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1. ATERELEFIEICK SR FRARE O S FEMENIEE DR

oo TRAE SR B (TRERZESR MRS 8RR

WREE :

I Z MO R R4 TSNS 2 & LT TRERREZ
FIER T I FHRENEN L AL TD AT X AGAWTH S, FEWEOR
. FRETFHOABREBCIINSOSTOERES s METALENSD,

AR TANRNZLA Oy P RIEASFTHS dicthylstitbestrol(DES) D
TREEEENOHIEZ. in vivo. in vitro OFIRICBWNTIBES S 2 £4L
% DFEMEOMEN SRITF LI, TORR, invivo DHEFEERITBI 5
ASEHIOBREE, BICRKSEHOREI. XHHEIETH D Seroli FIRIRTD
B i (cctoplasmic specialization) D FR R 12 & 5 k-4 SEEPI O ke 442
ERDTNDTERBONMIUE. TOMEBEFEYMTHD, £, T2 0¥
IRERT FZ T A PO Tamoxifer A S TIRFITERV T S B S
fAofe. S5 BEAMIZ &IC, DES & Tamoxifen [FlRE 510 k- T, &4 O
MRS TEAE Ulsb Leydig a0 5 N SRR OER RS SRE oM. T
ALY BEESTOUBCE O BEREET A Mg EI N, 2h
L& BT, DNA Fy 720 EEETRERTIZE D, DES CX 0T8T 5%
EFO7O07 4= BEEMNIL- 7,

DT DES ORHRNER M & LT Sertoli $IFTIZI¥E L. in vitro T Sertoli J1KY
# T™M4 @ DES BRI & 55 THIR AN ZWEB AN L 7. BEEA0IC IHEE
RAEDHEABRD LN, COBLRTYNTSE . TheEEbic, TRTES
IKEIZLD . DES BECTHEOEANEHICIMA TS 2 - (DES-responsive
proteins of Sertoli cell: DREPS &), EERKEELDOF L ) L ELHEHIZ
LT % T &(DES-induced tyrasine phosphorylation in Sertoli cell: DITYPS & fr4)
RN LI, 2N S OFITMBENE TMS CRE T D, SESEHIRE 7 D NIH3T3
TIERBB LMY, DES S TORHRZELRD S5, _

SO, EFENINER S TNC Serroli MMRIMEDH B P —H—& LT,
Notch-I. presenilin-1. TuJl ZF T DES BRI B SRR /MM L.
T ARIRE, Senoli MBIEE & 0 FRIFDEA L HETS C &M amMmizL
Feo RIZ W2 — I — L UT R RN presenilin-1, actin #1857 F WAVEL.
3D DNAZO—Z 7% T, MBERNTORRESREAML, SEMREEDSD
DRI TF RN ERDDIBEETHENILE,

TA PO PRERASTIRIR Y U REECESE. B5HHIcEb a2
FTa <, FOi U VBEBEENT 2R HEERICLERT S8
WRENDBED o7, FHECHA R, WRANOMEAERGESR & HkE
A M A7 AOEBAN FEIX M OY CRIER Y EOER O —
DERDIBIEERLTHED, BTEREEDH TEME ST —H— O M5
| O RBAEERET 5b0EELLNE,

—1—



LA )

ALK ER (TEAZEZRERFHE RE M
i), MNRRT (FREKVFEATENER
B OEhE) , M EE (N w2 ABTFERNT EEW
RB) \WHEME (TRAZR RS YT

B , B W (FERERVEHBEYERE—
WM HE O AK B (KRS L EE S
— B%)

AT EW

BIfE, ROMBEECF R EIC L Tl EWRE
7 B TN AR ET DB,
B EREAYOFEEBEORANSELSN
TWwa, $%. INSOBAFREAETHHO
M EFOERBREEO S S MICT DB AN
EBREOALEZHBELEEREEOERERNS L
THETHD.

AR TIIRERTA bOs S HET, A
ki TrsgEasHoricENTNVD
diethylstilbestrol (DES)DRET- T HLFAEHE B DMl
%, invivo. invitro DWRICBWTHEEFEL ST
oA S TFERFEOFEFRWTHERATSZ
EEPANETH, TLT, TORRELLIILT
Wﬁ%ﬁ&m%%gwﬁﬁﬁ%n@?%ﬁ%i
WAEE < — I — 7 SN BB O G TR ALY F
B L TOANSXARBRHT D &% B
7.

P IR EL L FME RN B WRO R AA RS
VARG EE DI, BTERRE AR
LS DR, THERAOERNPROER
FLLENE D, ATFILRRATIAN IR
i E OEROSTF LRV TOBWOROZEE
2H0ELT. FHOFEICS ETWRENZ
HFRIMARFE, OWTIREBEZEOFRH DS
FLOBEILEMT S LA TES,

BIFFHE
(D?@Ziﬁﬁ%ﬁﬁ?%ﬁ%[EQEﬁkié
B REE & on i

nclet i NE (28

ICR % OB P fE~ ™7 212 diethylstilbestrol
(DES) 1ug Z4# 2,4,6,8,10, 12 HRIZIRS
UZe. #47% 14 BiBLIE, DES #5302 LEN
HET SHBROY 7 AQXAFHEBER LY
ETIMEARN R, $i, —HofEk
WO WTISERT 2 ER L, ST 70T
TUEBWTCTIFIT 47X POEGRET
I\, HEA LR TR,

(2) v MAESREGEICHY SDESREICHT
BLAMOY VBRET TR MEOH
& _

DESEL Iz~ TEERI ISR TELRES
2, DESOIA MO VRIERIZEDHOM. H
B IDESEH DEEFAIC LD bOhERNL
P, ZO®IT, DESEEBIIIA MOT V2R
K7 & T2 T # B4-OH-Tamoxifen (Tam)%:
5 L. SertolififafEE 20 1EH S WNIEEMT S
MERBHLNESMEMRMNL .

FN—"7F 1 & Wistar 57w MIEFIZL
H0. DES10ug BRELI, TIL—T7 2 O
Ty MEFEFIZE LIEHZD, Tam20ug Z2H 5
Lie, & ZN—7 310 1RHZ 0. Tam 20
igtDES 10 g AL, &7 L—FiTo0
T, £ 14 BB TEFEREB I UETE

| B B R L e,

GV AERERARICB T SDESREICL S
BETFRAOEGH OB

 MpdHiw 2 (FiE11~16H) EDESICHREL .
H% 2 o FIZBWTDESHERER Lol ~ 7 Ak
B ZFRNENOMRNAZRELZ, ZHhied
BRI LD ENTNCYS. Cy3a THEBL. DNA
Fu 7 (JBE145H T ADDNAZ LT— 22,300
{H#OREDNATT 27 1) EAVWTERE
FRREERNTE{To ¢, DESIRGIZX D IERN
2 (FERHDIWRIED) TEEET ORI ZR
Bfr. fods. B2y HEBWT, DESHERS
THRABETE rEREETIRD T
(4)DESO IS Sertolififia sk izt 2 3 TRIREY
2 WE RS O fEAT

SertoliHI I Dcell line TH 5 TM4%E H T, B



WIZDES (10ng/mDZEMAZEIZEDL S BIBE
AR Z B0, EhEFORon 2 ETH
WHERANWTERE LA, £, dBEL T, i
M FAFENIH3T3IZDES # I L /- BR OO IR 2 1Y
ELOEEBEEH L&,

5, DESEMICE - TE#MT2EAEE
RITERIKENZ L OB L, 0T, EHALE
BERT ARy FCOWTHEBEDY 2/ F
OF 3/ BREANAORN 2T . s
tZ. DESTRINC L S EBREOF O - >RbD
% ZRTE K IKE)-Western blottingdZ X D i
= O
(5} DES MBI X2BTERBREFICRBTS
presenilin-1. Notch-1. TuJ1 QOFREEE B O

RO~ R EEHFEEIRIE TO DES BEEE. F
MO T R 2 ERL ., RSBt Esic
- presenilin-1. Notch-1. Tu)l ORI EM L 2,
6) BRBRNEAITO cDNA 7 1— 2=
(a)kE BL4% B ipresenilin-1 DcDNAY D — U A &
FEIR T

¥ MR B9 presenilin-1 7 T-fliZ DES R %D
ARMBOTELEEREORELRZEELI SR
Hfcd), FODNATO—Z T &7z,
(b)3E R B actin HIHT T WAVE 1 LT 3D
cDNA 7 11— > 7 I

T ARBOHRMECRE L, SESmiEo
FEODBEEBRNTALDORTFY—-H—&L
T WAVE 1 BXTF 3 D cDNA 71— %7
7,

(QF =72 Sertoli M8 — Y — DER

SiEMEARICHENCRBT S HRERER
H Tl OFRIZBITLREERE L,

(N REBAOEBR

YA, Ty bEMWLERBT. #iiEE
BETNICHBERRRICEBRL THI—FI %D
WA TN L DERBTTEEOR N
BT, OEIFEO D BIZEEETL-=. I
B, TOFYERFRRZTERNYZRBESHiE
HAERSTRIBENTNS,

CHIERR

(DIEH Y 7 AORBRERBRIZHBIT S DES B
Ik BT RREE O

(a) % B %* i) ZF fk —-ectoplasmic _specialization &
blood-testis barrier D EREE L 5 KT B\ED Wi

i0J LIS

B EREIX DES 18577 A 14 MEBLIE T,
HELORBIZIENTHAEL, EMNBBEAENE
(35 HiY) THAED 10%TH 27 . _
BTERORYE (K1) : 14 HRETO DES %
GO REMBT I ZOK EEOFEEEFEIIR
CTHN., BB EUERM (zygotene) ¥
TOWHMRAA S, 21 HisE < 7 2 ¢
#5 (diplotene) KiRMMETREL =—KH
FMilBashiz, LirL. DES #5208
ERITIEE < DML 2 X RH (pachytene) ¥s#
Ailgdia sz, 28 HEGEB< D X T stepll
BTHEE CHMEMEATWBDIZ L. DES 4%
BT AT — KB EMRO S ENEE 2T
M (metaphase) T& EE- T, 35 R
YO ATIME R stepl 6 B THEIR E Tl A TW e,
T3 L. DES 2570 A TH steps KTl
EFTLMEAT VSN, LT, 42 HIBDE
i b TERSED SN, ThDE,
BEZ v FTHE 28 BEVE TIDEEE BB IR
THUFES stepll ETORTRMATHN 2 D500

" L. DES #8577 AT 1 ARENT 35 Q&I

750 THID TWECA R & step 6 T TORTHIR
MENZ. TUT, DESREYIAREITHRE
OEEXTHRNCOE TS DTH - 2.
HHEHNEORY : YT AT 18 LR
THEECHENBRENTHLSOIZH L. DES
HLI AT 32 HERCARTHRENERENT
Wiz, FOMBEICEERIEED S hikE
1RO Sertoli MRS R EIC A BN,
BHESEE (ectoplasmic specialization) D RE
(K2) : i@~ A 14 HE Cid ectoplasmic
specialization {&ARFEFETH HA, 21 MELRE T
FrE L B B E N Sertoli MRS C Sertoli HTRR D
FORSIZEDEN/, DES 53X 21 Hi
5 28 HIlTR, REFETHRZLE ectoplasmic




specialization 7% Sertoli AIFEHEI T Sertoli AT DIE D
MEIAHALNE, Tiabb, Enbo, B
MM ENIBHD, actin filament DIz H DA ¥
ThHod,

Z D RFEJETL ectoplasmic specialization DSEEREN
ICMAE-FREMOBEEE R L ThanE >,
. MERRE EINET P O— A C OB R
BEAOBITOAETHE~LEZA, LR TEM
DEBRENHEL TWH I EMFAS MR -7,
DES 25~ 72T 35 Aficad &, EELA
ectoplasmic specialization 2% Sertoli A2 T Sertoli
MiEOEOBXICERED NS LD Tk I,
()X AHEEREBBIC BT S DES BEITES
BETREOERD DNA T v 72 F s

FEERA DBS R L= ADNER 2+ H
KETOSHREFBY I ARBREL S FNTNH
L7 mRNA # BT, DNA Fv Az L DB
TRIBEERTET 7. BRUE 2,300 HoE
ETO3%, DESIRBICL N ERCHNT S50
8. FEENZHAT 20 20 WA=, B
£, #BETO /7oy SEEF. RT-PCR
HEBBL TS,

2) T v FENTEAFO DES BBIC X AR EERIC
MDA LT o 2F@BT7 ¥ I b
Tamoxifen (Tam) F5DOFRE (£ 1)

T P AEFICTanF B S L 2IBS.
DES# & & [WAR i Sertolif AR DR SE O
BRI & & bic, bk OE S BOETIX
KRB~ S S0 B8R L /= TamE M}
SFOHEE. NS OERIIDESRS O BE LB
BUCHRANZE#R L., A8 SEITIIHMEE LA
EENRL 20T, |

TamEDESDAFHR 5 T, FHlE =& o
HIEH, 9420 5DESIC X 5T HREREED
TamiZ L BEFIE - BEIIED SN, Serroliffille
il OFF 2R 2R 28 O TERK OB EE 72 & TN A5
Ao Dk 53 B DT D IBRE 2 DES B 3 5. - R
T 5/,

ELIICEALIEIL, TamEDESOERE ST
it B4 OBRMIEE TIIEY 50D 5 7 Leydig

AR o0 FEERE T & AT (myoid cell) DZENEAS
£, LeydigfilQDEANIE®R @iz TS
EIE -} L7z Tz,

(3)DES @ Sertoli #IFIBRIZN 9 5 5 FHRIIE L2
FHERI OB (J3)

EREFEVE L. MERUBR TM4 % DES Bt L 7= 154,
M NEEREE OO 51, Z 0B,
DES ZRIEFEN SR < S FTWMNTHER Uiz, S
TR NIH3T3 CHADESBEBIC X »TH Dk
AR sk 2.

EEFENEL: _RorERKEBE{TS &, DESH
BLETMATI FR65kD. SBLH6ANDERRED
FH TR RIS SN, DES-—responsive
proteins of Sertoli cell (DREPS) &4 L. 72, DREPS

i Sertoli A ER RS B CNIHGTI T id B A i

Pok, TOERARRSTESIKE CHBELNE
WY R BRSO ET 2 & 2 AD-T-HK-
SEI-:XFESNE, T5HIT, DESHEEL 2TM4
THTHISKD, FELSIDEADFOL 1) o
LD ERTREVZILES#D SN, DES-
induced tyrosine phosphorylation in Sertoli cell
(DITYPS)E @& Lz, ZOF T2 kDT
HEIXNIH3T3IODESIR B TidiRsd o iamo =,

(4) DES REIC LS5 TBEREEICB T B3NS

{6 — 1 —presenilin-1(PS-1).  Notch-1.
D FER 2 B DR

EFHREREM T, PS-1 138 # A (steps~8)iZ
RHL. Nowch-1 3T (pachytene)): ST
MK stepl-DICFEH L Tz, i, Tull R
70 5 Sertoli MBS DN, & 53R ST HERL
T,

MU ARBEEEE 19 Hic ik 2a
2L 5% &, PS-1, Notch-1 & HITHBHRD
SNWBEVETL T A D EXBALSMITR
Ehie, ZNTH L. FEfFIC DES B#fE = /2
T PS-1 DREIED 51T, Notch-1 B4+
7 spermatocyte 28T SRS 5 NDHDART,
BESHOETIEEOSH D - ENBABIZ R
Nz Elo Tull Bt D Sertoli MU FREETIR

TuaJ1

— 4 —



REZEzHFRICHEELEBERE2EICDES
THL TWAH, DES # 58T AR O 5%
BEEE & R LT, W 00D Sertoli T Ha 3k
DR ZEE TR L Thie,

(SYEFEMIRR R ZNFMI T D DNA 70—
4
())WAVE-1, 3cDNA D O—Z 2%
F0—=24 L7z cDNA @ in situ hybridization
L0, B FIERBIGRB I OHREREBREIC
FETHEEHIZ, EAMARRFICENTHHEER
MR FBEMEcsRNICRRETS Z L0thh
72,
(b5 BN B presenitin-1cDNA D2 O — =2 5
TIAERCDNAGA TS~ QA ]~
T L DEBEL Y O— 2 OBEFIFSNE4E
T TH5.

DAER .
(T AR EEEICBT 5 DES BEIC LD
T RSO R .

Sertoli HINE M BB G OFEEIRE &5 TR AL E
F DM ectoplasmic specialization 1Z Sertoli §
61 35 - T Sertoli A & AR FRlaic A 515
ReBITHETH S Sertoli HIKIF D ectoplasmic
specialization ¥, Sertoli FkZOMEEE. FORMN
IEFET DTS F AR S SIZAMORTE N
Rk d 5K 5. Sertoli il R D ectoplasmic
specialization FZ ¢ BT tight junction Z8421EL. O
PUS MM -FE I (blood-testis barrier) & L T{#)
WTWD, IO ectoplasmic specialization P33 [
Z B MDY (adluminal compartment) & BB FE I

(basal compartment) IZ53EEL . AT RS
ABET D 728121 T @ adluminal compartment @
FEABATSH S,

AEYETH DES @ Sertoli MEEI XS 21EAC
DWTHIERARFB SN, R I TiE 21
H % T ectoplasmic specialization 23524E L adtuminal
compartment Z3WESL E 1., 21~28 RO I RE
HEFrlE~oaibokTislobhik,
UKL DES 57 ATk 21 BfH» S 35 Bl

FCREBRECH LSRR BPTEE -

Tk, IN&EEHIT, DESBRET T AT

35 [ & T ectoplasmic specialization OIERRAIR FHEE
OFEFETH-T. LENoT, 28 8NS5 35 H

B DES #5577 AT, pachytene & D OEEK

SEAMBEARETLRZVDOR., ectoplasmic
specialization CFEED DES DIEAICE - TEM L.
adluminal compariment D358 X AW e E#& R

ais,

DES DEF 47 7 AADR G Sertoli HiHEZ O IE
WRERAE TN 5 S WA HEN DO AT
OFF R0 5. DES H Sertoli $ife D EH 2 b 5%
EHEETLEEZSND, DES ICL 5 THR
BER LN FICEENETH DS Z &6 5MIC
I2o7=, S ORI Sertoli MO M HEAT]
WEICER T2 2 L R<HMLTH Y. DES R
D5 THBEN~OEERER L5,

DES OEMEF LT 2 Oy 86K ThZE
T, DES 2SN FIRREE L B8 0
{ER#F & LT, DES A gonadotropin (FSH) 47
WEHHIT S Z &L D Sertai IO EERRE
EWHI S ETREMESS, DES AL A 1257 R

(estrogen receptor, ER} %41 LT Sertoli K2~
BEMTAURENZEZSNTWVS, ER 12DV
TIXEROLERBD2DDUHTHFA THRHEB &
MEEIN TS, ERa 3 EICHEHMO E R
CRIWCTFES B, I 5IC, BRBET/ w777
YA (0ERKO) {2 DES #@EHR G LEEE
. FRQUBEZLEEERTATALNLLD
BRBORENRB LRGN T &S, DES K
ERa &t L TR T AT REMEN R ENTWh S,
7Z72 L. BER o D RFEAVEMEIZIXRD ST
DES OEETREEFEOTRTEHATER N
EHENTH S,

ZHCHL, BAFERINZ BRB M4 O
MICHREAL THT,. BN TH Senoli Ml & A BUFE
HMBOMIZREL TWA Z M5, DES DFEH
RELTOAEEERTEDEEAD. LL,
ERBERET /v 7T Y72 (BERKO) DFE
BRIz SO REDASNT, ZHELTERTH
ok, ERAVHNREEIR tod o OERR
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Wiz X35 L TSR ERATRAHTS
5, LHL, BEBOILA My ALEBiREe S
NPEE, BRB ERA L THEEEAERIET W
[ A

A TiX ER & DES S OMBRIIAHTS D,
L7935 T DES BN TNOEEE N LT Sertoli
MBADRERFI SR IITLIZDOWTHE, /v 77
M v AR ER O LSBT, B
BIFABRT VY TANEHNW/E DES{ER®
AN L2,

DESIEFR I & % SertolififAfE Iz 4 F 2 T A b
04 BRET A DA MRS OME

DESE 417 & - THI &R Z Z 5 Scrolifflila D
BB MO RE, &<ICEBEGIEE OBk
& L - MR P ORI A, DESO XA N1
FOoBERRZEIBHON,. HESVWIDESKHADE
BERIC LS DOMEMSHICT LD, DES
EEBHICTANIY CRBET YOI ART
# % 4-OH-Tamoxifen (Tam) =12 5 L 7z, € DR,
Tam{Z {IDESK & B Serolifi o EEZR LB LN

R AERBD R k. LEHEST,
DESIETZ ba¥ 2L ERRIELABIO

BT =N T 5 el R E N,

X517, Tam@HDEGIZE - TH, Sertolifll
RORERELETRRRER—BHICECD
T &, DESETamDFEFRHEZICL D, 4 DB
B 5 GRS SN o 7 Leydigi e O FEE R
EMEMBORREENECEZ L, INHD
A OIEB#E DN vie CEHEB I N7 Ak

7FoAIZAFORFRETTREATI AN
CEERLTWD, I vivoTRT L AHH ikiE
BUTEIIL TH B RE2EC TS gEHEN
H0., S@%, NHBRILEEMEOESIEROT
T &L DD,

o SN RERRICB ADESBRICE D E
EFFHIROLEDME '

DNAVA 707 LTI XHDNAF » TEH W
B EFREMTICED ., BENODESREIC X
NSEHEMNBADLVIETTHHRETENEL
o Gk, CNEOBEETOMMBRFEFLSE
Wy — ORI T LEBI. BT AR

FEROB TR FFNEEROXLS733ER
OHGEREBII OV TORKERENZIToTH
<WHENRKD.

(2)DESD L3 SertoliiBIsRIZ T HIEFIRFAF

TARTESKEBII L DERH AN/, DESERE
& DTMA TR BRI § 5 EE DES-responsive
proteins of Sertoli cell (DREPS) I3 ARME HIRI bR IZIX
BILENT, SeroliffllRiciEREMNABEITHS A
fRIER S 5. EREMICHR E N AREOREN,
/AR DI B 1 A I8 i (ectoplasmic specialization)
OERERTHSHIE0E, JBHEEOEE DD
vivolZ BT A RRIEE #in vito TREBRL T 5T
AEMENtE D, L7zAto T, DREPSIIRRAIZGEE
OBRYFOTEEEBHF A S, DESIZXHHER -
1) &in vive TERY 6N A ETRES B O3 MK
BT BRREE D T AR N,

—%. DESBEIZ L DTMATHRENICTIET S
F 0 ¥ > 1) > B ik DES-induced
phosphorylation in Sertoli cell (DITYPSHI D THI,
DESO M~ DEAMN SB[ ER 2 ND8e 7
» I )=F O FF—YoiFiEths, Ihef
THNRBESEROEREMS X7 L& U TH
BLTWSAEEREH D, YT ARBIEZBWT
FynF 01§ F—VEEH T O80kDaER O U
S RALADESH S TIT#ET 5 T LB R L THD.
= O B EADESIC & B 1 R RECE O R
WA AR AR END, BT, Ihed
ERORY, o7 3/ BESORER ScDNA
po—=H, EETHEOWRE., Sy T TR
TYADEREDE LTI 2 FOEERS
HEEENTNGS, _

3 50, DESIEJLIE & DESUHE %47 - /2 TM4
cell line?» 5RNAZ I L, DNAF v 7iC& D
DNAYT - 2717 LA 2ok aFHRESEE
%67 T, DESIEE I &V Sertolifi s RIIC
RIENREY T ARETORIL, R 7adx?
&ML THha,

tyrosine

(3)EPRSEINS RIOFHATO DES MR L 3L
BOMH
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PS-1. Notch-1 [T RAMIEORE OTLR
EEWICHIT 5, DES BBIZL 0K TR
DREEEENEC 2 ZBRIZBILS 6049
TORBEKRAIL, AL % BEERNIC SR
LR EL<SHHEL, 48, HTEREED
BEINASF—2BRBIINETLEDLORTR
—h—=Ein i ENbhho e,

—F. Sertoli IO —H—&LTH Iz
TuJ1(neuron specific tubulin) A A THLZ &= R
WELE, ChERAna &z, chETE
SEPR FL & F-actin ROl A-SHEM S Senoli §
ROSEGREEHEL CWER ZoT—h—itk
O, DES W ~ ™7 AFE RO Sertoli Al OREEEASHA

WE&iroi=,

¥ie. BT 2 F RS WAVEL 3 3
¢DNA 70— 7LD, IS OBRTHE
MEHMRICA LoD ZEABShERY.
Stk BHROBESHRIiEEER NS,
NEEBHIT BRERK PSA TV 74 —ABL
T Fyn FOU ¥ —CEE S 7(80kDa HEND
cDNA D7 O—Z 2 TN TH 0. S,
IR IHERZEREDO< — 71— DES RinI&ER
DREEEESHONIRD EEZ 5N S,

EffA

NI B EL L THhEORRN LS TH 2
TR POT LAY diethylstilbestrol(DES) DX
THRARBEEROA N A LAEFENE. ET
SR, L —T MBI LSRN 2 5
A2, 2 TFERFRRITICE DR L 2,
TORE. REERCBLT. ZBHBETHS
Sertoli MIFEAEERMARKTHYD., €OHLFRE
HENEZLSERABEBTHS - EARBE N,
INEEBR, #MREHERL NI T, Sertoli
MEEIIERIZNIEEESKHE
{ectoplasmicspecialization) DHEREREE, R N
FRERBORBAIROETICERLERL LA
TWBIEEHeMILE, DNAFv7ERHN
B ETHRBEEN, S D, DES R 5 TEET o8
EFRAMMH TE /2. TS0, Seooli MK TM4
> DES BREEIC X SFEREFIN/L & TNZ A {BFEM

WS T DR IERRA Sertoli MIRREA OIEE Z {7
L. DES X DREMNRERARER S NCFD
) CEERIBELHT I EMHLMETL S
7o F/2. DES OERIZXX bOF L Z2EET
FIZAFTREBEALEENTERWIEEH

) "‘3 i]) ‘:-: fc‘: 2 T\:o

LEOMmINS, DESF O U U R{LRE
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Abstract:
Tt has been established that various estrogenic chemicals affect spermatogenesis as the endocrine disruptors.
However, the precise cellular and molecular-biological mechanisms of harmful effects elicited by these
endocrine disruptors are not clear at present. It is needed to elucidat.e the action mechanisms of the endocrine
disraptors for the prospective detection of harmful chemicals and prevention of the haﬁards caused by these
chemicals.

Tn this study, the mechanisms of defective spermatogenesis caused by the nconatal exposure to a typical
gstrogenic compound, dicthj]sti]bcstrol (DES), were investigated morphologically and molecular biologically
by using both in vivo and in vitro systems. Consequently, it has been elucidated that DES-induced defective
spermatogenesis, especially the arrested mciosis is based on the disruption of biood-testis barrier due to the
defective development of ectoplasmic specialization botween the Sertoli cells. This DES-induced defect has
been revealed to be reve$ible and not to be prevented by the simultaneons administration of estrogen receptor
antagonist, Tamoxifen. Furthermore, the simultaneous administration of DES and Tamoxifen caused the
dysgenesis of Leydig and myoid cells, and it has been suggested that the combination of cstrogen réécptor—

rclated molecules might cause unexpected severe defocts. In combination with this result, the profile of the



changed pattern of testicular gene expression following DES exposure at the neonatal stage was examined by
DNA microarray, |

Subsequently, DES-induced changes in the Sertoli cells were morphologically and biochemically
analysed by using Sertoli cell-derived cell line TM4. Elcctron-microscopically, the enlargement and dilatation
of rough endoplasmic reticulum was induced in TM4 cell line. By the two-dimensional electrophoresis and
Western blotting analysis of the proteins of Sertoli-oeil liﬂc, DES-induced reduction of specific proteins and
DES-induced enhancement of tyrosine phosphorylation of specific protein was rcv-ealed. These changes were
specific for the TM4 ccll ling and were not observed in the fibroblast-derived cell line NIH3T3, Thus, these
molecular changes should be applied as the molecular markers for bES exposure.

On the other hand, new molecular markers for germ cells and Sertoli cells were developed. Notch-1 and
presenilin-1 as the markers for specific stage of germ cell development and TulJ1(neuron-specific tubulin) as
the marker for Sertoli cells were applied to examine the effect of DES exposure at the neonatal stage, The
mode of expression of these markers correlated well to the depree of defects in the spermatogencsis as judged
by the morphological examination.

Estrogenic molecules have been oonsidcrcﬂ to exert the effects through the binding to the nuclear
estragen receptors and the regulation of gene transcription. Recently, another mechanisms of estrogen actions
which exert the effects by bmding to the membrane estrogen receptors and activating the tyrosine kinase-
mediated intracellular signal transduction cascade have been proposed, The findings in this project suggest that
the crossover points between the tyrosine kinase-mediated signal transduction system and the cell adhesion-
cytoskeletal system (i.é. ectoplasmic specialization between Sertoli cells) might be onc of the new targets of

harmful estrogenic compounds.
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¥ 1 Effects of phtalates on the PPARa-related hepatic enzymes

Treatment m.w log Pow PT PH DBF VLCAD TP TPB CYP4A  PPARa-mRENA
Control 1.00£0.11 1.00+£0.16 1.00+0.08 1.00£0.08 1.000.32 1.00£0.11 1.000.31 0.80+0.10
Diethylphthalate 222 24 2.88 0.98+0.18 1.02+0.01 1.63+0.40 1.04+0.03 1.32=0.47 1.18:0.18 - 1.08+0.28 0.96+0.38
Dibutylphthalate 278.34 4.45 1.04+0.26 1.20+0.04 0.92+0.05 0.92+0.07 1.64+0.19° 1.1740.07  1.5140.27"  1.11£0.28
Butylbenzylphtakate 812.37 4.59 1.44+0.04"  1.16£0.06 1.43+0.36°  0.95:0.05 1.90+0.18"  1.32+40.06". 1.824+0.11° = 1.36:0.29°
Dicyclohexyiphthalate 330.42 1.25@.18 1.08+0.07 1.94:0.43°  0.97:0.04 1.96£0.33*  1.3440.13* L56+0.25° . 1.47:0.24"
Diethylhexylphthalate 390.56 7.5 1.59+0.14"  1.59+0.06*  2.14+0.27°  1.22+0.01" 2.60:0.28"  1.73+0,19% 2.684054°  1.5440.33°
Diethylhexyl adipate 370.57 . 1.3120.18""  1.37£0.07*"  1.71:0.55°  1.34+0.07" 2.67+0.19°  1.78+0.26° 2.2&0.30"" 1,700,061
* * " " e

Correlation ©

Correlation’

*

&

*

*Significantly different from control(p<0.05)

]I’Sigm'ﬁcant difference between disthylhexyiphthalate and diethylhexyladipate trestments

“Significantly different from diethylphthalate(p<0.06)
‘Significantly different from dibutylphthalate(p<0.05)

*Correlation between molecular weight and induction of several enzymes

‘Correlation between log Pow and induction of several enzymes

1



# 2 Effects of 2,4-dichlorophenoxyacetic acid and nonyll)heol on the PPARa-related hepatic enzymes

PT PH DBF CYP4A Catalase
2,4-dichlorophenoxyacetic acid

Ommol/kg 1.00+0.15 1.00+0.06 1.00£0.13 1.0040.78 1.00+0.03
0.23mmol/kg 1.55+0.15" 1.00+0.18 1.44%0.17" 1.35+0.30 1.05+0.03
0.45mmolkg 2.42+1.00 1.38+0.36 1.27+0.17% 3.9940.71%"  1.14%0.06
0.68mmol/kg 4.40+0.70%™°  8.14+0.30°>°  2.03£0.29>"°  17.61£5.38*™ 1.1640.04

2,4-dichlorophenoxyacetate '

Ommolkg 1.00+0.11 1.00+£0.25 1.00£0.28 1.004£0.28 1.00+0.07
0.21mmol/kg 2.66+0.82" 1.08+0.02 1.33+0.23 2.38+0.60* 0.92+0.03
0.43mmolkg 3.63+0.91° 1.49+0.23*"  1.62+0.17" 3.77£0.95%  0.87£0.03"
0.64mmol/kg 553044  1.58£0.11%°  2.44:0.32°®  7.2120.68™™  0.98+0.09

Nonylphenol

Ommolkg 1.00+0.15 1.00+0.14 1.00+0.09 1.00£0.27 1.00+£0.12
0.23mmol/kg 0.85+0,09 1.04+0.07 0.91£0.05 1.0940.28 0.80+0.08
0.91mmolkg 1.57+0.44 1.25+0.15 0.75+0.04™  1,1840.41 0.69+0.08
2.72mmolkg 1.54%0.45 1.32+£0.12* 1.51+0.24° 0.83+0.09

*Significantly different from control(p<0.05)
*Significantly different from low-dose group(p<0.050) .

*Significantly different from medium-dose group{p<0.05)

0.97+0.05
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Reproductive toxicity of endocrine-disrupting chemicals and the mechanism via
peroxisome proliferator-activating receptor in relation to the risk assessment
Tamic Nasu (Nakajima), Departm,ent of Hygiene, Shinshu University School of
Medicine, Lecturer '

Key words: phthalates, adipate, 2,4-dichlorophenoxyacetic acid, nonylphenol,

reproductive toxicity, testosterone, triglyceride, oxidative stress, food contamination

Abstract _

1) The induction of hepatic PPARe,, a nuclear receptor, by phthalates (diethyl phthaiate,
DEP; dibutyl phthalate, DBP; buty]bcnzyl phthalate, BBP; dicyclohexyl phthalate,
DCP; diethylhexy! phthalate, DEHP) and a adipate (dicthylhexyl adipate, DEHA)
was examined with the expression of the target gene products as well as the level of
PPARa-mRNA in SV/129 male mice. DEP dose used could not induce any gene
product investigated and the mRNA. The other phthalates were shown to be the
inducer of PPARq, and the strength was dependent on their molecular wei ght;

DEHP was 'thc. strongest inducer. DEHA also induced PPAR«, but not so much as
DEHP.

2} The effects of 2,4-dichlomphen6xyacctic acid (2,4-DA), 2,4-dichlorophenoxyacetic
acid methyl ester (2,4-DE) and nony!phenol (NP) treatment on the reproductive
organ was examined in relation to the induction of hepatic PPARg, in ddY male mice.
2.4-DA and 2,4-DE induced the nuclear receptor dose-dependently, whereas the
induction by NP could be disregarded in comparison to that by 2,4-DA or 2,4-DE.
The highest dose of 2,4-DE decreased serum iestosterone level. However, no dose-
dependent morphological changes in testes were observed.

3) The PPAR¢ inducers used could not induce oxidative siress-scavenging enzymes
such as catalase and glutathione peroxidase, but rather lowered, suggesting that mice
are exposed to greater oxidative stress after treatment of PPAR« inducers,

4) The concentration of phthalates (DEP, DPP, DBP, BBP and DEHP) in the
commercial foods was measured, and each daily intake was estimated using total diet
study method. Of the phthalates, DEHP was conlained most, and the other phthalates

were detected with only a marginal content.
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Bifects of environmential endocrine distuptors upom mouse spermatogenic cell death and

their pussible molecular mechanisms

Takehiko Koji
Depar tment of Histology and Cell Biology, Nagasaki University School of Medicine

Prafessar and Chairman

Key words: endecrine disruptor, germ cell death, Fas/Fas ligand, Bel-2/Bax, steroid
hormone receptors, mouse iestis

Abstract:

For a better understanding of the ellTecls ol various environmenial loxic compounds
including endocrine disruptors (ED} on mammalian reproduction, ihe direci sludy on germ
cell dealh in felal, neonatal and aduli animals would be required. In the project of
this year, we focused on the effecl of estradiol-3-henzoate (EB; 1 ng - 100 ng, 2 mg, 4
mg/ke BW), diethylslilbesiral (DES; t, 5, 10, 20 and 50 mg/ke BW), bisphencl A (BPA; 4
pg - 4 mg, 20 mg, 200 mg/kg BW) and dichiorndiphenyl dichloroeihene (DDE; 10 mg, 50
. mg/kg BW) upon germ cell apoptosis in a short term protocol, where ICR male mice were
injected subcutaneousiy with & compound dissolved in 5% cthancl/corn oil in cvery 5 davs
and killed on 20 days after the first injection. When germ cell apoptosis was examined
by TUNEL, the number of TUNEL positive cells were incrcased in a dose—dependent fashion
with ER. DES and DDE increased the number of TUNEL positive germ cells 1o a maximum at
a dose of 20 mg/ke BY and 10 mg/kg BW, respectively, and thereafter declined to the
control level, indicating a "low-dose effect’. BPA also increased the mumber of TUNEL
posilive germ cells al a dose of higher than 400 ;2g/kg BW. Very interestingly,
howvever, BPA significantly inhibited spontancously pceurring apoplosis at a dosc of 4 -
40 pg/kg B¥. These results indicated that ED has wide—ranging effects on germ cell
apoptosis depending upon each chemical nature. To analvze the molecular mechanism
underlying the induction of germ cell apoplosis, we invesligated lhe invelvemenl of
Fas/Fas ligand and Bel-2/Bax in FB and DES treated testes immunohistochemically. In
both cases, the expression of Fas was increased inm parallel with an increase of TUNEL
positive spermatocyles and the expression of Fas ligand in 3ertoli cells was kepl nearly
conslani. Unlike EB, DES also increased markedly the expression of Bax al 20 mg/ke.
Thus, the induction of spermatogenic cell death by DES can be mediated through both Fas
and Bcl-2 systems. Since estrogenic compounds are supposed (o alfect cells expressing



esirogen receplor (ER) « and £, we examined the cxpression of ER @ and 8 in EB- and
DES-treated testes by immunohistochemisiry. Our resulls revealed that ER o is
expressed in only Leydig muclei, while ER 8 is in the nuclei of spermaiogonia and
spermatocytes, suggesiing the direct action of these comopounds upon germ cells through
ER 5. And the expression level uf ER proteins was not changed so much by the
treatments with EB and DES. Finally, to analyze the late effect of feial exposure o
ED, we performed histological examinaticn of mouse testes on 2, 4 and & weeks after
birth, which were exposed to EB or DES in fetal periods at various doses, and found ihat
the onset of spermaiogenesis might be occurred earlier. These accumulated results
indicatle that various envirommental toxic compounds may affect ihe states of germ cell
proliferation, differentialion and death in different ways. Purther study to calegorize
these environmenlal toxic compounds, based on germ cell toxicity, would be helpful for
prediciion of reproductive risks of unanalyzed suspicious compounds.
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Establishment of stable transformants expressing nuclear receptar and
search for novel receptors for endocrine disruptants

Shigeaki Kato, Professor
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Abstract:

Establishment of assay systems to assess sex steroid hormone-like activity of
chemical compounds is under trial. Stable transformants expressing hERa,
hERB a_nd hAR have been established, and transactivition assay for orphan
receptors and search for novel coactivators were performed.
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Study on Endocrine 'Disruption by Metal Compounds --- with Special Refercnce to Androgenic

Action of Organotin Compounds
Seiichiro Himeno, {Kitasato University, School of Pharmaceutical Sciences, Associate Prafessor)

To investigate endocrine disruption by metal compounds, we have established two cell lines; ME1 that
stably expresses estrogen-responsive luciferase reporter gene and proliferates in response to estrogen,
and LAL6 that stably expresscs androgen-responsive luciferase reporier gene and proliferates - in
response to androgen, ME1 and LA16 cells were derived from human breast cancer cell line, MCF?7,
and human prostate cancer cell line, LNCaP, rcspectively. Among 26 metal coﬁpounds examined,
tributyltin (TBT, 100 nM) and triphenyltin (TPT, 1 nM) enhanced bath AR—ﬂepcndent transcription of
luciferase gene and cell growth of LA16 cells to the same extent as those by 1 nM dihydrotestosterone |
(DHT). TBT or TPT also enhanced the DNA synthesis and expression of endogenous AR target gene
such as prostate specific antigen, but not the expression of AR itself. However, an androgen antaponist,
flutamide, did not inkibit the TBT- or TPT-induced AR activation. On the ‘other hand, simultaneous
treatment of L.A16 cells with DHT and TBT or TPT caused highly enhanced effects on AR activation,
These results indicate that trialkyltin compounds have an ability to activate AR-mediated transcription
in mammalian cells, and suggest that a novel target site other than the ligand-binding site of AR is
involved in this activation. Furthermore, we investigated androgenic effects of TBT in other human
prostate cancer cell lincs, PC3 and DU145. We transfected both androgeﬁ-responsivc luciferase reporter
plasmid and wild type (wt} or mutant (mut) AR expression plasmid in these cell lines and measured
luciferase activity after ircatment with TBT in the presence or absence of DHT, TBT activated AR-
dependent transcription and stimulated DHT-induced transcription in LNCaP cells transfected with mat
AR expression plasmid. However, AR-dependent trapscription with or without DHT was not activated
by TBT, when wt or mut AR expression plasmid was transfected in PC3 or DU145 cells. These results
suggest that TBT activated AR-mediated transcription in LNCaP cells via a specific target factor(s)
which may not be expressed in PC3 or DU145 cells. '

Key words: tributyltin, triphenyltin, androgen receptor, LNCaP



3 1 Effects of metals on ER-mediated transcription

in ME1 cells
Luciferase Activity i Luciferase Actlvity

- Cone. (% of Control) - Conc. {% of Control)
Control 100 = 31
E2 1nM 295 x 21
Li 10uM | 137 = 3 100pM 136 = 22
Al 10pM ;96 = 11 100pM 91 = 18
V. 03uM | 108 = 32 3uM 100 + 32
Cr(lly  10pM 82 + 18 100pM 73 z 16
Cr(Vl) 0.1pM 119 = 7 1uM 68 = 11
Mn O 1PM 80 = 13 10pM | 75 = 21
Fe 10puM 69 &+ 12 100uM 79 = 19
Co 10uM 89 = 14 100UM | 66 = 12
NI 10pM 71 x4 100pM 1 £ 13
Cu 1pM 72 = 2 - 10pM 74 = 17
Zn 10uM 108 =+ 7 100yM: 134 = 19
As 1M 112 z+ 9 10pM | 30 =z 9
Se 0.1uM 108 =+ 17 1M 101 =+ 22
Mo 3uM 134 + 15 304M | 139 = 30
Ag 1M 63 = 17 10puM | 59 = 20
cd 1PM 54 + 25 10uM 68 = 10
Sn 1uM 147 = 14 10pM: 131 = 29
Sb 1pM 219 = 18 10pM 146 = 2
Hg ApM 72 + 5 10puM 89 = 12
Tl 1M 106 + - 6 10uM 99 x 32
Pb 10pM i - 107 = 4. 100yM i 106 z 14
MeHg 1uM 75 = 21 10uM 32 = 6
DBT 1nM 87 = 9 3nM | 31 = 9
- DPT 3onM: 53 z 11 100nM 45 = 10
TBT 30nM: 59 = 9 100nM | 49 = 13
TPT 0.3nM | 127 = 16 1nM 73+ 24




# 2  Effects of metals on AR-mediated transcription

in LA16 cells
:  Luciferase Activity Luciferase Actlvity

Conc.. (% of Control) - Conc.. (% of Control)
Control : 100 2 10 -
DHT 10nM: 460 =+ 16
Li 10pM 92 =+ 11 100pM 83 = 4
Al 10pM ; 9% = 5 100pM 85 = 8
'} 03uM; 102 =+ 10 3uM | 86 = 8
Cr(my  10puM 81 =+ 13 100pM | 81 = 12
Cr(vl) OApM | 80 x 22 UM 63 = 5
Mn 1uM | 92 8 10pM | 95 = 6
Fe 104Mi{ 107 = 5 100pM; 99 =+ 20
Co UM | 98 =z 17 10uM 126 = 12
Ni UM ~ 95 = 5 10uM: 105 = 2
Cu 1uM 111 = 8 100M | 125 = 6
Zn 10pyM:; 97 = 5 100uM 181 = 42
As 0.1pMi 121 = 11 1uM: 229 = 7
Se 0.1uM 105 = 12 1M 101 = 14
Mo 3uM 108 = 10 30uM 106 =+ 6
Ag UM 92 = 2 10pM | 98 = 6
Cd 1UM 120 = 10 10uM; 211 = 73
Sn 1M 94 x 15 10uM 148 = 51
Sh 1uM 177 = 14 10uM: 281 = 11
Hg 1HM 111 £ 21 - 10uM 136 + 13
TI 10uyM{ 110 + 15 100pM | 66 = 7
Pb 10uM: 158 = 21 100yM: 198 =z 45
MeHg  0.1uM 95 + 4 1M 132 = 18
DBT 1nM 83 = 3 ~ 3nM: 83 = 9
DPT 3onM. 127 + 6 100nM: 140 =+ 12
TBT 3onM; 192 = 13 100nM: 298 =+ 36
TPT 03nM: 118 = 14 InM: 176 = 18
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The s’tuﬂy on the effect of the endocrine disrupting chemicals on human sex

determination, sexua)l differentiation and the germ cell maturation control

Yutaka Nakahori, MD

Professor, Department of Public Health, The University of Toekushima

We are trying to elucidate the role of the huﬁman Y chromosgome and its genes on the
humah sex determination, sexual differentiation and germ cell maturation control,
which is essential to understand the mechunisms of endocrine disrupting chemicals on
human beings. An attempt is forwarded to develop the in vitro system analyzing the
effect of chemicals Ithat v?orks on the promoter region of MIS (Mullerian inhibiting
substance). On the other hand, we previously demunstrated that the Japancse males
in different Y chromosome lineage show different sperm concentration. We are
attempting to investigate the phenotypical difference of these males and the possible

difference of the reaction to KD in each male lineage.
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A) DR1 motif

TACA AGGTCA A AGTICA CACA AGGTCA A AGGTCA CA
CAAL GGOTCA o AGGTCA GACA ACAG GGGTICA A AGGTCA CTG
CTAAR AGGTCA A AGGTICA ACGA GGAG GGETCA A AGSTCA TGGG
TCTG AGGTCA A AGGTCA CTAG GTTA RGGTCA A AGGTCA CCA
TCAA AGGTCA A AGGTCA AGAG CGGG AGGTCA A AGGTCA TAGA
TCGT AGGTGA LA AGGTCA CCAA AGGTCR A AGGTCA AAGG
CARA AGGTCA A AGGTCA AARGT GGTG AGITICA A AGGTICA
AGTG GGGTCA A AGGTCA CAGA G GGGTCA A AGGTCA TGGG
06 GGETCA A AGGTCA ACCT TAG SEETCA A AGGTCA CGLT
COARG GGGTCA A AGGTCA ACCC TAAG GGGTCA A GGGTCA
G GGGTCA A AGGTICA C ACGG GGGTCA A AGGICA CCGA
GARA AGGTCA A AGGYICA CTAG GGGICA A AGGTCA
AGGTCA A AGTTCA TALT PG GGGTCA A AGGTCA TCTA
CGAG GGGTCA A AGGTGA GGAG GGEGTCA A AGGTCA
GGTG GOGTCA A AGGTICA TGLG ACAG AGGTCA A AGGTCA CC
TOAR AGCTCA A AGGTCA ACCA CATG GGGTCA A AGGTEA T6
CTRG GGGTCA A AGGTCA CCGG ACGC GGSTCA A AGGTCA AA
GOTG GGOTCA A AGGTCA ACTG TGTG GGATCA A AGGTECA CACG
AATE GGOTOA A AGGTCG CGOG AGDG GGETCA A AGGTCA ACTT
TTGG RGGTCA A AGGTICA TAGT G AGGTCA A AGGICA TCCU
AACG AGGTCA A AGGTCA AATA ACGG GGGTCA A AGGTCA
GCAR AGGTCA A AGOTCA TCGG CCAA AGGTCA A AGGTCA TGO
ACAG AGGTCH A AGGETCA TTCA ¢ GGETCA A AGGTCA AGTG
TGAA AGGTGA A AGGICA GTGA AGGTCA A AGGTCA CGIC
B) Pal3 motif
AACT AGGTCA TGG TGACCC ACTT TAGT AGGTCA GCG
ATTT GEGTCA CTG TGACCT ACT TAT AGGTCOA CGG
ACT GGCGTCA CGA TGACCT AGTT ATGT GGGTCA CGG
AACT AGGTCA TGGE TGACCC ARTTT BRAGT AGGTCA CAG
AACT AGGTCA TCG TGACCC AGT BART GGGTCA CCA
CAGT AGGTCA CGG TTACCT ACTT BRACT AGGTCA TGG
AGT RAGGGCA CTG TGACCT ACTT ATGT AGGTAR CAG
ATAT AGGTCA GAG TGALCC AGTT AATT GGGTCA CAC
AGT AGGGCA CTG TGACCT ACTT RAGA AGGTGA CGT
CAGC AGCTGEA ATC TALCCCT T CAGT AGGTCA AAG
AARGT AGGGCA CCA TGACCC AARAT AACT GGGTCA CTC
AAGT AGGTGA GTG TGACCC AATT AACT AGGTCA CCG
ARGT GGGTGA ACG TCACCT ACTT " ATGT AGGTCA ACG
TAGT AGGTCA CGT TCACCT ACAT T AGGTCA CAT

TATA
CCCR
TGRG
RARG

ATAG
TTAG
GCTT

CATA

CTTG

CCAC

ATEG

TCGE
GGGT
ATAG
TTTG
GGAG
TTCE
T&GTA

AGGTCA
AGGETCA
GGGTCA
AGGTCA
GGGTCA
GGETCA
GGGETCR
GGGTCA
GGATCA
AGETCA
GGGTCA
GGGTCh
GGGTCA
AGGTCA
GGGTCA
GGGTCA
AGGTCA
AGGETCA
AGGTCA
GGGTCA
GGGTCA

GGGTCA

GGGTCA
GGGTCA

TGACCT CART
TGACCC AGTR
TCACCC AGAT
TGCCCT ACT

TGACCT AGTT.

TGCCCC ACTT
TGGCCT ACTT
TCACCT ACTT
TCACCC ACTT
TCRACCT ACAT
TGACCT ATAT
TGACCC TAGT
TAACCT ACTA
TGACCT ACAT

M3, #O0—=2 LADNARSIEERNOT 54 X b

®l. SUvFLELOILU g EICLVEBEENE

[

FVIARSUVFIFROI TR

Receptors Types selected
PPARy/RXRa DR1  Pal3  other motifs

30ng/30ng 72 0 0

30ng/ 1ng 6 28 25

B e N D B Dl B N b b M N

RAGGTCA
AGGETCA
AGGTCA
RGGTCA
BGGTCA
AGGTCA
RGGTCAR
RGGTICAR
AGGTCA
RGGTCA
AGGTCA
AGGTCA
AGGTCA
AGGTCA
AGGTCA
AGGTCG
AGGTTA
AGGTCA
RAGGTCA
AGGICA
AGGTCA
AGGTCA
AGGTTA
AGGTCA

x£2 AR HYRARTIORE

DR1 motif

Pal3 motif

—_——
consensus: GGGTCA A AGGTCA,

A

- .
consensus. AGGTCA CNG TCACCT
—a—

cC
TGCA
TAAG
cc
TGLG
TCTT
TGA

CACA
CATA

AGTT
[+

ACAA
GATT
ICIT

ICTA
CGAT
ARTT
TCAG
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Study on the effect of the endocrine disrupting chemicals on adipocyte
differentiation through peraxisome proliferator-activated receptor ¥ (PPARY)

Masayoshi Imagawa
Department of Microbial Chemistry, Faculty of Pharmaceutical Sciences,

Nagaya City University
Professor

Key Word: nuclear receptor, peroxisome proliferator-activated receptor v,
adipocyte differentiation, DNA-binding specificity

Abstract:

The peroxisome proliferator-activated receptor y (PPARYy) is a member of the
steroid/thyroid nuclear receptor superfamily of ligand-activated transcription
factor. PPARy forms heterodimer with the retinoid X receptor o (RXRa}. By
using the method of polymerase chain reaction-mediated random site
selection, the DNA sequence preferences for PPARy binding were examined.
Interestingly, we have demonstrated that PPARy has dual DNA-binding
- specificity; binding to both direct repeat of two hexanucleotides spaced by one
nucleotide (DR1) motif and palindrome with three bases spacers (Pal3) motif.

Pal3 sequence is a target sequence of estrogen receptor. Therefore, it seems

that the DNA-binding specificity of PPARy could be altered by the heterodimer
formation with RXRa and in some cases PPARy binds to estrogen receptor

binding site and influences estrogen function.

We transformed PPARy to mouse NIH-3T3 cells, which does not
differentiated to adipocyte, and established the stable transformant which
constitutively expresses PPARy. This .transformant differentiates to adipocyte
in the existence of the ligand such as BRL49653. Using this transformant, the -
effect of endocrine disrupting chemicals on adipocyle differentiation was
determined, and the differences of patterns of expressing protein were also

studied by two-dimensional gel electrophoresis.
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Investigalion of early elflccl markers on reproduction and developmental
toxicitv in rats cxposced fo styrene.

Kishi R., Sata F., Katakura Y., Umcmura T., Kurahashi N.
Depariment of public hcalth Hokkaido universii{y school of medicine

Kev word: stvrene, LI, PR, prenatal, sex difference, developmental
eflecis, CYP P4hOIICI1/6, CYP P4501IEl

Abstract:

1t is reported that styrene exposure increased the level of prolactin,
while also reported that stvrene exposure had no effects on the level of
prolactin, the effects of styrene expostre to endocrine system ig still
obscure. Therefore, we investigated that how styrene exposure affect on -
various hormone {pralactin, leuteinizing hormone, growth hormone and
thyroid stimulating hormone} levels of Wistar rats. '

Sex, age and pregnancy induced changes in the metabolism of styrene in
rat liver were investigated in relation to the regulation of cytochrome
P450TICT] and P450TIE] content using monoclonal antibodies. Immature male
rats had a higher level of microsomal protein than females, and this
increased with development, No differences by sex was found at 18 weeks,
No differences in cytochrome P450 content was seen between immature male
and female rais. Pregnancy decreased the meiabolism of styrenc.
Monoclonal antibody-dirceted analysis showed that the level of P45011E]
decreased in late pregnant rat, than in no pregnant rat. P430IIC11/6
increasced dramatically with development in male rats and only slighily
in femaie rats, so that much higher levels were [ound in adull males than
in adul{ Iemales.
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(n=8, FHET—4)

PRL ~LH GH TSH
HR SRR T ) =L =721
(1) (p <0.05) (p <0.05
HFRER  #ERL () ) =L
(#2) (p <0.01) (p <0.01)
HTHREGHE =L T =L !
(i) {p <0.01) (p <0.01)
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Microsomal protein  Cytochrom P450
Age Sex {mg/ g liver) {(nmol/ mg protein)
21st Male 25.2 + 3.0* 0.597 + 0.022
day Female | 18.4 £ 15 0.600 % 0.023
Adult |Male 30.7 £ 1.8 0.739 % 0.073**
[18%] |Femal 28.4 + 3.4 ~ 0.584 + 0.046

%3 ISUY_LEERLTF b oo b PAS0 ROBAE

Male | _ Female
Microsomal cytochrom P450 Microsomal cytochrom P450
protein _ protein
Age . | [mg/g liver] [nmocl/mg protein] ng/g liver]_m___h (nmol/mg proteinl
Newborn NI ND 17,96 £ 1.9 . 0,094k 0,01
21st day| 25.21+3.0 0.597+0. 022 . 18.4 £ 1.5 0.60 = 0,023
Adult 30.7+1.8%  0,739x0,073* 28.4 + 3.4%* (.584%+ 0, 046**
[18w]
ND: Not determined
¥ p<0. 056 * 3%k : p<0.01
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gestation Microsomal protein Cytochrom P450
period (mg/ g liver) (nmol/ mg protein)
Non—p‘reglnant 84 % 3.4 0.584 * 0,046
10th day 28.2 *+ 1.9 0.592 + (.045
2151‘.- day 26, 3 Ii 1.8 0.489 + 0.018**
% %! p<0. 01

®H AFVCVEBRARBEEOEE, BFE. ERICI IR

styrene glycol

Male, 3 w 50.7 X 6.6
Male, 18w 92.56 = 7.1°
Female, 3 w 41,5 = 3.4
Female, 18w 38.2 = 3.8
Pregnant (10 d) 29,0 + 8.2
Pregnant (21 d) 22,1 = 4.9

(nmol/ g liver/ min)
a. p<0.01, signifiecantly different from 18Weeks of female group
and 3weeks of male group

b: p<0,05, significantly different from non—pregnant group
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Hy-Hel Anti-P4501I1E1 Anti-P4501IC11/6

Male, 3 w 1. 70{100) 0. 45 (40) 1. 53(91)
Male, 18w 5. 53(100) 1. 89(87) 1. 35(25)
Female, 3 w 1. 58 (100) 0. 34 (34) 1. 38(88)
Female, 18w 1. 44{100) 0. 28 (44) 0. 88 (56)
Pregnant 1. 36 {100) 0.36(71) 1. 01(74)
(day 10) :

Pregnant 1, 05{100) 0. 26 (90) 0. 81(77)

{(day 21)

(nmol/mg protein/ min)

(J: mean of percentage of remaining activity expressed as activity
MAbs/activity with Hy-Hel X 100
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Effect of environmental endocrine disruptors and other environmental pollutants on wild animals and its

evaluation
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Chlorinated hydrocarbon (CHCs) levels in the blubber of Larga seals and Ribbon seals collected from the
coastal watcrs of Hokkaido, Japan were determined in order to assess the hormonal effects of CHC
exposure in free-ranging pinnipeds, Plasma thyroid hormone levels, including total thyroxine {T4), free
T4, total triiodothyronine (T3), and free T3 were also measured. Spearman rank correlation analyses
showed that in Larga seals, plasma total T3 and free T3 levels negatively correlated with levels of all the
CHCs analyied, although there was no such correlation between total or free T4 levels and CHC
concentrations. In Ribbon scals, total T3 levels significantly decreased with an increase of di-ortho PCB
(PCB170 and 180) residues. These findings indicated that the plasma T3 deficiency could be associated
with some CHC exposure in Larga and Ribbon seals, and that the responses of plasma thyroid hormones
may be useful biomarkers for CHC expasure in Ribbon seals,

Stellar’s sea eagle and White-tailed sea cagles are suspected to be endangered, We aim to determine the
levels of CHCs in the breast muscle of these eagles migrating to Hokkaido, Japan, and to cvaluate the
ecotoxicological risk base on the obtained data. PCBs and DDTs were the most commonly found
| compounds, with concentrations 1-2 orders of magnitude higher than the other compounds; i.e., from 0,12

to 38 and from 0.068 to 15 mg / g wet wt., respectively. The residual PCBs were found to change their



compositions with growth stage. It is striking that rclatively higher levels of lower chlorinated PCBs
were observed in the juvenile than in mature spccimcps.

Dioxin-containing wastc had been released into the IIikiji River from EBARA Co. in Fujisawa for seven
and one-half years from November 1992 to March 2000, The released dioxins during this period
amounted to 3.0 g-TEQ., We _invcs_tigatcd alterations in cytochrome F450 cnzymatic acti\fities in the
hepatopancreas of carp caught upstream and downstream from the site of dioxin release in the Hikiji
River. The significantly high levels of P450 contents, dependent activity anﬂ CYP1A isozyme contents
were observed in the female carp caught at poliuted site. Furthermore, plasma estrogen levels negatively
correlated with levels of CYP1A contents and dependent activity. These results indicate that the Hikiji
River dioxin accident affected xenobiotic-metabo]jzing'activities in commaon carp with apparent sigﬁ of
alteration in reproductive systems.

We have also determined the metabolism of xenobiotics and steroid hormones in the liver of
Clethriononys rufocanus, which is one of the wild voles. We corrected Clethriononys rufocanus from
sites as follows; Nakagawa, where is a rural area, mountain villages; Rankoshi, where is an agricultural
area; Ishikari, where is a suburban agricultural arca; and Sapporo, where is an industrial, agricultural,
domestic, urban areas. We examined the P450-dependent enzyme activitics in liver microsomes of wild
voles, corrected in 1996 and 2001, using aminopyrine, imipramine, ethoxyresorufin and testosterone as
subsirates, The P450 dependent enzyme activitics of wild voies corrected from Sappora and Ishikari in
1996 were higher than those of Nakagawa vole. However, in animals corrected in 2000, the vole from
Nakagawa has a high ability of testosterone metabolism. Although both of Rankoshi and Ishikari were
agricultural area, the activitics of testosterone hydroxylation in Ishikari vole were higher than those of
vole from Rankoshi area. We have examined and reported that organoclorinated pesticides polluted the
Ishikari area. From the results of present study, it has been suggested that the P450 enzyme activities in

wild voles arc altered depend on the levels of pollution in habitat environment.
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Table 2. Age, body length, blubber chlorinated hydrocarbon levels (ngfg wet weight) and plasma
thyroid hormone levels in Larga and ribbon seals. n.a.; data not available , Figures represent
mean=SD.

Species Larpa seal Ribbon seal
Sex Male Temale ~ Male Female
n 0 0 3 9
Age (y1) n.a. n.a. 3.7+:0.58 6.7£3.5
n 2 2 3 9
Body length (cm)96, 145 100, 147 12747.5 139+15
n 2 2 1 {]
PCB77 0.11, 0.50 0.066,0.11 0.16 0.11+0.027
PCB126 0.20, 0.55 0.15, 0.18 0.25 0.12+0.073
<0.021, <(.021,
PCR169 <0.021 <(.021 <0.021 <(.021
PCB105 25, 58 8.8, 19 8.2 10+£5.3
PCB118 52, 140 23, 45 31 42+21
PCB156 13, 18 3.1, 6.2 3.3 5.9+3.2
PCB170 18, 24 4.9, 9.1 5.9 13+5.7
PCB180 43, 83 19, 29 17 4020
Total PCB 2400, 2600 500, 1100 650 885+435
TEQ 0.034, 0.084 0.020, 0.028 0.031 0.021+0.011
HCB 28, 37 14, 15 19 19+4.8
alpha-HCH 67, 190 3.2, 81 29 43+£15
beta-HCH 160, 420 25, 130 2.1 53+9.3
gamma-HCH 3.9, 8.8 0.65, 4.5 <10 2.5+1.8
oxychlordane 250, 370 38, 17(} 9.6 5HE23
trans-chlordane <1.0, 7.1 <1.0, 2.1 <1.0 29435
cis<chlordane 7.0, 11 4.6, 4.8 <1.0 23+0.3
trans-nonachlor 210, 460 76, 100 140 225x56
cisnonachlor 13, 34 49 7.3 2.5 34+£3.4
ppDDE 960, 2300 270, 690 460 5804133
p,2-DDD 15, 72 11, 21 43 31+7.1
p.p-DDT 164, 200 60, 130 92 122422
Fat (%) 75, 87 92, 93 88 92+1.4
n "2 2 3 10
Total T3 (ng/mk) 0.59, 0.64 0.83, 0.87 0.31+0.080  0.2420.099
Free T3 (pg/ml) 1.5, 1.8 1.7, 1.8 n.a. IR
Total T4 (ng/ml) 6.3, 7.3 4.8, 10 1917 16+7.7
Free T4 (pe/ml) 2.9, 4.3 3.0, 5.1 n.a. n.a.
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Table 3. Spearman rank corrclation analyses between plasma thyroid harmone levels and blubber
chlorinated hydrocarbon levels (on a fat-weight basis) or age in Larga and ribbon seals.

Total Free Total Free
Sample T3 T3 T4 T4
¥, pvalue r, pvalue »r, pvalue r, pvalue
Larga seal PCB77 -0.80 017 -0.80 017 040 D.49 <001 =099
PCB126 -0.80 0.17 -080 017 0.40 0.49 <0.01 >0.99
PCB106 .80 017 -0.80 0.17 0.40 049 =0.01 =0.99
PCB118 -0.80 017 -080 0.17 0.40 049 <0.01 =099
PCB156 -0.80 017 -080 017 040 049 <0.01 =0.99
PCBR170 1.0 008 060 030 020 073 -0.40 (.49
PCB180 1.0 008 060 030 020 073 -040 0.49
TEQ 0.80 017 080 017 040 0.49 <0.01 >0.99
HCB -1.0 08 060 030 0.20 073 -040 049
beta-HCH -0.80 017 -0.80 017 040 049 <01 =099

oxychlordanc -0.80 0.17 -0.80 017 040 (0.49 <0.01 =0.99
trans-nonachlor -1.0 0.08 -060 (.30 (.20 .73 -0D.4D0 (.49

pptDDE 080 017 -080 017 040 (049 <001 =099
Age - - - - - - -

Ribbon seal PCB77 029 051 - - -046 030 -
PCB126 -0.09  0.84 - - -0.12  0.80 -
PCB105 0.74  0.10 - - 0.06 0.90 -
PCB118 -0.65 _0.15 . - 0.12 0.80 -
PCB156 -0.85 0.06 - - 0.06 0.90

“PCB170 -0.88* 0.04 - - <0.01 =0.99 -
PCB180 -0.88* 0.04 - - <0.01 =>0.99
TEQ -0.21  0.64 - - -0.28 060 . -
HCB -0.21 061 - - -0.31 0.45 -
beta-HCH 0.06 0.89 - - 0.67 0.10
oxychlordane -0.77  0.06 - - -0.02  0.96 -
trans-nonachlar  -0.23  0.58 - - 0.11  0.79 -
p.p-DDE 0.23 0.58 - - -0.09  0.82 - -
Age 046 013 - - 005 087 -

Figureé;‘é]-)resent Spearman coefficient (rg). *rs significant at p < 0.05,



Table 4. Concentration {ng/g wet wt.) and 2,3,7,8-TCDD toxic equivalents (I'EQs) of coplanar PCBs
(pg/g wet wt.) in breast muscles

______ <non-orth coplaner> =mong-orth coplaner>
Sample PCBs 77 126 icg 105 118 166  TEQ(WHO)

HP1 120 0.090 0.042 0.040 a7 7.7 0.67 9.2
HP2 30000 16 3.3 1.4 800 2400 360 650
HP3 39000 1.7 4.7 1 1100 34300 390 740
HP4 11000 1.6 26 0.71 280 T80 90 390
HA1 23000 2.0 2.6 14 500 1900 330 460
HA2 1900 0.57 0.38 0.17 47 140 11 74

Table 5. Concentrations of organochlorine pesticides in breast muscles of steller's sea cagles and
White-tailed sea eagles (ng/g wet wt.)

Fat pp* ppt ppt
Sample (%) DDT DDD DDE DDTs = b HCMs ¢ch cch ¢nonacnona oxy CHLs HCB

HP1 43 1.2 10 57 88 ND 25 25 09 35 86 1.7~ 16 16 6.1
orz 1.1 23 440 14000 15000 1.6 G40 640 19 68 2800 270 910 4100 400
HP3 2.7 23 350 15000 15000 1.3 530 548 17 63 3000 240 820 4200 95
HP4 081 29 310 5200 5500 06 310 310 40 40 750 89 400 1300 47
- HA1 76 400 560 10000 11000 ND 320 320 4.6 28 560 110 350 1000 170
HA2 23 86 110 1200 1300 0.1 33 33 4.2 36 200 32 47 320 o6
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1% 21-23 HEH® 3 A/, 16:00-17:00 $EIT
BEREORESL= BALMR 1,23,46,7-HxCN
o/ FoACBBRBINTHEAOT, BRI
BROn-/FTHFE1kgdHRD 1H001ml
FLEE>09%, RHLE) 20— 41 i L
TREAR S L,

REAHEE, AHERE 18, RIE L kg B D
OHEERT 006 p0g. 05ug. Bug @
1,2,3,4,6,7-HxCN 58 38 fF=aElL .
1,2,3,4,6,7-HxCN O 5 EIIFAE 1 ke H7/2 D
051g ZHIERSREELT, £O@MAIICST
WTHRDD 2HEZRELZODOTH S,

FIERGBERAE 1 kg B 05ug &L
OERBLLTORIREBAHTH S,

(1) FEEEOMR T, FIRT v MCHE 1 ke
B0 1pee®1,2,3,4,6,7-HxCN % 3 R [k
THRELEEE, BALEBROFZ v b TOER
D 1,2,3,4,6,7-HxCN OFERELL 9.78 ppb

(=9.78ugkg) TH= [4] .

(2) 7w bIBLTERIZLHD S RIOHIER
MIFTIL 3-6% & XINTNBHT M5 [24-
27]. BEHEERDAZ T v M TORIENEEY
@ 1,2,3,46,7-HxCN BIdEE 1 ke 720
0.29-059u¢g &7 5, '

@) EEOWMENS, BUMIZHREL &
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1,2,3,4,6,7-HxCN O 30-50% 2315 ARk
TLHEVWSZENphoTnS, 2D,
1 kg H7D 0.58-1.96 g @ 1,2,3,4,6,7-HxCN
2T, iR oRsHE OREIQ)
DEFEHEICEZEEZ SN D,

(4) XEETi31,2,3,4,6,7-HxCN 3 3 Bz
FTRST207T, 1EHADORSRIIAE
1 kg B2 0.19-065ng 720, TOVEIE
FiziFosug GEMEIZIZ0420g) THD,
G Lo T BRAECT Y MIEHE 1 kg H2
D 05ug @ 1.23.4,67-HxCN % 3 AR T
ZOfgS3hiE, 2ORNAERRBRERERS v -
B 1 ke 50 1ue @ 1,2.3,46,7-HxCN
% 3 HlEg Ct e LB OBALBERD{r o
v EOERREHRIZIFEZELLWEEZ SRS,

3. BN

() FAZ7v b~

DR RH
HEIEERITEE 1 ERELE 25y
~ OB FEE I prepuital separation TaEM L
/. prepuital separation 344 35 H BEIRE
At E T, O TRBRUT TRAT
OEEERRERLE,
A R

Fv bidERE 62 HEICREN AL >TL
RIS, £ 62 HBEAERRME LD
. ETFEOHET 1,2,3,4,6,7-HxCN ~Di§

FH-RLMERIC I A THAEBBBRHOR
W ORI s~ B FHERE OB T

BOMS AR TESEE
HIZ, DI —DORETHIMETANRAT O
VIREQHLNE R R IREES R OB
FHED) bRBEBN TS THED, &
RIEOERICB AR SR 2 mE@h s i
HEOHEL., -B0CTCRELRE, £k, &K
DEBICHE, BEE, giriREsE BaEthn
BRL., StELZ. £BROFMEEHE 2L FIOTR
T,

- R, BB, ANTREDE, REOER
- T ORE - EREE (BRSE TS RS
Bl - MR LAREE 7 BT EDR, &Y
IR

ﬁ%@f@ﬂﬁ#%%k

- T ARATFOY c IF RO BE

(2) AATw k-

DEZ
FE-EEBRER 1 ERELE. AZT v
N OPER FEE ISR O AR L . BRI 134
% 30 BB RT Y, TORTRRAS
FUETHE TORELRBL, /- 45
HREDRE S L THEHIEFEMmL 2. £8 70
A OLABE® 3 i3 72 - T ai s O R Uk
WA AT OMgE TV, REWH. BB
A, R, REREOWTHICE R T 50
okt T A DY Ao
)R

Zw M3ER 91 HHEAREOFHNHIIREE N
Tz k- TRFEHE B, BEFORITIIF R
Z o b EERRICERM AL, PR & R R
L, R EL 7. EREOMIETEL, FICmT,
B, TEER _

« B & = Q¥R AR AR

G 178-LX VA=) - dFFRDOE
RE,

4ﬁﬁ$m%ﬁ

mFTZblrnxﬁﬁiEﬂﬁmem
SHWBERDGEEZ R LD T, SBCE BT/
Fric A Vaje, ZOMOGEAGTIE || T i3 #lr i %
FricHini, Bt E BT ANOVA +
Fisher's PLSD TREL . R 5% THEE
BHE L=,

(R BRI~ DAL
OERIX. AWWARRESFTSYEREEE
AZOHEEEZV, ThINKEERIRICB TS
BHEFICETHES . (BEoRERLU
BT BEE] QLEE 106 5) BEUTE
BEBOMABH I REICET S (R
RS 6T MM E IV TIThNE.

C. R

1. AZw b

(1) <=M, #¥fH&E. prepuital separation
FZICEHBERTOF A7 v FORERM,

EHE B LT prepuital separation D5 THF

o TREREET. 1,2,3,4,6,7-HxCN ~OD
REALT2ME M - X AR MINCEERICET S
HEEIASNT, £, ERBRTOHEETHD

prepuital separation HEEEZ Mo .
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(2) £#%R (£ 62 HH) D4 - A+ 7E3R

HE

FE2l B2 ORICERL-BETORE,
LR, AR, MEERETRY. BT
M-S OB TIIEE L&, gz RIGIE, 3
EEEN 1,2,3,4,6,7-HxCN B THES or
FMEEESTE o> TN (EEEOY
%) . BiFLERE TR RESES NS TO
123486 7-HxCN 85 TEL Lo T ({

MEHY) .

(3) Wb (£ 62 MNHE) ORFHEITREEE
MilEEk, MELEETE TR, EE8TH
HE, BT EHR

X3k H 62 HBIZAER L B COIGR

KRR EARE . R EAESE TR B

HRETHER, FrEsRe R, A8

FAOWER TIL 1,2,3,4,6,7-HxCN FETHIE Lk

RO O 2 550 E F TR

L7 (MEEOWT  BILEROER TN

TND 1,2.3,46,7-HxCN #5HTHER A

BHEOBTEROEMIEZD Sk, Fi.

FOMOETREBIEEDWTHIR 5B
L OEERRDEM K, B, B IrRAeRE
BE SR OBE T THLI=Dh, EEET
BTG WEETHEL -,

(4) R (E# 62 AL OIMFFAPAFTO
o dFrRrREVBRE
B 1 62 OO AER LR ComiE

FARZAZTOL, LH. FSH AFE %259, 25,

FAFATFR I DWTHHBLEEEICL S
Tl %217 - 7. BRFIR-RALAOERE TIX.
. 1,2,3,4,6,7-HxCN ¥ 5¥HomiEF A AT
RERHBMON 2 BIFTERLTLE
(720, AEREBREIC L DRETHERRET
Wadraiz) 8 FEREOHY « BILBOR
BTH2T® 1,234,67-HxCN {&5-8 Tl
TAFZAT R BEYHBED 2-3BICETE
BLTHED., SEEREIC I 2 e Tl iR
EORICERRBRENZEDSN ., -4, MiFd
FRrOEVBEICODWLBTIEREBESHEIZLD
gy Iho T, '

5y FE (5% 62 HB) OFROREHERT
i N o

TR OREOBS (FEEH QIR
EFRUL., ABOBBIZLL-TY
1,2,3,4,6,7-HxCN # TH B ORBEHA S04
{EREHS MRS oMo,

2 AZRTIw b

(1) fEE®N., MER, EHO

X ATBBHHMMO A 2 5w HOEEBD,
BHRBI OB O TR - R THEES
75 1,2,3,4,6,7-HxCN ~ DR RBRBRIZ LD
HWERNCPEREARCHTIZ2EBREASTT. £
Io, HRRETOEE THIBHOSER%ZT
o,

(2) HEHMOES BIURAKE

#6573 AROERBOFMmEMP T, -
FHoEsoEHES I EUNZEE RO
Bl aERd, EHEOREX121,2,3,4,6,7-HxCN
5up 5B CHEMEALR S H, £, AT
ERROESE 1,2,3,4,6,7HxCN QRSB
IZEAR LT3 B AN R S A, BER
B eiamho k.,

(3) LEFF (4% 91 HBLIMROFKEFEED OUf
B.-FEFHEE

Z 6 ICEH I BULIKROFEFERIZICERL

FRATOMRERBLUTELZRAZRY,

THORBBERIZDOWTS, 1,2,3,4,6,7-HxCN

RECKAEEERDRMo T,

(4 ££H (£t 91 B HLRE QIR O
¥ - FEOBEHSTHEL
AU DWW TR ALNEF TH B,

(5) £ CE# 91 H BLROFER) O
178-L2A W33 —)y - IJFRF O
W

# T4 01 DB EORIGEHICARL &

BATCOMmME 178-TA 24— N, LH.

FSH #BEZ7R9. 1,2,3,4,6,7-HxCN 3425

w FOMBEFAPATOVBEICIZEES

Eld. AZXFy FOME 178-TA I IS

— TR EEE I o, T, WIho

TF RO OmERESIREHEOEE

Bt aha 2,



D. &8 '
MEEEOME T, HRI v PN L THIE
14-16 HED 3 HMIzh/z> THE 1 kg H/2 D
1reg ™ 1,2,3,4,67-HxCN 28 0% GT2 &
T, HERBETOH T w TR O, &
SIEHEMFrZ v P TIEIBROFMENCILY
FDBRLEBEOEAFE TR LN 4] |
Zh# 1,2,3,4,6,7-HxCN ~DREF -3 AT
BiCEH>TFRTw b THEHTRENPAREEN
REftLAEb OEBHELE, £k,
1,2,3,4,6,7-HxCN Z2#5INE875 v DIk
B 1,2,3,4,6,7-HxCN OBEIXERL =
FOTF—F LU T 5-10 ERBREODETHD
[4] . ZOEBRTORBRFEIREOLFOR
BIRMILWEOEEZ SN, UL, WBE
EOWFETIE. () 1,2,3,4,6,7-HxCN ~DHf
- AR E IC X D8, AMIChRFH-
BRI EsO2On? G
PIREORETHDLIREERWOND) | (@
1,2,3,4,6,7-HxCN id. IO D WRERTHE
WAS[ERITH?, (3 1,2,3,4,6,7-HxCN i
AZ O WNFET - EiBkIc pEES L Z
BEDZIM?, D ZTEMABHSMCEI NN
FETHok, TITC, KEFOAFETHEHAL
A AZAOWAENMEBEEILT. HHOBRSEE
RELT 1,2,3,4,6,7-HxCN OHFEBELR
ATV MR E O - SR RO $
SR L=, OSSR, ERRORREICHL TE
DEIBRBENFONTEOTEAIMN?

1.1,2,3.4,6,7-HxCN ~ O 7 {5l ing e i
L AREIL, ALY BT EiRE
ZENELOAON? (BHAMLIGEORE
TH LU WDRT)

MEEDORTH-RILTRERR THOONE

1,2,3,4,6,7-HxCN OE&IIXKE 20T

S/, ThbBE. (D) MEBRETOFZ e BT

feTE OB E Ok T34 iR o

L2 rmB ISR, @) WFETFARATI B

B FRLRASR4EMEBEERECE NS W B

BIVEDEEE (B U<« 31D ~O®

BLrEILAR, Thd. ZEEOBLER

BBRRBRTIIER 62 BAICEBRFEL 7=, BE

EEORF - FHILNHBREERTIIZORALAT

1,2,3,4,6,7-HxCN BOHER FEBOBTH

MEI2 ML, £, OEFAMNATOVE
2B A& EBICAIRBERESEED
ERLAFIZENLTWE, ZZHL T &
CHOBILBEBERR TR, WTho
1,2,3,4,6,7-HxCN 58 THHE FABH O

HTRECEMBE-OMACEERRD AN 2

(#3) . DD, 1,2.3.4.6,7-HxCN BB
T 54HE 62 BEECHATORE LEES
O TFROBING, B R EsiRc X
NAEHRCERTE2HDTHD I ENHERS
NenTHb. ZhiE, EEEOMRTONER
REDF Sy b TOBETRONIER E %,
1,2,3,4,6,7-HxCN IT X SR TR AR FhFH
SRR Z AT oo 2 kiziz k-
THER SN DTHBELLERLDHE
M A BT 3EHEDTH-T-. —F. DEEOH
HEBRBERTH 1,2,3,4,6,7-HxCN 58T
RmErA AT REO R (J 1) R
vHIRIEREER OGN (R 2) Hadshk., 7
AMATFOLZEART D Leydig M3
%ﬁﬂﬁﬁﬁ?ﬂ<>%ﬁﬁ%bﬁ6<®ﬁm
Sertoli M2 % LT FSH DEETIZEH D,
Leydig il LH X9 2 bt % e T
LLEZSRNTHD [28] BTFERMEZEIERL
FEEFLATER D T o h (4E18 20-30 BEH) iZ FSH
5T 5 & Leydipg M2 O TH ZHEEOHN
HMinL., LHWEICEZDTARATOE4EE
MM T A2CR DA LEZLNTVNDS
[29-34]. MEEOERTIHAEHE 31 HAT

1,2,3,4,6,7-HxCN #£@® 5 v + O ifis FSH BE

1% 50% ER L THBEO. BRI -SRI
E2E2METACZTOVBED ER (BLUE
DFERELUTORIEMBERORIN &, 20
HIBED FSH Itk » Tl ER I N0
LhinhwEBA T (HREMEH 0
artifact 706 LN EBEZ TV, FE
EORRTHAMINOT artifact SidE X
it W . B EEEORR TR, AR 3
EHOKATOME FSH O &K & &
12346 7HxCN i2E-oTId+EFBE D
SEERANEE - FONEETH D, B
%2 12346 7HCN PE-THIERIZN
ERETRAEVEEAT WS, LML, K&
DEET 1,2,3,4,6,7-HxCN ~ OB ZREIZ
o TEMBEFALATOVBED LAARE

08—



HHNEI &G, EEEOERTOMFETA F
AFax@EEo LRt R o204
WHRBEENRESFC EN—RATHo T
HEHEESET SO TN, Pl &b

1,2,3,4,6,7-IxCN ZHEF&IC 3 HHERSLE
BEEPALLLAEEOREN, E 1 ke
B0 01ugd1,23.4.67-HxCN 2T v
FPEIHAMESLAEBETHREDSNSDTH

FEOBMTOHmD D BEEIBIEEL <

BuhtEZHNE, KE1 kgH20 0.11g

BWILERTEOTH, BARBRD
1,2,3,4,6,7-HxCN BRBFEIZL->TMETF A A
FoORENERLFERE UTHE. FHWER
FSH &L, Leydig MIlBOF A F AF 12
CYELREERDATRESELZ SN (LH
A L2, MTREDERTILE LH BE
MEBLELEBBMEFA X710 OS5 E
PEMUI=Z NS HTER) . FANEN Leydig
MR ESRRIICEEEALTTFARATFO Y

ELAZELZEERELSBL5NE., LL,

1,2,3,4,6,7-HxCN ~OEEFLEERIC & 20
FARAT DV REO LROFEREICDNTIE.
BERRATIRAATES 5.

2.1,2,34,6,7-HxCN {2, £ 072058 TH

HEETERE TN

VESEEE DRSS TR, IRIREIRTPIC 3 H kR
THIE 1 ke H720 1ng @ 1,2,3,4,6,7-HxCN
OO Z2ZTERS v O, T2 REEEL
BEOEHRORSHEOFLBBREL 575
ppb TH >/ {d] . INETHREDH D
1,2,3,4.6,7-HxCN O O OBRET 05
ppb FIETH O {6, 7] . FEEEREDEE TOBREE
EHETHREOE FOBERRICGENERWA,
TOANBREEHIrEDEVLOTH-
e H. SEEOERTIIFE 1 ke HD
0.064g1,23,4,6,7-HxCN Z=BHBICS R~
BETH, MRS BOEINE - g
FALZTOVBED FREZADK HE 1 ke
#H=D 0.05e (= 50 ng) VD DL, Gray
54 2,3,7,8-TCDD OJaFIH- 127 IURREE T
THEBMVEROERER [22] SRACEDTH
RWRERTHD. £, B. BEHETRL
&, BFLERO 3 B, £E 1 kg Hir
N 050g % 1,2,3,4,67-HxCN &5 L85
& BEEES M3 FREL B L ke BD 1
g @ 1,2,3,4,6,7-HxCN 25 LEBR LT
MIEROBEESTOEHY O 1,2,3,46,7-
CHxCN BEEEWEWSEL D60 EHE
CENE, DFED, FE L kg B0 0050g D

ENIDIRMFEEOERTOREELIV S -
HEWETH Do EhE, JOREDFSFv b
HALEBROB T POEBPDO 1,23.46,7-
HxCN BERBE FTHREZNTHSHRELHE
BEOMICRD ZENHEEIND, SHEODS
12k 9. 1,2,3,4,6,7-HxCN FIRED & ~ OIREE
FREFAREOCAMETS v O EMBAEIT
AN X ATREMEARENT, EEA B,

3.1,2,3,4,6,7-HxCN I3 A A B O R FH - 4
 FAMREIT b EEBAE B 5EAOMY
SOOI TIE. AR T v POBRREAD

HEELBERAOT, £HAEREOEEEHBR~

OEE, TRBEOCERD S UEERME L

. 178-ZTA P4 -NBLUVITFRID

oo iR TTREML . AR OB

BRI DWW TS FTH 20 1

PAOCHTHLOEMEELCLHTL TH

1,2,3,4,6,7HxCN BEIC L HBEEE DA

2. DED, 12,346 7-HxCN @ v b 45l

BRNDEEITIIMH E NS S REE A4S E

OFFEMS IR ENE, 2K, BRATRA

A TORFORECR FESROKFFREIIC

M43 5, GRE2OD S LHEIREUIC D LT O

M5 LTk, 2,3,7,8-TCDD TiiA A8

MO INLORECNTAEENBEENT

B9 135, 36] . 1,2,3,46,T-HxCNIZDWTH
REFEATVBREIATHD.

E. #E/i
1,2,3,4,6,7-HxCN ~ OB FLBREER % 1T

W WEREEERM L =G T - R EER O

REEBELE, T LT, LTOEBESNE,

1, 1,2,3,4,6,7-HxCN 2 g - F2 20 BT
HETHIrREMGERHORBIEREEY
HZEMBEINAN, mETFARATOE
D ERICDWLTHE 1,2,3,4,6,7-HxCN G
H-BAMOERLSY Th< HALEOERHE
SLTnWas I EWFENE.

2, 1,2,3,4,6,7-HxCN ~OHHZERIC LS50
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ETAMATOVREO LR, HE 1 kg &
0 E0ng EWVHLEOMOKGTHEDON
Foo T3, HIRT v MAOBEOKRES TIEE
1 ke B0 01lug CTHYTZETHD, b
DREEAN CFIEBEORARES X SN,

3. 1,2,3,4,6,7HxCN D5 MEFEHEADE
BTN H D, T RADHF R ERE N
AREMEAGR A N,

F. iR
1. X
7L

2. BRRE

- RH O EEFENTEIIBT S in vive E
BOBER - AU 77 BXefby
TFINALICHTBHHENS. 5 71 RIAEE
HESRaT— 2 gy 7 HEEEIBITSE
AT QR SRR . 2001 &F 4 A 27-30
H. ®8 (P& .
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Risk assessment of the effects of polychlorinated naphthalenes on reproduction

Minoru OMURA, Department of Hygiene, Graduate School of Medical Sciences, Kyushu

University, Instructor

Key word: Polychlorinated naphthalenes, 1,2,3,4,6,7-hexachlorinated naphthalene, post-
weaning exposure, male reproductive toxicity, female reproductive toxicity, testosterone, rats

Abstract . .

To post-weaning rats, 0.05 - 5.0 pg/kg of 1,2,3,4,6,7-hexachlorinated naphthalene
(1,2,3,4,6,7-HxCN) was given by gavage on postnatal days 21 to 23. The effocts on the
reproductive system were examined on postnatal day 62 in males and on the first day of the
estrous stage from postnatal day 91 in females and were compared with the effects by in utero-
and lactational exposure to 1,2,3,4,6,7-HxCN in our previous study. In male rats, sperm
count in the cauda epididymidis did not increase in the 1,2,3,4,6,7-HxCN groups, although in
utero- and lactational exposure to 1,2,3,4,6,7-HxCN had increased the sperm count in our
previous study. This result reconfirmed our estimation that the onset of spermatogenesis is
accelerated by 1,2,3,4,6,7-HxCN. Serum testosterone concentration and the ventral prostate
weight had increased by in utero- and lactational exposure to 1,2,8,4,6,7-HxCN in our previous
study and increased by the post-weaning exposure in this study, too. This result indicated
that the effect of 1,2,3,4,6,7-HxCN on testosterone is cuused by not only ita effects during in
utero- and lactational periods but also its effects after weaning. Increase in serum
testosterone concentration was observed even in the low dose group (0.06 ¢ 1,2,3,4,6,7-HxCN
group). 1,2,3,4,6,7-HxCN did not affect the female reproductive system and there may be a
sexual diffexence concerning the reproductive effects of 1,2,3,4,8,7-HxCN in rats.
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=1 FRXTw OEENI, HIEE. prepuital separation 7o TEiH - SETRHRE

1,2,3,4.6,7-HxCN (1100g #%)
Control 006 g 056 1g ST
#3% 21 AO| 575+35 | 569150 | 56.6+3.8 | 57336
NG 28 O H| 96.9+57 | 96.216.3 97.4+4.8 96.71+3.8
(g) 42 0 B! 206.5+10.9 | 207.1+£10.1 | 209.3+16.6 [ 211.1+114
56 HH| 309.9+15.4 | 312.6+12.7 | 317.1+24.1 | 319.54+19.6
1A #e 28 K] 60.8£5.0 | 49.9+1.2 | 50.5+4.1 | 520+3.4
(g'kg &) 49 HE| 41.0t29 | 41.3+14 | 433%15 | 436t2.4
56 HE| 46.3+£2.0 | 48.4%53 | 49.1+24 | 498+29
Prepuital {52 J5H (2#BH¥0| 410x18 | 406+1.3 | 41011 | 40.8%2.3
Separation [FETEHAE () 194.4+13.1 | 188.1+16.2 | 194.9+13.5 [ 192.4+17.0
i 1,2,3,4,6,7-HxCN 5w g Be 5813 16, floFFid 8.
HEHPMAA F 1T ANOVA+Fisher's PLSD THRIE.
£o AR (BEe2A) OAATy FOKERLUERMY - AERMGESEE
_ 1,2,3,4,6,7-HxCN (/100g {K&E)
Control 0.05 ug 0.5 Lg 5 Qg
| & () 345.6+20.0 | 349.6+18.1 | 356.0+27.6 | 352.9+228
BE (@ 1.65140.085 | 1.611£0.082 | 1.625+0.135 | 1.646:£0,085
B ER (g 1.0.8332+0.032 | 0.317+0.025 | 0.832£0.035 | 0.346£0.030
BISTIRATE (/100 g AR EE) 0.07910.009 |0.092+0.017%$ | 0.096+0.008% {0.090£0.0168
- HE (g/100 g hE) 0.098+0.005 | 0.098+0.007 | 0.105+0.104 | 0.105+0.017

TEE 1,2,3,4,6,7-HxCN 5 g #5816, IO 8,
Mist ) H HEIX ANOVA-+Fisher's PLSD THUE. $ p<0.10,

#3 P (£ e2HA) OF ATy O TREIRIEHE

1,2,3,4,6,7-HxCN (/100g %15)
Control 0.05 tg 05 ug h Ug
RS RS MR R (¢ 109A4E3) | 1832.5+15.1 | 126.9+111.2 [ 125.5:£10.6 | 135.1£18.6
B HARRE T (ovEED 44.6+12.0 | 38.0+105 | 45.4+95 | 523152
L ey B e Y EAERTT 1.610.9 L.8+1.1 1.7+15 1.411.1
S RTLE 1.6x1.5 1.8+22 0.9+0.6 1.6+1.2
0% R 13.4+13.4 9.8+75 16.2+23.6.| 10.8+8.2
¥ TER A v I EThES T 81.3+14.3 | 78.4%7.4 83.2+6.4 76.6+9.8
wRfEEEE T~ | 50.0+16.8 | 63.7=186 | 63.2+19.1 | 61.8=12.8

M ¥iE 1,2,3,4,6,7-HXxCN 5 ng B BT 16, ORI 8.
éﬁﬁﬁ%ﬁﬂiﬁ'ab b;,t ANOVA+Fisher's PLSD "THiL,
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FARATFOY LH (g/m ) FSH (hg/m D
=i< 0 kok 20-
2.0 1 4 A I
15-
1.5 3 1
1.0 - ? - H07
0.5 1 { - iR
0 -—— 0 - _ 0
Control [F]0.05 ug o5 pne |5 ue

1 8% (RBe2HE) OFRAZy bOmEFAFAFOLBLUTFR MO MRE
EEid 1,2,3,4,8,7-HxCN 6 gt 5L 16, thOBEX 8, MAFHNFTEER
ANOVA+Fisher's PLSD THE, * p<0.05, ** p<0.01, ¥ 7 A h X7 O ViREE (ng/dl) (IXf
BAERE TR :

R4 AZZy bOKEEN. BEE BT TR - 5 T REE
- 1,2,3,4,6,7-HxCN (/100g {K%)

Control 0.05 ug 05 tp 5 g

£ 21 HE| 55.0+6.4 | 51.8+6.1 53.9+4.0 | 52.3+34

{RE 35 HEH| 124.5+12.5 | 125.1£9.8 | 128.3+9.2 | 124.1+9.2

{g} 56 FIB| 202,7+16.0 | 201.8+17.8 | 210.2+18.0 | 203.93+ 15.2

77 HB| 241.6+20.5 | 242.0£15.1 | 251.8+18.9 | 244.6+26.0

AR 435 AEl 25.9+1.7 | 265+2.3 | 26.1+1.8 | 29.0+8.1

(grkg RI) 56 0] 30.7+3.4 | 32.1+29 | 334+42 | 356+3.7

77 BH! 336%+1.8 | 33.2%6.1 36.0+0.6 | 35.1+22

BEBAO SR TERHH (PR 324%18 | 31.6+1.8 | 31.8+20 | 32.1+24

5t (RHEE (g) 109.8+15.0 | 104.9+12.0 | 107.8+11.3 | 108.7+185
Eitnii3eH T 8,

AT &322 ANOVA+Fisher's PLSD THaE.
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£5 AZTv FOMMRHOES S S REE

1,2,3,4,6,7-HxCN (/100g {$H)
Control Q.06 ng 0.5 g 5 ng
—FEoEE (H) 4.4+04 41104 - 4.3%0.5 4.9+2.1
HAMAERHOEES (%) 91.7+15.4 84.4135.2 78.31+31.0 75.0£385.4
MBI ST, o '

et ZENHE Z 213 ANOVA+Fisher's PLSD THE.

%6 4B (K DEUBORELY OAXIy hOEEBIUIE - THER
' 1,2,3,4,6,7-HxCN (/100g f£H)

Control 0.06 ug 05 ug b ug
| #E (@ 255.4+24.9 | 254.8+14.8 | 26761256 | 262.2130.6
BR% (g/100 g R E) 0.04510.012 | 0.038£0.007 | 0.04020.007 | 0.036 £0.005
B R (o100 g thdi) 0.206+0.042 | 0.214+0.030 | 0.176+0.038 | 0.1881+0.066

BT s,

Wt Y B35 1L ANOVA+Fisher's PLSD THUE.

7 EFES (E1% 91 HEUEOREHRD OAXS Y FOMWE 176-T.X F5 34—, LH. FSH

=3 3
1,2,3,4,6,7-HxCN (/100g {&E)
. Control 0.06 ug 0.5 ng b Ug
[178- T2 727 -l (pgmbh]| 121195 84118 7.2+186 15.1+£18.0
‘LH (np/ml) 57+25 49+12 43+1.4 50+1.7
FSH (ng/mb) 16.5+5.1 144+47 15.7+3.7 16.4+4.9
B EH TS,

TR B 5 ANOVA+Fisher’s PLSD THE,

—116-




12, AFHICHT DRTBRECLEDEOEERBICHT SRR

HFEE HEHHT (KESREREHANERIRHE

W EE
Lo, FDD,

7=a
HFEEL . XKiz.

ABHERIE R IBEILICEREIC LD ﬁﬁﬂﬁ)?ﬁﬁﬂﬁﬁ‘%‘ ERTW
INSOYERLLABNDREEERARLABR /I EEFRRCHET
TERBERBHD, T2C AV HEAWTINSOMB0EEREROBE A i |
@Wﬁ*@tTDJIZPQFWLEkiﬁTﬁmé EEREHRICHREERL

9. A HOMERITEBYOCTF oY 12 YRS REL<RAET A HIEE
ZFOEERAOTERNE A SASIMBEERSEDNTWS
ETHEDOAYHOEHBRBIC L3702 0Bz TRHML, Zh
SOMEORBRELETFT OV I > OFBEORERHELE,

Fiz, GEIOWEFERIIA BRI EY M ORBITEZ 2BE L H~5 251
T FREELTHADTHB L REahk,

Wt A&
# K EEHSURR SRR TENER

A. THREN

REEY, BRARICHTAERLE S RAS
WHRTCEHE OREIBR2INTHWS, #FE I
ABBERN T o— ORIV E A BEO
RBIE>THFADAA T 7y bv F3 /—
OMIERZEFOS sV NERENS T &
HEN, AOBHEEXOEBEICOWTORIIEN
T3, TIT KHARTIE. A¥FH (Olysas
latipes) OmMBERFFBFTOE T O =0 8
DEEEORTEE —OHWE L, KT, M
HLUANEREZ HWTKRERTORE L <L
BWARHRKLEFILE o LREOILEMEIC A
CFhHEEHBREL. EFOVr o 0OFE L%
EEOEFRLINCOYE OREBE &Ko
BAOEF O = BE EOBRIZD WL THE
THIEEE-OEME L,

B. #HBAIL

EF 0z = Ol kOB
MASTAEFOZx = 2 70—+ ldiks
3 BB A Y AR 2 0F - hikEEH

Uiz, BBAYHEFO o =3 A Y K

DAL, ZhoEHWTEFOY 220
HEkEBE L.

A ~OHBEORE

AFHEAC17BIA P4 —L (E2). T
Abhoy, TARUA—=I. 4-2 2072 /—)
(NP) RUXEZA7x/—)VA(BPA) 240,
1TAMXIB 2 ARRE L2, BERBROBHRAIIE
HmMBLARERZRN. 9EIL T A0 E
R/ PKIZERE L o TOBOTE b ABSKD
BEIT 100mgl LT &L, EARICETER 22
MATZ. RBHEIEALTTN, BEAZEA L
LTEORRLEY, IEBO 2 %R T2
Hiz LEsEH L 2. KR 24+1°C, YA 16
FRRARH. B RfdtmE Gt & L. I3 A 1~2 i
RENHCF M TI 285237k, BRBEAT hEXE
A THEHREBICR > T, BOMBRMITROBL i
Ika &P 48R L. SEMFE L RS TENTE
NOEFOIzZ ABEEZRE L.

(3 TOEE)

EBRICH WS A TRBERDBROKE b?‘é:u
REA TR, BRECKBIZR > TRl & S 217
Uy, BEAITERRBIEI BB POzl -,

C. #BRErEw
Hrado o ORIE

—117—



mExNHFBPOEFO Y = CREORED
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N7z T IERE 5 ATIRGE R, B

MBS TTRIGEEILL, 490nm DIRIEE 2 HIE L.

EhE R B A MBPOET 0V = BRE
ZEHLUE., FECHFRLEETFOZS 2 /BT
MY FOP 2 2 2N U THINE S K
¥ % K TR 2o TR i T 20 1 g/mll,

FFERE % T 0.04 2 g/m] (FER B 4mg ET D
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Research on short term exposure of endocrine-disrupting chemical on

medaka(Olyzias latipes)

Meiko Wakabayashi, Tokyo Metrbpolit.an Research Institute for Environmental Protection

Abatract

Influence on fishes by natural hormones and endocrine-disrupting chemicals has been
concerned. Therefore, it is necessary to establigh the test method to examine the influence on
fishes with these materials. In this research, medaka was exposed to these materials for a
short term and influence of the exposure was examined by induction of vitellogenin in blood
and hiver. Firgt, analytical method of vitellogenin in blood and liver of medaka was developed.
Next, induction of vitellogenin by the short term exposure of sex-hormones or endocrine
disrupting chemicals on medaka was examined by using the method developed in this study
and the relationship between the induction level of vitellogenin and the exposure concentration
of hormone was compared. Materials and methods used in this study is considered to be
applicable for screening test methods of endocerine disrupting chemicala,
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HUSREHAR AET I DV, TR0 Ty M EER L FRCH  TRME L. B
HEEE, TF a7 - HIROAREEIEE. <707y — 20 INa® [L-1 OEAHE FE@

HILREFREENTNS, ZhoOT &L BHETO BaP A XI2 & D &Y GrrSaE2- Bl X
NAAREMNSH S Z EERLTOUBEN TTALT v MSMDESO AT BEIF TSN IO
WIS A EBRI SN TORWOLEIRTH D, T2 T, BaPickd, ¥vUX, X35, &,
TaAVHA FALZD, 23X I AOTIHBEE IR E FIF S TR S SN DU TREIL
LIT o &5k,
XURA SR T HRIBR T A BaP (10 203 100mg/kg -day) 2EREFHEEL, 7 HEIC
W~ AORAIEE 70—t B X M) —Z2RTIRIT L . 100mg/ke TIEE, Hoig.
PEESENTNER D, pER, IR S, MR iR R B S R
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FIRGT N T B PR ST TE T SRS S, £, WA OB s sk
fzo 707 7 VORREIRGRITHTELUHIRIE N, 577 2 AR S RREERL
30mghkg Ot SR TN, GEIBET. NUsE%E ERERT, =HTHE
D BaP ZHAOMEERNIZ 30 , 100 mg ke BW iEAL, 7 BROME, BRGS0 H
LI &l 7 BRI 254 721 2 2EAL, 3 BRICHE. RO —R2OmDAL
FHIBFRNCEER L. BaP ORNINOER SR~ DEELRL 7.

HEIMEERT BaP O L DHN L HY - ABMEISERE N - A0, BRClIRERR - W ma s

BIZTU AR GEEERD MBRIT Indian ink OFDIALDB SNEN, FOROAMT, EHEE
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BN TE DTS D BaP IZ L 2 B0 S AEOE FISREX M. BB OB bAML £
ERTE - THREE - BICIRE O RERERBAON o, GHlE—, THRBAN. EEHLE
FIYHA TV HAKS, S0ppn 0 BaP % 14 BRI o/, M) /R e, Kt >
FSEREr, NBTiEyrhE ) - ERaE. SR P BEOESII RN o7, &8
& HBFREARRD TREN S, UF2 LIS O 2/ EREARE ISR BaP HESREF TR
Rl (FHEE.
F AL T BB 7Y A 7 P(Incilaria bilineat:) % BaP ZiRIE, 10‘ 107, 10% 58X 10%,
10%ppm BRBAEH T R=/ =& 4 LTHE Uiz, BaP OMRMERIZIY. 5X10°%pm L
FOBECHEERROMESNH L. A SROELEY 0T ;’““V@ﬁﬁﬁbﬁfﬁnﬁ-ﬁj‘bfw
N5 ORI AR R & LU T TWA T & e TS, (GIIEET R
B3, L E—ER, e g
IIX I IAMEEES (1) coelomocyie R RAR HI02 TEME NKIENE MG E4:0k
BRGNS, (2) BEEMrEOMERmEL 7y — AR BEOTA D
At Ty, ABIER (cvtochromePds0). BPNEITO cofacior (HSP60, 90, T0) ORI 5.2,
RS TREASA TR L, BaP O3 I W~ REH%. 0450 (CYP2El BIRUCPY3
AD 13 BRETEL <ML 7=, HSPEO, 90, 70 128\ T B2 0OFER LI L /2. P450 OB, RT-PCR
LD, COYPIAl DY 7 77 3 ) —%MEL . TA SO > L/ 7RISR <, AR
LTy —it, BETEleh-oir, BaP DHEE— RRAKICSAZHEL. (ng/20g 7r SEEHRTY
Rl Ui, H202 fRbES. B EECIE T LA, UNEWL—i, Edwin Cooper, R EEH)
K40 : SEOHIIC 6 DRSS 0. 18P 8L, 6 HEITRMmERY, R,
5T, b URNEBRAORAE, A ST ARRR. FEEtEE L0 F ORE~OEERE
RE U7, RmERN, Skl LA, b OARmER~ OB LSRR, Ak
Bio s AHEIEAROT S & RMERIZ DD 7T AR S 24, X508
EWREIT RS AT &, X 575884 A BOSEHIRORE S MRICEIE T BaP OEREEE
HTHRAT-#ER, BaP 77 b Ok R IR I e, 7o X ilRomBEilEEsh
aCE i, DLECRELD, BiP ZEBOGISEIEEIIRT S LAz, fig
B

ZIEOEEM S BaP itk D AR S ORRRBIEOTHEED I &P, Eﬁ%ﬁ% #rﬁ’fé?til’ﬁ
?ﬁHH@L.J: RS DZED R VRS D I EN ST

Bt
Bdwin Cooper (RIMV 74 V=7 KEESHD 5k BN GuREhs)
L Ea (N3 ML B GBS
Wk R GRECHEAHERIR) B Bl EREITREEIR S L —7)
R EE GUUERARIMH RAC I — CRBEERL RSB AT

=il sirp CGFEEEBE) i) FE—EE GEIRER KR R ATSE
i AR CRECRRER FE4) )
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A. BEEHN

SR SR EEHEPADO—DTHD, B
EEEFELWIEE TH LA/ [al Bl (BaP)
AR, K EE, HEOnTIRSHEENT
BORH 2 EOAGRRENTIEL - T
%, BaP AYRErEREI RITTRERZ DL T
FIZTH AR Ty hEFERLAERICBWTR
BMETE, FuEREEE. F 2 FFHJED
A=, < 7 07 v — PO TNF e RIL-1
DEAEEK FIEE LA EAREENTNS,
e, EHIIBOWTTERTH ST a1
Tt EOKBEIEAE O K EESE TR,
WEH. TR, T2 EOMENOBRARER X
NTLSLN, ZOEIRELDHEMITHTS
BIEguEAE - 58S, WS CIXH R R
B2 BV EGOURIREOE T AR & DG
A, TNHEDO T &N BEPO BaP 212
& PN I B EL I N D TR B S
CEERLTND, LHLISATS, BaP 7R
2T v N OEROSREEEI B X ITTES
OWTHIEE A S EITEL ORI
THhd, FIT. BaP W TIA, OXZ,

S, FAVHA, FAZY, 33X h1a

DRSEHHEIT B T v (BRI B 2D
WTEATF &R U TRt L 7=

TR PRI S MR A O
WX G (vro 7P, T BEK
B #fD) OftE. B OER

£ EFEARE R, R i
BOABBITHIECEA SN —R AL,
B, B OEGA SN ORE

FaVHA ) o RlERE, AR SoNER
5. NBTREITE MU/ SBReE, B,
BEERE O 2R L -,

FAY Y BRI X SRR ORI,
T 07 7 — S OARKADE BRG]
L7z, _

I3 X coelomocyte BMARRE. H202 i&IL,
NE 7EE, AmiEtEAan SRR XTS5
IBEEMET R IE, BIINREEZTIOH

JARE L7 ¥— (AR BLUzZ hay L
7 y—), RBEEE (cytochroncP450), A
Bi70 colactor (HSPEO, 90, 70) ORBUZH5.Z 5
BBO TR,

Fi1a RBEERSHROHT T+ T A B
. AZ=-EFEER. FEEERENI LS
F AR RIS ORI,

B. BieHE
1) RUADFAFERRIZBLIET
- BB IURE A 9 i i 0D Mk gk

BALB/c # CHEE - THEFTR . HIEL
HE#1HB&L. 7T HEETHESICHLT1
0 10 10 £7%13 100mg/kg-day @ BaP % ip.
G LR, U TR FCER &gk, o
HA#EE Olive oil DAZEIRE L. 7 HEOHEF
D FalFRERN = REHURAT I e,

- MlEREHEOENT  EREPUROATCE
FACScalibur Z#H L7z, 1X10%ells/ mL &
KAERSRERBEIC CD4 5%, CD8 ER R U
CD25 HERoMieR AN ~ o fik%
AR L7z,

2) BHEOGERIEC B LT TRE

- @it R 54 RO - LEF 62 TR
A ZDAERINIES- L, )z AV

* BaP # 5 : 100mg/mlke, 30mg/mlke,
10mg/mlkg B LN Omg/mlke CHHE) O
BaP Z#34 L ASemiaoiiiEs X DR EH
PRt L,

- BaP iZk% T, B-#iieigtE~DE£E 2 [
@ BaP #5505 5 OHICHDEE Zx~7%.
Percoll % R = BEEARGRECIZ T, FRAEI &
V) 2 ERESEL . RPMI 85510% WCS #Ri)
TR L. MRS SV ConA  (eFRERIE
lug/ml, 10ug/ml) FiiE LPS (BKBE
Sug/ml, 10ug/ml) BRELZY 2 ER%E. 5%
CO, A Far—F—[ZT 39°C. 2 AR
SN E Cell Proliferation ELISA , BrdU
(colorimetric) kit ZHALHAEL 7.

« BaP IZ X AN EEREAOEE 2 HAD
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BaP #5005 5 HHIZ 40% SRBC 100ul/#%
3HERET. 2 ERT TR S L s E
Briof, ZEEOMENS 5 ORICHm %
B, BomigaEnl. nigen6
LAfE DN (G67T,30 731 Fx\—
gl BRIk, 8T 707
— DT AT RIE0.05% BSA/PBS) %
Femis, &indA RN B EIRE- B ko
7z FTAN 2% SRBC &7 rJHZHMUIR
& SREE. FL— FERIETF Y SRR T
8T, 0 AN PEBIRW,
HIEREER ML DI OME 23 Zin- 7

M log, T

«BaP kA< o0 y—VAREAOEE
2 EH T BaP 50 S 5 HBLIZ 3% FF45Y

O L— e S L. Shns 4 BE.

B ShEEBR~ 707 y— 2R L.
FRER L - R oY - LA RR0ELRSN
FrHROBEnEETERIC TEE L. #lix

RPMI B531(10% FCS ShmicivE L., hi—7

SRAEBENI TSI AF - AT

=K AX 0% celle/ i v— L9 2ERIIL . 5%
CO, 1 >Fa—F—iZT 39T, 2 Bfikse
L7z 1 rFan— g, PBS Tiv— L%k
& LIEfTEiiE 2B L. Bzl RPMI i
METHEEL7. 2 AEIC. B v—L
# PBS THth. ATy 7 AE—X
(10um) B S/ RPMI BEH(1X10* £—
LI % —LVERML. 5% CO, T »Far—%
—iZT 39T, 3L, vy LB
%, EEBIT TN T S A AELI=EE
FF LI ARRLEY IOy —
Ol (AR, 2% Qe 2HELx.

« BaP #5460 57 A HHBERSVIIEHH O
(BaP %58 Q30mgmlkg 0%) HH#. £
T A FICTRENEES% 3 HRBTHIT T 2
FlEZinoi=, 2 [ME® BaP #& 505 8 HHIC
RSV F7213 PBS EF{ORT E P(wing web)
L. AEOIEAEE B E2RE L.

ferizid, MEROAENERT T 2. RSVIL

PBS T 30,000FFU(forcus forming units)ml
ERxbr LA BL. SE4FK
100ul{3,000FFU #HX4) 2L 7z
3) SAOMRSEIBC B LIETEE

& (MEA Body Weight;BW 10-11g) &
MR corn oil ICIEH L7 BaP 100 mg /ke,
30 mg /kg, Omg /kg &5 3PLIZES LIz

H=ER 1 TV 7 BBIT, HR2 T 7 ARIC
S5 AEREK 100 55K Indian ink
©.04mleBW) Z BEEENES L. £0 3 HiE

(BaP 4105 10 HiR) 12, &AEMAIL.
) ERE (MR BB S, iR s) B
&, 126355 74 VAL TATER O1IM )2
BB, pH7.2) T7-8M5 BEFE. dod. K
witklls (JB-4) THUR, #@8YK C@3um
B e, AT B SRR, VT
FIH=HYR DT I IARFY L (DAB)
FRNGTEE, N7 RES) UBERE, $HA,
YESE TR ).

4) FavH1 oseEgiErbligTEY

cTaVHA EMIRERHOE SERET
B (3 o7avi1zAW = 7THEO
BIMEER & 2T, nklic LAY A—T&Zi0
ffE YRR L 7o, SR 1. {ERAEMRRIE 1

1. SIREEREEREE 1 2 R THEBZEMHBLL.
ERHK  SEUEKE. ATHEK TU—
Pt | RRBCOEROFATRE T R
7 LVTHEER AR L e AGE I THERR L HB b
7. FKIRIZBHENGS O E YRR M
EBLT W~2ATT T2
© HTTBIURPEEE  FEE0 Uy Bl
AT b ARAGEN S TEGEE Tl o -, BaP
% DMSO ISR Uik IS LB 21T 7=
DVSO RN 0. 01 % Cdh O . SRS B Rl
FEO) INSO (DA 2R L 72, BaP WRERIREEIIEIR
ERESpom, MhHERE S0ppr & L. 14 HRPRRE
Airoin, HEEKL2 HBEIZ3EL,

- AORIDEIAE  HESRR TR BDE8ICT
BOUERE 2@ S, 8o ik, &%
MORMESEZRERL. 1GHZEEF LY
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21) 22 P UICTRRINL f, R0, iR
Bt L SEOMBIZ RV, EnRoHIZE
AL DBERTL . ARIORIRREE =T
a8, GHEPEIETORITY AREELWE
HEASLTHEL.

i e U
i) o EREEREOEE 30 AR =R

(20C) OIEEBIT, 10% KBRS R
EREHE S LT, 8731 X5UIn-9-0O=
hEiR—Z - 7 A — e L T g
ZHE LT S PR 30 45820 DmY)
PSRRI L ) o SERERL A
%o FHANZEEAT N0 UL SRl
- R T A 0 DR TRIEL L,

b R\ O AT#AIZT2
o FREG, F TR SRIES URED L,
100 {2 TMFEROAREHT DV THEGE T
FHEL 7. \ :
¢ NBTHETAEOEIE  ALfiAZT2H
WL i) DR S a— b c AT
RS2 FIZEAL T, ATHAST 3 EHR
L7= 0.1%NBT (nitrobluc tetrazolium) -PBS
2 IMBEFIREEO L, #E - BELARY Y
AWIZTER (20 B) ThHEERERLR, B
B T o ER L e A ST T4 0
0438 CEIZ2 LN B THEUTHERS IR & HIE L
SEOHNRIZT BB EFRIL -

& EREOREE 9 rd—-beATT R
F5A AN LHERICT 2485 U72m) 78
WAL 2.5%FINAT VT RTCEER,
TE J—IAZTIRAK, B L) 2/ SERERA
BEFRITDE A7 - FLTHREERTL. BRIk -
HEkER 2 YRS C 0B TR LEHAIL 1.
e) BIEFOER  AT#kicT 255/ RL
Foild) o rkE T e a— b A1 RIS R
EiZE@E L. ATERIZTABIERLEUF
ANV AR IEEFEMEROD R,
Uiy Z ARIZTEIR (200C) T 3MigS
Uiz, BiiE, 2. 5% B AT T R T
MiREFER. Ty /—ICTRA. EREL.

DFITLANI RfERBELE7E8EET
AR % UEERT T 400 L8 THREL. ARk
AT SR S HIE USRI Sed S R B S
ML=,

f) BESRRMONE  2{5HRm) o7
SAMEL MBI E, 96 FGUEREY-T 20
T = MZTATHEKIZT 2 BRERIRE %
LB RIEK TS L FRISED 0.5 %585
bW PR mER (SRBC) ZBHEXAumER S LT
SRBC 7B LiLKe V) - ARk S Mz gk
OIS IRERZE - T, T OEEO Rl
& LCRHAIL 2. '

D) FAIZPOREHIEIC B LITTRE

- KERENY PR\ TR L. B
B EY ™ T A0 L Inctlaria bilineats)
AL SEEBMBROEERIT 1.0202g T
Hof.
» IRERA

BaP EEAVENEI 104, 108 107,

SX10° 10°ppm 12345512, 995% 7 k2

WML T, SEBREOBRRIZREL. 2T
NENR— I I FIATRA TR, AR
SATT e ERGILTERES S, IO
FHFEZ LD, —EBED BaP DL /2 —/X
— & A NATIGFIT S L e,

BBELE PHE 125 mm. #FE 50 mm D
THELOEEMN v — L D% BaP JIEL
PN AN E DD, B v—il
SR F A DEBL, X SIS
FANTE, REZAGEREFRKE TN
— & AR SETHEEIT 27, BaP #E)
10', 102, 10%pm (22T, 10 A, 5X10%
10'ppm IOV THL 5 HAZRRIR S L 2=

- SRRERAE  —EWRIETER. FAYO%E
100X70 mm D7 7 AF—FERD) Iz AN,

CO, 2717, 7-10 78 CO, st & fro 7.
FAL UhHhSEAREERL., AN AR
T BSS T 2%z Lz by DaRMmERZI1E T
Q.05%IZE DL DL, I FERE. ¥R
AY P —IERE, EAVREERTEELR,

5) I3IA (€. letida) OFFHEEICHELIET
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oz .
PABEBSRNTALLERIC—FMED BaP, ¥
AFNRIAFT BT (MBA) #EAL. S
Hi. #8975, (BaP;100pg-100ng/20g)
(DMBA; 100ng-100mg/202)
BREEL /=3 3 X5 coelomocytes 2008 B
TR BRI,

R E 2 R PHFRIC L DR
(cytochromeP450, HSP60, 80, 707
coelomocytes OHFFREERNTE (Y —-TA&
BRI TAH202 751% FACS THIE.NK 16HZE
chromium release BCHIE).
6) H1 JOGFERIC B IR

« XYL (BaP) OREERSHE ATH
BlERWTRZ 2TCTETRAAL 2 (Bombyx
mori, J106 X DAIZO strain) O#8E5IE (518
WA 2 NEORs GiEsEsL 77>
AR AN LSREEH BFERALZ, BaP
7R AZ0 INTRSEDITEML. 10

MaRsiRd 1 BB 5 6 HERZHZ0 1 [ 1THEL

T AR R TR L, E21HO
BaP SRERIZER TV 4 H BOShHZ R U FH)
FRi- BaP 2¥AF L 7= 7aB, AL T
T b I OB ORB RS E ER I T 7.

» BB EREE K TR Bk L OHRITE FamERECT
A 2HBOEATYR L THELSNSEIIONK
WA 2WIREL, ¥ -7 ARG ERAT
BT bl Eiz, MERELIZOWTH,
Z DIMERF R CEHEINSERMT GRRT
RN DARBEEA T DIED &7
5 7Rl (R 2 SHECiRiEsEEE L
TWAMER) OENE%EE, 2HT300#
DNFERE B L T,

- BATETEORIE 0. 5% Y IIRmERRR
W& ) R RRAT At ik (PBS, pHT. 2) TIFRIL
F1258 1 IO & DIEE I OBREPICIEA
L%, BAIMIE D I ATETKE, 6 04
HICEE A YRRL THEE L0 D7 = )LF
VT O AT SRR (500N
NaCl, SmM KCDiZHBRL T, JVUTF b7

PITIN—HEBLT, ABFERRL. 278
T3 0 0FofEkMleE 17 LT, By
FrfuERE: 1 EEL LR DAA T2 E &
BRBIEMIR &by > B L

A S FRROEE R e HEH LT
AR DRAETERL THLNIMEE
Lol A 2 Fa—IEmLT2000
Bl 5w S, TO5 u 1 2 0.9% R—25%
S 1. B 7 HO— 20 (RREEs ik T

C TEED @ TCENL TEADA T L E#

OIFRERE T 2 4R UIRERIT B L =,
iR tEo#EkeE o) ToFT—EEE
ASRERWTHNE 2 | HohrakoBeh
P2 0 | SR T I ERWT 1#ES
7T L ISR 2 O 1 2712
OFa—FC ANTHREL, 37CTB 05T
F R LUk, O, AR RER
WTRSHTUSES 3 TTT2 4BfT, &
Ul R Io-—&ho b Uik,

L OFEEONE  sMiZHHDRTO
L HESNAEERDOE 0 BRLERIZHTD
L F AR R UG K o TN DD,
0.5%% b 0 BpRmERFPERZE PBS THFEIL. U
JERQ 607 207 L— R ERWTERE 2
{EREETIRL 208, ARIBRTRERR I A TRE
Tz 2 KR HEg U,

AN TOmERO R HEanE
DIEH - IIROHHEE 7 NFF LT
SHEENAHKICEIRL 4. EREpEL
AT, 3 0RBKE T CASA RS A I
MEREAES ¥, HEEEET 2 RHEEN
B TEL. BaP FERIML T2 2TTH
0431 2 a— kL, FOEFLTLA
U CER A & iR ThRgs U s,

C. BiFeRs R

1) RTADFIABEICBLIZTTEE  BaP
EEARTREUHEROKE, WROEE
b, BREMREOMERE BLEOZ LI DU TR
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i, HROEERRWTNEHENELIRRE SN
Jxino iz, — A ClRROMIRERISIEE
AENMRESNEHEL), REEFEVTEE
HEICHBESEPBROSN . W ORIRE
BHIZDOWTHERZMINAR S (B 2).
CD4ACDS OFERiL. 10mghkg BaP 50
I ZZHBNT, CD4+CD8-KU CD4+CD&+ T
R OBIET SENRERY R oI E B
BELho e, CD4-CDS- T Ml U CD4-
CD8+ T MEOEERESARIME s,
100mg/kg O BaP 2 H5HECIIA R BTN
SRR 7,

CD4CD25 HUED T MlORBIZDWLTH
10mgkeg BaP # 5 L < U0 XA TWK
CD4+CD25+ 7w h@. CDghigh HLIR
CD4low OEEEREMAR LN 3),
100mgkgBaP HE5HTIE CD4CD25+ B
v b (Ddow DOFHRITHLTHERRDHN
RS540, high DEMICIBEIEHEA SN
A ER

2) IR T OB LT

- BaP %95 T B-HAMEEHEDOZE{  BaP
(0, 10, 30, 100 mghkg)i5HD Con A BLYT
LPS {23857 X51) 2 NERD Mitagen THHE
ZHFIU T, ConA IZXd % Mitogen &I
Lug/ml BA0CIEAIRE (R0 SRC &R
B a8, 10ug/ml BT 10
CBEU 30 mpke BEFHTHAELRBEEIR
(stimulation index = 1L5~2.8)3/ 5N (p<
0.05 (E5). ZOHBEIFES.L)Z, BaP IREE
Iz HiEEd % & 102>30>100 me/ke D& 7S
b, BRESRCHHIES NS C EAVRREN,
iz, BaP 592k U T-HIRE 3G X
NnaZEIRBEIN,

—7%. LPSIZHd A S.1iL. BaP 58485
LU0 ugmlFNIR L BERICERALAEGL
=1.5~25 p<0.05). <%, BaP BEHICHL
BT % & 10 BLF 100 moke $HFH TORIK
R B OO, 30 mpke RHHFHTI. HiZ

SLAMET L, BKFWNARIEEAR
LD T/ (E5). LLEDI Lhb,
BaP i LT, T-HURIEEAME T L. B
iHthid R AENIZH S XIS .

« BaP ISUT A RELREADOHE K6
iZ BaP @ SRBC =39 2L OEHE
LTS, FfbEARESRBC-HA i, logy)
I, AHERE: 68116 5 ¥ 10mgke SR :
6.8+£1.6(5 ) * 30 mghkg 58 703006
3 100 mghkg 258 : 6.0£2.9(G PN EARD,
frh b EMIERS SHha . LinLast
5, 30 BLK100mgkg RSB TRAE 1R
12 SRBC-HA Al MGG Rz 2 BUF) A8
wOHNE, COBST, FikEEREICHELE
HI LEEWSTRHESSETIRNOT, B
YRR BT TNS,

RO T7y—VOARME K 7iEBaP AY
2077y —YORBRIIRIETERIC VTR
LTWa, E—ADREF, BaP H#5RITK
FLUTE rL. §EARRIGIRSESIUC.
Pl kD, w707 7—Uikika, BaP ft5&
TR TINS5 T SR E

© Sy AABERSVIICHT L L O Fl
BaP 30 mgkg 25 FioBWTid. S ARE
DA R AR AL O 35 & OSB E OTRE &
feiRs L CIER AR LA TA, WO
THERERR S - (E8).

3) £RORFEHRBIC BT TEE
ERAEATOSBOITHRERE 100 mg
/kg BW, 30 mg /kg BW O BaP ZEHN I N/-®
A, WEEH ( Omg/ke BW) OSfAttEl
T BT eRRLNT, AR LR 2/
ETHHLEAETE D BUEORA ST
HOANESTH o, 7 AR Indian ink
R Ui B Th, AR S iE
YOS - DIENWER SHiha .

- B S RO AF S —ERIE BRI
EfERE OB mARSEAIC I, &< ONIAF
LA — PRGBS BRI N, iR
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D BELEITDWTIL. B <
YD 2 &3 A TR, MiE ORISR EIE
WERBSH STV T, IREERHERIC DOWT
td. 100 mg /kg BW 2t 5 8 ORMEICETOZE
e A e L A S (K9, 10),
IEROMHBAAAITIL, 100 me ke BW & 58%
BTV AF 4 —ERIEBEORR 28
B MR < HEL T B{EEAA5
T3, ST DN Th, AR A A1
L THRAT DRENHD EET TS,

- Indian ink OEVAL  FHEREHEHO
Indian ink DAL ELEET H &, BRI
BOTETORDALDET A S, B
BT, ERE - S BIZT) TR
(FEHMR) FBPRIT Indian ink DB AARSAS
N, FORDARY, EEHECENLTLED
IR CH - (1 1. 12), BEORDIAR
Wl REREE - B BITEE T, KF
PAV. LN EIAEE VA Y o

4) TAVH A ORFFERE BT THE
1307 T B L o TRa S A ST A= RY A Y ey ) [ 1=
Talole. BT HIZ, MK BaP \BFEBO

1 HORRES B B SR L. 8D
RS RIRE GRBEINZ 5 Z &1k 0 KW
TER) OETAEEICRShE.

- I SEREEERE Y oo sEkolEERED
bREE T, MBRNCLEL T B @R C/AE W
8 &7 DR H 0, BEENAEZ<EE
RO SN T,
< it U oo SERROOBIE KBl o/ SERENTIE
BaP HEEOREIIRMHENah-, &RES
BEEES D TREN- (1 3),
 NBTETENE WINOMCBaTS
BaP HRERIZ L 25 amo e (K1 4),

i U SERIFEIOEE 1Y) oo SERAE.
TERRER S R EROLERN X2 - 1 THD.
TERDFBE AU TH D, EESEHIRE
mofs, FEiz, BaP RBEOZEID S h
o/ (®15),

- BIFAOEBER VP IAIIV I OB
SR Bal RRERL G R L =A%, fEikER
Reh: K1 6),

- BEEREORE 1Y) o SEROMERIIEHE
HEZRIRD SN - (B 7).

EERMOBE  BHERM I SRS
Taipols,

SEO BaP BBEORHA /0283, M)
IBROERRETH - U 2/ BROBRME
HI3EAAD S RBATZ R L THHST
ELEMHPHHEBSED —DTH Y, SEEiat
{LDEN T O AFRAII & - TR EE
Feailo TIaa, 3 5ICEAICIRDIAAT %
ROAFORETHRIROEERPNESTLD
TELICARRBERETH S, ZOMOERICIE
BaP BEOSEIIZIO S, L2
HofiEEoxRE s brEMaNTE ok
BREEFEASNDSA, GRE, SREI DI
RS ORICERH LEMB RN 120T. &
EHEH L7z BaP BBERMTII7T IV 1100
LTt PR BREOK F & ban o5z
FHIRNWEDAGAI O SR TEL D,

5) AT TVORIEEERIC S LTI e

-REEOEE EERBIIBITSEFAZ IO
FE IR EET 2B L OWETH S,
10°ppm X TD BaP OIEERE ClIteOrERIcE
{EAREARVE, 5 X10%ppm LE TR EAD
R IZE DS ZEMREI N, L L7ass
5, WO IRIL BaP IBEIZ L - TRASZ
PaA T FAY N il :

- RID77—YABRE In vitro iIZBWTT
o207 7—POERGEFRAREEIA,. IFER
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Studies on the effects of hazardous chemicals on immune functions of environmental animals.

Takahiro Kobayashi', Shinichi Kikuchi’, Kazuo Komiyama®, Shinji Takahashi’, Seishiro Hirano', Emiko
Furuta®, Takahiko Yoshida®, Haruhisa Wago® : :
‘National Institute for Environmental Studies, *Chiba University, *Nibon University, *Dakkyo University
School of Medicine, *Asahikawa Medical School, *Saitarma Medical School Junior College

Key words: benzo[a]pyrene, mice, quail, goldfish, pearl oyster, slug, earthwonn, silkworm, phagocytosis

There is litdle information whether hazardous chemicals in the sonvironments may affect the immune
system in diverse species. Most studies on the effects of benzo[a]pyrene (BaP) on immune functions have heen
done with using experimental animals such as mice and rats not with other diverse species. Therefore, in the
present study, the effect of BaP on immune functions of diverse species, such as, mice, quail, goldfish, pearl
oyster, slug, earthworm, and silkworm.

Mice: Neonates were fed milk from their mothers administered with BaP intraperitonealy {10-100mg/kg day)
for 7 days . On day 7, thymocytes were analyzed by flow-cytometry. Neonates from mother administered
with 10 mg/kg, body weight and cellurality of thymocytes decreased CD4-CDS- and CD4-CD84+ T-cells
decreased mgmﬁcantly at 10 mg/kg. CD4HCD25+ T-cells decreased significantly at 100 mg/kg in low
CD4+ region. These results suggested that the immune disruption oocurs in mice.

Quail: Japanese quails were cxposcd to BaP (10, 30, 100 mg/ke) by oral administration. Mitogen activity to
ConA in peripheral lymphocytes was suppressed dose dependently. Mitogen activity to LPS increased in high
concentration. There was no significant differences in average SRBC-HA titer and resistance against infection
challenged with Raus sarcoma virus between BaP-group and control group. These results suggested that the
immune disruption in avian species occurs in cell levels and the host defence function mipht be changed,

Goldfish: BaP was injected into the peritoneal cavity of goldfish Carassius awtams, (0,30, 100 mg/kg) and 7
d after the injection, the spleen and kidney was examined histologically/histochemically. For evaluation of
phagocytic activities, carbon particles were injected 7d after Bap injection, and on the 3 d of the catbon
injection, the spleen and kidney were examined by light microscopy. Degeneration caused by BaP injection on
splenic and renal hemopoietic tissues was not distinct, however, in the spleen, minute decrease of phagocytic
activities was histoligically observed. Depressive effect on leucocytic phagocytosis in fish by BaP was
suggested.

Pearl oyster: Pearl oysters were acclimated in stainless tanks with artificial seawater for 6
days. Following acclimation, five ar 50 ppb BaP was solved with 0.01% DMS0 to the seawator
and exposed to pearl oysters for 2 weeks. Haemolymph was withdrawn from muscle and used
for immunological evaluations. Agglutinin titer and haemocyte density of haemolymph, ratio
of agranular cells in haemocytes, and NBT reduction sactivity, phagocyte activity and
chemotaxis of haemocytes were evaluated. BaP exposure slightly affected phagocyte activity
and chemotaxis of haemocytes but not significantly,.  There results suggest that BaP may
induce Immunosuppresion on pearl oysters.

Slug: Filter papers for the slug breeding were soaked with the acetone solution of BaP at the following
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concentrations (ppm) and were driedl up. After five days of exposure at 5> 10° and 10° ppm or 10 days at 10',.
107 and 10° ppm, the skin state for mucus secretion was observed and macrophages (blood cells) and some

organs {the digestive, the hepatopancreas and the gonad) were removed. BaP over 10° ppm was decreased

phagocytosis of slug’s macrophages and  changed drastically secreted mucus to be viscous and white, while

the body mucus was usually serous and brownish. These results suggest that BaP possibly affects tthe internal

defense mechanists of terrestrial shugs.

Earthworm: E.fetida keep in the cellulose tips with 100pg to 100mg of BaP at 15°C for 1-5 days.
Phagocytosis, H202 production, expression of AH receplor, estrogen receptor, cytochrome P 450, and heat
shock proteins were examined, Coelomocyte was classified as large (LC) and small cell (SC) in these sizes.

E fetida exposed BaP for five days, clearly decreased phagocytosis and H O, activity. Immunohistochemical
analysis of the E fetida r_cveéled that staining intcnsity was increased in P450 and HSPs, while AH receptor
showed no staining, ER positive cell was not co-localized with those P450 and HSP positive cells. These results
indicated that immune functions of E.fetida were down regulated by BaP exposure even in sub-lethal dose. The
levels of immune function of the coelomocyte might be useful for the indicator of environmental chemical
contaminant to soil. - '

Silkworm: The consecutive application of (,1% BP in acetone to the skin from the final 5th instar larvae once
a day for 6 days resulted in a reduction of the number of total hemocytes and the proportion of granulocytes and
in an increase of the proportion of plasmatocytes. In addition, erythrophagocytosis by granulocytes was also
suppressed, although the formation of melanin pigment was not inhibited. Natural anti-bacterial substance and
lectin molecules produced at a 2-day-old prepupal stage were investigated after an application of BF for 6 days
in the Sth instar. Results with E.coli and hurman type - O blood cells showed the decrease of anti-bacterfal
substance and lectin levels in the hemolymph by BaP. On the other hand, the numbers of total hemocytes and
immunocytes were similarly affected by only once exposure of BaF, and the in vitro treatment with BaP had an
influence on the morphology of granulocytes but not of plasmatocytes leading to their round-up shape.
Therefore, it is suggested that the BaP has a suppressive effect on the insect imnmnity, probably causing the
weakness of inscct health. '

These results suggested that there is a possibility that BaP has the immune disrupting effects in diverse
spacies.
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WET, BERGEEIIOARDES B, FORON, KAGHBELRED>TWEL (H8). REDA
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F7 - RBRE FE¥eun) OFE. 20 FO¥ unu BB UMEBRMZDB M RSRE TH D Anes RO
“kE A NT INT 25 & oiUE R AL RS e P o BESEEOF B, ROREORETETL. 1L
Higic BT 2 TOEBMRETEI R A3PHOEF (21, BECEELR) Eﬁﬁ#”ﬂ'%:&t
L7,

{2} INT BT HiiE

IEFH ORI SHEXNARBEORT, mbHROLSMERINT THD, TNT AT Sk L7z
HFEEEZRWESA IV WEL Y GDBELROBEFREINTHLESH, TNLR—KRREND
LETRHENAPWETHY, TR TORIBES —REBER S HEL TR > THEBE TR,
—, INT B E ST OM®ENS, BFRTORBAIILEZNEFOTHREINTWEL. 251,
TNT OV E <, 0 4F US EPA T, ACEHN -OiMNH S CITaE. 1ARC (ST >
WIFERB) Tid. BERIIBWTORREN » OEMRNSH S Groups [ZHH) BEREINTVL,

FIT, W1 2EEE INT WEAZ ST, INT L e0RBMOBGRIEORTET 7. XHHAZD
HRERIRUICREYS, BEFENEDEVOIMELELLLIMENKIISHD, FERETHAL
FRTHD, 2T, MBI um KB Anes B2 EREL T INT OR{GHEEEHAL .

(3) Y um ARICKZ2BEEERAT

NEARETIE, INT RUEOREMOBEFHEICHL T, TelRERVETHWIWRRTES., €2
T Y unu iR EH WT INT OBEEHMEFFEL . unu BT, BEEZIT/A DN ZEET SO 308
S B HEEORBITISAL/ARBETH O, Anes B & HIERBROBENGOND ZEMBHSN
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mmu FEEEE A LC. B HEE M CRERERINEOBR T 2, HMBREOZHZEE 1I0R
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TNT OFEMIRELL. B(a)P O 1/20 TH-7. 89 mix AAEEL WSS, BIBEARINTHARAVWEST
i, INT S REEEEER L. UL, TOMEE. BESRELAE L -2 FOELV O 1/11,000
THo T,

2) TIBEEHH IR OO EERES R

ERORERSE LT, UAKNTREDTEEO INT R0 (38K, hxLi
BEOxRM 2 g (288, RUCRBREOLEHEERE TS 2MEROERE (1) 2RI u
REREIT 7. MEHIEE 2 IR RIME AT\, Fr. | B, Fr. 2 (hiath), Fr. 3 (G#&1M)
CAEL, FNFERNE S nix W - RUBOEETHBRL -, £ORIEZH 1 ICRT, EYEHEEE 39
mix Z2EML A WVERER, REOSEIBWCECEEMBE N o, —K. 9 nix RIEE
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#1 TNT BRUEORBBOE REME(Ames RBR)

Mutagenicity
Y Ames TA9R Ames TA100 B4z Ref
-89 | +59 -39 +59
409 | 260 | MNo | No HRSmg | Honeycutt et al (1996)
INT 5400 | 380 | 6600 | 2000 |#HME/ZV-Mmg|  Tan et al (1992)
4350 |HMEL] 16200 (HERL|  #iEE/mg Padda et al (2000)
0.5-10] No Mo No ug/ml overlay Wen et al (1976}
4-Hydroxyaminc-2,6-diNT | 587 |$R&7pL| 4330 [#4RL]  HAB/mg Padda et al (2000)
2-Hydroxyamino-4,6-diNT | 1320 |3R &L | 10200 #8470 EiRY/me Padda et al (2000)
2,4-Dihydroxyamino-6NT (17400 | #R&742L | 127000 EERL | # K Eime Padda et al (2000)
270 Na 302 513 ik #Eime Honeycutt et al (1995)
2-Amino-4,6-diNT 500 125 | 2300 | 1233 | RS V-Hmg Tan et al (1992)
No No No No _ Won et al {1978}
No No 208 No CER¥ime Honeycutt et al {1996)
4-Amino-2,6-diNT 1000 | 275 500 200 | &M —NMmg | Tan et al (1992)
Ne [ . Mo No - No Won et al (1978)
3 4-Diamino-6NT No Mo No No fHiFEk/my Haneycult et al {1996)
0 (HERL| o |HERL|EREV-Mmg Tan et al (1992)
2,6-Diamine-4NT 325 |M&RL) 750 (MERL | ERE/V-Mmg | Tanetal (1992)
4,4',6,6TetraN-2,2-azoxyT | Ne No No No #riEs/mg Honeycutt et al (1996)
2,2',6,6"TetraN-4 #"-azoxyT | No No 1460 | 1769 IR /mg Honeycutt et al (1996)
2 TNT RUTORBH ORI M Mutatox)
Mutagenicity
L e Mutatox .
-89 +89
TNT 0.25-0.50 No
4-Hydroxyamino-2,6-diNT BERL wmiEnL
2-Hydroxyamino-4,6-diNT Wkl &L
2,4-Dihydroxyamino-6NT Wil W&zl
2-Amino-4,6-diNT 3.9-15.6 1-3.9
4-Amino-2,6-diNT 2-15.6 0.57.8
2,4-Diamino-§NT 7.8-31.6 15.6-62.5
2,5-Diamino-4NT WAL _ﬁ Al
4,4'.6,6'TetraN-2,2"-azoxyT | BIFRERELN T | BFLERELRT
2,2,6,6-TetraN-4,4-azoxyT | REFREERBONT | BARERBAONF

EfI:ug Ref: Honeycutt et al (1996)
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MmN . MARECHESRELE-EBE DMSO 04ml ITERRL,
Z5HIZDMSO T2 BRFERBEEZTL., c REREAHEEANTS.

BAREE HATRIHE TL210 4. RIGEEPRIZRESh L8 K T IR
EREREhE, RABEFNETHETREBEORREF D,

EHEAROBIE TGAMERE 12ml (2 LT ARH L 7= % 500 |

v
RESHEE 37°C T 90min
MR ODge=0.1 [Z TGA I THK .

A
200 12 I/well l B 06 e AoaFL—MT A /YT EAT S,

—» EREIZODE 420173,

™ o BILT U I AZEH—TH 60 7
R & 30°C
5B FTE (120min 5 5 20min |iI<¥(E)

221 mPFAROIw—Fy—|
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o BUZES 40g)
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W o, 109 2 BERYIEL

'

BOSRE, 3000 rpm, 104
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l SHARAZY,  100ml4-50ml 2E&RLEL

W tH 105
v
Bk
.*.
RER&E # 1mi
A §
¥
LUIFIILASLIOT ST~
Fra: ~34230ml (BTHTHETRE)
Fr.2: 8% FEby—~3FH2 30ml
Fr.3: 30%Pzhr—Ad42 30m
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v _
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I O TR OB REUENF O WS 2 BRIEBE Sk ok,

(4) Anes RBRIC LD INT AU ZORHMOBZHMN :

MR L 7=k 51 INT ROV DR OREREO4H BIZEL T, XRF—7 TRERIE SR
FEOO, Y um RBMSD S IIEREMEN S S T ENREINAE, 2T, EEHEORESRE R
LUTELEESN, $EATETHIAZNTNS ines RRIC L VEGEHORKREET> . &
Bt () {L2HETEMESEICKEL, TASHEORTORE;) (HRESTET 78, HHEER
W6 7R RO RAENEAHEREERBRO LENEL L URBERORIH T DWT] CERL
Tfro7. '

RBREELE ST, IN AUREY (28 OTXTICRESE (BRATEFRR KHD &
MEEX NI, 2, RBRLAIPEOD CREMESBELEN - 20, S9nix EENEFO INT THo
7. :

#3 INT RUE O (218) O Aves SHBRAER

Ve H §9 mix TAL00  TAIS35  WPZ  TABS  TAl1337 HeiftE
' : arva Revertants/mg

TNT R + - + + + 2, 370 (TA100)
i3z 31| + - + + + 6, 957(TALO0)

2-Aminc-4, 6-diNT #&in + + + + + 1, 853 (TA100)
EeiRin + + + + + 1, 591 (TA100)

4-Amino-2, 6-diNT Fhn + — — + - 75T{TAL00)
L3N + - - + - 496 (TA100)

SImix : v MFROKBRNEREE, KRDEORBRITHER

TALDD, TAL536 1 E AF D 2 EREOVIL TR IEERE, BEATBARYOTREMEICRIE
WP2 urvd: BT 7y PERMEOKBEERE. EREMBERYOERSWE IS

TAY98, TA1537 : E AF VL EREOHILERSEHERKE, 71 —4 7 MEOERFWRIIRI

[#2%]

TRl 2EEOTRFICBVTHLNEEEBREE. ROZRTHS.
(Danes KB OTEN o RBOF RN S, TN LUEORMY 218 (2-Anino-4, 6-dinitrotcluene KT}
4-Anino-2, 6-dinitrotoluene) ITHEEEEDIH L2 LAREEIN.
@m0 EHh 5. FomaBEEERBHETEho .

St MIZDOWTIE. B2 ERY une i858 %2 BN T INT DA ORHBEOBREHEZMETS, 25
iz, EEOH TSI IN 22B L TEORREESHE R 5, @TIE, SEEBLZRE
BINEREO—ZR2REFL TWAICTEAVNED, E5CHREHA2HECL T LHARDBEHEOREEEE
T 2.

k. MiEEE LT, BERFHLTWABREFOME (F1 b3 2—F— a3l Oz, £
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MLER % AW INT 7p SRl O TBERCEEMNE | 17D L0z, (HmEH &It ol TV ORIE
TEHZLEL TLUAREA TV OBETFRERFMECTH AL ShEERNE TS (BiET HEA
T BREFRERTETFRETHS.

[3] BEEFERE-SY—G# (b3 X5 w201 OB

[HE5]

BA VB L AmAROERTREYT S FT-FHEET (TS, Gene 20000 ZAWTHRI Y A¥ 2w
S AT ERB L, FTI-F1 BAE. S a7 2a9STORSERIZED S fushi arazy BIEFOES
FHRATELTEEEN., By T RUSEFAERZ N TN, TORBEM-SEEIEFHTS
o, Ll BaDRIC X T RO EMHEL -, FIZ-FIBE=TiE, €825 0%, wriITlh
(BRAR) DIEOHIMRTRETAIEE in situ N TVFA -2 aifick>TRALE
(B# 5. BBA 2000), =7=. ZOHODOTETE FTI-Fl 0o T sHiE £ A WE A GERELTH
sEU 7 (FoH%, GCE2001), TS OEERELIT. FIZ-FI BT OESMEHE (3. 0-kbp; FE S, Gene
2000} #GFP A F—IZHEAL, NAJ A RS REERLE BW1-1), ZOMNAJ ARSI BE
AEEEZ AW CERILL =1, Kroll & Anava DAL (Development, 1896; ®1 —2) TFZ 7 UMV A
HINOFRSEINCEAL TRA X, TORE, FI-FI BRRTOESHGERNTOE—F— LT
BE, FRE2» ABROQ7 7 U AV AT TIRRNOIRERT CFP BEFFAREL TEONESR S Z &40
Shal (K1—3), s, YFHI)ORBRRNTHEAETIBETET 7V LY AN DIIRCED O
F—¥—fREENATE I ENE > TEAE Iy HROMEACQIMIII TOFP EHESR I TS5 T LTS
TRUD TR L . S RESF—BETFETH T AF 20 2 A TN OFERIZOWTI, BE. #
H2FEEFLTED (M1 -3), EAPKENTAEFETHS.

| &)
SOEETYFHATINOEE CENT ABEFOLERTREE 7T 7 VAV AHTIHIEAL, b
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HFRETEEREALERS P AY 2y ZAZNMEREN TV S, PUONBEEILEDEMERBF &M
W 5ICid. AT OEERENORET FIAKERICEST 28ET) PRATS NI X5y
THINEROWAGLD S, R CRBTABETEMALAEN T VAX Z v VAT IVEROERRE W,
W>T, BeAEBIOE LD N A AT Sy Y AL EFR T COBET OREHERE ZHE
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EHEEALE NI A Ty 2 A TR ERT S Z LT E N, ST-1BEFNH - ETERBRWTIER
WEEZREERILLTVAILPS, EROBETEEF/—& LT, NMMRILME 0 O£ iR &
OB T L BB giR 5 T LA & D, RAWERL B4 —8 (225
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Invesligalion of the actual circunstances of amphibians in danger of extcrmination and making a
Web site to gather informations of amphibian malformations in Japan, and preduction of transgenic
frogs to monilor Lhe environmental pollution

Vasahisa Nakamura, Department of Biology, School of Bducation, Waseda University, Professor

Key words: aciual circupsiances, amphibians, malfurmation, toxic-lest, INT, transgenesis, made |
danimal

The research consisis of 3 parts: 1) Investigation of the actual circumsiances of amphibians,
and collection of information of amphibian mallormations in Japan through a Web site. 2) The Lest-
for the toxicity of substances extracted from Ihe soil in the Yamada-Ryokuchi area in the city
of Kita—Kvushu on the life of frogs. 3) Production of Iransgenic frogs to moniter the environmental
pollution. _

We successfuly collecled information of deformed amphibians throngh the ¥eb site which might be
caused by chemical compounds such as EDC and dioxins. Investigation was also carried oul to see
the actual circumsiances of amphibians ([rogs and newts) in selecled arcas in the districls of
Kanto, Hokuriku, Tokai, Shin-etsu, Chugoku and Okinawa. The investigation showed thai amphibians
are living in the severe natural circumstances. Imterestingfy, 10 malformed frogs (Rana
catesbeiana) were found in the Kanto are, and alse lhe Tokai and Okinawa arcas by this invesigation.

The previous siudv revealed that amphibian mal formations are inherited through generations. Thus,
we cxamined whether TNT and B(a)P exiracicd from the soil in the Yamada-Ryokuchi area in the
Kita-Kyushu city have the toxicity on the frog life. The results indicated ihal they are texic
ta the frog life. However, the soil in the Yamada-Ryokuchi area had no lnxicily to damage the genomic
DNA.

Finally, we succeeded (o produce transgenic frogs {o monitor environmental poklution by injecting
a DNA construct of the 5 —untranslated region (5°-UTR) of the frog FTZ-Fi gene, which is expressed
in immaturc oocytes in the frog ovary, and a pEGFP vector into the eggs of Xenopus laevis, The
expression of green fluorescence prolein (GFP) was tissuc—specfic in lhe tramsgenic embryos. As
far as our knowledge concerns, this is the first report showing that transgenesis was carried oul
successfully using the promoter region of a speeific gene, and that the 5' -UTR of the FTZ-F! gene
functioned in the ovary of iransgenic frogs..

In this study, we have successfully obtained many results, bul this research was nerformed in
two vears. Based on the findings obtaimed in this study, we canclude thal investigation of the
actiual eircumstances of amphibians in danger of exterminationfor should be continued, otherwise
we would not be ahle to elucidate why the number of amphibians are declining and why frogs are
deformed.
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