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2. WHBREEPRFOLERBEVHE EBFBRES & OE
— SRR ERLELT

EMAZEFNRINEZE=SJE B NMERE

1. &

REFSAZRMIBB SN2 OLBHES. & MEE040EREECAPERERIC
BRAREBESEARDTHND, BT, ThoEFHWEOEI B R e AU EAPHT v R
FUBER LASBEERM ERET 2L ORORRIIRAR TH LARRBITEREL E
LRBOFRICEREE LEL LAY, T Caben £(9)NITL D, BES 0EMTL T
BFHEBER L TG LWSH4E, FIZ/T Sharpe & Skakkebaek{ 93)2)iZ L 5, B FROBIRP
BRERALDVEREETFEER POARREORMBBETO A b itk b5 L WHERD
BRIV, BTHARER~OTH A EENQUEI LFHEOEBERRE (B LiIFbh3
X3 iZhot, LOLENL, WALERFHEAB~DZFN LW AREFRLE ENITEL
DRSGIWAETEEEDEOEREEICE L ToERAMFNR VRS FREFNABREARRIIES
L. B<ORBEBIFRTH -1 ) SDTHREEATRERE RoTRY, SCEERROR
FHABRLO B IGLERFX & B3,

Heil, ASRERESEDEICLIARTORID., EHHRTORFBECLIBO LB LR
WHEENE - ERAHBECHE TR N—v R OBEECREEED TV, ABREF TR, BE
B HE O F S ARER OMRF OB Lk F ORI FEORS, AR OABELC
5 MAFEOFAL, BexONTREFREBHDERSITH Y AFMRIEOHEW NI E 0o FEF
BETSWTEDRL, BEHCASRAERBEOEHETEIFMERO— 2L LTORREBEE
FRFAER bR IARERY BRI T 2 B0 AREN MR ORR~0 BENRES
P LAY A AN

2. FiFRRERS

FERIT, BEMARERL LTHSREETFTHIRTZEEZ L. £0MRBEA I LHRHT 22450
ROASWBTHS & AR, sex steroid D—>¢ LTT v Fu X 2L LW 2 NOWIR
THLHD, HOWRE L TOBEBIINMTEEARAT L LOBEMHEEBRICLIVEREINT WS,
EEARIZA O TRERIE B ERICHRRAERAR PGC) BB ICEE L TEBT L LTERT 55,
EERICEFEABENER LT 3 ONFEERISVETH S, BT+ EETA2TRIDETEMRR
BTN, REL< ST TI->ORBIC2E NS, BH, HAER PGC 7541k LA
OEMRES R L3 BESLRRER, FRRROEESZEEE. RUBTFAROBEF ~OEBER
THB, BEVI LT, BEORETHRE LD 2N b OB 2iER © AR OERL %2
ED LN . BETOEKAERITRE TS LHEERERPN TWA Z PR L E o7, FlAE,
= I ART v F CHEEMRTE A 25-75% b DFFE LS TVWAHELERY, £t bT
B LT HIREOHMBUBOBRMREC I VN 452 0BFRERL T2 3., Zhbok
EARHEEEECE L TRAAREBE BN, BRERZSTTH - R ) OBEEREE
WENTOFEBROLFHEESANBADRBECTEESEEZED TS,
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3. THEF—RABE

FTRI—R LiE, BRERICESWTR /- REXVSINZMBEO—FRL LT
Kew S (DD Lo TRESNTEbOTHSZ, BEMITIE, F27 v— X TBREETHE S M
REOELEFERLEZEHLEELBTI D, X722 —ARRYIT ‘oncosis’ RERTS
X THALVIBRLLIN, LI TRETOEFE > TUTICER SN IMIBEDOHEL L
THWE, PEZBOTEFN—ATE, BEEHREER Y 2~F VI FITE-2TTR b=V R
REELEENFD LS, HERCZRLEFAZPECEEHBLEL ShE®B, Y I7/e~d¥F I FT
FTHEIF—ARBEINEESLHEIN—BEEE LY, TR b=V A EHERICE SN TE
CZHEENAAEBNDERECHA L ERINTRBY, BENDERTEROESHLTH bV
AR EEMTIRBPLBENTHS, LRLEAE, MABSTR bV AOFAFRRC L -TH
YL Bz SR T R bV RABERTFET A L B8AN LY, 7THA b= AOERITRE E L
TWnE, BEETET R bV ROBEOERICIIZENEZROFH2EHFELEE BN
BT, BENICESTEE TORME L ALNRECTRELZERAT I BERTH D 5).

a4, 7 b—3 AREXS)

1) BEEE: 7R MVRE. EFEHSEC LOWBENRSEERPLERINTLHLOT,
BTOL S igsididohd, (DR7e—Y2ATCRERECRENLIEY, S = FITR
M d T AMENREEVCTSMEEEORMABELZDOIX L, TH M- A TR E
s, OFRF—VATRERRNT, JevF ORI CICERBEA~CREENELS.
(BT H b — VAT ACHAENIBEEESD TR M XMEBELD, ABOCHERBIEAR
N5, AHBMAEOTE = ARBLERANIZEBINGDOERICEET LN, BRTILOIZ
FEF—RREODENL I LARI -V AREELRAOTEMNTHS, BiTHEEMRK
DT R P—AE=— 2 T, EL OEEWBIEMHP CELLZ I L EBERLTVREI TS
3 6),
Br/neFrOBERERTR N—L AOBFEFRILLoTEZSZK DRERSHL TR Z
CELEEINBZRETSHEAS D,

2) SRR/ AEEF 1 MIBSIEITAE S DNA #HEBERNEL T, A7 —v ATR—F

PR, THEM—VATIHIAEOFAEL LTELSZ EBMER TS, BREIA LT
DNA 00— A gKETHR S TRe = A QTR 3B ME 4 O LA THRIHT 7005, DNA O—ALEINTH
R % ¥ H T 57 %@ in situ nick manslation8) & £ & LT DNA O AR 2RmHT 2200
terminalnucleotidyl transferase-mediated dUTP-bictin nick end labeling (TUNEL)9) 23FIf &3 T
5,
Rz, HBEIA T TUNEL R7 R F—Y AMKRORBICEAShTE Y. [KEMICIX TUNEL
AT LR LES 10Zbambh, ZOREENRT R M- AOBERHEERELE
BRNERWRTHSL N, r OEFEMEHEEORE L TUNEL RE0XEERI L., BR T
EAMC TUNEL (BIARRIZ TR h—V R EFBZTESE I TH D,

3) AR L TR =V AOELENEMKE LT, DNA 27 Vo —RERHKEICLY
I A L. DNA O AEEIETIZ X D# 180-200 HEXM OBED & 72 5 /3 FE# (apoptotic
ladder) RHEFT A Z 2 RS ILE 1), L LEREROBE. 7K M AOEEREMER
D L TR T, BB S RME O 7S DNA CREEEO—FEDEREE T 37D 8§)
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AAT —BAORAREC EV2 adder TBEEOTF VU LRBETIRELEZ Vv, DNA
@ 3-OH #BRNICZP T I/ TEIRL. 3— V3777 —ICTTRETAEREE LD
BH, THRP— RO DNA ZFAFEHEOAERH L TH 20 THERRVWRERE LW,

4) TOH BEOEBLEETHA. ~v V) v 23V BRETLRABET R b
ARENIF B END P, FORBBER—BRNITIER, SEERMEL S, popidium  iodide &
iZ& Y DNA Hufafe, flow cytometry ISR D ICUATORNREOL I EMH T2 LITLDT
RE—TREBRBETECTE - 121V, X7 AOEERBETE 2,

5. RFUNRUVEAER<PARRICRITSuRERMRE (B1) (B2)

1) PGC OBEEROLFEMIIIE @ MAEBROFEIRRE - 5{LIT. PGC P IPEITWEEL
DEBRERLACEELCHLERT SO THAN, FRUBEBNZBFEREESRESET
e REPSTAEMIBORBHENET D, RERMO= X Tid, PCG iXi54£ 12 HEH VIR
HRECER L, 13 0 BUREMAEEOBRELRHX & £ITAR AR 277, Coucouvanis
£ 13) {3 flow cytometry & AWTHE L., BE 1317 FEE TR 4O—EDHEETPGC ITT R
F—AWELHERE L, 2, IVERBCRLETR P~V AOEEY B -OETH
B L W HIEEE 14 20, BETR M- RMAAHE U, BTk E 13415 RET
I3 PGC IZHRAB T R bV ARSHBBEBEN LB, TOEER—ETRELTZS 13 8%
—ZIRBERA L 17T S ETITH b A BITER LA,

B1ItZALELSIZ, PGC OT7 R b~ ABEIIREL S>OBRBIZAEFRTH D, Ealy
stage TiX, 7 o< F - OFERNEELZATHENLR TR F— L X223 3573, Intermediate
stage TIIEEERSy & MM E /N EET & Vg5 5 2B B9, RITEA T Late stage IZHR
T, BERSTCIERERIEEFNTESERE LTREL, b LAR S 21— ABRITIEN,
IheOHEBERTHREZETTR b= 2B LTHET 2L 20BEEHZOL > Th-
e ZRBOTRN—VAFRENE, RAER TORFRMBEBTRALNLS TR h— 2~
THLOT, PGCHRLEIRLNDAEWMEREEOHELEL LA, (H1) (B2)

2) FEMIZRAT S AEAMF  BB4E 17 BERRAED E, 7R P—RGERERbRAELR

BB, ~FTFHERM—=VR LRI u— AOFTHEARFE. bkl LTREFEENEX
UG OEENBEI LN, TR e~vF r OEMRED b, —HFAIEN/INFE ORERED
b, TO%, HAERICIEBREEOETFBELHI L. Wb X n— 2~FIZEH
Li#iER 2T 2ERSHERA LY, ZOBOKIEIE TUNEL BHET, Ro7ae—A0—Hk
Rbndd, TOFEMIFHETH D,
AR OBEATEEROETIC OV TREL OMERD DB, A —EHEBMAICH 50-15% 0
FHRRAM AT S 2 & 23 Roosen-Runge » Lek E 15X ¥ RERTNE, BICHAEERT
. "very dark cells” 16 2FEIEN A AR ECERWETFEELP R LA MBEN/IMEEOREELY
#O5MEIABHBERINTND,

IITRIIEERZ &, BEREFLBAERHIIAWVW TR o — L RIRRFIEOMITEREIEE
HoENDZ LT, BAEBECRELNS AT programmed cell death” & FEMNFEIZT R b—
VRALAEBLELTARARENTWERE, ZHEALHIIEXERTHIALTHERTIILTES
e
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3) RBIHRBBOBATICRT S MM

v B AT, &% 46 FEILETIHEREAESTIN, ToBRTEROREMRNES
SR, FHRCRVERER7ZR PV AERERT S, JCTHERINIHEFMKER. BEL
ERHyEEOEER L BERAFERIRDONG 14), I bOMIBOBENBE 17) 13K
B EOREME TROOLNEZ TR — AT L B L TED., TUNEL B TH-T. £
OHBE—23EE 0B ELEY Chok (H2), RETH h—VAFREEET SEKTT
55 Bol2 BEZAFEFRRT S tansgenic T T XITBNTINLDT R h—VABEESN. &
BET BT RRBROREIERS I LEBESNE 18), BTHARRBEHEORFEARRT X
h— 2 DEEIZE., B2 LHESAPERT I LI FOMEZPNIT2EETHD Bax
REOEBABERLTWA LD ThHd, L. ZOBEHCRITAEFERO7TR TRl Bk
EIX. FBMETHS Seroli MBAOKESEALBE A RRLETHERETFOBCEVESL L L
Ebhd,

4) FRBFERIRT A AREMARSE

& B SEECORTFHRIBE CE, Be 0N EBOATEMR THIERELTVD &M
HS BB TVAN, FRARTR =V ALRT o — AN ONTIEERE 2T,
Allan 2k, EFERENDBRCESVWUEFEROMBBIITH P - ATHEHM, MEH
BT A LTV AMBRERA 22— R TCHDEHELE 19, —F Ker (3, HEME SRR
HETRF—AOTHESE LTEBEN TS pyknosis BETFTZ 2 2BELMTILL 200, £O
#%. TUNEL a0 ERMBMRoE b Rt Ens L RIZF OHIRER L DNA ladder DY EFREH
BABETAZLAMP L, BFERMEROBRAIHENIZILT L AMNART R - AR
EFELTWARL T TR =R ERREND L SR,
EERETHEUSERMEIAT R N ARERE ERAGO L ORI RATFT—VTHETLRICD
WTHE, T v hTERRATF -V MV & XWXV IHEESZROSEMEE 20T, Xv UV ATHA
e XIS D OB BLSTILIEIR O premeiotic LM TER THI L L FRAITHRELT
W5,

. OBRERTREONAETFHAEMERT R M-V AOEROS PRI L TIRRBERHE TS
%, E£7. Bal2 OBRRBw 7 ATH, RBER7T RNV REEETSH I EIEHERN18),

6. NNBAROASBREZESI TR F—DADEL

1) FTR&HHTF N Tapanainen E 2D IT X2 L&, HHET v (21 BE) P b TEFHRET
3L EEMALHHELE DNA OF7Fu—R XL EKKENCRWT, 2 BETHEB 5272 ladder
NEEINT, Rusel & Clermont23) 1213, TEAEAKEHESS A TAF—Y VI DFEEMEL
I EEBEBE LR L VHIEEIESNWTELS &, 2O ladder BEUIXE S L THER
MBEICERET LOLELLND, i FSH HWVWRT A FAF o &EIC L D EFEIC ladder #
XL ONA I b, FRARHCESEEEEO7 R — 3 A0OBEIT A AT a0
RBELDEEBZLNT,

2) GonRH antagonist HEEF N @ RO TFTEERHTT L L RABEOHEECELTH M—Y2R
B0 & LT GoRH antagonist OHEHRE LFIA I T3, Bilig® 20k, &FET v b
(16-32 B#) T azaline-B 285 U THE LFT. DNA adder R OB L FHIC TUNEL [ L 5FF
BHAOBEREEEF B, —FEHRT v FTOREORRETIE FSH £ LE O LSV OEE
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RBAEIRO ORI L2000 T azaline-B ORI R LN, 02 &I, BOORE
FHRRBERIUECIRE LB LT FSH OERELARICT A FAT 2 v ~DBERELE NS
EERLTVNS,

EFFTCH, BRAT v FOBICAT— YV VI TF R =V ABBERENTP, B LARF—VI1 &
XI-XIV CREMHROT F F— T ANEER A Z L IXEEETH S, Sinba Hikm % 25)
tX. GoRH antagonist & LT Nal-Glu 25k#7 v MIRELEF, FRMRAFr I OERERAT—
U VI TORBERY RCEFERO7THE F—V AR LE, CORRET - FrFUSRE
FRER, LK RAFT—Y VI © Seroli M TRIFBRLTVDIILEERTILAENTHD
ﬁiBMg%®W§éﬁ%E150Eﬁiﬁ@&%qmmmmmm@z?_vvnmoﬁ%ﬁﬁ
CERACER, BRT3 L5 CEENREEOENERBRLTWAAER L HVBRHPET S
213,

3) BREXNET L MR L D spermatogenesis DIAEEF L& L TEREBLITEE AN S
bOD—OTHEHT A REFEMMEEAS O EFEMIRE BRILIEFE T 5 Z £ B Hiden, Sikone % 26) 1.
¥EZ v b (22 BRNERFEEANICEE L, BOER 255 L 7 B LN DNA ladder #2AL728 3-4
Ly, TUNEL ICXZ VL L TRBHRRTR A2 B I LTWAZ ERELN -
o COBE, MFTF A MRAT R VUV R Do T, BT v PTRBRERERE T L,
24-28 BB THL HICEFEHEEUACERABRIZEORT - VIBL LT 7R N AOFHER
BEIhx 27,

BoT, 2O7HEP—RAOBEIZIE, ST ERFHLABERERBL-TWS I BT
END, —RACREFMREIIIMRICERSE TR, MOMBIITSE MESRIZ LV ERTIO
PR TCELEILTHLER, ThLORRIIFNBETRE=VAENLTCWEZEERLERT
HB, bolkb, AllanF 2D LB L, FHE% 43 oC T30 4MELET 3 L EFRMER -
preleptotene FERAIIIL 7 H b= R EFRTBMOBBMBER 7 0 A2 ETHLHEOT,
INBEORE CREBERRXBELTLFEELH B,

4) TR P RERSET LV BBV RACZRA a2 KEBRET S L type BER
FARE LU DS B O AFEARRM DR Z L B BTV S 29), Ra b, HE~ 7 ABEA
~ B -estradiol-3-benzoate * EHERXERS L4 7 ABITFEEERERISE TH#ED TUNEL BiE
EIRD, THRM-VATHEBRLTUSL LB LE, OB, #RT527F bV XFERTE
hCdD Fas DABMENCE BRI, ¥ Sertoli MIBRICLETR VL A FHEL S FLT
H5 Fas V V2 FREALBERINTVDEI L b7 30), TR e RERSICKDHEESE
FERERR T & F— 3 AFHE L FARBEEREN diethylstilbestrol #ETETLSZ Z L HBERBESHL T
5 31),

7. EREEXPHEOT R —LA~NOER

Troiano % 12) X, ethane dimethane suiphomate ZEXE T » MIEE L, Leydig e %S LD
BFZ AT RERHVAEITICTE, £EMIRO DNA % flow  cytometry TRETL 7,
Z DR DNA OW A LRI N TR F— L 2AOFEHRRB I 573, DNA ladder (T L
fedsaoie,

Ko % 32) i, 2-methoxyethanol OFERMR~OFIEE T v M ETAT v N THRHM L. pachytene ¥§
BHRTT v FTREBEBHIIER 70—V ARERL, TAFY NTHRTER M~ RMEEFRTT
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FREBEMC LA, LasL, W CEIC DNA ladder @ HiZR & TUNEL BitERa 48 b, BHRAE
[IXATE T pachytene MM T R h— AREI L b LHEE N, TOKRITEL O
HCREFERMBIC 7R — L ANBEEEINE L2 BELP L R-TERR, TOFRERER
A>T bREIINREVEBEESRS>OH D, Caa B 2D i3, HAVHTHS
cyclophosphamide ®F v P ~OESIZ L 2AFMBRT R -V AOHERAT - vV &
XI-XIV CHEETH D T & £#74 L, methoxyacetic acid #5-DiFE 33) & FHEIT B B0 o 8
WMEREELFSIOTVWI L REHA L, EiC Lee £ 34, FH~ Y IHRIZT mono-
{2-ethylhexyl) phthalate <> 2,5-hexancdione &) Sertoli MM ERR 51T £ ¥ TUNEL Read b A7
AFEMRIAT H P - AOEKERD R, o

8. BRFEREMR7Rb—X kFas/Fas |igand®
FERRA—VIBERZEDTVAEL AT AERT, FOEERBBEORETIC L > THAH
ENTWBEESAlChd, Fia i, FasfFas ligand ROLEMMRT E F—+ AHE~0EL%Z
ErEADT TU—FEFoCE, Fas3s) AEEBERHOBEERAENRT, TOARMNTD IgM
FREPHERT ALV TRV AEFBEI T MNELRD. Faa OBREFIIBEIZI 7 —
=37 X}, TNFierve growth factor S family i B3 2 L 3% L, HiT Fas & FAROHEREE
o APO-1 P A—HETHEZ L bHHALE, Fas DRBROV F > Fé LT gpe T OREER
BETHD Fas ligand NER X1 35), BECAREBE CORBERITEALRRIZPLE LTH
WARED BN TV D, BRAERUATY, SR TOIRBAH~OEE 36) PREMERBK 37
HTEE N FERIC BT A RET EFOT R b= ADFHH 38) 121X Fas/Fas  ligand RO 5
R FRENTVD, RB< T ARETIE, E¥ThHIREED TUNEL BIEERNERED b
(RS LS RN AE U B, T H300 BT VER L 73 Fas ROV Fas  ligand FLARIT, AR/VA
FAFE FEENT 74 v CHENY T FLVERHTE 2227 260D THSY, b
PEVTHEETORESRI LA 3.39), ZOFSR. Fas (X Leydig MM & AFMRICEBIEHIZHRE
P LCHY . Fas ligand i Seroli MFLICHEMTHILEN, L Liadsb, S LTRA—H
HERTOEEORABRERSEINTERRELTWA TR M=V ADREZSWTIBER
a5, £, ERERLSEBRERERY A THS Ipr (ymphoproliferation) (L hr ¥ A
NRA NG AR VD Fas BREFE AV o ~OBEARD D, BEEEESELETLTY
%) * gld (genenalizedlymphoproliferative disease) = ©7 X (Fas ligand DHRERIE T I ARREE D
HDTOMELYESTS) Th, TUNEL BHEREEHRITI T L5 Fas ZBRR/RATO
FHE -V RBEEOWE— OFR TRV EBBELNTED 3), Seroli MIHFEHAT D Fas ligand
DTSRRI SN T, BERA~OEEEROEALEILT 220 THL WEEIERSNLT
W3, RAEAEESCEREENE THBEER LI LI Fas BHETH 1L TH S,
BT/ Ty Lee 8 35) i3« O R & AHCHE~ 7 RFRIZ T Fas W TNT Fas ligand #35
%8 L. EIT mono-(2-cthylhexyl) phthalate %° 2,5-hexanedione %4 (> Sertoli AEAIEERIFR ST LD
ERETREOESLMA L TUNEL e, oA RERMARET X b— A0BRPRAD LN, B
£ F AR B AETEMBESE D Fas ROBERTHEIN L, Be bV AELFBIRR
FFAFWICZA e FrORERESBBEF LRV TEROMREER 3039,

33



9. E MEERELFREP—LX

EhOBTFEMRERBIZAWT TR b= ADEMAHEIRRE b0, S L LSS
BB, RICEIRERMRSELY TR SE0EERBELTOAI EBM6RTNE, By
X, bt FREBRERTICRTAIREO—E LTHEN TS matration amest ~0D4FEFEMFE.O
BEFmN L TVAN 40), L OEFTERY SR VATEMARER T TUNEL BYEE RAT N
CESEEERVCHELTEY . EEMRNTL TR MV ARERZELTWAORRBL LTV S,
BEEWZ EZ NG OES T, Fas B4 FEMBR L Fas ligand BB Senoli #MRZSBERE L CHEE
LTRBY, Fas ZAT R~ AFEBEEE B> TWESRAEEITR E LT,

10, #&88

PLERARTE IS ICEILERFEERIIANT, S AREBEIEICEE LT e o4ABNE
HREERENEIT L & VY OEEBHEE R T EEDEOREL 4T L~V THATR W iR
PioTETVWS, BE, ASBRIMEICL 288 L LTHSNIZRELEFREE LTS
BFEOELEBEE., WETHIZREZZ/N 20T s DREIZ WTESEN 2GR E M
WTRIET AZ EBRUETHS LB B3, ZORDLOBIAFRE LT, w7 R REERE
TR AAEMART X = AEFRBEEAORMII, BECSATRE, FEF BHERURES
CESTRENARRREEEL L - T2 OREORMBERBHOFME TR L TA28F0ICH
HB5FER L EBEbNB,
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DFH/ER>TVHR, 1978EIALN L IIBIFLRENTH D, ZOERTHEMEAFL IR
BENS LIRS THEIE, I9SELUEBTIL L TWand, FEEEZHLTVRY, EH
QIREBLTRLE, FHIEAAW, B 3IRT6EIR I 1 AFHEL I TR BBEALAF
LUIBEENA LI Ro T 6 MARICHE L, 1980FBEEE L Ty RnEFHITE
Fh TV, B 4I1980FEMETHERE D & LSRR >, KEDONational
Toxicology Program (NTP)#X T v b E= D XEHWT, 7 v MZHEAAF -0, 1,000, 2,000
or 4,000 ppn . ¥ 7 RI{TO, ,2,000 or 4,000 ppm % 6RFR/ R, 5 B/E. 102 ERRARE
Lk, E0FER. Ty FCREROERBIMEEE 62% (31/50), 1, 000 ppul¥ 63%(31/49) . 2,000
ppndE 62% (31/50). 4,000 ppmE¥ 76% (38/50) » BMERRO A NRE L SHBEL ORI
HEZERBDONARM-%, =0 R THRE 0% (0/50) | 2,000 ppefE 8% (4/50). 4, 000 ppr
B 62% (31/50) T. 4,000 ppeff M REMOAET DRMARD LN, ROFEEI<T A
TR B 12% (6/50) . 2,000 ppmB¥ 60% (28/47). 4,000 ppuBf 74%(32/43) T, 2,000 ppo
N EoRBECTERRBMATED bk,  Nitschke 5®13T v ML A F 2100, 500,
1,500 ppm, 6B, H. 58/8B, 4BHREL-ZE. XEEY,. FI7 vy MEHEZEL, S0,
F1g o MZITHBEL, ZTREY, R vy bR EES ¥, £EBEOEEL LTRRE, &
1B, ¥, AR, FERESNSEEZAED, WTFhOoRBEHTLMRHECLE L TEERR

Huhihol,
3-4) I-TmEFas

1-7 2% 721,000 ppm, 8 FEMEL 32 % v FOBIZBRE LEXRTEY, BE4EES
HIERMREEEE MOV 0BE, BAEROLOERRRE L, BEL ~ 7 BRICIIREDR
., BITREESHBELL, BES~ 7 HEZCER L TREOHBERARIVRE TRARIBHED
BMELEROBTLAEDLRE, -7 2B r 800 ppm, 400 ppm, 200 ppm, 8 EERDH.
12 BEES y hoOEICIBREL 2EBRTEY, 400 pprEl EOBTHENESOE T, 800 ppufE
TIIMCVORBIE DL EEDED b7, HEAREN I LFEABROAESARH oI, BRER
OBEREBEIMBLEBELTWTINOELEEZRRD bhlrho7 i, 400 ppoll F OB TH
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REFEOEZRD EFROBY  FBETROB)  ERRE THHEBOHNIR® & 71, 200 ppo
DEORTHREEROEINEDLAE, -7 20800 ppm, 400 ppm, 200 ppm, § B
MAH, 12 @BE7y FOMEIZBE LU ERR T 800 ppndt CHBMOELL, 400 ppoft T
AHoHERRHOHENRRS AL, BULEOFFRML, -7 e F o v 3R L HEme
LT, REMEEERETLENLETIILERENE, EEFER VTR, -7 R
TSNV e e S LERAEFRRR Y BT ORBERBLEET IWREESH Z,

- EOMOEEEILESEORECEMBIEICE T TR
H-DEET I

BT Y ARAREEEEERICHOA TV AR, BF. BT VARRRRIKCEVARS
MEFETLIIENBEINE., Thaob™EAT V124 ne/ke (REBEFEEOL/S) <R
RETWLERS LAERYITy., REHCREEENOHBIREH oLl BRE
BOEY. BRROBRMREOE > RELEOBETROE D, BPREESTOLHAZ OB
magEb i, ¥54 BRICEROSHREORS . URARILIEE FECBIT2EFEO
B L ERETOHBAEEOMMBRBb LN, BRI BT 2EREAXRTFOHBRRRT
FOB LD EHCHR LI, ThbO#BE. BT I A BEEERICERAEBEE LD L.
BREEARCLBIARFORATELEE LRI &R L, 5V LEEBRTRSES
h, EEORREEFAE T 280085 8mT 2ERichy, BEETINVCI2HBEES
HEAFHHTH- T,

vrunEd s AR 3o0BhERTEREBRRTCLRRIBTLEERBED LI,
BEAFERIEOMBTHL L SN, 27 X TRESEEI0AEIT T, #3#& 200me/n’ (50 ppm)
ThoHRREY, IVEFLZARIBHOF-FBHLETCOEEMEEL LT ng/miZ5 &
TiTohEHBEBIN TS, .

Chapino ™t S » P A AW T, LA F 13,500 ppm, 6 BRI H. 5 BRBE\L. 3
FHEBEYS. BECLAPHBELAERFFTR L. EROBERRSTFERIBIEL. BR
LROERE L ARCFENBERORB L ELICEX -, 9BEREERLETSTOYY
THRELERRCEAEOAFEAR DAL, BELSBRIKIIATFA PRAF o 136
ng/ml (FFR120+-3Ing/nI) A F Th-o7e, HAEAFAEEE LTRECRBABMRE L b
VHMAERIZER L, RFEETBEI 3 FEERSLLLLTVE,

EHELPRE P b PATC(IND 2BEET » MiZ300me/kg, 6 B H, 2HEBEERE L,
BEET2HEBRICER L TRELAZRT, BB LT, SR SELE, BEEEN
Z2N50%, TONETRGHREITEEILEHDLLELEBELTNS

FRH¥IETy b2 AVT, PPETEABEOE NI FVBT AT, VIFA~FIIL
75 L— b (DERP) 1% R 2GR R RS L, 2#%, 48%, cEACIRLE, %ERER
HAETHERIBRER HKEFFEIRS L, REPLABRLVBEEREN/ NI o, 1%
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AR, EHEBECETIHELOERNRR s ERESKLTRY, SEROWRNEL T —F DBEIZ
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AMRBRTIETLBEE R LIRS 000-6, 0 EOLEMEE YV R 7 v Lk, ThEXE
BFERETOVRITEZAV VORERHANWTAS Y—=2F L, 21 38OE - HFERK
ML URERBERPELA KT/ (ROOEHERAE TS, TORR. RGIEDON
DOI%BPFERELE LV PREVERZR LAY, T%RFTEREERZVOTFRRELD I
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EL Lk ->TBETHLHEPY TR, RECFPROBEFMCL > THLEERFRIRIZD
LRLEILND, |

6. F&&H

1) BB oEREHRABEOEFCL-(ED TEERZMBTHY, EREBEZETISE
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TOWRE - HROBEMER LIDEEZLNE,
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T AR (BBURFLE, ~ARA A FAX e, KE, BB, ME (¥
7FAITY MERVITR=

ERANR (AHERET ST

#2 EuYATHEOTRBE RBTEEREHD)

BERL *EACGIH AAEEFEETES
{1584~85) (1985)

AFrEr A 25 ppm = 5 ppm 5 ppm

2-A pFmH 1)

AFnte AT TEF— R 5 ppm 2 ppm

(2-A b x T F AEEER)

ni = )

E~x bFTF )
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BRHNSE T, FRROREPLREEZ TEEYD., TR AUVEAHORBEE I >HTO
ZEEFOET S ZEBARBEINE,

(2) METHFEEMEOFE (F1)

IRRATEV R R FHME T A BAITE, LEMEOHBER~ O ENEER UHBENESED
BMEOE»PLITH, REMCE, PRERUEZFIREC I > TELLIBRRORERNET
HRZARADED, MOEERUVHE (A X) OFL, GFAP &2 FomHnEED
EEL L2257 — R —RER ERFTET S, EMENPEIE, ) RERROERE
HE., BREM., MEOR LR LoWEAERPHNEE 2) wEGEEYEOAR - SR
EOEMOENH, REGEER. AMHEROELR L OELENEE, 3) TRV TiE
E#HEE (m—F oy FRERY) CREHSE BE-82% - 1E - BREELS ©
HEZITV. TSRSV THERESHERE, BEMEoRE (I—7F V74—V FF
RN E), RETE-CHETDHORE RIWEERTX e d), FERTEHEENHOR
T (A~FIFEETRM KRBT A N2 E) 27T 5,

(3) REFETERERMOTE (&2)

LB EIC £ 5 RERRERE 2 TN >HEICRMET 220, BURTX My F
V—DBERPFEETH L, REMEBESTMOBSIT. 1) AE, BRREH. BT HEE
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117 Y OFRHORTE. 2) HREN-CRESEEE L o nABERMEORE. 3) RE.
. EEARCOREORE, 4) BREDELFDUHORE, b FTRHIORE. 6)
HRBER VOBRRETS, REREEHTHOREHEZRICHIT S,

YO r 545 A MEEEBRT NI, FOMEHEZOVWTOREF — 4 OHFEIZL
%, BRIz b FCORBREEMFNT —FP, BPERTOMRTEIREENT -7 25
ZEE, BEROF— S IEELEAFICERRLTETF A NEITS 22BN, F,
b MR I VI EROPROF—F LARWVES, B LS TOMBEIEIC W TR
TEBEHTFA M2 T Y —RBATHMET S,

BEYPEIC >V T, FR0L 3 R HAEROREI, ERRETEZEDLHMmELT
gt WAEEENLEREHEITCOHMEBRL THETSOVEY TS S,

e (B8 BREN. BRIz T2 LY 3 BELT 3, ERREENIBENR
EROFHICTRE 2T REPRTHER) FC, FEREREBR LR, RXE
AEwE, E¥-RS5EAR, B55M, 1| ROREERIIOVWTE, BETHEFHRED
WU B VRBEE, EHASRROBEORE, FEEEECFEL YV LERICANTR
HrR&ETHAL,

3. AFLUOREREZER (RELOTEMIG)

FE5RF o Z M E LCEERTESEE, EAINTOSERBART L 220
T, LFEEH, REBHEORMNET >

(1) BBRECHREIR~OBITE D

AL EAL TR U0 TEBRLAEXF LU BEHE- D AZEAL, BA% 5 BV 3057,
1. 20 6 BOF 24 BRIz, Sy AR UBRTALG R D OUnER. Be. EK, EE, FE
FOAFL Y RRZTORBEMBEEERRELE LIS, AFLIVEAR 5 STRYVAD
BE. OB, FFER. FERAAER. BN, F LRI L (BERMEWD) AF L BT
LTWAORERSA, BBRTOEE (0.21£0.13 zmol/g tissue) B FERTE—
PIELT W, A% 1 BETIR, BFLTOBERY -7 EL, BAR 24 KFH
ik, BORPRUBMEEE L RFOLTEREIIFERBEIIR T, ZOILPbRE<
YRITEASREAF VL, BEFBELCESCBRIBIILILZIE, EHLRTERN
OAFTHEMESVE RN 50 (BOENBEN, TS L URA - OBEAFHHIZ L > T
BETLA#S) ERICECEELTWAZ EBRBELiTkoT,

(2) HER~DEE ®

ZF VBRI L BETEA~OEEIOWTIL, IR 721 BORZ v M 0, 50, 300 ppn
T 6hr/day AF LU EBAZES &, 300 ppm BB TET v bOBEHEMNHA control (0
ppm) £V BAET L, HAE® 21 R 77 B SOFOHEER control LV L FEETY
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5A5, AR, ERY, FOHAEROECRIEENRD SN2, (£4, B5),

(3) REBWNRTEEMEFTMICE 2R ©

R 7-21 HiZ 0, 50, 300 ppm T 6hr/day AF L EBRAZEREET v FRLE
FNEFTHE, FEOBZCELTRIERY, BRIESVWIBRBIZLZIEEIEDoNE
(F#6), ERLEEHRELELTIX, BEBEN., ERESR. ¥R yF 4788, &
R (BN OEETHRBCLIIRENBDONEL (6, B4, ®6) R, BEELR
IE, BTEERERIGIZ DWTHIRBIZ L 2 BIIRD ot ok, 2—F oy FEEEERE
WEIL T 300 ppm BRETEESED O (X 7), EHTENCEL T, 300 ppn B
BCTH—7v 74— FTH (FE8), BanE (F9), REFRDLON, EXF5
FEE E10) KLREIED LN, ERERIZE LTI, HoREARIIREI X
LRERR T o (RE),

(4) FEMRFA/ ELZHER Y

4R 7-21 BT 0. 50, 300 ppm T 6hr/day AT VI ERAESEERTS v FLEE
NEFORBE., BRF 28, KERWNETORRIEEHERELRAE L L 25,
PHERB OB F 2t RETITBEIC &2 PEBITEY b hih ot KT OWRES
YE BTV T, 300 ppm BBET 5-HT (5-hydoroxytryptamine, serotonin) &-F@4%
W TH S 5-HIAA (5-hydroxyindoleacetic acid). NA (norepirmephrine) OREWTH
% HVA (homovanillic acid) EMFEIET LTNA0HFED b, —7F ., DP (dopamine) ,
NA. DOPAC (3, 4-dihvdroxyphenylacetic acid, DP R\#E#) EBIZEEEVSBDHLNBI-
7 ARL L), METFOBRBRRENERII VW, BEERS LNk,

(5) AU fGamEsRTEN ©

RFUR My REYEBBEARECAI I oy —A5BCHEET 2 RDNAHER
(FrZu—5h P40 WI-oTREESHZH, JORBHITHEEL &I, FORER
HIC L 58, FRITRE GEHHEROENRES NS, i/ a Y —AsFHEIC FAT &
MATEBICELS, R VATAT—LERBE L TRBEEEZHEATLZA, =
AREE G.0m) MIALEOMBET Y b (18 BY) ORBEEIRRET » 1P,
RERES v~ (3 S DLOIVEFTICEPo., BT o ~ TIIRRMEE L EREE
EOMRBEECEZERO bR, ERERES v b (K 10 HRU 21 H) TR
BIEMRETFLTHE &F12),

T, RAFLURBEBEI PA0 XD isotype KXELENSIDEFD0I, T
Iruy—LHE%E anti-P4501IC11/C6 R TR anti-P45011El £/ 7 0 —F Ay TRk
BLEBEOSryIVTVa—vEEFME L. RERAT v P TEMEL S anti-
PASOTIE]l FUELLE EAT -7 F &0, BT v hTIX anti-P45011C11/C6 Az 1T
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ST EASTARBEEREES R, REMES v F T anti-P4501IC11/C6, anti-P45011E] #1
BOVThOFREABTLRREEFIABFERAER R, $2. @RSy b THLLED
wmARERLAE-E (B6),

4, XHLE21— (AF LU OERBRURER~ORRICDNTORR)

EFRBERIO 1 2 THEAF L0, b RO TORRR FRERERIT20WTOZ
NETOREZUTIIELD D,

(1) & FToRE (£13)

AFL L OBENBRI L SEBIMT S Y A2 ER (v b~DAMERLE LTOR
&) RELLLENRTNEH, BECL ZZFFLOFHICEL THEBRIEV TSR
BChB, AT Lo ORESEBECEMERIC ST, 1970 ERELDIIE I TN
S OMDBENRBENEDR, BREBER IHHERERER2VWI L, HROFERLDER
B OVWTARBR T VERRIIRIT S ED, ZZTERALTND, 74T FO
Holmberg & © 0 7 — 73T » I b THRFBE ORETIX, 1976 Fb 1977 FF
THT 4TV FEERERG,D 43 AOFRAERKAL boFemE L, S8~
DA VB 2a—5To7, 43 AT 2 AOFHOBRIAL TS AF » 7 THTEHNTE
B, AFLr, BYZATA, BRA-FFYA R, TEMNOBRBEET T, L
L - OBE TIIFEERRA & < EDEREREDCIEITHR TNV EOREE
BH5B, ChBBLE7 45y FERAERGIIESSHESRT G, 132 AD TR
WA BOTHEII OV TOFEERTNERE, AFLRELEBELUEAEREE O
MEEN TRV, ERRT—F 0 phlborg 5 7 ORETIE 43 AL ABIXP 20
N, BILT T RF v s THEEE CREARRHERRRBIZLRTE R EVIFRD
BLRTVA, Lemaster & @ DT T AF v THTORETIL, REREOHE
K Fbh T a, 30 ppn B FOEREEREE TR OB R L 2820y,
82 ppm DEREBREE (HMEERAY) CRFIOKER, MREOBEOTOERELD
b 4% Ed ol ERHEShTVWS,

HRWEITE LT, 7452 FO Hemninki & @ 23 1973 226 1976 F£ETO
745y FEERERENLELNT 15,482 AOBAMECETIWERH S, £F
THTH AHEFEFOHEOCED, — RERSEKORECEIV BARITHEP I
(15.57% vs. 7.98%), —ibOEIHTE KEFBEIIRF LV REL Thd,
T O TIIERED 6 Bl L0 R Y 225 TWA, Harkonen & 19 OEIED
WERER T, 67 AD lamination VE¥ZIT- TV ALEFBE TILIERMEOCRER
CELT, R THALLEMEF RV ARV IERBE L B L TERRh> L LB]E
LTWa,

NSWBRRAE VT T REEORES & LTABERIE®®Z X, Holnberg b UV i
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LD 14 A2 lanination FERBLREBBE THELT - %, XFLITRBLAEK
BT L ABELOJTEEZ I -7, Lenaster & 9 [XER® 36 0BT
TRFy IRMD 174 ACKEEBE L, 49 AOFHR, ANE, RAZvyFEEER
FLIEBEF L OBREMHEDVFELIT oA (RAF L oBREBEEEIIFRATCE SV
TRIELTWS), TOMRR, ABEE, £BREL S WTOREIRD NPT,
FEEEE (ER) SicBeTd, BENXFLBR L ABENRCEERR R ONR
Dol BEENTVWD

PEDE SRR« LTRAE, BEBHOEILARNIE. B/RRFLT, H
ERMEAEOEMI SOV TORENLS DB, ERRRT L VRBREPATF -2 UMDY
FHE~DRERER EFATHITHALLE RS TB LT, T (4Pt =F)
FORM, ROKKEEOHEBERSLRENTHRNWEY, AFLVEEBRILSERER
EFRRLLELORRAEETOLIARLNR W,

(2) SHERTORE (F14)

AF U ORMREEE, B ITPREFEEHEETO>VTIX 1989 @ Brown U ORERIC
LW BT RF L VBERIC L BB ~OEEI Ragule 5 WHRRF L 0,5,50 mg/m3
DIRFEEEIT > TV 5, 50 ng/nd PREERECTRE/TRRETES EREIEMLE

. EEERE CIIEEIIR Lo, 2. 00 15, 5 ng/nd OBRELITESIHM
FAT o L. FHEMBOLIT B0 2 BTOERP Tk, MBI TRFET
OENP RGN, FEICET v MELYY OBBEETHENLELREL TS, 47
LEELWTF—ZREREINTHILiTTiAlok. ATV UOEFEIZ-WT
iZ. Yainio 5 9 B=9 3 ) 2HAVWT, BOBEHEIMIC 2.5 g/kg DRF L EHRE
AIZEA% 9 BRREL. BLESTIBOERRRD LN TWVA, Murray & 9 3
T o h & Y RXOREEEMEIC OV TR, U FITE 300 XV 60 ppm DA F LV E TR
MW/ EREL. 7 v MZiE 180 ng/kg/day OARAFVERATELXE, Ty hTRAF
vEBEILY ST, BTy MOEE 6 B0 9 BOBEENOETEL L LR, I3
BEEEREOCHRVICRABDLERL TN E, —F, BEE, £FFE. FOEE, AN
EREUCESHICEEERA LN o, VR THREBIZLAIEEBIALN RS,
INLOERPLEDE, BECESOAELLL SVOBRBETLERICKT 3 BESE
2O HTNTHL EERL TS, Kankaanpaa b WP i< A AF L EBEE 250 ppu.
6 B/ H., dHRE 6-16 HTiT-/. FAEFFTHR,. RRECEK, % (FBXH) %
BITHATERCEM 2.0% vs. 0.9%) LiEt®EL TSR, MERENTILST
Haofr, ERBELIL. NAXF =T 300, 500, 750, 1000 ppm ORF L REAEIIE
6-18 EiZ4TVv . 1000 pom BRE CORRIEFTEBEM L TV, FHIIH LN
TmEBELTNS,

Beliles & U9 1 3 HRAEEERET > TW5, RBAKICAF L% 0, 25, 250
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ppm DBETHEE L ERET- TWER, FKERBERFENIZES LT, 2 £IiZ
BISARBENRSAERENIIRER T 2E LWL EX LN ANAETEE, #TRE
BRENREDoT, Tk P2 HRIZBVLTHEOKERDTLIHED L THWI0OXHERESN
=, INLOI LR, XF LRSS ARBEEORICIEBEEIAVERRLT
W5, 5 v h~OESIT-OWTIE, Chernoff & 92 33 9 WBO(LFEMEIT OWTER
FFoTnND, FOTFTAF LU IOV TRENRETES Y NCBBOHLRE

1,147 mg/kg/day ®IEHE 6-15 BiTH %, #4% 8, 12, 16, 20 A BITHRERIN, £8F
OER (KR, ER. ABRL) RRAELTNE, FORR, FERE THREENOET
AER LA, BT 12 HB THREI VRSNt HRRF TIREEOHK L2
Rohlk, FORERECOVTE, BEREAL TV ILSNIFOEELOFHITRL
Hisdsoi, Chernoff HIXEBS v F~DELLLRBEENBOLENRERETH, BREA~D
FEHREBPEVRNLELTWE,

Brown—¥oodman ® i, in vitro TORERRMCBILIAFLV-ORBERELTY
%, 1.00 mmol/ml ML -ERE T 40 BEREBEEIF I L, BERBELLE
crownrump O{REIENSDOBBEBEINE,

Zaidi & O MHEFE BT OAF U VBBIZLAFBIZOVWTHATWS, HiR
Z v MT 200 mg/kg DRAF LU EENANCERBM Y5 2 B, IREIR S LRI
3ESE 2 om, HER 3 EBICELEED 3 BETRHELTVWE, WThoETY, 8
WiV DFERE FABICEEBRA O AR ok, TEMRERTCEISICRELRT
BOFS v bTIE, BERF L AZEEVREE RN VEEEK D2) BERERSSL L
N, ArnY F— LSRR TR, MRS, BH0IREY D TEET,
D2 MBI LTV, FBRZELTOERE, 707 =2F I BHEOTESH, THREN
T4 BEEMTEOTENRE BN, AFVUBR PRI L TEEERDEHRELT
W5,

Khamna @2 i ZuE, RBREXBE~OBUHEREELRT S EBATWES, BROKE
T 100 mg/ke/day HIFIE 6 ELHES 22 BOBAORNE CREL, AEHIES
Py ERE (¥ 8% R HIVIERY VNI ERBONXEILLD 2 BTOHE
BT T3, FOEESM, RBEEOEK TR, EXF I EXRELRAF LV VBEOR
FOBESEERHIBFCEIY, AFVVREOLH TRBERETHER L2 2T,
AFVVIBB L ERRELORFOREBRHLHEEIT. BEPEETHLLBAOND L
HELTND, THEFERNREL LTEAH, HIR. FIEFHICONT, BEFENSEEL
LTSRN, MEERES. ERXHE. 7Y 7 =% 3 CHEEHREOREMTO>VT, &
BRI EXEFRAFLVBECHSEERDoLFTORENBR LN, EF N7
Ned S fte [T o BB T A REORAEFED L, FRZ KXo THETBIREOCRERED
EBRABELARN, RFLUVBEOLRTCEIRBICAHTIENIELRNWLEB IS ERE
LT, %7 Khanna @ [@ARRGEDE CHHEIAT 2 —AT I, v b=VRER
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RORRELIT->T0E, F-NIUVREEE (BEE), ¥r =28 (B2 %
BERPBEREES v P THENLTHWIOBRLNERN, EEF I EEETRE
Eitled otn, EEMPIAESENT MAQ, ATP MK S8E8E3E (Na, K. ATPase), =7 B
Tk Fufr—EoFEtoRd b i bni,

REDE 1, B8 ~DOAF L RE L THOBEBRMHIZ SWTIL, RO A
B XLPAF L rF e FORER L FXHOSMESLH D, FEHHICREERBE
HERTVWRWE, MERORBY TORELFHEREICL - THENRE U S HREHE
KREWELEZOND, BERAVERETEHANERL P RVOT, & FTORERED
BT, INIOLMBENRTERLELZEZIOND,

5, XEKEEOFMHTEEFTREER

WEAREE L U THEITHEETEEIT S BIC, W 20EB T 2B/ XHD, ¥
TE—IT, BEEHIIEALTE NOEEHEE, BB« 0ERR2EET — X2 RIE LR
BERERHFEFIDODNZ EBHITONS, flAE4, THEALEAFLOL F~ORER
HERCETIFRATY, 1970 S0bREEFTEREINTVWD THROI L, BELL
EFWMELELOR 3 RLIRY, EREFYRFATIHMEHEOTERITFHLNSE
oM, BELVSLEERRZENTROED, BE - RIGTHICEET MR 208
Luy, ERERDRL ETOMMIETIL, BREV-SARBIIIT O TNS Z & BEWE,
IEFE ALY, BRMTHTERTWA X 57 mlticenter study TRWRY, BB
RHF T AERFELRRV LV S BENES,

BLIHETCOL 24, EoREAREEFBTIBALER L R0 F~0EE
DHEEFRTHWER, RECBEBIZIZF~OFELEAINERHLEVIATH S,
BB TOREFRMED, v FOAFRELT LLRB TRV EWIEBERES 2.
TOERELT, 1) PP TOREERORROCA Y =R IRERTHI L, ThDL
e B ik, B, BRROWTFh»H 5 e FIcEAL, RO EEES
AAB, BELEEZHEORE, B5FY, BEOHEBEHICI > TENLETROEBEOR
NTBRRRD, S5, 2) Bl e FTREERENDIILRREBEINCEENHDLH &,
Bl b R OBRMBLEMERIIOSOWTH, BEBEEOER, FERTOEERRIFEHRO
BZEAEREBTONE, BILTERAREOERIE, 7 v v YR THEBERSHEN 1
BEETHRAOIH LT, & T 56 BE»RS72D, EEHECIZEEFEETD
ErEIRFEE L R Ry, TR DEBEILNDS, FTy M ik MCREERIEBY
LEEBOBERRR Y FXITHETBEROES. Ty bow U2 TREOMBHRIX
HAMBRIZTPRAOWHR L, b FTREVBERBICHITOND. ZRbDZ LhbE
2T, B TOERRT—F & v h~ABTIERE. TORRBENZRITOVT-HIT
BETRETHSHS, £k, 3) 2 P TOREBROEFWEREL VO T, BMERT
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BonEF—FITESNTE NCOEBERBELNICC VI ELERALLTHTND, &
N TOREZHOTFENREL VO, B FOLEREEOMERIL, SESHEEIHRTHY.
AEpERERERETERFEEICLALOLENI LA LEETEL G, £, B PX
EEE > B2V EBEEICH— TR, B4 RRETIEFET S, ZO0D, T
128 ORRERPEBIIANSLERSD, BPERT —F 2t MNIETEDDRIT
+HREERLETH S,

6, F&HESROMRE (EF)

IR ETASBEIEENEDR TV ZERBRARF L UPEEEHIZOVT, BBE
B TR A OFERR SR L O, SETORE CORED LI FBTHER Y OFRE 21T
STER, —BIIAIBHEDEOEEKCRIETEERL DD THETHAF R
BRIET L), TBEALFLIERTEMNELTHAZ L), [{(ERHORTHEFZD dose-
response iU TLH—E LAV LOO) KANEREITISCTEEARARBL LI L], IH
BEEORBDPEFINEAR VRIERBERKEV) REOKEBRSS, PCB SKRFELRED
FEBETHRA (BED CTHEESRRELLAVMERRT, RIS 5 WIIHED CHEE
L322 LRV, HREBEOEAR, BHRETLESERE (EENTRTN
DIEREREOBIEL I UBEOETLRETH S, LML, BEHFASETHEAICK
BITELNTWAEL OLEHE (EL 2 ThRETEEERRLEV MLz Rod v
VT D), ZOX A RARSBREER PSRN AEELREABRIIET SR
HHAFRILIZE A EARINT I b o7, L, ROUHIDEOREEEDTEIC
BIETEBORERA I =R 0b, —BEROVTOVERZLASTATEE. BETHR
HE 2B AIENEEND,

AR R T L i EOREMRE Tl i, B, HAOEL., BE
FEORD P V- R ERBEEARHE R THD, Zh bOFEITEFERE ~OEEREA S
Bhhsit., FRCEETE- M TEEIBTIBERQU~OEE L TORELEC M
BT rFLoR RV OBELEELTREING, LI LEL OfLFWE THEE
HEEERE COATESNY L HERNSW E OBRINIZE A ERB IR THARY, —FH, T
DX 5 R BEEORNTIRERNREEE LT, ERIMERNT, KO8R OFE
TITE A RS AES, (8 () X5 litter $HE| ¥BRATHDIL, BRREY
trbh dose DRI OKE 20 L ENBEH SIS 2 CERRBROERPERETH S, &
FFORERR L TRBEERRH LT VHELT A PNy T Y —ORER Y, £<D
BEIEINTWS,

BRI EROBREY LT, T (1) BEOFH ML, REEE TELEILORH
RS L SIS RREBCYBEEORIFECRELT S, ST, 2 BeoRS
WEIMERIRET v MOBE L., EHEBHEOBRE L biT, REROWERE ATEHE
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EOEFREORE., (3) REWBEELZVERBITALI =X A, BIASWHILEETL
BWNT, BRI CRITFOMENSBMOBERRFT S, RENIZIRF-A3y, sy
Fo, RBEALTY, X RSy, FRFATRLVRSOBEL, EREE, RO
ARERREORES. BXETEH,. FEEFLR2CLERHF L. BETHORBERDBORE
OEEAEIT S, BRI THHBEZROMBEA L BROBENER b=, F—23r, /0
TRVFY I, TEFA2Y LREOERBERS,

REOEEEL L LTI, BRI — oy A TEEEEOSE B LI TS, T4
PHANOEFR~OEEEIFRTT —FREIVBENTE Y, > | BOBHOT —F 4D
%0, EERANCEFRENDY, ARCABEPALFEL 28R LOBHOT —F 5
B, AFVLy, MRV E )=V, R FETVIE )N AFP FRF IR
=F L, BIEAF Vv, MRV BEERLRETD, DWTIAEZ—ATATE F, K
AT NF R P PREREPEABEIZZEDR TWD A, EEBEORMET LI T
VBT OWTRIETT S, ARICTBERREES, X722/ —V AR EORSE
FHEEARRL BN SEERE T, IEBRETEBE L & BICARTEAL L O 2RITE
BHEIZOVTRHFHL TV,
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Ha &ETﬁpE@x?byﬁﬁc;éiﬁﬁﬁ

siyrens matarnal wt. gain length of number af live-
during exgosura gastation barn afTspring
{pom) {g} (day)
Q 48, 1 at.t 2.4
34 43. 9 2.0 3.3
3a3 38,1 21,40 3 4

All values sxpressed as mean = S0

£S AFLUBESS v FASHELEFO

HEZOHEEEL
styrens I-day a'd A ~day. ald Ji-day ald
(ppm) () ) {g.
Q- 5.1 48, 9 304 3
3q {3-6) {38-42) {265-279)
300 5.6 g, 1" 273.3

% . p<0.Q!, caleulated bBetween controls and groups
exposad to 300 ppm styrane. B

All" valums at 0, 300 ppm sxpressed as mean = 350,

Vatues at 30 ppm axpresssd as range.

=6 ARFLUERERSYrAGHELETFORE

styrane incisor eruption eye auditory righting
{day} apening startie reflex reflex
{pam) upper |ower (day) {day) {day}
Q 8.2 B.1 15.0 i1.9 143
50 {9-10) {8-9) (15-18) f12-13) (15-18}
300 g 9" g 4™ 15. 8" 13, 2° 161"

* : p<Q. 01, caleulated betwsen controls and groups expased teo 300 ppm styrene,
= : p<0.05, calculated between controls and groups sxpased to 200 ppm styrene,
Abl values at 0, 100 ppm esxpressed as mean = S0

Values at 50 gppm expressed as range.

27 AFLUVEBESSyRALBELEFOREREE
(a—%avy FFAR k)

styrens 20 days old 50 days old
{pom) B RPM 12 APM 16 RPM 8 RPM 12 RPN 16 RPM
a 80. 2 1713 112. 4 113. 8 1i5. 5 114.3
50 (48-61) (72-83) f1on-1123 {97-105) (38-105) (ac-99)
oo 476" 48 9" 99.5" 89 4" 91.7 86. 5'

* : p¢0. 05, caleculared batween controts and groups =xposed ta JOO ppm

styrens.
Afl values at 0. 300 ppm axpressed as mean,
Values at 50 ppm sxpressed as range.
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#8 AFLUBIERSY RHAGHELEFOHEIIE
(F—Foo4—ILEFRAR)

styrens 10-31 days of age B0-81 days of age
(ppm) ambulatian rearing ambulation rearing
0 46. 2 5.6 42.0 5.8
50 {51-63) (8-11) (48-48) (7-8)
300 76 4" 1.8 §5. 1 20.4°

* © p<0. 01, caleulated between controls and groups exposed to 300 ppm

styrene,
#k ; p<0 05, calculated between controls and groups exposed to 300 ppm

- styrene.
Al values at 0, 200 ppm expressad as mean == SD.
Values at 50 ppm expressed as range.

£9 AFLUBESSy M oEELLFOEEE

explorataory

styrene first 1h total 24h dark phase light phase
{ppm) activity activity activity activity
o 3542 36133 22157 13879
50 (2173-5272) {35930-42483) {23435-24670) (12490-17810)
300 5080 42832" 27508 15325

* 0 pc0. 05, calculated between controls and groups exposed to 300 ppm
styrane.

All values at 0, 300 ppm expressed as mean.

Values at 50 ppm expressed as range.

£10 RFULVEBFEESY FALEELFEFOFAST L MR

(CRF)
styrene session
{epm) 1 2 3 4
4] 42. 8 82.0 150. 7 134. 8
50 {2-18} {6-58) (43-82) {52-101)
300 28. 7 44,1 s, 2’ 85. 8
# : p<0.Q1, caleulated between controls and groups expased to 300 ppm
styrene.

All values at 0, 300 ppm expressed a5 mean.
Values at 50 ppm expressed as range.

£11 AFLUBESSY ML HELEFORBEORE

HEB2KETEEENEL

contrel 30 ppm 300 pom

S~HA 1. 76 1. 60 127"
SHIAA 2. 83 2.30 1. 72"

[yl 2.99 275 2.35™

DOFAC 0. 50 Q. 63 0. 54
HYA 1.08 1.18 9. 81"

NA 1.08 1.0l 0 93
protein 14,71 15, 84 i4. 30
Brain weight 168, 3 179. 8 164.1

* : significantly different from control group at p<d. 05
% : significant|y different from control group at p<Q. 1.
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12 FvrHAROFAZAABFECHT IE. £, HEOEE

BA ZHIR
{nmoi/mg protein/min)
Taluene, .20 m¥
Maie, 3 weeks {72018
Male, 18 weeks 1.56+0 27
Female, 3 weeks 1.76x0 33
Female, 18 weeks 0. 88x0 17"
Female, pragnant (day 13} 0. 724005
Famale, pregnant {day 21} 0.55+0 0a™
Toluena, 5.0 mM
Male, 3 weaks 2790 23
Mate, 18 wesks 10.94+1.88
Female, 3 weeks 2. 920 5t
Female, 18 weeks 2, 604, 44"
Famale, pregrnant {day 10) 2. 334031
Female, pregnant (day 21) 20840 137

' Significandly diffarsnt {P0.05) from male rats of 18 weeks of ags.
+: Bignificandly different (P40.05) From female rats of 3 necks of K.
=+ Significondly diffarant (P€Q.05) from female raty of 18 weeks of age.
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£13 ZAFL2DE FADERMEME (1)

literature vyear industry source of exposure number of reproductive effects

(country) . data lovel period exposed / control

Holmberg 19717 rainforced interviaw 200 mg/md 2/ 43 T :anencephalic, hydrocephaly
{ Finland ) plastic factory Finnish registry {(case report)

{ 1976-1977 }

Hemmink i 1980 chemical Finnish registry (- (- 6 cases 1 :spontanous abortion (RR=1.5-2.5, p<0.01)
"(Finland ) workers interview

Ho Imberg 1982 rainforced Finnish registry 14 / 388 {:oral cleft
{ Finland ) plastic factory ( $977-19080) -

Har konen 1982 lami nator interview 86 ppm 10 yrs 67 / 67 NE: spontaneous abortion
{ Finland ) workera { 1979-1980 ) {the number of births)
Harkonen (2% 1984 1aminator T :malformation
( Finland ) workers NE:menstrua! disturbances
Lindbohm % 185 reinforced health service (- 4 /17 NE: spontaneous abortion

{Finland) plastic factory

Lemastera 1985 rainforced questioners < 30 ppm 82 / 1535 NE:menstrual cycle

{ USA ) plastic factory 82 ppm :

Ahlborg 1987 plastic factory interview (- 43 / 86 I :birth weight

(Sweden ) { 1980-1983 ) NE:stillbirth, postnatal death

{OR=0.8, 0. 4-1.8)

McDonald @) 1988  rubber plastics interview 78 1 :epontanecus abortion {RR=1.6, 1.0-2. 4)
{ Canada ) factory hospital registry
Taskinen ®* 1989 chemical Finnish registry 37 / 66 NE:spontaneous abortion (OR=1.3, 0.8-2.1)
{ Fintand ) industry biomonitering 17 / 36 NE:spontaneous abortion (OR=0.7, 0.4-1.5)

{ paternal exp.)




£8

£13 AFLrOEF~DERSEE (2)

literature  year industry source of exposure numbar of reproductive effects
(country) data tevel period  exposad / control
Lemaster 1989 reinforced interview < 30 ppm 1050 / 485 1:4 % less fetal body weight
{ uUsa) plastics factory { 1974-1981 ) 32 ppm {95%C(: -7.7-0.6, p=0.08)
ME: infant body weight
Lindbobm ¥? 13980 chemical interview 5.7 mmol/1 NE: spontaneous abortion(RR=0,3, 0.1-1.0)
{ Finland ) industry monitering :

NE: no adverse affects
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B14 AFLVOHB~OEMEN (1)

|fterature yoar routs species BxpoOsuUI s reproductive naurobshavioral neurochemical
{country) {ovel per iod affects affacts offocts
Ragule 1874 inhal. rat 0~-50 mg/ma T :praimplantation death [ not statistical) (-] {-¥
(USSR} (0-11.8 ppm) I renbryo martallty (11,0 ppm

Vainio 1897 incubstion  chick 2.5 mg/kg 9 days T :.malformation (7%) - -
(Flniand)

Hurray 1978 Inhal. rat 200800 ppm/Th 6-15 | :4BN gain, food consumption - -3

{UsA) gavege rat 180-300 mg/kg/day 8-15 HE:FBN, nurbar of live fatuss, malformatien

inhal, rabbit J00-6 pom/Th 6-18 NE:FBN, nuber of |ive fatuss, malfarmatian
Kankazpaa 1980 inhal. mousa 250 ppi/Bh a-18 ! iresorbing fetus (no litter basis) (-} =)
(Finland)  :malformation
(no matarnal toxicological data)
inhal. hamater 300-1000 ppm/Sh 6-18 | :rasarbing fetus (na litter basis)
HE:malformation
(no matsrnal toxicological data)

Bajiins 1985 watar rat 0-250 ppm throughout 1 :postratal survival or growth {F2, F3} (- -)
( UsA ) life time NE:malformation

2aldi 1985 gavags rat 200 mglky - 0-21  KEinurber of pups, FBN | :amphstamine-inducad 1 :number of dupa;-nim
{India) Factation motor actlvity racaptor

' periad I :apomorphl|ne-inducsd HE:affinity of dopamins

starootypy racaptor

Chernoff 1993  gavage rat 1147 mg/hg/day 8-15 | :NBN, anomailss (enfarged ranal plavis) -} (-}

{ UsA ) ’ NE:rssorption, fatal death

Xhanna 195% aral rat 100 mg/kg e-PHD22  § :FBN, braip weight 1 :righting rafiax, { :dopamino receptor level,
(India}

{low and normal|

protein )

1 :oys cpening, Pinna detachment, fur
growth, sliff avoidance,

incisor aruption

motor activity

SHT receptor Jevel
1 imoncemine oxidasoe, Ma',

K'-ATP ma 8, sucelnic

dehydrogonass




S8

|Mi A4 AFULVOEBW~OHRENE (2)

[lteratura year routs spocioa oXpOIUre reaproduct iva naurobahavioral neurochemical
{country) lovel par | od sffects affacts sffacts
Kishi 1992 inhal. rat 0-300 ppm/Bh 721 | :FBM, PEW | i{nya .opening, insizor, | :BHT, SHIAA DP, HVA

and HE:K2Y, length of gestatlion, number of suditory, righting refleax, HE:protain content
1895 otfsprings, brain weight pivoting, bar halding,
rotarod, CRF {laarning)
{ :open fiald, spontandous
nctivity {300ppm)

Br own~ 1594  In vitro rat 1, 00 mma | /ml 40h l :crownrump length {-) o)
Noodman

{ Australis)

Katakura ™ 1909 inhal, rat 0-300 ppm/6h 8-21 ! :food intake, MEW, Gsp, brain woight (pe) | :inpisor, eye opening (pa), ¢ day
{Japan) I :neonatal daath eir righting reflax {pc, ac) L :SHT, HYA ipec, ac)
21st day

1 :5MIAA (cortex, hypo, 00
pped . SHIAASSHT (hypo,
50 and 300 ppml

[ :5HT {strimwm 5Oppm,
DA_ {300ppm)

{-): not studied, HE: no adverss &ffect:
WOR: maternal body waight, FEN: fatal body weight,
SHT: S5-hydroxytryptamine

po: pair feeding contrel, ac: ad iy fesding control

PEN: pups body weight,

BH1AA: S-hydroxyindoloncetic acid,

Op:

dopamine, HYA: homavanillic aald,
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AAAS MEETING:

P BIOENCINEERING

Fishing for Toxic
Chemicals

Many toxicologists can remember being
dogged at some point by people opposad to
chemical tests on animals. But when
Richard Winn, a toxicologist at the Univer-
sity of Georgia, Athens, asked one protester
how she would feel if Iab mice and rats
were retited in favor of fish, she answered,
he recalls, “that because fish don't have
faces, she would be much more comfort-
able.” If other animal activists feel the same
way, then Winnt has moved a step closer to

Guinea pigs with gills? Medaka fish could sup-
plant rodents as the animal of chaice for tox labs.

7. PSRV AV hERAWELEYEEREORERE
TOBORBICE., ChETRINS VAV T IO XPANWLHRTE
r., B EHOBERYOLEENIS, FSYRY v Y c AFTAERAWER
BADERDSKETEE > TS, BEE>EENEY b 7 AFHEBHERE
TIIREDRDYICRAP 2 KREY 3 —UPAE R Winn HICLHHR

(Science 283 775-776, 1999)
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Symposium on Poluutant Responses in Marine Organisms, Virginia 1999)
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Laboratory of Freshwater Fish Stocks,
Bioscience Center, Nagoya University
Chikusa, Nagoya 464-8601, Japan

Tel.: 52-7859-4294, Fax.. 52-789-5033
E-mail: wakamatu@bio.nagoya-u.ac.jg

May. , 1999

Dear Dr.

You have requested the medaka strain of
The strain was developed at Laboratory of Freshwater Fish Stocks, Bioscience Centcr
Nagoya University. The laboratory will release it to you on the following conditions:

1. The strain is to be used {or research purposes only.
2. The strain shall not be sold or used for commercial purpases, nor will it be
distributed further to third parties outside your [aboratory without writing permission of

the laboratory.

3. The strain is provided as a service (o the research community. It is provided
without guarantee of fitness for a particular purpose or any other warranty.

4. Appropriate acknowliedgement shall be expressed, when you present or publish
papers of research performed using the strain provided by the laboratory. Receiving the
reprint should be very much appreciated.

If you agree to these conditiens, please fill out this form and return it to me. When I
receive it, the strain will be sent to you.

Sincerely yours

Yuko Wakamatsu, Fh. D.

ACCEPTED:

Date

Name

Signature

Affiliation

Address

RRA T HHRCETHIRNT (XX

2 -5t - TENFEREICAEEZT > TN,
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guess, but Kirschvink speculates that
changes in Earth's magnetic {ieid twist the
chains, perhaps forcing open ion channels
that send signals to the brain.

Not evervone is convinced the scigntists
have uncovered the whole picture. “These
celis appear 1o be involved in magneto-
reception, but their role in behavior is still
unclear,” says John Phillips, a neurcetholo-
gist at Indiana University, Bloomington,
who studies how light helps newts orient
themselves in their surroundings. To tie the
mechanism to behavior, researchers stild
must try to distupt the cells and show an ef-
fact on navigation. The work could open the
door to exploring an enduring biological
mystery: whether, unwittingly, we use the
traces of magnetite in our own bodies 1o
make more sense of this bewildering world.

—MELISSA MERTL

AAAS MEETING

P BIOENGINEERING

Fishing for Toxic
Chemicals

Many toxicologists can remember being
dogged at sorme point by people opposed to
chemical tests on animals. But when
Richard Winn, a toxicologist at the Univer-
sity of Georgiz, Athens, asked one protester
how she would feel if 1ab mice and rats
were retired in faver of fish, she answered,
he recalls, “that because fish don’t have
faces, she would be much mors comfort-
able.” If pther antmal activists feel the same
wiy, then Winn has moved a step closer to

Guinea pigs with gills? Medaks fish could sup-
plant rodents as the animal of chaice for tox labs.

easing the disapproval that he and his col-
leagues often fael. At the meeting, he de-
scribed a promising new line of fish for
screening toxic chermnicals.

To enhance their ability to detect the
mutations that chemicals might cause, in
the mid-1980s toxicologists began equip-
ping lab mice with bacterial genes that can
te pulled out and screened for damage.
This s much sasier than, say, screening the

entire mouse genome or waiting for m-
mors to develop, Now, Winn and his col-
leagues have iniroduced the same bacterial
genes into fish, and they found in early
tests that the transgenic fish are just as
sensitive at picking up mutaticas as the
modified rodents are.

Experts cantion that more work will be
needed before the fish find widespread use
as guinea pigs. But if the research does pan
out, the fish should belp make toxicology
testing cheaper as well as less politically
sansitive than it is in rats or mice. A standard
2-year testing regimen on rafs, for example,
can cost §1 million or more; nobody’s done
such an cstimnate for fish, but keeping a fish
costs “pennies a year" compared o about
20 cents & day per rodent, Winn says.

Hoping to find an alternative, Winn rumed
to medaka, the small, Japanese, freshwater
fish aiready used for toxicology tesis. These
fish had preaviously been modified so that they

* carry a foreign gene to detect mutagens, but

this terget is so small that it can pick up only
certain small-scale chemicai effects—those
that alter a single A-T base pair.

In the first phase of its experiment,
Winn’s group took two bacterial genes,
called Lacf and cff, which are used in mice
to detect mutations caused by chemicals,
and spliced them into a bacterial virus. The
researchers then injected this bacteriophage
into medaka eggs, where it carried the new
genes into the nucleus. The fish that devel-
aped, Winn found, carried the genes in all
their celfs and had 2 low rate of spontanesous
mutations i those genes.

Winn's group next dumped a standard
mutagen, M-ethyl-N-nitrosourea (ENU), into
the fish tanks and, after waiting 1 to 16 hours,
ground up the fish and retrieved the bacterial
DN for apalysis. The researchers found that
they could detect even slight gen=tic changes,

_ charting a two- to threefold increase in muta-

tions at low exposures to ENUL
Winn also deseribed a tansgenic medaka
with a third gene called LacZ, which he says
works well for detecting radiation-induced
damage. Radiation t2nds to knock out or rear-
range big chunks of DNA, and this pene is
big enough—and its carzier, a circular piece
of DN catled a plasmid, s sturdy enough-~
that there is sufficient DNA left for analysis
after a radiation hit. In collaboration with
University of Georgia colleagues who work
at the site of the Chernobyl reactor aceident
§ and at nuctear waste durnps, Winn has begun
3 exposing these fish to radiation-tzinted sedi-
meats and looking for effects on the gene.
; “1 was really thrilled” to hear about
£ Winn's progress, says toxicologist Barbara
z Shane of Lowisiana State University in Baton
§ Rouge, who studies cancer in mice. She and
% others are eager to begin tests on transgenic
£ medaka Winn cautions, however, that more

work is needed to prove that the fish give pre-
dictable results with many morge chemicals,
“We're still at an sarly stage, but it’s tme ©
talle about 1t,” he says. =-JOCELYN KAISER

P-ANTHROPOLOGY

A% 6. EWERHEIRIC FSYVRYV Y - XFARRAWDRE
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67: 80-104. 1991; Kessel M., Development 1135: 487-801, 1992) 7 EMSZHFE NS, £,
L F A FidREaR FoEDEBEZ 5N T 5, HERKR SN RA T HEY
DILEETLEHIRREL TN S L COEBRTNTEENRBETES LS. Jhod
R, FEEEAEASETO RADVERZURIZREALLTBIEZFRBL TS, B

186



O TE . =7 b S IRCE OB A S VA DI H D L D ORIRA BRI
BT A ETIE 0,87 — L AU Ed B 0T I 0BT ISR M OBE/ Ny — ek
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DS TR BT L i S LT B S EFR LT D, RO T 7 YAV AT
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MAEZ &, ERNEORELEHEICRSNS (Lohnes D. et al, Development 120:
2723-2748, 19947, BRI TIZ. RA EBERRICEDL 22 { OMinFEERTMRIH S
S EDGI TS (B3
WA T A LF /4 FOEMIZE LTI, 1968 i1 £+ /b(Bufo andersonii) D
A2 IR rVICEY I A ERETALEROBENENS I ESARE SN (Niaz
LA. & Saxena S.. Experientia 24: 852-853, 1968) % OFSUTIEALEEE 5¢ 5 & 5 SHHE.
WA, AT 7Y UoBEASREZEOREIMEEINEHIEA D LN SIL TN ST
BOBENEREARAT L (TH) OXETICHBIEEELDL L. TH THEWES LICE
BERRIIVF /A FPAREBELTOAIEERELTN S, EF I A ICL S8FIRE
Wi 1992 A Y REOAINERNTIT - 7w ERSERATH B, 77 A TN
{Uperodon systoma) ) BWAGMLTEY 1 > AGKTHEST S &, £OEMEL S
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MIEREENA £ Y g v F /FAEIEIHMEZINT (Mohanty-Hejmadi P. et al., Nature
3530 352-353, 1992%, JT MR, 2o v 37 HH i (Rana temporaria) EH O
BT b 2T % (Maden M., Dev. Biol. 139 379-391, 1993)0 wEIICERhE, 2o
MINOF TR 7RSI A THME S & RE, BRG], JEANGIHUATAY
IZRESSIEOED | Ko 9AORDESIZLL B, Wi OWPIROBHRK & L TR
FRILELENLIILF S A FRIBED RS L THA o)*cl;mdnckm.mu'm\ o T DAl
Fho— NVOEERFTELF /A FBENESH D BEIIETEO 55D RA MR
T A7 (Scadding S.R. & Maden M., Dev, Biol 162: 609-617, 1994, 7 7 DY AH LT
HIOE A T EIEL,

4-2. B&H

INFETOWEAZETS o0 A LOBRR DY EL-FRELF /A4 FPFRRAT
HaEHZLND, Ll 1994 4 A 30 B SO A 0 RFITHEFITH B #00HE

=477, Sessions el al, (Science 284: 800-802, 1999} (k41 24, AV 7427
FLTo, TU S Za—I=0 Mo 5BOHTIVEED, BRBO/ Y — L aniE
LTLVF A Rl o TREBRS 0 AU, #ER. BFEOHENREET
BACERET <A IV (Hyla regilla) % 1997 00 & 1998 SF10 T THIME L. 391 [E

2 IxJ "319%" T L P TOORER. FRS 301 ILTR 2EEKE SEERSMEEHRED Y
A Flogpdoiiicdn, TR oOEEERVF /4 FICERT SEEROEELESCRT ST
Wafoe G- Ty PR ELRFEETeHIINOBEERICELTELF / 1 FOERTIEA
WEHIEL T b, =y FEDH 4 = » ZECH DL DAFEOIRRIT- 2O Tl o8k
H % .nu)&'?‘%éjflméﬂfb"i' Z % 74— FNRED Johnson © (Johnson PTJ. el al,
Scicnee 284 802-804, 19990 BACEET v b (Hyla regilla) ®FE & 5H 25 OEH
{Ribciroia sp.) ORI DOTHRUTIN D, HFIL 1996 Ao 1998 FIZHFTAH T 7
FIVZTHOY 75 FRH 5 35 DM TIHRERF N CVOEELIRHE Lo, KTFHE
TwH ISR LTS ] 3OS B4 DOIMTEECRETTIME LN, £D 4
DONHEDH B2 OHTIE T 5% ~4 5 %oEsE TR SEEEE T EAN, D
e OHOKEMRATIE PCB L EOBRMAPESBIIBH I G o710, £720 T Dl
TR L7z 200 MOKFEET v A T IVERERB RIS R > THE L THEFEZ - 724
RoONhat, Bk 2 212, WYEN3 5DMAEHFLcEI A, 4 DDA
KNEE T2 HINEKRAZY LY OE—RBETHLEMA (Ribeircia sp.) PEBL TS
D EBGIN o T, A OOM S LA I AL EOWE (Ribeiroia sp.) & FIFEDH
WDAFZENANT (VA MERLEIRBOREKIPOFGRIFET., KB TIELAFELTY
7(_": LCKEF - 3ENOBMCEREERL. IOXEO Y X b7 Rl R OB &
7 HYEAE LT, ML (Ribeirola sp.) DA FEILA T OHEASAITIZREN D

- i.o W R L T & TR B A OMIER IR LT b AR ARTUGRFIN &L F-éf]{,%ﬁ\‘&’) A
IEEELT IV, £I1T, MEIIRERET v L EHE (Ribeirola sp) DAL
WOBIWKE#EZ A<D %7 2 BEHE (Ribeiroia sp.y D EKTEE LIz, TR
R OHEM &k B . R (Ribeitoia  sp.) D¥EE {§ 5 LMEROME LHILEI LR
L72o 300km 70U HEA T B RIVET = H 2N TIRIDQ X2 WA ERKO A = /bik
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Bl MO (Aralia mustclae) ESIE LT HMOERE LM o7z RERIZ LT
GRS AL M IR R M 2 T R B R R A s F (M A B, TR
Mgt (Ribeiroia  sp.) <& 57 TIL OB R KP4 B ORI Titig & J:Jf‘éih
TEod . Biro & 2 AW o] (15 0D T S AR L & 2 TR U v FT 0D LI
AT RO F TN TV AN, #2772 77 /b (Rana catesbeiana) Pt AT
J (Bulo boreas) 125 00MH (Ribeiroia sp.) ZSFAEL TS ZEMMR SN T %o
ZOWd (Ribeiroia sp.} AUREATFEIZE > TS ek L ORERKTH B il
EREEA AR & o TR O ORI BN EAKA 7Y LY OEINI L S B0 LEDN S,
= Fe | B GOR REM OE B AN { H o Fe iy SO0 LD IR RO AN
Ef L EG GNB, MEDED AL ALOEYCT AR (Ribeiroia sp.) DIy
L T DU TR S TR L LFAC LT HERRD DDA IO FR
BRI KEL AP T B EGHEET, ZOMCESELTTHMRET S MY
FNDEBATINS, LU, WROFEXIBEFEHEA LLVORETENI LIIRED
T BELATH b MWL, LTRSS SN IR/ FZMTE AT 7
= F A LT L;u’%ﬁ‘ﬂﬁ@iﬂ (Ribeiroia sp.) DREASNTIHHONLTH D

4-3.  EH

BT & T (UV) RGO MERKTH ZIEREIE 572, 1998 £ 5H 5 HAT
O DA T EMMRIBE T A VO AR KARITIE » 7o EHE S nictTTh-»
Foo LA L. HRTEDH - TOAIEDINEIZ 9 0 %L EAEREN G L HT L AT
THi. L,fa\%ﬁdrlxi-ili‘f\ EE TR E MBI L A RFRIZAK TR DA » T2
LS IZWIL o T ic e, BAERE i OREBRRE SIS A E LTS (Gardiner
D.M. Univ. Calil., lrvine, ﬂxf‘ﬁ' o b Ty RABHIRERORR TS S I &l yofgE
1270750 v, Blaustein AR, et al.  (PNAS 94: 13735-13737, 1997) i3, SEIHRE LWL TH ~
L a4 (A macrodactylum) OIEEFTET 5 Sy Lo b oL FIRIEZLEL.
FAGBEE S M E NS EERE L TND, AR IS EGEREHIN L, A RICHT N & R
ERABRTDEVHSWETH HH, BEROHBBIZI DL TIRHER L TOIZN, Ankey
GT. o al. (Environ. Toxicol. Chem. 17; 2530-2542, 1998) I, b a WA T EZ RO
VSR THER 1 5~2 A HICBET A BB RE L, FIBRE LK ff#ﬁﬁﬂ%uﬁim
— RIEBME DG D . BRI X o TR O ER RIS S 115 O EHMOAIEIK
HUMNBEEZTIND, 6T, 8 mﬁﬁihﬁ%ﬁ%@\x/7ﬂiw¢7ﬁﬁlWM
b oA Ikl bilnds T EHmNTID, L L, ERE LAV TIREIRILTE
BN THRTH D, 2O LS HHRN BRI ERRTERERONLE L HE-T,
SIS TR B AN REERCEN TH L W REERENLELNS

4-4. (LZ$E

BB TAOREBREITT AL OIREIEL L, 1 5 —Fy PEFHLTHR
BEAHE ] O OULORCAMEIL TS, L Ly SHERENT 7Y AV AAZILOE
AP O AT N TRET A ERFRICTA L DL Wb FETAX (Frog Embryo
Teraogenesis Assay - Xenopus) ui'”ﬁk.fﬁ'&"% ETHD, H-T TOWEHMNERRET A
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O A b T A AlGEELIS S B R E T 2 M A 7o, IRIREAE B384k
Eac . BRI R SEBEHNE T EDTEAU, K F T HERIBELZN
Fo TN Ay T U DR sz‘\_si_@?l\*ﬁbﬂuﬂ\ TN TR OESE 54 L. DDT,
PCP, PCB f.-LC®ﬁ3R¢‘F”“JL’§.‘{K] LTW% (Helgen J. ot al, I 3/ 7 WA HRIF R E

77 TVERAC IR 20, 1996), O OWEAESLANKDMEELE BT FETAX #7177
73 En 1'|--_‘f]'-'1'= WA R BRI UOER B RARA S (Fort D). et al, 1999 ; #45 ). DDT
OAENIZ DT, Haves T.B. el al. {Environ. Toxicol. Chem. 9 1948-1933, 1997313, &R A
WA —F L ST YTV v 7 % DDT G/KTHETHEATaA FhLELD
- FaZ o AR LS R UM EAEN, FENREL, BALELUS W
LT . DDT MU - RIS S ROV AU S OREMEA R U &) OB
HAED, FONHERERE ST, £/, I—ows S Yed s, g MY
T 2 ZF L (TPT) THERGRICETEEEREIRT U, T I OEEICHEL S
T THAZ ESN RSN TS (Fioramonti E. el al., Environ. Toxicol. Chem. 16:
1940-1947. 1997)0 Fic. BEAN YL HEERE QS5mgl) ThavHIAdf <y
7D NHIEET EELSESLH S (Bridges CM., Environ. Toxicol. Chem. 16:
1935-1939. 1997

x”‘.b'ﬁ[l 220 Tid. Bonin J.B. et al.  (Herpatological Conscrvation 1: 246-257, 1997) XL

ARFS sy VMO RNH B, 1993 HIThv ML bR LN ?"’:‘1#{"1:‘
o3 A SETER N IEEROTAHF T/ {Rana clamitans) ZHE L& 25, b
7 FPMTHI#E L7 20 E L OB ERFRE RO BENERBROAINATH 7,
AR R C I S BRI, fLep A R, ERAS NG L EEER E T BRERIEIER
THhotie L L. BHEMTLEBFOITTVOTOL, 7/ AT A ZHBRELTED
BlHiCL - TH /L DNA DR L LA EDEA S, JORBRIE. BRRiLLST/
L DNA OM AL - OER O E I > T BafElE R LT3, £TDOAA=X
AEAHTH ZH. TR LT HERFAH O OHE S INE . Th5 2 EidRHE
4 \Td» L.\

[ TaRBAIZ 1 o T B N L BUIE & A T L OEFHIZ 2O TDMEF /DL R
I T A OO IR AR EORATH A LME LB LA, TA oY &
PPE R o FEL (Nishimura N, ot al, J. Expt.Zool 278 221-233, 1997) A HEER

(Palmer B.D. & Palmer S.K. Environ. Health Perspect. 103: 19-25, 1995, (X984 52 5
EERRLULHENS S, I, T2 MY %0 DES BT 7 U AU AT ZNDOHIED
E&EEJ@E}T- ZMe, BEEs. BERKLEOEELT I TaREATLZSOTH
U, BB S I OLTRA L BRSO TV, HBEIL T A MeY P DbT
AR HEFTHRETINRVANTIAOAFETF oY 2 v OEMMENT R LS BETSH
Ao Xealy Palmer B.D. ct al. (Environ. Toxicol. Chem. 17:30-36, 1998). M TFIT Kloas W. et
al. (Sci. Towl Environ. 225: 59-68, 1999) 1. BRE/GHME Mo A bos VEARH A 50
INEDDERETHITE. TIVAVA wljwi{ NI T TR NS EHE LT A,
AWELHENL m VTR LA, BRI, ZOoATSE CHISTINA LS I,
IR RS k- THAETANGTH S, BRGEHOIA by U EEWHOBEIZIE.
- LR PEFURERRE DR SRR, - B HEHHEG’JI-X FoF o ilETLE TR a2
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Al s SZE TR 11 B EAMEIT I B BEO R ILETH D LT D, BEDN
Tt TANOF e ST e )=, ERT ) = A BEDHEDREZEAT
BT 7 ) Ay A TAOERIFEE B EF o Y 2 v ARENE TG FUHD
T2 k& L EEIEOW X SRR A N D o WL S INRAEMBLT S RADT &3
Er ol 205 &uizhuﬁzmxmram MoTHhAH, RT-PCR Hidi DRl
Vb P I TR A EF 0 U 2 2 Ll FORBENE (s ThENED
@mwmmw@ @L\fmmezbu#/&ﬁ&%ﬁ ETBEENTESL, LD
I OHCEHA LN EDH D M#K??Uﬁ?%ﬁl»dizbm&/iiofwﬁT
ﬁ\tTUJIm/iWW§N&T EAODEDITT EH 0, A S HHTEERT S
ik, AR T A EANSNE RS TRALC, hﬁééﬁ}%é“g"éfﬂlﬁﬁ\ﬂﬂﬂ:?&h‘ﬁ””*’
Fo oy DT B2 DA 4, RO MR TR TEEEREENTE ST
Hi e ARSI TRAI N TOAICT X F7o. HEREE L R
AT 2T COMETAHE LT HREFIEBME NG, EROME LIEHRFIERR
LB  DRE T ORBPLETH B Mo Ts 77U AV A A LI OUHEEITARIZO
EEo Yoo S REEER LT Lo A R B ICEAAS T, BENTZ M
R A B T WDNVEHE T B OILENE I TH S, £, FTNTOH LN
TZ I NaF L THALTZ ADII TN, 36, T7UAYATTIVE 4 BRI DT,
WAL THRATHEL e PR RERE T, HIRE B SR TES 5 E LA MRITE
WA AONEL B, FOLDOHEZRIETRETH 5.

5. RAWHMEWMEBTRIOTTISEROTER
Psrin s (A OB a1 T 5 n DS HONRE LTIRD 2 HEHST T 2.
5-1. ATIOERERTLEELRy FT—TOHEE

WA, A TAOEERICE U TREROEEOEERE v 705 b Tl HEA
T LTEIERIC R » I — 7 0FET S, TNBIEEICT VT — x;b%ﬂmbt
TEIEIE S ZF L TH B, LH L BVEIIBOTIS, ﬁl}b"ﬂﬂﬁ'éﬁl_]ﬁﬁ@f:ﬁ&ﬁ’]
HIHE LN TS B Naih L BB L 55~ OMMERRT 5103, TORENE
¢$WﬁT5®ﬁ®@@.ﬁﬁﬁ$ﬁﬁfﬁéoﬁof\ﬂlW@mﬁﬂﬁﬁﬂ\&U%
f[ﬁ 1Bl B ISR A RIEN A RICINET B ¥ AT AR HE L THEEERT D LB
H b 1}:1(1-.\ R THPRTNEELATEA 7~ &y MILAERIEEITINETH S,
SRSk 2T BRADEAL AL TOBRNE, BUWHERE, #HER. RUBKRE
Wiy L AL TR A R T A T EATE D, HHARELARIIBE LTHITL, T@
1"r'f"ﬂfi7"/ Uy R EHOT AT ZBENS B, FHUE. BETAR- LAN-U %

Moo b L A RO R — LR =

(hitp:/labs.sci. hiroshima-u.ac.jp/homepage/amphibia/} 78 EEFIRTNIE L,
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5-2. AN CEME (EDC) OFLOWEYBRTELEORRE

WA < B A D oA Rid. TORERICHEBREA 272 DITLETH L, B
(R PV TS W S S E 2 LOLFEWH O AEMRIERIZIZ. 77 YAV AHF b
54 H1L 7= FETAX {(Frog Embrvo Teratogenesis Assay in Xenopus) #& (Fort DI et al., )
Appl. Toxicol. ©: 377-388, 1989, 1L SCERLL LD, LF / 4 FEAEKICHT S [3H] 4 - #7)
FHRTRT AN 7L E DFSATERIRELE LI U F / 4 FEEEMIE (Blumberg B. et al, PNAS
93: 48734878, 1996). MTLET 7 Y AICHETAM ) — F7 oy Z7O@EEE/LERAL
FoNJFEAMEEF A R (Hayes T.B., PIZAMASEHESE 68 558568, 1998, #[F. O 0 &
Do BN XTI S FETAX AEEIT. MO I K B IRF A 2R Al
THI S THET 2 DT, MEHREICIERTEL D, S/, 77UV AT
IVE AR TRAE ISR B8 L <L SRR b 2 ~ 3 R EHREL . £07H. BRI
QW OMEIZIZIERATE e Fh V=F7ayw V2 ATFRELL AFLILELT
LIGEAZIE Y & Do - T THOoDHESERIRT 28 LSO AN L buab
YETH L,

FAld. DI DN TH - Th, HIENIIRETEZ M VAV e — v ZF 2L H
L#WLHh&wuﬁ%ﬁ;¢7 FOREERRTAZERAELSTERTH B, ILBERF
PS50 B e 1T LE RSP R SR MR IO A L . F OB AR T 348Kk B 4
ORI NEERLT S, EREOHERERALT, P2 VAP 2=y 7 ATV R
WA A ZEITRI LTINS, M VA sy ZHMAIRALT. A EMEOE
MBI NEDTHR S, HEPEHT 44, §IBEEZACTENERFZRBE L/
FRACHAAS . TOBTEEDEDT OMICEALTEETFEEAL, PF AV

5 TR A LKEETFET—A—iIT50TH 5. FAE. HRFEMIIE
bil: 74 @Jmmgmwmﬁ%ﬁﬂb\:@ﬁm@Tmhﬁﬁ&téchw>%z—k
T2 7285 DNA T VRS 7 pAMLT, IAEERERHRERA LTI
SIS EY A E AU A SN T PR T L I RS d B, MRS GFP VAL
AN BDOT, HOLIHEE A RO DL P oA SRk i i REc T UL i (LD
TIOR3 4 B WA MR L THENE 2 & TE 5 (L8R, ZohE, ATl
*A””ﬂHEM”T%5&MUWﬂﬂ THRGWKERFEE S > TBIEEFHLT

o FTTIVEMIZ MRS AN R T A28 T T oe— F —EEO THICROGENLES

\GW)‘bfmﬁ—cbfﬁA?5~CL£ofﬂﬁ%ﬁ%u%ﬁ%ﬁ?%F?/X/
2w PHIENRL EERMIIEESEEATE I EATENE, Azl
DENAPETOT, FNEFIATL LI L - TEOBRPHENTHYRENRT X B,

=, MEERREA IR ARIEF AT —A—ICHONE., MEOWG B EME T
MR TELEENOE L EBEZ VUL THSNICEET L I ENTE5, ZOLDIC
m&m%&#<®ﬂ*%%otma iz, BIELLZOREETERL. Nawd < 4
LR AT T & - T B,
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Locations of
1  Malformation Reports

R positive Report(s)

Negative Reportfs) Only
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North American Reporting Center
for Amphibian Malformations

Minnesota

2
Recent Report . Histaric Report
(since 1986) (pre- 1986)
—  LlEgative
i ep :rt Only [ ] No Data Submitted
Fer individusi county reports, click on the map above or choose a county from the following list:
Counties:
Aigiin -- Anoka -- Becker -- Big Stone —~ Blue Earth - Carver -- Cass -- Chisago -~ Clay -~ Cook -
Comonwood, - -- Douglas — Earibanly -~ Filimare -- Eresborn -- Grant ~- Hepnepin -
-- Hubbard -- Isant -- lasca -- Jagksoa -- Kaadiychi —~ i - -- Lake - Lake Of
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X 3 BERiCET55THEER

shh*
Hoxb 8* tl
FGF*
Hoxd 1
Wnt3a* »- R-fng*
\ ? /
en-1 | Wnt7a —_— Lmx
|_

*FFERERSER TR RS EROBERNEE D,

X 4 Wiz L BERITIL

s (Ribeiroia sp.)

Jonnson P.T.J. et al., Science 284:302-804. 1999 2 1 fzk
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-iyzvx:y9ﬁ;»®ﬁ%ﬁ&%n%ﬁﬂthDcﬁ@ﬁ&
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il PR 55

&L=
g

EEMATIL g
HETRETIRET + GFPRY ¥ — A
@
g_& —ll—— onao ks @
_gla' ” B 5 TRB T s RETOT0E—- 5 — R E
el GFP~ % 57— S
%

ZDNA Y

FRITIETR

N5 < EE —h—‘ RE

HERTRETHHEET
OFOE—-F—fEs
GFP~ 7 4 --DDNA
AR EREA
AR R

R TGFPERE L TREANERET
ABFS AT ATIOSE

s < BLIR

HAEEBMET THE

He{ (BRE?)
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R VIT7AAINHERONBEERREDHIBER
el B, 1995 - 19965F)

EEE 19955 18964
hEREG HEsi HE1ir BE2i HviE AT &&t
HEREAR 8/28-30 |s517:20 5/24 5-17-27 62
| E & | 52t (88.126) |e7ol  S1E 483 659l | 1872 {(94.2%6) |
ki 700 {(11.9%) | 20X opT 7 18K 115E { 5.8%)
BRI (Fi 7 (119} 82 - 4 4 g0 (4.5)
WBRIAE (R - - - 1 - 1 {0.05)
MREDTE S RIE - i — - - 1 (0.05}
O Tif - - - 1 - 1 (0.05)
BEOBRLRIB - 1 — 1 3 5 (0.25)
28 - 3 — - - 2 (0.15)
%8 (&1 - 3 — — - 3 (0.15)
4 - - - - 8 8 (040}
WOFIE - - - - 3 3 (0.15)
e i S9IL (100%4) 7690k 51 450 8771 19870C (100%)
K2, ZAHRLTAHHINHFEONBEEREOCHRER
(AL AMNFTILEiFHE. 19965F)
BEY 19965
i RE HE2# BE 3 BE 40 # v ih & &
SEREAR 5/24 5,27 6./10 8717 - 27
| E ®________ 2k 693k &Ik esk 14 (96.9%6)
R 12 brgue p'L 15 42l { 3.125)
HilE P5c4 k1A - 1 — - 140,07}
BEOS2RIA 2 2 - - o 4{0.29)
1R et ] - 4 - - 40,29
HEEO R RIEB 6 7 2 1 16(1.18}
xig - 5 - - 8(0.37)
&AL ' - 2 - - 2(0.15)
=R 1 2 - - 3(0.22
RokER - 1 - - 1(0.07
WORREE - a - - 322
B mpE 1 - - - 1(0.07)
B EE 2 - - — 2{0.15)
& &t 4540C 720K B3t oot 13560C (100%)

£3. ZAVEFATIGEONSHEREOHREES
(AL AL BERH, 19962E)

BEE 19985
e L E-TTRT )
Juced ) A3
KHERREE B 5/17
I N 9301L( 98.52%) __ |
ARy 130 1.37%)
BRI () 1H0.11)
£ 37 2{0.20)
SHE (&H) 1(0.11)
SRt 2(0.20}
FRHEE i 3(0.22)
Wb R 3(0.32)
_ERLcEr | 1oan |
T OO RE 1P 0.11%)
AR OBIR 1(0.11)
& B 944[C(100.00%)
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54 WEEIARRTOPRARS TLAERE (U5
(v97afLh)

(A) WEASEEEER (5 R26B 45 IREERN)

1R P BELS FEABOLE He®ih = &t
CE#EE 561 1020 k| £512
R : :
BMEE (AR 1 1
BostxiE (&) 5 5
BOSoRIE (A 2 2
BORSRA () 1 1 12 i4
| OHEEE (R 1 3 4
AR - WA (BB 1 1
AR (A5EE) 1 1
DAL () 2 1 1 4
BV - BH Gk 1 1
& B 565 1028 552 2545
(B} WEBMEOM (686 A5 EHENE
REIR fodahi]
FRER 853
REE&
BME (A7) 1
RECOBRST A - (ThiFD) 28
I (R 2
a5 o B84
Ry BHEEFOIINEOCAETHREH
T a7 RS BXEAD FAAT] EHROEE R il
FIHLLE (7) Rhacophoras {7) 1 19280807 WAEMmaLm EEME 2 E. BE IRRF(1935)
TIYTHhHI A Ranra ornativentric 1 19208  WIMALHH (2) ENEE T E, B, SYLBETmm Ei
SHREPTHIMN Hyla japomica 119281005 WRRFFHEFEH AWK &, SVLEomm Bk
b=tz Rana nigromaculaia 1193110, RFRMBEEEAN  ZEE & M. SvLiszemm =L
SACPREIN Rawa joporice joporica 1 193890, FRMEERdH Bk 2 K. SVLEIOmmM B#ti1940)
P R2F 5 5 Rana catesbeianc 1 19491205 RHNKBAHS HE Ik, FERTHEN., SYL47mm FRi1951)
ENTHHIA Rhacoplorus arborens 119547 HRRAEERT EFN F. 8@, SyYLsamm K jR(1954)
PERTERFTA Bofa fapanicus formasus 1195627 SUHWILIRAERERIEET AW . . SvLii2mm ERB(1956)
FAHTHIA Hana wigramacaiate 1 195610, MIRISHAMS il &, 8. SVL2t.4mm i 4 AR [195T)
FE R H AT H TN Rang perars poresa 1 19610602 ME$MIFH NS AREE | F. SVLEISOmm 74 1962)
EHIN Rana fimaocharit limocharis 1 138308 EHRTEMA AT EEE X HiPk(1965)
GLHFTM Rane cotesheizna 1196405 PRRASEEALAT  ERIE & =k
9LHIR Hans catesbeiana 1 i9GE0517 HNIR kb2 * HLE1867)
JRHIN Rara satesheinng 1 16608 PAMAEBRBZNEMET Sk & $11969)
(AFTHIHOUE?) 1156705 ARBRRABHIGETH EETE (Ko, H5E) KRR 861 1968.08.02)
GLH T Rana catesbeiona 19670815 RIMBLEE A2 & $X(1969)
ML H T Rame catesbriona 2 18571008 B HWRSEEN MSNET 2L LRSS 1 F. S Bt
XTHIA Rana fimnochars fimmockorts | 1 197108,  SHRPEBALTE =0l 2 &K, . SVLd4mm 8T
aEHTL Rana catesbeins 2 197306 TERSIIM Bl FE (EEE) . TERTHA HA979)
FAYTHAIL Rans migremaciiata 119730013 RERSERIEE HEEE 1 &, SVLASmm E#1974)
FEXTE®HIN Bufo japonicus frrmotur 1 19740525 FRBFHIIH Bk 2 &, H JoE 1978}
FPAb—¥ATPHH LN Rhacophorus schicgelii 1 198005 gHEm HiED 1R, RARTER 1081y
ZHELTIHIM Hyla japonice 1 19800714 WURELMRR HEEE T & A (TAIE)
brdHIN Rane migromacutain 1 19620523 NERIULAFENEIN £Hitl K 25208, SVL45.3mm X 1082)
ZHACFEHIL Hyla japomice 1 1992823 SWRETFRM)ER S & SYL27.5mm Bl (195}
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Fh Y —F A REOER TR 20-40 B TCDD % &z 25 & T HEIHEN
L (6)

BREE, S nEABIVEBORESENLZEWIRERED (7).

203



% 7- Dioxin %848 LA BB LA OFROIBHICERBE DD ioxin BigH
EhirlnwagELHL, L Dioxin AT S ESEIZ T4 5B 50 E IR
BTN ESEIZE T2 EROESICE U TN Tk,

2-2. DioxinfHOFEREEREITET XK

S.ERier © Y —# 2 |OER T Dioxin 523 LM FERBEEXRESES -
EHHEE, TOEEET Dioxin BELHEETAILREL (8), oA =R
Lk, F 5 < Dioxin ICE2EHFOREEIEOE— W1 U1 VEEDREE—DHE
RTeHar5ELTWE (9),

Audrey M. %, 1996 L FHDOEREL, F ¥ b, vV ADEBRNLLEHLF Y b
COARYORIC L0 REFIENERY | Dioxin i L5 TENEEREOCHEENE
L D>TRZ2OVEHTEALS L LTS (10),

1994 . ~UL-FF—=@ P.REKoninckx & (3~ F—i2 38 A Dioxin B b ' NEE
LT SHET, 1989 £ WHO L — b o X 5 & B @ Dioxin  BAET~LF—
BHFPFT—EG L., AF—OFREREDCRAD 60~-0%EFERNBEEICLDZEOT
ZOFFLERT—BHE N0, BLFTOFA TR VA TERAEEY. ATh
BEZFLIOTIEIR»EEELE (11), L LM#EF Dioxin 28[EL. F0
EEFERBE:OEELZ R TRMWVOTEQBRERIZ W TR, BT
LA

2-3. EFABE-EZIBFOMIREETEEICET XM

1992 &£ S. Cordier HITHE TEEBRAREIN W EZETEEOTFHICOE -
OHFEBRFLEL AN, ROTHEBROAFE, BIUVERFEILELAGREZLE
#HELTHWD (12),

1997 &4, LA.Croen S {iBRNEREM6 1./ 4 v A VE RO SR E
FLTWEEBRALGATIAERIZRE, TAUADHMKOIRICL ST, LN 42,
ERERE, /0B HERE, M FOWMBEXBEN 24, £ ALMER, PRI EDE
COBREFEL RO EREL TS (13),

1997 48, S.Cordier & X CH T Glyeol Bther [THRE SN T BEH D 1T HEE® 8
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