY T VT LGN, DWTIDTARY ISV I
G NORNWFF VI -V Lo TTOARY TT VI VHNEEHINT
W, TDLHIT, THRI TG VIV Iy FRVFEXI R vy —¥ (¥
raFxx T rdb—Xle FRVAF I F—E) ik, TRTOTORY ST 2T
VEBICATRZERTH ), AMRIIBTHR L L IBRTHH TIRY
FIYTVERS, THRY TSIV VHK), TURYTT VI PRV
XV TOUORY T VTV VERA VAT EILL o THERENE DD TH b,

FEICO BN LT, FBEMCBI 2EIREOMEHERFIEEL LTI
Y75V VEROERICL S EEZ 5N TWA (Clyman et al., 1978; Coceani and
Olly, 1973; Mommaetal., 1980) o F72, 4 ¥ KA ¥ ¥ Vi EOPIIEREIT, Bl
WOTARY TGPy FRVFXFT R ey —EDVEDTHLY 7
UFF 7 F—¥EHETLIILILL ST, TURYTT VT VE048 K%
EL, BIREICEZEIER2I T EHME SN TS (Hong and Levine, 1976;
Kantrowitzt et al., 1975)o Momma and Takeuchi(1983), Momma et al. (198)IZ X 5
HEFBEEOBIRE DR EH OM S 2T L 2HEICBNTDH, Yoot ¥
V7 F — EHERH OBV ERETIRESE TIREIRE OV IIHER 3o b
TWh, AETIR, HIREEOTORAY 75 VI BERICHT 5B R
TAHAI—RIATbIL TS, TIF F VB ERLLTTORASY ST >
VUL FRLVFF IR v ET—¥RE(EETAL Y UBERI 7OV —
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L% S5 invito DEBRRT, XTI — DN LDEERICHT 538

CRE L7z Bl E LTHOWA Y FA 5 Y v izBwTid, 001 xM®

BETOFETTIE, TURYTI UV vGBlTaRy 7Sy Y v HD

ERER, WREIBIEEEZETH 7205 0.1 MU EDORETOERET TIE.

RERFWCTOAY 770V 0 RBLTORY 75 0 YV P HiDEFRED
WABLSI, I mMEET T, ZOEBITIZIZESICHESNTE, S

ATV ARBITTORY 7T Y H2D W O R ATHE] & LT
LIEPL, AR VETURITT VIV VLY FRVFFS R UL
F—¥D) b r7utF Ly —EEBENICEET S EH, RETEHLL
EBROBEDPL MR INT, —H, 3T I— MIBW T I mM & W) Hig
BEHEETIKBVWTL, TURY VSV VB TRRY T Y Y HaD

ERER, ZALHELRZTT. HRLIBERASOERETH> 2, COHER
i, 2¥F 32— Mlidinvito IZBW T, THAY ISV Y FRIVEF Y
Kooty —€ (rutFxirr—Eldferoxo 33 7+—¥) |
EFER VDD ERTOIDEEZ LN,

BAE /MME

TR TSV VERBRTCHHLTARS TSIV LRV EFFTF
Uk y—¥ (YrudFisF—¥BL0e Fux it IS —E) I
$ 5735 2— b Din vitro THOEEZIRET L 72,

TIRNUEBEEEE LT, N9 a— MEEFTTORAY IV YV Iy
VAEFT R oy —EBREETLILY VBBI 0 Y - 2{EHSE, 7O
ATV vRBLITORY ST YV VHROERERHIE L7,

FOFRER, TORY TG T v BITARY ST T VHDEREL
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22 EDL, invito ICBWTIE, T a— I boTn
BREZRICH L CREBRRITE AW EASRIE I A,
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B 6 =

INZ A= bORFMFEFTOAXET T T U E2ADEE

EHEIIBWT, 39 22— Fiinvito KBWTTRAY 7S5 V71 v ARHREE
FTHALY FRWAF Y FY vy —EEHETAERLF W L2
S, L. LA LEAS, EFICBW TR TORAY 7T 074 VOBEKRRZ
DB LT FHVBEET 5720, RETIE, ERIERT v M7 a—
M5 L, FORFOMBERTSORY 77 074 VEAREXHIE L7,

B1E MBEHE

1) BEME
FRLEZST - MIE1EIZELLZDDEFLTH S,

2) HHEMS L UHE &G
HHEMB LUHAETLEFEE IR LLLDLEALTH S,

3) EEHIE |
FEAR2LE O 1 B4 2RISR & 0. B 3 ISRIRTIC/ 85 2 — | % 25

mgkg DR ETREICE TG L, HIROE, JBFRFEDRIC L o THY
WL 720 BEFOMEIRBFOMBMEOD, HETA2MEEF+ET ) —F 2

30



— 7o TR L 720 BRL 2 JEFOMEIIEDTAB L U4 Y KA ¥ L v %
A 724%. 3,000rpm, 1553 B F 05 BE S TIMAE %2 58 L 720

4) MR TTRS 75 0V Y EdllE ik

BEB L TR FoMSEZ, 2NOERICIMZ pHAE3.5ICFEE L 2274, C18%4 —
MY v P% T L (Sep-Pak CI8 Cartridges. Waters) (247 L 70o BHKICHRES
ZIMRAPpHZ3SICHE L b DO THEME 2RI LB, AF /) —NilkoT
TURY T T I VEReEli 88, CNEPERRJRT CiEMIEEL 7O R ¥

7o Y VR &Y,
ﬁ%mmLtfnxy7?>Vymunw@mthWHMAmmmmm%

FWTRIAEIZ X o THlE L7z,
5) WEERIMLER

BohlzrT—213, BREHEILICFSELZEN L, Student's t- test {2 & o T

BEDZEDIRTE 21T - 72,
B2E EEER

WHIET L B8 - MESH3BHOBTFIEP TR 7TV 71y
E2REICEEGZBLRRO O ho 7 (B—20) o
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BIE EE

AETE, ERIEES v Mg a— b 2H%5 L, 20lBFoMmiEh s o
AZ TV VEREZMNELL, ZORKE, BRINT - 2RSS LT
JeFOMEEFTORY 75 2V VERBBEICELIEERO S NE, /85 a— Ml
FIZBUABTOAS TSIV VERDEERB LUREREKIC, 2ALEETEZ
BRI EPHL N E R0,

FEFOBIREDIRMERFL, ELLTTUAY ZS VY VROERIZL S
DEZERLNTVS, BAEIIBWTE, TORY 75 P VIR CAEES N,
B CcER, $CIRBIERLEEZ LN TV, Ly LEDS, BFIIRE
IZBWT, TURY I I VRO ERBERRO 5T 5 (Clyman, 1980;
Pace-Asciak and Rsngaraj, 1977; Pace-Asciak and Rangaraj, 1978) DD, 70 A ¥
75 vV VE2OAERKIEIA % { (Clymanetal., 1980) . F 7o, BUR & HATHIT
DTAAYTT vV v ORBEEMEVIOIMFEF TOR Y 7T T ViRER
B RN TW A (Clyman et al., 1980; Clyman et al., 1981; Challis et at., 1976)o
FORDIZ, T LTHRBLRETEESNZTORY 7T 2T VidlgF s
CHFTEL, SIUAMEIRMERICE & . BIIRE ORISR & I T ot U2 Y
77V§V&%§ui<m%tfwétvﬂ (Coceani et al., 1986) o L2»L 7%
D5, AFRTHESNAHERIE, N7 M Lo THRFMEEFRTEAS 75
VY UVENBERZEMEL TV AEWIZOEDL LT, JBFEIREOIHEAA LT
bo O e, BTOBRENRERICBORE ZRFIBESLTWLIL
BIRBRTLLDEEZ LN A,

Iy F&) Vi Ty omEREAREER LEr o SR, TI /B2
1D S 72 B SR 7F FTH 5 (Ynanagisawaetal., 1988) o T~ Nt
) RIS FESICER LTI R 2 e 8¢ 57T T4, MBS
VER L ki g (—EMbEFR) 2RUh LI RMRSE S L)
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(De Nuccietal., 1988) o ¥4, DI Ny o <Pl E Iz
WTHBIIRE T PR SNBED TV A, Coceani et al. (1994)DEER
WEBHE, ING 2O0RFIIHPHCIREAL TV L LOD, b 1) EEY
RER R WE W) L Ladss, AT, TRy 75 vV YRS
DERERBWHDFELRLTBY, /35 a— L OBUEFICS 0 VRIE
PRECHELTWEIL2EZ DL, INSORFOBRE T 288
BT A LENHB1EH,

PED LS, ARETRENTa— b laFlERTOR sy 75 0 I VEIRE
B ERIZERVWIERWLPIIL, BIEE TIORLAST 2 —  OBRE
PHEER DS, g TEREDEER R0t E B L LTRshTE s u

A TG VR ENLELDOTIR WIS EEEEL T,

AR /ME

NG a— MZinvivo KB B TORY 75 VT VEAIT AIER X MET 5
7202, HiR2 1HDS v bMI/ST2— b % 25mgkg PDHBTHR TS L. €
O 3EBBROBFFOMBERTORY 75 v Y VENEEZRIAEICTHIE L 72,

EOMR, BTOMPHTORY T T > I VERRERMREDMIAE LA
LIZERH S5 NT, 7352 — MEinvivo ICBWTH TERY F5 VI VEIIHL

THEETRIZTE VI EDTRRINT,
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e 1E
s

AWFFEIC V722287 3 — b (1,1'-dimethyl-4,4' -bipyridylium) (2B OE WV
REAIE L TABZB, HRPCHERIN TV S, N5 a— FHEEOENSRE
BEiCH Y . Ml KEE Vo BN ELZHEME T 5, T2, & FTR
ZOPHOENDHIZBIN L BB % & AMMMEESHERENALI LML
Wb,

7. BT 555 T MRIE. BARICHT T B B BB
EEZON TV, JBFRRESCRELBEPOERLZ LB LTRINLTE
D, F, FRPTEBL TV EOMIIEEL T, Z20720, K7
BEANE DN M B HE T, RETRO NS BREEERLIMBED
BERZH o TVwd, BTFRBOBFHOV LD L L CHREDHFELVD 5, B
IRE BN AR 2 EHERBIRAN & EERV AN AT, [T REROER 2% E
BRLELTWS, T, BRE IIBERICBY TR UM A 2 X
ALY 2B 2R LTB Y, BAERIFRO G L & HIREIIGHERH
HLEIRER E LTEHFT %,

Z OBIREIIJETFMEPO2, MRV & &, BT LERTEERINS T A
%75 VEr (PGE2) DIERIC & o T ZDILRAHER STV AEA, EEE,
£V RA5 v EORKEEDIPCEROEREHET S 2 LI Lo T, Bk
ioat U CUERER 2 B0 & O HED TR SN, TRAEMIC BT 2 EIRE OYHE
BIEFE MEEYE &R LFOREIINERLERL I 2o, BIREICK
FTBHLVRRY YV EAROER 2 OB A DILEWMEDREIER SN L L
N o7,

INFTNT I— P OBRFHRE~OFELTASHET RV, £2T &
Bigeid s o — b (PQ) DEFIKT M, & CIKBIIRE IS 21EH B &
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PEDFIZONTT v b 2AWTRE L,

FBLIETE., EET Y PBXUBFTOPQOBIESZ LI, TR 2
1 HOEHT v MIIPQ 25 mgkg # E TS L. F0%OBMEL X UBEFol
P PQIREE THIE L 720 Z DR, BAEOMPFEHPQIEE X, 5 1 BERTIC
BOTHRSMPRRELRL, ZOBREBIET L, %54 6 BELE RS
%2 ARH LTI RBL ERL, —H. BFICBVTIE, & MEF
MRS % 2 BIICHE SN, 20RO R, IHS L, BkL BTFO
3% PPQIRE DHER 2 Ly 5 &, Rt IRE TId, BED43.65+4.76
pgiml 123 LIRFTid3.35+£0.36 pgml &K<, 72, R5-%248 0 Tl EE

(0.83£0.32  g/ml) & HARTHT (1.51+0.36 « g/ml) D IMHFHPQIEREDS L D)
Bhrol, TDEHIT, PQRESICHEBEZ BELIBFABITTAZ L., T2,
BR E BREFCRIMEFEE KWL O0, ZoPEHIFERIEL, Mg
BESERRER IS L EHL 2T L,

% 28T, PQUMEFEIIRE IS LIEER 2 BT 20 L) hefi~5720
2, R 2 1 HOFR I BZHREHEED, B0 1. 3. 638 5 U248
BHCRET v MIZPQ 2. 7B L0725 mgkg #ETHS L. BFEIREDOAED
ALk B FHREEICTEHI L2, Z0OMER, PQ 2 mgkg %55 TldxdfREF
ICHREEREIE A SN Do 22hN, PQ 7 mykg 5B Tid#k 5% 3 eHIZED
REDEZ LRI H SN PQ 25 mgkg X5 HTIIEG% 3B L UK
5% 6 BENCAE RIEDS A DN, INHDERD,S . PQRIEERRIHD T v
METOBRE T L TRV 2o b, T2, CONURER EHE
RKIFR AL CTH A T L ZFEL T2,

# 3BTk, PQUENREIEERATIEEY O VO DRI EZ T R O
BHLMCT SO, HIR1 9. 20BX U2 1HOBHT » MIZPQ 25
me/ke % THE L. 20 3 BER% OB TEIRE 0PZEOEL % 2ol & 5 80
BICTEIL7, ZokE, J5#1 9H23, 208 LU 2 1 HOBTHRE
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THIEEA AR SN, JEi 1 9 HI20BFIIRE B CRBIES ko
2o L72ho T, IEFBIIRE OPQICH + 2 S HOBARINL, k1 9 H1/2
E19H2BDMIZH 5 T & 25 L7z,

54 BT, PQIC X o T—HUUH L 2B IRES OPGEUT IS 5 JUEHE % 4Ras
T 57012, HIR21IBD S v A PQ 25 mgkg * HETETHRSGLTHS
2HEEIR, BFICEEPCGERZE TIER L. 20 1 BEZOBTERE O NE
FRE L2 ZORE. PQEIRS L BAOIBTFOBIRES I BE L KR TEH
BEIZPUHE L T 7285, BEAPQI%5-1% . PGE2% %5 L B FEIIRE I aHIREE L
FARRICILIR L Tz,

BHBTIE, TURY IV IV VEARBRTCHATURY ST oI R
WEAEF LRIy —¥ (YrutFirr-¥Bife fuxi 37+
— ) 12T HPQ Din vito B BEEERI L, Thbb, TIFFY
BREREL LT, PQEETCITURY S0PV RVAF VPV YRS —
Y2EETHALY VHEI OV - LA 3T, PGG2B X U'PGH20D AL
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Studies on the Effects of Paraquat on Fetal Arterial Duct

Constriction in Rats

The fetus does not yet have a fully functioning lung system since it is located within
the amniotic fluid and intakes nutrients and oxygen from the mother through the placenta.
Thus, the blood flow from the peripherals to the heart does not go through the lung,
resulting in a unique circulatory system that differs from that seen in mature rats. One of
the characteristics in the fetal circulatory system is the presence of the arterial duct. It is a
large bypass which provides a direct connection between the pulmonary artery and aorta,
and serves an important role in the fetal circulatory system. Moreover, the arterial duct
dilates during the prenatal stage in order to block a large portion of the blood flow to the
lung. However, upon birth and initiation of breathing, the arterial duct gradually
constricts and finally closes to form arterial ligament.

The fetal blood PO2 level is low, since the arterial duct can be maintained in a
dilated state through the action of Prostaglandin (PGE2) biosynthesized by the fetus and
placenta. However, in recent years, anti-inflammatory agents such as indomethacin have
been reported to inhibit the synthesis of PGE2, resulting in a constrictive action on the
arterial duct. Arterial duct constriction in the prenatal stage causes fetal pulmonary
hypertension whose effect remains after birth. Hence, the search for chemical substances
which possess a similar action on the arterial duct as indomethacin has come to be
focused upon.

The paraquat (1,1'-dimethyl-4,4'"-bipyridylium) used in this study is an effective
herbicide used today throughout the world. The target organ for paraquat toxicity is the
lung, characterized by the changes in the acute phase such as hemorrhaging and edemas.
Moreover, pulmonary fibrosis has been known to be induced, resulting in death after

these changes occurred in the early stages. Conversely, paraquat's toxicity for the fetus is



considered low compared with that in a mature rat. However, its effect on the fetal arterial
duct has yet to be reported.
Therefore, the purpose of our study is to clarify the toxicity of paraquat (PQ) on the

rat fetus, specifically focusing on its action on the arterial duct and the mechanism

involved.

In the first chapter, to investigate the PQ kinetics on pregnant rats and their fetuses,
we administered PQ to the mother at 25mg/kg s.c. on day 21 of gestation and measured
the serum levels of PQ in the mother and fetus. The results showed that serum PQ
concentration in the mother was highest at 1 h after administration, subsequently dropped
and then gradually decreasing between the 6 and 24 h after administration. Whereas, the
highest PQ concentration in the fetus was observed at the 2 h after administration, slowly
decreasing thereafter. Comparing the changes of PQ concentration in the mother and fetus
sera showed that the highest level was 43.65+4.76 ;« g/ml in the mother compared to a
much lower level of 3.35£0.36 ¢ g/ml in the fetuses. However, the serum PQ level of
the fetuses(1.51+0.36 ;2 g/ml) was higher than that of the mother rats (0.83+0.32 ;.
g/ml) at 24 h after administration. This demonstrates that PQ readily passes through the
placenta to the fetus. It also revealed that, although the serum concentration of the fetuses
was lower than that in the mother rats, the serum PQ concentration was maintained for a

long time since the excretion of PQ in the fetuses was quite slow.

In the second chapter, to determine whether PQ displayed a constrictive action on
fetal arterial ducts, we administered PQ to the mother rats at the levels of 2, 7, and
25mg/kg s.c. on 1, 3, 6 and 24 h before performing a pathological autopsy at 13:00 on
day 21 day of gestation. After administering PQ, the changes in the internal diameter of
the fetal arterial duct were measured using rapid total body freezing. The results showed

no significant difference between the 2mg/kg group and the control group, however a



significant difference in constriction was observed at 3 h after PQ administration in the
7mg/kg group. Moreover, a significant amount of constriction was observed at the 3 and
6 hin 25mg/kg group. These results demonstrate that PQ has a strong constrictive action
on the arterial duct of the fetus in the late stage of gestation. It was also indicated that the

constrictive action was a dose-dependent change.

In the third chapter, to clarify at which prenatal stage the constrictive action on the
arterial duct can be induced by PQ administration, we administered PQ to the mother rats
at 25mg/kg s.c. onday 19, 20, and 21 of gestation. The changes in the internal diameter
of the fetal arterial duct were measured at 3 h after PQ administration by rapid total body
freezing. The results showed constriction in the fetal arterial duct at the 19 2/3, 20 and 21
days of fetal age. However no constriction was observed in the fetal arterial duct on day
19 172 of fetal age. Hence, it was revealed that the critical period of sensitivity of the fetal

arterial duct on PQ was between the fetal ages of 19 1/2 and 19 2/3.

In the fourth chapter, to investigate the reaction of the arterial duct to PGE2, which
had once been constricted by PQ administration, we injected PGE2 subcutaneously to the
fetus 2 h after administering PQ to the maternal body at 25mg/kg s.c. on day 21 of
gestation. Then the internal diameter of the fetal arterial duct was measured 1 h later. The
results indicated that the arterial ducts of the fetuses whose mothers had been
administered PQ showed significantly more constriction than the control group.
However, the fetal arterial ducts showed similar dilation as that in the control group,

when PGE2 were administered following PQ injection to the maternal body.

In the fifth chapter, we investigated the effects of PQ on the prostaglandin
synthase, prostaglandin endoperoxide synthase such as cyclooxygenase and

hydroxyoxygenase under in vitro conditions. Using a arachidonic acid as a substrate, we



activated lamb seminal vesicle microzomes containing prostaglandin endoperoxide
synthase in the presence of PQ and measured the production of PGG2 and PGH2. The
results demonstrated that the production of PGG2 and PGH2 was not influenced by the

presence of PQ, revealing that PQ has no effect on prostaglandin synthase in vitro.

In the sixth chapter, to investigate the action of PQ on PGE2 in vivo, we
administered PQ to mother rats at 25mg/kg s.c. on day 21 of gestation. Then, we
measured the serum PGE2 concentrations in the mother and fetus by RIA at 3 h after PQ
administration. The results showed no significant difference on PGE2 concentration in
either the mothers nor fetuses between the respective control and 25mg/kg groups,

indicating that PQ has no effect on PGE2 in vivo either.

The above results demonstrated that 1) PQ passed readily into the fetus after being
subcutaneously injected into the maternal body; 2) Injecting PQ into the maternal body in
the final stage of gestation causes dose-dependent, yet reversible, constriction in the
respective fetus's arterial duct; 3) The critical period of arterial duct constriction due to PQ
administration is between the fetal ages of 19 1/2 and 19 2/3; 4) PQ has no effect on
prostaglandin synthase, prostaglandin endoperoxide synthase such as cyclooxygenase
and hydroxyoxygenase. 5) PQ administration can have no effect on a fetus's serum

PGE?2 concentration, even if injected into the mother.

It was thus revealed that Paraquat has a constrictive effect on fetal arterial ducts, yet

the mechanism does not involve PGE2.
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