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1. WNOWEEULZEWEIC L DRSS ~DFED 5 TR AEM FH
A B =R LOFEH

MREE

(1) Flutamide (FLUT) ., 17B-estradiol (E2) . bisphenol A (BPA), ICI182.780 (ICD &
diethylstilbestrol (DES) % ICR ~ 7 AR#kic 5 g 5%, 6 H EICHHMATO 1L, v=
AL 7wy ME, ETURG G, REEFIEBE AR aECa— T 2T (T 7 FURE
BRI BO—FE) ORBRENTORBEEZREEL I L 2 A, COFEAZEGRHETCLa— T
JF B R EENBRECIE LARICHD LTCWD Z e Npnole, a— N7 I F U 2Ry
BORBENEELEREIT, NoWRILFWE %MD &3 D INRME L E ORERIC G 2 B2 T
5 ET, HAITAREEERY VNIVETHDL I ENRBENT, BHRERTIIED L ) 7eitEca—
77 F o DOFEBDHIE S VTN D ONTHAE TRV, ZOBMEL 5 PRI 2 2 L3NS
W< EALFEDIVER R OMIICEE TH L EEZ BILD,

@) ~A 7 a7 LA EiE#EAT 5 2 & T, DEHP I X DT v MERMRO T R h—v
AHIENT, FOHKE5ED 2000 mgkg OFFIZIEL Fas-FasL., FADD/Caspase-8/Caspase-3 8L
Apaf-1/Caspase-9/Casapse-2 D A — RMBIE 7R b—V A ZFHET 50, ZOREEN 20
mg/kg FFIZIE Bel-2 2l A7 — ROMBIE 7R h— A& Mf L TWD Z E R L E L,

Mo 1E
TRE Fotst (TRERFPRFEA R EmES: hEdR)

A. TFREER

BIE, BREETT O NS IEELIER 2R (LB X DA O AFERSRE DFEE A EEB R & 72 R
AL 7o TRY . AWEREE2 D NS ANORBEEICRT T 2803, ANICBT D T OB C8H A 4AEY)
TRk PR BB E BRI AE U TV D E D BIRESN TV D, 2L OWENREREFETHDH D0
R, 53O LU DIEREO S S LM TH & Ebic, AEEOTRINIWE
OIERMZBEEL, & BROGYAEROEGEI TR Z T 25508, EROARNZITHL U 2R 4
IEOMR AL L CRETH D, AL TIINSWBRE P EOIER A 1 = X K220 T, HEtE
AR XS DR BT A xS & L, o AEwE, MlAEWFFEEZ AOTRAL, SBICHN
Oy IR EN S X D REEREE O o TRl N~ — — % AT 2 L2 BN E T 5, A
IZ & DARER 22N WS L P E OVERBEF R O RRIE, WRWREUER OO 2 WE DK
BRI BIEDORFICH ST 5 Z E 0N IRFT& 5,

LUF BRI, FEFH I O RNZRT,

1. BEHEOMAATESICHE 2 5 2 2{LFWE DVER A B = X L O
WEAERE 20 L7~ GFP (Green Fluorescent Protein) iE{n A IATL~ 7 A & - BBAEFER D & |
DES O IAFEMIEZ DL D V) K0 LTI E X2 DIAEHIERICEND &5 2 BV,



ZAUIRI C S WERFE\ZMFE LT 7 7 F Uk Z oox 78 L O EZ X BICFEFICRRD Z LT, K
TR O THEZ AT 2 b0 HIFF SN D, £ 2T, HEROBERE(LD > B, KRR
BEOEE (ES) IHET I WE, flutamide (FLUT, $17 > Ku 7 AERHEZHT5WE),
17p-estradiol (E2, KT A k127> ), bisphenol A (BPA, 55\ =& kv 7> A{EA 219 2 W8),
ICI182.780 (ICL, = A Fu 7 L 72 — TR BINITHE G LT A hr s v e 77— 2 [1%
THWE) & diethylstilbestrol (DES, &= A Fu /L) 2#FNLHICR ~ 7 AkERIZ 5 H
e 5%, 6 HEICKHREZRVHL, voAX 7oy MECKVBRTFOT 7 FUAEE 5 0~
BORBEL EBINRNTT 5, £ LT, iR aLs & BT BEiuAR s 7 F v
fae 2 X B ORERNTORBLEZ SR & T 5, 51T, ZbRnH LT E I DN T
X, R 27— DIRIE BT 9,

2. BEFRER~D di-(2-ethylhexyl) phthalate ¥¢5-12 & ZHEMEAEFHAR TE LB TR b— AFHEHE A
H = X L DERENT
AFHENED & DALV & B ERER A~ 5975 & UIE LI AR 50 CAES-AIR S 778 b —
VABRBITN, TOHT AN ALEFNTT 57280, Fix ORFET di-(2-ethylhexyl) phthalate
(DEHP) Z#WEpEC G L, 7 b= 2R %235 Fas-FasL, 7 AX—ER, BLOT R
N—= Z&AHIT 5 Bel SRIZHFEH L, THR M= R A B =X L E2BHLNNTT D,

B. #Et L 715

SERETE H 2L AZIH A A1) TRk LTz,

LB EH E LT, AR TEERERFREZ OB mEE B2 DML % T T\ D, %
BREN ~DEALFIE OF 5-HE s L OVETEERHZ XTI O3 m 2 i/ NRICE ED D K 95850, £
DD ILIE TR T TIT > 7,

1. BEHEOBALTEZCRE L 5 2 DI/LFZWE DIER A 1 = X A OFRNT
a) FEERT VA

ICR~7 A (HRTZAT)LI—) 12 W liO A4 A% v, WE Eo. FLUT, ICI, BPA 33X U'DES
Z DMSO500 pL (28 f#E L7214, corn oil Z¥aME & LT, ZNENDREIZHNL, v~V ADKTF
XV 0.1ml/day & LT 5 HEHEFRGZ1TV, 6 HBIZHEREZI HL7-, xHREEZIZ DMSO &
corn oil Z[FARIZHK G- Uiz, BEEEIL. E 0.0012 png/g/day, FLUT: 0.012 ug/g/day. ICI: 0.012
ug/g/day, BPA: 0.0024 pg/g/day. DES: 0.025 pg/g/day & U7z, B0 HU72kERIZ, & 27 5%
BN, S PRI 21T o 72, S 5|2, FLUT & 50~ 7 ZHERIZ OV Tl 8B 1 Isss
BEIEE AV, 3= T 7 F U Z N BORBREMGS LTz, BIOERY T IZHON TR, TTHER
TS MXEW) EERRE ) ITHERSNTEB I R> TN 5,

b) VAKX T uy k

B0 U7 B R B AR 2 B2t . Lysis buffer & 4:2BE47 51 XL, 15000xg 4°CT 20
SR L2t 2o B aE Lz, #2013 10 % 727 VAT 2 K7L SDS-PAGE
L. PVDFRIZF T A7 7 —1L, TBS AFX LI NI TTaRyX T, fia— 7 7 FobilkzE



HRP #Zikbiia3sE8iE: (ECL Plus: Amersham) T L7-,

o) SIEHUARY Ak

B0 L7EREA 10% AL~ U o CTREREL, T 74 ol L TR Z2ER Uz, SR 13mS
7 4%, ERICEIEICLY 7 rny X T a2 7o %, a— N7 7 FUAhiv U Aa— 77
FUHREREESE, A ML T FABCUVAF U H—EXy N (FHTAT A7) TR LT,

d) ST T IR AR
BRIR L7 K34, LR White |2 2 0 (8065, MDA & fERLL . IERILCEMIFIC LD 70 v %o
SR, 3= R T F Ao — N7 F AR A S, Amnd FETRIELE,

2. BHWERER~D di-(2-ethylhexyl) phthalate 512 & B HEVEAFERF TAE LB TR b — AFHFFE A
= X b DFENT

6 D Crj:CD(SD)IGS A&HEZ ~ FMEARTF ¥ —/L A + U 3—(£F)) (2 DEHP (Aldrich Chemical
Corp.) @ 20 35 112000 mgrkg % HiABEHRE OB G- L, $e514% 3, 6. 24 B OV 72 Rk %
Bt U7e, ZERFBIE 4%/ X TRV AT VT B REEZITV, NT7 7 4 e EIC X VA Z A4 R
EARZER L, HE Yt /s & ONZ TUNEL #2197 o 7o, AFFERITIRIREFE 2 -V CHidE L, -80C
THHRA(T%,. TRIZOL (Invitrogen Corp.) % fV T RNA Ol #17-72, #iliti RNA (% cDNA
OFE% . ABI PRISM 7000 (Applied Biosystems) %V T, SYBR Green /(2L 25 U 7 /L4 A
2 RTPCR T 4TV, 7R b — 3 ABHEER T ORBIEL EE LT,

C. %%
1. BEROMALTEIRITRE L 5.2 DLFEWE OVER A 1 = X L OENT
a) FH~ Y AER P O — KT IF B R ER BB OfFENT

E2. FLUT, ICI, BPA, DES #ZhZh&kh Lo~y ARG Oa— N7 7 F o2 Xy EE
AUTAZ Ty MECTERLZEZA, 2T E5% (Ee. FLUT. ICI, BPA. DES) v 7 %
THREF a— T 7 F o2 o R EENPHIRRHCEE LAEIZED LTnD Z ERnbhotz (K1),
MDD a— R T 7 F o Z R ERBER 1 £ L TENETNOEKERORERTORILL GeBittk
+SD) ZH 53L&, E2T0.6+0.2, FLUT T0.4+0.3, ICI T 0.6+£0.1, BPA T 0.6+0.1 353X
DES T 0.8+0.1 TH 7=,

b) AL FEBMEDIC LD~ RGN — T 7 F U 20 G DI B L T B OO iR
Hr

A= T I F BRI ED~ Y ARERNTORBEMLE B &L, fia— N7 7 F U hilkz i
WS PTARYR A A V. P BRIMEE TR~ T,

SREEC, 22— 7 7 F 1% apical ES. basal ES & ¥EHE ERGHIIRICHFEE L TE Y (X 2A).
basal ES TITHEAGE & B L T D10 b U HITRBIZRE7E L Tz, apical ES TlX. #EFEEFD
HRNZIROFEEDFE O Hivlz, Eo, FLUT, ICI, BPA 58 CIILIRTEHE & L7 RS 7Rl O BEES
FERESLH TN A . apical ES ASEHIKIE LI Tl bBISR Sz, £, a— k7 7 Fr 0%



HEOEUIE, FHIFRMEAT =V VI b IXIZBW T LB sz (X2B 75 2E), DES #
BT, B2 & OR THIIZIEERY AT, basal BS TO=— k7 7 F 2 DFEBLAL
bOBHRLIEN (H2E), ZOMOWEISD & FBRREOELI D i1,

o) i BB BIZRIC B D — N7 U T U SR L R B B O T

Apical ES (%, BV RN UHMIREEE, 7 7 F U fgd L O/ MURO =FE bR I Tnd, 22—
N7 7 F B X7 ED apical ES 12T 258l % | SR E T IMESEEIEEEHWBIE LT L 2 A,
A= T I FAXT 7 FUREE A N U MBOMIZHEL The (M 8A @7 r—~~ R), FLUT
BehH~ v AORERTIL, BEERE DR L5y & apical ES OKRENFEO - H712, 22—
T 7 F TR B e hro Tz (K 3B O #5y TRITENZRD HILRY),

2. BB~ di-(2-ethylhexyl) phthalate ¥¢5-12 & 2 HEMEAEFHER TE L BT R b— ZFHEFHE A
= X b DENT

HE 4812 K 2 B 5 121X DEHP 5 022837202 > 72, —J7, DEHP @ 2000 mg/kg % 5-
% 24 B L OV T2 T AR b= AR OF E /2380023 TUNELVEIC K Bl sz (4B XD
5), U T /L% A L RTPCR Tz Tix (K6). DEHP @ 20 mg/kg #5238\ T, #5% 6
RIS, 7 b— o 2 &S 1 Bel-2 O35 B (1.3 f5RED) AR o7, Z oo kiR
Lo T2, £72 . DEHP @ 2000 mg/kg %5-12 33T, Apoptosis DiEiEKN{ T 5 Caspase-2.
-3, -8, -9, Bax, Fas 5L W\ FasL ODH R EH (1.5~3.8%) 23H.547-, —J5. Apoptosis
Wﬂl%f%éB&ziﬁiﬁ%ﬁﬁ$W05ﬁ@F)%fbﬁ@iﬂ%@ﬁ%%dﬂEHP%@@B
R T CIERBE AR L TEY | 3~6 FEE#ZICE (LD —7 2R L, D%, RRFIC
kB — L LR LT N S Tz,

D. &%
1. BEROMALTEIRTRE L 5.2 DLW E OVER A 1 = X L OENT
I— N7 I FUNET 7 FURER S NI EO—FE T, REE  Offa- R ICBR LTV S
T H R EHEA L, apical ES B W CIIKE i OEE DFEFE-CREHZERE L T 5 D
TRV EBZ LD, VEFRE £ TloHls L CE 7o Hilfa-& v b U IR O FkEE & 2E O R
B RE R OB L. AT 2T T2 — R T 7 F U O E ORICIIBRE I R STz,
BURVE N = & 12, B BRI %9~ C (B2, FLUT, ICI, BPA. DES) < apical ES ®
KE%&UZ~F77?/@@%W%%§MKOé%u\:~h77%/5/ﬂﬂg@%ﬁimﬂ
O BAVIREE A7 — V03, RS IEE DB S D R d KOS -3 B IR~ S %
REHNCARFEIIICERRD BT, ZHLHOREHR LV | apical ES OFE BN R S LD,
o— 7 7 F 03, apical, basal ES ORPEEICIAET D 2 ENHER SN TWD N, HHOME
WD BT ZIE OIMNRMEOYEINHUEIZ ST 5 Dl apical ES D= — N7 7 F L Th o7z,
é 512, ES OERINEOENNL 2D & basal ES TiEXA MY ¥ 7 v a rBNIFELTEY,
ZIVFAE L 72\ apical ES 10 & KV 5RERIEE L L TOBRIS LTV D20, ERREER, T
TERL DA 7 VS IEFRIZENZ X U T LE XL, apical ES 1T ESMNAMEWE O BRGSO B
DTN EZLEIND, 2D LIiX, HiElr DES #45- L piEk DES £ 5- 02D L300 b b



HEH S5, £ LT, basal ES Hilfafiizs i 7 o 7 EORkIL, apical ES & 72 >Tn5
ZEMD, MFBIET D a— T 7 F U OEE LR > TNDLOTIIRWINEEZEZ bND, Th
#. 4113 basal & apical ES ®a— h 7 7 F U DIER A 1 = X LDENZHOWT bR L, Hilf
WEERLE 7 L XV e a— N T 7 F N ED XD IS IEE O AOHERHIZBI 5 L T DH 0
DE NS BN 5,

2. BB~ di-(2-ethylhexyl) phthalate ¥¢5-12 X 2 HEMEAEEER CTEL BT R b—T XFHEFHE A
A = R I DFEHT

DEHP ® 2000 mg/kg HiEFEAFEGIZ LD | FROT R F— Aflaogmigis snc, Zo
THRPF—=VRIZIE, THR M=V AFEERAD Fas-FasL, FADD/Caspase-8/Caspase-3 3 L O
Apaf-1/Caspase-9/Casapse-2 D& H A/r— KOBIGFHI EF R 5 NTT R b— 2RO
Bel-2 OFHBUK TG LT\ Z R siviz (K 7A), £7-. DEHP @ 20 mg/kg Hi[AlRE 1 £
BT AEROT A b — A OB SphoTo, ZOWRE 7R b — 32 2l 5 F Bel-2
OFBHNNHBBILE S, IHSRBEE T OB B X2 7 R b — v AFFHE O R~mE 7= (X
TB)., £, INHBETORBEREILT A b — ZMaoHE X v BBz S, BRICBT
DT R N—=V RAFR~—— & LTORREEDN R ST,

E. #im

Flutamide (FLUT) . 17B-estradiol (E2) . bisphenol A (BPA), ICI182.780 (ICD &
diethylstilbestrol (DES) % ICR ~ 7 AkERIZ 5 HFE G 5%, 6 H HICHEAZWMVHL, v=
RZ Ty ME, SETURG L, BB FBMETITARLALETCa— N7 7T (T 7 FUfkse
BRI EO—FE) ORENTORBEZXIRIEE IR L2 2 A, FOEAIBRERETHLa— T
JF B RN EENHBHICLE LAERIED L TWA ZEnbhole, a— N7 7 F 2Ry
HORERNEEEIT, NOWRIUEFEDE 200D & 3 2 MR L E ORI G 2 2B % fifT
BT HEEITAREEERZ RTETHD Z LR INT, BRI TIRED L ) T —
77 F L DFBIHIE S TWD ONTIIRE TRV, 2 OBMEL 5 IR 5 Z L1359y
W< FALFEDOVER R OMRFICEE TH L L EZBND,

~A a7 LA FE#EAT 5 2 & CiHEIC, DEHP IC X BRERT » MERAMRO T AR h— 2
IR, Z D E-EH 2000 mg/kg DIFIZ 1% Fas-FasL, FADD/Caspase-8/Caspase-3 35 X U Apaf-1/
Caspase-9/Casapse-2 DA A7 — RIMBE TR b= AZHET 505, OG-8 20 mg/kg FF
WZIE Bel-2 f A — ROMBE TR b= 22| L TWD Z &2 6ne Lz,

F. 5I/3CHR

Anahara R, Toyama Y and Mori C (2004) Flutamide induces ultrastructural changes in
spermatids and the ectoplasmic specialization between the Sertoli cell and spermatids in
mouse testes. Reprod Toxicol 18:589-596.

Toyama Y, Hosoi I, Ichikawa S, Maruoka M, Yashiro E, Ito H and Yuasa S (2001) B-estradiol
3-benzoate affects spermatogenesis in the adult mouse. Mol Cell Endocrinol 178:161-168.



Toyama Y, Maekawa M and Yuasa S (2003) Ectoplasmic specialization in the Sertoli cell: new

vistas based on genetic defects and testicular toxicology. Anat Sci Int 78:1-16

FURES 1. BIE R ZMLUFSRR, ARRTERRER, Fekis . FaEke, A& TH. (2003) Flutamide
BHIZB T 5~ ZAERNT A b AT 0 UEEB LUOENZEISAR, ERB)~DFE, 5 7 B
RIVE RS ERE. 2003/12/14.

Toyama Y and Yuasa S (2004a) Effects of neonatal administration of 17 B-estradiol, B-estradiol

3-benzoate or bisphenol A on mouse and rat spermatogenesis Reprod Toxicol 19:181-188

Toyama Y, Suzuki-Toyota F, Maekawa M, Ito C and Toshimori K (2004b) Adverse effects of
bisphenol A to spermiogenesis in mice and rats. Arch Histol Cyrol 67:373-381.

Anahara R, Toyama Y, Mori C. (2004) Combined effects of flutamide and B-estradiol 3-benzoate
on adult mouse testes. Society of Toxicology 43rd Annual meeting & TOXEXPO, Baltimore
(U.S.A) (March 21-25, 2004).

Anahara R, Toyama Y, Mori C (2004) Morphological abnormality of the ectoplasmic
specialization induced by estrogen or estrogen&androgen antagonist in mouse testes.
Teratology Society 44rd Annual Meeting, Vancouver (CA) (Jun 26- Jul 1, 2004).

Kijima K, Toyosawa K, Yasuda M, Matsuoka N, Adachi T, Komiyama M and Mori C (2004)
Gene expression analysis of the rat testis after treatment with di(2-ethylhexyl) phthalate using
c¢DNA microarray and real-time RT-PCR. Toxicology and Applied Pharmacology 200: 103-110.

NIEFA. FMLUZEER, BiIE R, ER7ERE. &RTH (2004) H17 v K4 flutamide & HiT A
kw7 ICI182.780 N3~ W ANE T KT A L Z OIVEAIEIZRI 555 HAT » Fm
0 U 23 RIS RS, 2004/7/17.

Anahara R, Toyama Y, Maekawa M, Kai M, Ishino F, Toshimori K, Mori M. (2005) Analysis of
cortactin expression in the ectoplasmic specialization of testes in flutamide treatment mouse.
Society of Toxicology 44rd Annual meeting & TOXEXPO, New Orleans (U.S.A) (March 6-10,
2005)



Ratio

*%*

0.8

**

Control E2 FLUT ICI BPA DES

0.6

0.4

0.2 -

% :p<0.05, * * p<0.01

X 1 BEAI—FT7IFURN\IBEBRBED LR
Es. FLUT., ICI, BPA. DES#FnFx G LTI~ RERbDOa— T 7T 2 RV B BT DA
7uayNETERL, I h—/LOfE% 1 LLTERRLT,



A: XTEEE$

C: B2#% 5 D: BPAIR 5 E: DESI 5
2 BERNIA—ITFIOFUAVNIERBEEDLER
Tr—~~yRibasal ES, #7777 m—: BEATEKE /L, Bar: 50 um, 1—h77F L Z R EO%

BEAL: fata, RfHLYetar FH e,



B: FLUT# 5

A: XEEREE

3 BRMNI—ITFIFUIVNIBEFKBRED LR
SHEEE (A) OT B—~y NI — T 7 F U BFEL T2, FLUT #548F (B)D * I Tl
A=K7 7T DRED RN,



.‘G!ﬂ " 3
R, ™ m.ﬁf‘@
= s --a.--.:,E
AN,
e
. e !
& ! -~;sg;y‘ :
i Lo g = -
AT R 4 Lk o
-'\;.. = .. r-| '.i._—. Ll |_-'l - ol e S‘tr
RS T, Vi e, edn . . 5

4 2000 mg/kg DEHP #1515y MEHE TRONS 7R — Xl

T MEE O T R — A& I L7 #ili X 3-3'-Diaminobenzidine tetrahydrochloride TE:& 25
(Yt Ltz (JROCHD), Mk 7/11% 2000 mg/kg DEHP ZHi[E# 54, 3 h (B), 6h (C), 24h (D)
and 72h (B) (Z8HL7-, A 3= br—/l, Bar: 50 um,



50
O Vehicle control -l-

40 —— HEDEHP 20 mg/kg

W DEHP 2000 mg/kg

Al (%)

3 6 24 72
Time after dosing (h)

5 3{ALLE TUNEL [FEffanEFzENTLSTYMEHIED/\—tE>k (Al; apoptotic index) M4
A L3—X
20 &5 F 2000 mg/kg DEHP % Hilal#& 5L 7=, Al O Z228001% 2000 mg/kg DEHP 570D 24
h & 72 h TALN, TNENOBIT Y £ SD (h=6) T/RL/Z, a2 ba— Lilxd5H 57
**p<0.01,
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6 TYMBERDDTRF—REEEEFD mMRNA RBROAA LI—R

mRNA JEH &% real-time RT"PCR TE &L, caspase-2 (A), caspase-3 (B), caspase-6 (C),
caspase-8 (D), caspase-9 (E), caspase-11 (F), bcl-2 (G), bax (H), Fas DB XL FasL (J) OfEF%
RUTZ, ENENDMEIZa Me— L ORIUK R OR B &L 1 EUIARHME TR, £ 2o
¥] £ SD (n=6) T/RL7=2%, EIEOEIL 20 mg/kg of DEHP 51, ¥0-> 5 L7-4E1E 2000mg/kg
DEHP #5829, arbha—/WIxtd 58 B2 *p <0.05, **p < 0.01,



A —> CASP6 | |CASPI11

B —> CASP6 | |CASPI1
FasL [+ FasL —» CASP8 (| CASP3

Bax —|-_1 CASP9 | CASP2

7 THRM—=SZADNZR A LDBGEFREODELN

ZDOXi% KEGG (Kyoto Encyclopedia of Genes and Genomes, http://www.genome.ad.jp/kegg/) ™
AT =A< T HETT 47 7AL, FIEH 2000 mgkg (A) L 20 mgkg (B) DA ERLIZ, U
A CTRUIZE(E 1T real-time RT-PCR TR~7-H DT, AR TEY DS TRUICEIG FIEFEEN
FALIZb O, H TRV O SRR IR BIME FLIZb D2 RL TV,

Apoptosis

Apoptosis




Studies on the molecular and cellular biological mechanisms on

male reproductive system

affected by endocrine disruptors
Chisato MORI, Chiba University, Professor

Key Word:
mouse, testis, spermatogenesis, cortactin, diethylstilbestrol, flutamide, 17B-estradiol,

B-estradiol 3-benzoate, bisphenol A, cyproterone acetate, IC1182,780, Fas-FasL,, caspase, Bcl-2

Abstract:

After adult ICR mice were treated with flutamide (FLUT), 17B-estradiol (E2). bisphenol
A (BPA), ICI182.780 (ICI) and diethylstilbestrol (DES) for 5 days, testes were dissected at 6th
day. Cortactin protein, one of the actin binding proteins and involved in ectoplasmic
specialization (ES), was decreased in the chemicals treated testes against control testes. It is
suggested that there is relationship between cortaction level in the testes and abnormality of
spermatogenesis.

With 20 mg/kg of DEHP treatment, bcl-2, key gene related to apoptosis, was increased.
Up-regulation of bcl-2, inhibitor of Apaf-1/caspase-9/caspase-2 cascade of apoptosis, may be
related to the fact that no morphological apoptotic change was induced after dosing of 20 mg/kg
DEHP. With 2000 mg/kg of DEHP treatment, the apoptotic activator cascade, Fas/FasL,
FADD/caspase-8/caspase-3 cascade, and Apaf-1/caspase-9/caspase-2 cascade were increased
and bcl-2 was decreased. Thus, these gene regulations might lead the cells into apoptosis in the
case of high exposure to DEHP. In contrast, FADD/caspase-10/caspase-6 cascade and
caspase-11/caspase-3 cascade were not increased. These results indicate that the cascades of
FADD/caspase-10/caspase-6 and caspase-11/caspase-3 are not related to apoptosis with DEHP

treatment.



2. TENBED- 2-ZFNAFIIVOEFE - FEBMED X I = X L OfEH
BELOY 27 FMmizE i 5 HF%8

WHges RARIL (A ERFERFPHEFRIFERERE @M AT 20%)

WHRER

1) ZEZNVEY — 2 —=F L~F I L(DEHP) T~ 7 ZADEF. FTEFOEFREZET S,
ZHUZIZ PPARa S L CWA Z EBH LN o7,
2) DEHP 3D MiET A b AT 0 U REZ N TS, ZOERKRE LT, DEHP BEIZ LD
T A7 4 v Eflad CYP17T ORBUL FHRE 2 bz,
3) #at L7 Z Ak 25 L@ Hh T, DEHP i3 PPARaD & bRV Y T FTHho7-,
4) DEHP ORENIIRE REENBD bz, H—o, UV —E0iEM (MEHP O4RGHE
NHROTZ) OFEENKEL, AREDZ V7 F 0 2%7779 Vmax/Km X, v~V AL ~—F%
v N DZEN 200 15 &2 2 Tz,
5) DEHP I%f&\C L 5 PPARUEH &L FREOFEIL, Ty h>vUA>>v—FEy b ThHh
D, BT LH Y R—BIEEOREL T LTI EOVHH L,

IS ORERIX, DEHP © U 27 2@ b e h~IMET D56, ARG Z EEICRE
FTRETHDHZ LHRLTWD,

mFw %
W+ B (G ERERFGEE RO TE R R B 55 B A5
O i (Al ER PR FBLE R SR B B I B )
W e (G EKRFERFPGLE R FER BRI T B A7)
R WME (B BRFPRFERE SRS BRI @i )
T D (BEBRFRERE R SR BRI i )

A. TFEEH

Di(2-ethylhexyl)phthalate (DEHP, CAS-No. 117-81-7) % o7 ¥ LEED = A7 L&
¥ (43 1#=390.56) T, EIZARIbE=17vFA K (PVC) LD AMECH )M % R
%7212 10~60% (wiw) FREMH SN CT\%, DEHP OBUKME, EKIEREOHE NS, B
BB 720 e SILTO DA, ER-CIREEDE OFEL T2 VT 5 L A7 & T
B BRESMIC L > THEROREIIIAD 2 "l RetkEd o 5, DEHP IXEHREE, B4, o — b,
Rk e, R—X - TRy b, BWMFIERAIN TS0, Zivh OG0 H 7%
L7 DEHP OZFEHLE X bhvb, Frikelgik & LT, EFEITA (IWRENT) X 2BENH
%, FERIZRIRER N 70450 DEHP @ 1 H Olg#E &% 0.1~55.4mg(1.5~790ng/kg * b.w.) T
&% (Turnbull and Rodricks) .
DEHP OA4GE - FEmttE oA L, WHOWREER GREARLVEER) Db b5 WE T
tdhbH, D7 ISPEED’ 98] IZBWT, UAZFHMIMELHE L LTI EFbhi,
(B E DY A7 I F D REME2E 2D ETHETHS, LrLInETOY A7 G
X RARA U R ERDDHZEDOHERH SN, ZDRA = XLNENITZEBE VIS TN,
Fio, VARV FHMITEMERFEREZ © MOAMTT 2 2 ENTEAETH LR, FAICHIERN



IbNDZEnDhhol, ZOXHIRERDOS & ALFYE O KGN & 5\ s AT &
ﬁiék@@Ux&ﬂﬁ@%ﬁk@ﬂ%ﬁﬁym~f7yfénfwé U 27 G-l 5 AL

i, FHEFERE A FRERIB VD /NS THZENRMATHY . ZTOLEDITITA =KL EFliE
@%%ibﬁf%é

ZOWFFETIE, 1) DEHP O4FE - REwEED (R - FrEME TSRO, o7 2 N A
TRUYOIRT) OAI=ALE, 2) DEHP {UH# & BB T REA~ORBOMFEAEIZONTE LD
7o 1) OFZEICiX. DEHP Of##» MEHP(Z # )LEEE /) =F L~F /L) PPARaIZHL
KD Z &, PPAREIG T/ v 7 70 MaERHWTHNT L, U A7 FHEIZES D 5 2 Lo IEE
EiToTc, EOT A NAT R UVREOIRTFIETAT 4 v BT A b AT 0 U ERGRA~D
NG EE LT, 2) OFZEDORICEL TX, FRXT 47 AEXAFTI7 ATHT, FXT
# 7 A1X DEHP » & MEHP ~OfGH 2 fitiit5 2 VU X\—EOfizEs, A7 AL T
PPAROAZEMNEIG THERBLOFE A ELR LTz, ZNDLOMEERA LT, URAZIHEIZIH T,
DEHP OX 7 4 7 A « XA F I 7 AfHAE, Al - EmMEOMEL EDO X HITE X, FifE
A RIET RENBE LT,

B. FENE
1. DEHP D3:E - £EN L ENEBEFS (PPARa) D&E|
1-(1) K

di(2-ethylhexyl)phthalate (DEHP) (Z X %~ v 2 ZJfi(fertility) DK T & peroxisome
proliferator-activated receptor o (PPAR o) DRENZ SV T, B4R SV/129 ~ 7 2 & PPAR o
-null 7 2% AW THRE L7, DEHP [ZHiiROEFFEHIEE (0, 0.06%). &EBHIMA
HMERIE7-, 4 M DEHP 483 HE72%, R UBEHORBE MO LM (Fo) %
RELSHE, FAELT FEFL1 & L, BEALTEF1 %2 S OIZF UREROREE TR A2 FFo~v v
ABTRE L, ELTfFE2F2 & Lz, F1iBLOFATBWT, —EHS72 D OFAE LA

(litters) D%, 2 HUAEATFE L7 (pups) O, KOWEIZOWTHRI L7z, &2 THO~ T A
(ZHENT, Fonrb Fo ETOMORER, HMEOIIR & =213 L~V TOTRRBRI IR E 138D
bieinolz, AR~ T 2D 0.05%DEHP BEIIMEME & & ITREOHEMOEIE L | PPARa ©
EREERE R (B B I b RBER) OFENElEsT, Fi1& FAlBWT, —B472v D
FEAEAF O E 2 A UL EAEFT 2AFOBDBD RO BTz, —IEE72 0 OFRAATFOE DR D
—KIEZEHIL  (resorption) DHENITH 72, New born pups DD OJERIIHEA 2 H AN D
BAEECOINTH -7z, BIETRICERRL, vV ADRFR L2 Hi~w U AFD LY
7 )74 R DEHP B OB IZ T /2o 7-, L LB~ RMEDO M) 754
KX DEHP BBEAICB W TABIZED o T2, ZOBRNEAR -~ 7 2B D IR0 8i A
FETROEMEFEL TWDHE Lit2, —J, PPARanull ¥ 7 Z|ZEWWTiE 0.05%
DEHP W##2(Z L % litters OEDO & pups FELROBNILA SN o T, - T, BpAR
~ 7 AZH BT 0.06%DEHP BEFRIZ L 5 fertility DK F i PPARa (ZIKFE L TV 5 Z & e
BaIns,

1-(2) 1T oIz

DEHP I~V A% &Y — AR FITE ML 52 551K (peroxisome proliferator —activated
receptor, PPAR) O—>®DH 7 % A4 7 PPARa IZF. L, ~AFo YV —LZiFEads L L



2. PPAR EHEIs T OFBL (o-1 Bk, GV B -T2k K OREFEEEET) 26 L, 2k
[)(pleiotropic) MR BUCE G- LT\ 5, HIh | AgfaRksE, TS, BEEZFHRE L. TN
NEFBEIHED,

DEHP DO/4E5E - FeEmMEIIRG R, FR LR, AR, INROZFEME, K3l Bk 1
feodEin, MEEMOELI, MiEERVE O, fertility DK 72 &, Bix e TN,
L LI D OFmMHERBIOBIEIXIZE A EH LM STV, fif, PPAR « -null mice
HAKE NIH @ Gonzalez 11D 7 L —712 K- THR &1, PPARa DENZHFIRE L TO®R
FIOMRAHE R TH D Z EDFEH ST, AFFETIZ. 2@ PPAR«-—null mice & HW\ T,
DEHP |2 L A2Z5EDOIK T 25 PPAR o IZHIfl SN TWA Z EZH LM LT,

1-(3) WHoE Ak
1) EEBREW)

B SEERI LT TR N R FE R R EZER BN SR DBV IR T A KT A 2> Tithbiz, %
BrEhy & L CHERED B3R SV/129 ~ 7 A (Wild-type mice) & PPAR o -null mice ZffH L
7o EYIZIREE, WE, AR ER SN U — 2 b— A THIROEFfAR L KE BHIZE 2
Hiv, fEINT, ENENOREEMEZZZBL L, 1723 12 HEslZZE L7 & 2 AT, Lamb H®
THETHE S 72 0 B LT 0.06%DEHP &4 BZEEHZOID B2 b, FEREIFP, <o
AFX N D ORBRE THE SNz, ZOT 4 AEFEAE Lz AT, M, M (Z0#%E Fo
ELTZ) R LT, Fid 16 Bl L7 2 AT, HEEHEAFRORBL L, TDF %2 Fe & L
77

Fi1 Fo OFEFOREESE 3 AU EAER L-EESx, TnTh—EH7=0 OfF (litters)
EAEAEER (BAFBIMASD) & LTz, Fold 36 T, F1 & Fold 16 W CHgd L=, EJH#RO
FEEDOEMAEL 2O, FE, FE R Koo ()., iR, += () %, PPARa®
FHEE NI 7V ETA RERBRT DO AL, ARV ECVBIOIEERH (MY 27V BT A
R) OEWRESD - OIZImiE 280 LT,

70 O Fo OREMEAZ 2R L, 18—19 H H DOafr & ladk, % 3 A B OBE~ U R Zfif|
L. HEBIRLTKRYZ VT4 K& PPARa OFFEELZHIET S L2, DNA L, %
DWREIAEH LTz,

2) JERBIE
ISR RITT 7 CEE, olgds (&, i) 13 10% &=L~ U S EEA L, fr
TEDJETIHREMEAZIER L, 0.05%DEHP Olisgs b 2 B N TRt L,

3) MiErERLE

0.05%DEHP MEFEIC LA/ O T EMRAT L LUL e OBUREIA &I T B 72512,
METFA RAT OV BLIORT A NS4 — LD LARHAE SN (E8(FEE——T LT
%50,

4) MEOWRE

~ U ADMR, BT, AR OREP R T2, WIRANSHER 2 HE 3 5 Z & 25N
ThbH, €I T, BfF. FEFOMIE2 S, DNA ZHiH L, Y 6K EoREHERERIR T T



&% Srygene & PCRIETHEGET 2 2 & T, Iofr. BiEFOMEORE L Uiz, IR, Bidfro
i & QIA amp DNA Mini Kit(QIAGEN #-84) % F T DNA OHhit %17 - 7=, Y-specific
target sequence & LT Sry gene %, control sequence & L T muscle-specific regulatory
factor T& 5 myogenin Z{#f L. Yano (1993) O FHIEIIHEWT T A ~—%Z5RE LT-, KIZ,
PCR system PE9700 (Perkin Elmer #E5)12C 35 [A[HfE L 7=#. PCR product . 2.5%7 7
U7 I RV CERIKE LR L7z, Bl Sry gene 3 X U myogenin N GMED A % I,
myogenin DOAGEOL A ZEE LTz,

5) PPAR o 1EHIE (s T HBL~D 58

#eh & DEHP 258l fafr, #iEfr~ 7 AFO PPARa 58 L, ~LAF vy — Lk
KO b=y R TN B AL REER 2755 L TV 2 2 Z25Hii S 5 72012, PPAR o OFER)
PR3 Bl % Western blot A2 & 0 i@t L7z, Bl L ORI, FriEffFoFEAZEXIKEI L, =
feto—ABEICEIEE LT, SFHUE ("Lt v — AEEDIA L LT, peroxisomal
thiolasae, PT; peroxisomal bifunctional protein, PH; D-type bifunctional protein, DBF (Z%}
TOMKREBLOI har P 7 B-BbRMHEA L L TBRESHT 2L CoA A REESH .
VLACS, ; fE8{7 2 /L CoA Fi/k#EEEE, LVCAD ; K87 /L CoA Mi/KkFEREE# LCAD, ;
$H7 2L CoA Wi/kH#EFEsE. MCAD ; fHEH T 2V CoA li/kFERES, SCAD x4 54uiK,) #H
WT, ENENDOMESEDORB EZ T~ NFEH & PPAR o OFEOFEIE L LT,

6) B LMD Y 7V &7 4 ROWEE

DEHP OIFERBNCG 2 HRENREEOT KRS N LT, FEMEDO Y 7 Uk
TA R~ L7z, IFO MY 70874 FEMEN 227 vaRvh-A %2 ) —1LT
R, My iRERE, FOGHEE Ok, AAR) o bV 7 V8T FllExRy M (FUZUET
A FGT A MY a—) ML THE L,

7) AR
BONET— 4%, 2 RBOSMAN EIT> 16, 2 BIIOEE ttest 175 0 BE LTz,

1-(4) WFEhE R

1) 0.05%DEHP (= X % PPAR a O & KB~ D55

DEHP (2 X 27 PPAR o OFFE %515 72512 PPAR a OIEREEFE DO FEBL% western blot
M TN LTz (F—4/Rr&F), DEHP #5012 X 0 MEMEO B AR ~ o 2D~ F o/ —
LRBERRBUIHBEIN T2, 2D E12E D, 0.05%DEHP 7% PPAR o 5505 & (e i
LTWAHZ DRIz, LU, DEHP B &P BBRBEORIZIZI b N U 7 OfEmE B %
bR DEEFE DT EICEITFRD 51T, 0.05%DEHP @ PPAR o O#EEIEMEL O e 3 T
bDHZ ENRHEE SNz, —, 0.06%DEHP (3B ARG X OO~V A F ) — A
R hav R TROBRICEEE 5 2 o7z, 0.06%DEHP (X PPAR o« null ~ 7 A28
T~ 7 AT DI 72 S TR « AT O~IV I F o) — LR EFH L I har R 7 4%
FROBICHBE 2 o1, ULEORERND, 0.05%DEHP (3B AR L #~ 7 23 L O
v A (MR~ U A, EHEYTR) BIOHEFTFONVA X — A REEREFETH L
DHLMNE R oTz, T DOERBRKE RIS LT, 0.06%DEHP (XM O E OB IO R LE %



H7- 6 L7 (5 1-1),

2) 0.05%DEHP o fertility ~mD &%

0.05%DEHP T4~ 7 2D litter HA WD S, AFERHIERF S, 2L Fi, Fe
WTIUIZBWTHBE SN (32 1-2), v 7 ZADAEFERITXTBEED 96.2%I12%F LT, 64.6% (F1) .
62.8% (F2) Th o 7=, FEFOILLEITFALE 3 HUWNICEIZ S, —J7. PPARanull ¥ 7 &
2BV TIE, 0.05%DEHP M I34A N7 F0% (litters) RAEMFR~DHEREE L B 2 77
MmoT-,

AR < 2 2B W TEIER &= DEHP (2 X 5 litters 2 & AR OK T, HRioo 7R
O TFORRNZ BRI 7012, iR 18~19 H BT &Mk, RO, BXOA% 3 HAD
AT O E IO TR LTz, K 1-1 1IR3 L 91, BRI~ T X128 T, 0.06%DEHP
VIR~ 7 A DRI B % 5 2 72 h)vo 7-, DEHP 138 6 02— B4 72 0 O s 8cE b &
Wi, WIS EEY 52 20T, Al BAR~ 7 2128V T, DEHP 3R % s
SHEDZENHERINT, FAREOES T PPAR a null = 7 RZITBE I N o7, LLENS .
DEHP i3~ 7 2 fertility Z X F &8, ZO—E8IX PPARa IZIKTEL TWH L2 5,

3) 0.05%DEHP Offl X OM{E NV 7'V T A NRE~DEEIZONT

mygD ~Y 7 U&7 4 NREEITRENZIFERHO —HEETH Y . PPAR « IZFHHHi ST
%, DEHP Ig&@ M Ia{F & BrEFONF (Z0RA MERRITE o720 T, [FO TG RE%
HEL) ONY 7 UETA FREIZEZ 2B RE L, B 7RICBEf%7e <. DEHP I
fefrds KO AT O TG IITEE 5 2 oo Tz (£ 1-3),

B~ AD PPARa OFFEN N 7V BT A NREICHE 2 2FEL2 KA LT, 0.05%DEHP
R~ 7 ADOHZ 2 LT RAM~Y 2 (2 HEH) MEO NV 7V 74 2R TSR (E
1-4) ,PPARanull ¥~V ADKF b U 7 U T4 REEER LY @VMER %27~ L7-, PPAR o -null
~UADMIE N 7V BT A REEIZEAR L SN EN- 7205, DEHP B§E O 2280 3158
O HIVIRIo T,

4) 0.05%DEHP D g A4 v o ~D %

BRI B W T, Wih o (16 i, 36 M) 128\ TH PPARanull v 7 ADT
A NAT B REFEARO 16 25 1/10 THY | =& b T A — VI bR 27398 T
o7z (£ 1-5), DEHP (ZIBHAERME~ 7 ADT A M AT r VREZK U IR T S22, =
A T A VRIS 5 2l o T2, —F7, DEHP 13 PPAR @ null ~ 7 2D T A
hAT RURmA N T A — MR B E 5 2 75 T
LLEDRERD G IROMGmAT bIT,

OrED PPAR @ null ¥ 7 ADT A b AT 11 LR EF AL L 0 KW,
©0.05%DEHP 284 < 7 2B\ THOHRT A KAT oV EEAEFSES,

5) 0.05%DEHP O fifigafEErE iz >

DEHP #5130 )72 5 H#A% (Fo, Fi1, F2) I0BWTH, #H4M, PPAR o« -null =~ 7 2D
OGRS CFEH, B EER, B0 o). MoAFHZE IR, 75) OREYZY oEER
\CEBE B 2 7o e, FERIC, DEHP IRFEIC X AR, IS, FEICEBOE L LRBO LN



feinote, BLEOFERL D . 0.05%DEHP IdkE, WO ATREICKT BB AR S 20 LV X
50

1-(5) &%

0.05%DEHP |J#ElE~ 7 2 DEIHEHTH B L 2 DT, B B2 525 2 LR G
MEBoT, TORGIIEL LT, BAR~ U B S, WA O & BT
W1 (BhEHS 2 ALIN) OREROBMCERE L, KD DR~ ORET D 72\ LR S
N, 20X 572850, PPARa null v~ 7 A TIHBILE S e o7, - T, DEHP #4512
L BIEDORTIZIZPPARa A E LT o b & b s,

DEHP (2 L B AEFFIR R A OB DA = A B L LT O0nEZbND, ETHE—IC
FERO DEHP BN TN 7 V54 RMMERAZER L, RV X—YHEDOT T 2455
SEILTWDEERONS, ZOREE LT, IFY S~ L ORIILFE T, BER v
ARE I TG 3R eI B Be(b RIESR OFFEIZ L D ENIETHE O, uncoupling
protein FHEIZ L DT HXNVF—DRELRETHDH, ZbiTWVTitd PPAR o DEREETT
BB, ZHHDEDEMEETPERNMNED L Z SRR TH 5,

LaBorde 53R~ 7 A D MIEALERIMEST 21T > 72, TORE, 7 v bofig TG 1L
BERANC ER L. HIBEEEERC S & O LASUCRS 2 E A BR LT, £ 1475 b5
RERC, BRI D DEHP BEEZEREZ R\ o~ U AMTED TG L-UUITHEE &Y LT 2503,
B> DEHP BEE~ 7 A0 TG (ZHEERTH & 2 /e o7z, BIb, BAM 0 DEHP BEERE
I BV TIHEEERT O M TG ORNA R SALT . BHROMIE TG 13 H I & R 7= T
W, ZOX D RBIGN~ U AT EERD EFIZEFR L T D0 Liven,

Lamb &3~ 7 A2 0.01%72>5 0.3%? DEHP % fI{RE ThH 2, BIi~ D8 L OHED
g~ DR Z E LTz, DEHP 13 &8-FOSHITH - O L AEFROBD 2 & Bhiix
6 F &7, 0BT 0.1%0 DEHP BHEMEE CHL Sz, Bk DEHP 38 i
DI FREHIEZ D S, REHTOSAZRNSED 2L bIIDNLARoT, &HICHE
DEMZFHHE LT, BUIRENZ 13, xIHBEOREE 0.3%DEHP BREE#E Ol 2 A58 LT
x4 < AEE RS, DEHP BEEEREOHE & SHRBEOEZ 52005 & 20% D~ 7 A DS HPE%
L72Z & Td o, DEHP (IR HEMED ETRRIEEME > T DY, ZOREL LT
FBENOAE Ly, B 2 084, DEHP OUIEA~O BT L 0 b EE T 5518
PEWeBEZLND,

i PPAR o -null = U ADMIKEDT A N AT 1 ARBZEAEHO 16 705 1/10 Th o7z,
52, DEHP BB IFHARM~ 7 2BV TOAT A AT R U REZET SE, Zbo
RERIMIET A b AT 2 S PPAR a ICBRS KRS N TS Z L &RBT 5, LinL, &
LS S N (P~ 7 R OB RO (XA 2 & Bbh B, BRI 2 R A5
RN LD K ) T PPAR o ICKEL SN TV E D0, 5D L ZAFRHTH D,

2. PPARo%Z 41 LTz 7 ¥ VEET 2T VAR DOERE — & VEFEES
2-() XL oIz

WEAERE OBFZEIZ 3N T, 0.05% D DEHP |38 4R~ 7 2 DBHE 2K F &% 573, PPARo/ v 7
TN AOBIEIIIHEE G2/ EERA LN Lz, ZORERIT DEHP O~ 7 A EGH|C
5.2 50 PPARUIIEKF L TVWD Z L 2R3 5, ZOXHIfMRERE X T, W52 TlL, —



HO 7 XN AT NVFAIZ LD PPARaDFE KRG L. 7 X VR 27 VFEO PPAR #5329
HREEE AR 2 ET LT,

2-(2) WFIEH Ik
1) EBREWY)

B ERIL T S UEM KRR EZREW ik OB TR A KT A i Tirbiviz, Mo
BEZET SV/129 ~ 7 A (Wild-type mice,) %6 Uiz, B, W, WRSEHSNEZY Y
— 2 b— BT O EFATEL & k% H I 5 2 B biE Shiz,

5 WD T S NMET ATV (VEF VT HNVEDEP, U7 FLT S DBP, TF AR LT
2 LR BBP., Y7 maF L7 ZAEEDCP. Y FaF 7 AR DEHP) BLOT U
VBT ATV (VT AAF LT P DEHA) U F 0.6mmol/kg % 16 G OLE 129/SV
~UAIZLH 1AL 14 ARG Uiz, RE&R505 16 K& I L, ITD PPAR o OFFE R 5

NIRBROBEEMNE, miF7 2 M AT v U REZRE LT,

2) RIS
RSN RIEIT T VEE L. FTED L THEREARZER L. AL P BRI K DS
PE 2 B T TRaT L7z,

3) MiEtERLE
(LB GE 1 L DR HEE L MR LB L LoUL E ORBR A LS T D701, MiET A b %
TRVBIORTA NI VA= VO LV RRIE SN (&8 ¥ e — 2 —2 U ERD),

4) PPAR o OifiE

KWﬁ#VY—A®ﬁ%%iU%%@B@m¥%fiH%RaKﬁ<ﬁﬁéﬂTwéoﬁﬁéh
TALFWEC X D0F0 PPAR « 2358 283 5720, ERBIRFEN TH DL ~NVAF ) — 4
BEOI b= U THEEE B LRI DOFFE 4 Western blot 04TIZ L ViTo72, v T ADJF
Yo INEERKE L, = brbru —2RIEEE Uz, SEHUE (~LAd sy — ARESEHUA L
L T. peroxisomal thiolasae, PT; peroxisomal bifunctional protein, PH; D-type bifunctional
protein, DBF (ZX}F A HUAIB L O bz RU T BB LRBEZDUA L L CTHESHT 2 /L CoA ik
FB%5%. VLCAD & trifunctional protein «subunit, TP «, long chain-specific 3-ketoacyl-CoA
thiolase, TP B ; IZxI 3 28K, 7 X N 27 WVEDORHIEEFRE Th 5 CYP4A 1T 2 HUiK) % H
WT, ENENDOEEROFBLZ I~ IEERH L PPARa OFFEORIE L L7z, RFHIFO RNA
ZHht L. ABI7700 % i\ C PPARo-mRNA & lI7E L7z,

2-(3) WH7Eht R
1) PPARGAZEMIEIR - HBLOFHEIZ T D — G AR R
DEHP (2 X5~ U ADFEFOIKTA PPARIZBEb > TWD Z LN E R -T2, 2
PPAR o OFFE DR S NBII~DEBED IR L 725 Z L #mRmB T 5, T2 T, —HO7 X LfET
XTW@&TVE/%IZTW@PHQ&@‘%@%é@%Lﬁﬁﬁm%%ﬁﬁbkom%Ra@%
IR R EAOFHE T, £ 2-1 ¥ 2-1 (22 he—AREICBIT3EA 1.0 & L72) I
m#%_\@%tt%ET@DEP IZ X DFBEILRD b o7-, DBP IFX5WFHEAIT, TPa &



CYP4Al OFEOHNAE TH -7, #HidlL, DBF & VLCAD Z R\ T, (LSEWE O FEN K
XL B0, FBUKEREL 2B oNIEL IoTe, LFBENEI)-T-DIE DEHP Th
ST, BERtLIT7 Ve Uit 25 /L(DEHA) S PPAR o 23538 L, ZOREEIZ DEHP LR U, &
HONFTHETHID -7, DEHA & DEHP (X2 D X 9 242y — AEERII D TR, T b=
v RU T ONENEE L REEELHE LT, ZOX IR ULV —LRMEFE, S b RUT

AR OFHEIZxE LT PPARo-mRNA 23FE XN TR Y . PPARaDIEREIEM (LN —# o 7 # v
T AT VO FEOEIMIGE U TREI > TWA Z ENfRIN (TF—#RET), —FH, Zhb
OFEBNIFREA P LA EBETH D, ¥ T7—EBLGPx 2% T 55372, L LAKTEE
TV (T—HRET), 2D OFERIIM A L7z PPAR o iFEANLELIZ L 0 | FFiT X 05RO ER LA
L RIZEH SN A[REMEZ "B T 5,

2) THANBTZ AT VEADMIGET A N AT 1 ARE~D 2

DBP & BBP (ZiEDT A S AT 0 REZIKT 7208, hoOFFEALEIC L A2KTIEEEO 6
nighnotz (1X2-2), BI6, M7 A b AT 0 VRE~OEEIIIFO PPARa FEORS L 13H E
DR W ERHAL N ol HHLZBEO 7 2NV AT VEB LT P U 2T L
X~ U ZARERICBAMEE T COM O RIREE(LE b Te b S o le, R L7 XA 27 L
HFBLIOT VE VBT AT VAT A N T U — VIREIIIE Y 5 2 e Tz,

2-(4) &%

—HO T X NBEEAT NHEBIOT VR AT )LD PPAR a D I D WITERAK M
L DOMITIZRWIEOHEBBGRIE bz, Blb, %;@k%wm%%gik\itﬁm@ﬁ@w
1T & PPAR o OFFEMENFRWVE WZ D, B L2 7 X g 27 VIEO T CTlE PPARaD#5E M X
DEHP 23 698 < . it > T, PPAR a AFEDRNEIL Z OILFWE 23 bRV NS LA,
DEHP & DOA X B EFHY VR VB AT VDENIRY INVAR S S AT VOENTH D, Z
D 2 OOAFWENELL LTz, &5 WIE0F&EITKIE L7 PPAR a iF8/EM A1 2 & ICHBRD R
Teihvd, B, Zo 2 OLFWEIZEA L Tk, AER EEVIRORME EoiE WX PPAR o OFFE
EHF VLS LW RNWT LT D,

3. DEHP @ uncoupling protein (UCP) ~D&

DEHP BEFEIZ X 2 a7 T AEFOAGFROK I A UCP #FEIZ L 5= L F—D1HE L Btk
MWD DHINE I RET LT, 117~19 HEDOMRTF& 2 BEOF AT OBaE 28I L, E
2MZ RNA #4i L7-, &Y 714 A . PCR 1T, UCPImRNA D3 E &4 HE L 7= (X
3-1), FAE(FD UCP1 O%8lX DEHP I8 O EE 5 17 5 Z Lo, IrffFo UCP1
1% 0.06%DEHP £ 5:1 X o CRIEENINT 2B mRH -7z,

4. WAL EALEYH'E OYERR R NLVE Ve IR OfEBH I B89 D IF5E
4-(1) EF

T HENERY T F N (DBP) . 7 X NEEY = F)L~F L (DEHP) | 7YVE VRV =T LN
¥/ (DEHA) (Zh2h 2.25mmol/kg) DIEHET A F 4 v LMD T 2 b A7 1 L FEAETR
WCHZDBERF L, 26095 MiFOT A M AT v VRELZK T 720k, DEHP
& DEHA CToh -7z, DEHP & DEHA (X CYP17-mRNA Z#ifl| L7223, DBP iZ1F & A E 2



Z 5z v o7-, DEHP,DEHAREZEIC L 5T X AT 0 L EBEOK R, CYP17 O#Es T
FENEE L TOWD0E LRy,

4-(2) B

SMEIMEN W EAL I E ORI FIER OO & DITHER VT » L UL~D RN &
%o ZOMEERIAT 7201, 2L DOGEE. TA AT R UARBRICESRH THN, =
DB EZ DB RRFENTWS, LNLT A AT oy ORETHLalL AT a—/Ld
ARk, RIS L CIIFA MBI SN TV AR, ZO—20K I, & AT v 7 ORERIEMHIE
RPHELL TWRNZ EIZH D, HEEE OIL, k., E&Y TV H A LAPRIEZHND Z &I
L0, HMEOH L2 DEFZERNANTERETEDLZ L 2R LT, AMEEITRERICBITAT A MAT
0 ARICED D S MO FRCMEORBEL ERY 7/V4 A4 5 PCRIEZHWTHIE L,
flix ODNDWI EALFWE DT A R AT 0 U ~DOYBEHEFT 52 L 23E L, NOWE
EALFEE OB VT VANV ASOEBEOME LT 572012, 7 A MAT B OR %,
BHRIAT 4 vy efild~Dal A7 —/LORY Az, AR L AT e — LAk E I hay
RUT ~OlE, 7 A AT UERICHDT, £AT v 72 EAICKT DA DN
BREULFEWEOFBEL R L, VA FHMEOMAZINET L2 2B E LT, EraiToT-,

4-(3) Fik

D FEBREY

B FEER I A4 B KPR FPCEF R BB R E D A K74 12> TiT o 72,
10 O CD-1 ~w A (1R 1208) (2, 7 XY 7 F L (DBP) | 7 X NERY =F jL-~
XL (DEHP) . 7V VBY =F u~F L (DEHA) =% Z4 2.25mmol/kg, 2 # .,
RO L, REEE5 5 18 BEE% Ik S AR L., HEBEEIEELOINE
TORFR, &5 WVIIMMOEETE OREEZSEIL, TAMAT O U ~ORENTRINDEEH
E LTz, RHRICOWTIE, BIBORRIZT AT ¢ > il Z RS L. RNA 241 L7z, fH
HLZRNAY 7L EHNT, TA AT RUOGMICEDS (22T — A%, 2L
AT a—/LOg%E, 7T A NAT B UEER) EEHO mRNA ZE& Y 7V A A PCR L T
L7z, VAT —LORV AR X O RRICEENZ NS, 74T « > eflilao
AV AT VYT 5 ERIFHC T AT 4 v EIlRO—HEVIFEZMH LT, 2L AT
—VOREAEZPE LT, —F, MRITMEEZ2BEL, 7 A MAT e U REZRIE LT,

2) T4 T 4 v eMkaOsHEL R

~ U ADKE 2 L, EBSS (Earle's Balanced Salt Solution, Sigma)lZ THEiFt4. #RIE % Fx
£ L7z, D%, collagenase (Wako , Img/ml) , hyaruronidase (Sigma, 1mg/ml), BSA
(Sigma,1mg/ml) % & #e 25mM HEPES buffer (Naquarai.; 20ml) (2 CiE% (20min;
80cycle/min; 34°C) L. fifnz ok Sw7=, Z DML IR % 0.07%BSA % & A 72 EBSS C
40ml IZAR L, 5 MEFE L, 20 g% ED (250xg 5min) L Cibg =157, ik
0.07%BSA % & A72 EBSS 3ml TAIR L., Percoll % i\ 7= % B A)fidiz 057 BiE(800xg; 20min)
BiTolz, 20EH 5 WNE 3 DO~ 7 AN LA S 72 iEH % EBSS (Earle's Balanced
Solt 5-50% D FE {3 (density 1.050-1.070g/mDIZJ& R IC /B S -2 8RB L, 38
-hydroxysteroid dehydrogenase |2 X % ###k¥%4(Steinberger ;1966)%1T>7- & Z A, BX%Z



80% 7% 3 B -hydroxysteroid dehydrogenase G THY ., ZNHNTFAT 4 v EHIATH S
ZEERMER LT, =D, RNAlater i CHOMTREE THRIFE LT=,

3) RNA OHifE, XU cDNA OEHL

TEESNT=T AT ¢ v e AlaiL Ambion 1% RNAlater (2377 L, HffET 5 £ T-20CTH
fF LTz MIET A b AT v AU FWER G O BN B b 56 D7 RNA Zhhi L7-, RNA
2B LT, QIAGEN #:#! RNeasy Mini Kit {Z QIAGEN %% RNase-Free DNase set % f
TNz, DNA free ® RNA % HiEfEL 72, cDNA O& kL Invitrogen life technologies i
SuperScript First-Strand Synthesis System for RT-PCR Kit % £\ >, Oligo(dT)20 77 A ~—
TH LT,

4) PPARo-mRNA OE &

TIA~—, Ta—TOERIT TR GI T \—DH RSB E|Z, F ORI EEIZ LT
Perkim-Elmer Biosystems #1:5! Primer Express version 1.0 T{Ef L 7=, ~ 7 2® GAPDH
X PE Biosystems #:fl% i L7z, PPARat GAPDH (% PE Biosystems f1:# TagMan
Universal PCR Master Mix % {# ] L . TagMan probe THI/E L 7=, 7 7 A ~—EE X 100nM,
7'u—7PREX 200nM T PCR 217572, ZOftidmRNA | SYBR Green £ CTHIE L 7=,

PPARa® TagMan probe |32 TEIEWE & LT FAM,HYtAI & LT TAMURA #1772,
GAPDH ® TagMan probe (Z2THEAWE & LT VICIE Al & LT TAMURA %7 7=,

Quantitative real time-PCR % PE Biosystems % ABI PRISM 7700 Sequence Detection
System Ti7-o72, FHEWEIZTZNETNDT 7V 22 % Rromega 8 pGEM —T Easy vector
1% Invitrogen life technologies 1:f pCR2.1 vector (ZFHLAA A, fEMT L 7213 GAPDH (2%}
Hihb LTELL,

ALY 7—~—H5W0E7 e —T7 I FO#@Y Th o,

scavenger receptor, class B, type I (SR-BD):

forward primer: 5-CACCTTCAATGACAACGACACC-3,

reverse primer: 5-TCTCTGAGCCATGCGACTTG-3’;

low density lipoproteins receptor (LDLR):

forward primer: 5-CCACTTCCGCTGCAAATCAT-3,

reverse primer: 5-TCATGGGAGCCGTCAACAC-3’;

HMG-CoA synthase: forward primer: 5-TGTGGCACCGGATGTCTTT-3’,
reverse primer: 5-GACCAGATACCACGTTCCTTCAA-3’;

HMG-CoA reductase: forward primer: 5-TGTGGTTTGTGAAGCCGTCAT-3’,
reverse primer: 5-CGTCAACCATAGCTTCCGTAGTT-3’;

steroidogenic acute regulatory protein (StAR):

forward primer: 5-AAGGAAAGCCAGCAGGAGAAC-3,

reverse primer: 5-TCCATGCGGTCCACAAGTT-3%

peripheral-type benzodiazepine receptor (PBR):

forward primer: 5-AGTTCGTGGCACTGCATAAGC-3’,

reverse primer: 5-GCTGCCCATTCTCTCCTCCTA-3’;

cytochrome P450scc (CYP11A): forward primer: 5-CCATCAGATGCAGAGTTTCCAA-3,



reverse primer: 5-TGAGAAGAGTATCGACGCATCCT-3’;
3 B -hydroxysteroid dehydrogenase/A5-A4-isomerase (3-HSD):
forward primer: 5-GGAGGCCTGTGTTCAAGCAA-3’,
reverse primer: 5-GGCCCTGCAACATCAACTG-3’;
cytochrome P45017.* 17 « -hydroxylase/Ci7-20 lyase CYP17) :
forward primer: 5-CCATCCCGAAGGACACACAT-3,
reverse primer: 5-CTGGCTGGTCCCATTCATTT-3’;
173-HSD: forward primer: 5-CAACGATTCCTCCTGACACGAT-3,
reverse primer: 5-GCTGATGTTGCGTTTGAGGTAA-3’;
PPARalpha: GI 7106384, forward primer: 5-TTTCCCTGTTTGTGGCTGCTA-3,
reverse primer:5-CCCTCCTGCAACTTCTCAATG-3
Taq Man probe, 5-AATTTGCTGTGGAGATCGGCCTGG-3
+ GAPDH: PE Biosystems f1:# TagMan Rodent GAPDH Control Reagents % {# H
Taq Man probe, 5-CCCGTTCTCAGCCTTGACAGTGCC-3

SYBR Green Ktnid., 25 pl FIZHEIEE 1x SYBR Green PCR Master Mix (Applied
Biosystems), 400 nM 77 A ~—, 3L 1 ngcDNA #7577 L — k& LTHA, 50C T 2min,
95°C T104fMA v Fa—_—Ta &Lz, 7l&HEE 95°C Tl1lbhsec, 60°C T 170/ oW
A 7 )V 40 [F T -7,

5) IMiE7T A M AT 1 OHIE
MiF7T A F AT v U REXY hr ot (Diagnostic Products Corporation . Los Angeles,
USA) ®DPC - h—# /LT A MAT R F v &RV,

6) JHERAUMRTE
FAH LI RERIZ T 7 U CREE L, 237 7 ¢ o Call L, Yl % periodic acid-Schiff reagent (PAS)
& hematoxylin THefa L, JEBA N CHRIZE LT,

4-(4) FER

D fMiGT A N AT v U RE

DEHP., DEHA BEBIIHEICHIIET A N AT 1 LB A S87-23, DBP 138 %5% 5.2
ot (X2-2 228, TG ORFITERICEBIT 527 A F AT v U AR OMEE % T 5
CLENEETHDLH I LERELTND,

2) AT 4 v eMIEIZE Bia B0 Z2b
7474ytﬂﬁkkfézvxrm~wﬁﬁ%iw?xbx%myéﬁmﬁbéﬁbﬁ
R LOZREOBRBICRT 57 2l 27 ) (DEHPDBP) &7 VB UV AT )L
(DEHA) (iZoWTHFE L7z (X 4-1), DEHP |3 EIZ PPARaZ#FE L CTWA Z VAL
72, DEHA [ 3#FE T A Z R L2, AREZF72<, DBP IR EZMAIEL Z LTk
o7z, DEHP ZLH|Z X PPARa-mRNA E(3H EIZH KL TV, DEHA ZLERIZ K- Tix
BT DRI BT, AEA1T7< . DBP QUIIMA B L2 5.2 lelnotz, Zh 6D



317“)77;@% IZ SR-BI & LDL ®mRNA &(ZITHEZ E X F 2 L AT v —/LORY AL

Wk LTI B2 B2 Ievo T, IRICHNERMED 2 L AT 0 — VA RA~D B2 mEt LT-, EO
77 AF w7 "L HMG-CoA synthase & reductase ® mRNA EIZHEA2 52 5 Z LI
o te mt L 77 AF w7 WAL StAR & PBR @ mRNA (23 EE 5 X /2o T,
WoT, 747 4 v EMildFOa L AT B — L OWEIZ S EEL HI- 2 T iRnEEbh b,
—7J . DEHP & DEHA /% CYP11A,3- HSD,17 3 -HSD ®mRNA &I E %2 HT- 2 72>
tﬂCWHWMMWA%@T%&KJBP%CWH%&WAE%@T%@%@WT%OKW\
HEET )T,

4-(5) E%Z

TARNATRATIFEALERTA T 4 v EMIATHELESIL, ZOHBRTHAONIT, Ik
Hans, *ﬁ’(“**?éljﬂ@*iffﬁm%ﬂ:/\"? 74 ET, B b UK OBEREMEREC ARSI
DR & BICAR B &R 2 RT3, - T, 7 A MAT O U AEA~OFEELZA LT 5
N **% EOBELHONITH ETHLEETHD,

Az s =01k, DEHP & DEHA i CYP17 [ZOHFEE .2 T\ -, ofbmE
IZE > TH CYPITIEM.D 5 WME mRNARBBLOK T L M7 A AT v VEOK TFAEILE S
HIEPRREINTWD, BlzIE, FlgEE LT WD ) Yo7 )y (T4 agEo 1FE)
X7 > FOWERELEMEDOT A MAT 2K F S8, CYPLT OIEMEBIR TSI E L5 Z L n@lES
T35 (Park et al., Molecular Carcinogenesis 2002)

DEHP & DEHA #5056, CYP17T OB Z K TS Z LK TT A MNAT BV DOE
RO N TWAZ ERTREINDG, IO T AF v 7 a[#HIIX PPARa® U 7 KT
H5 DT, PPARUTEE L72AEH S LitZewy, SEEE. B3R T, PPARalpha / v 7 7 ¥
F~ D20 CYP1T DFRBNRE /A~ T 2 L FEIENZ & 2R L T\b, CYP1T 1% 2 &
DOEEZTEMEAZH T, BlH. 17 a-hydroxylase & Cir20 lyase TH 5, W57 OIEMENRIIHI S D
D, BDOININ T RO, AENLEEZHE L TWRWOTRATH D, 4% OMTEET
HD,

5. DEHP @ & PPARaFRIBGFHENTEE (v VX, Ty b, v—Fky FOE)

5-(1) WHoEE s

TEANEY 2 — = F N~F L L(DEHP) ORI O ZZMGtT 57201, 7y b, vV A, <

—Ety FOF, i, B, M. BEOREEROMNEHBER OFELI LW DEHP &5 L5758 %

Fat Lz,

1) Lipase-mRNA (I~ —E% v hOFLSNDIELZIZIB TR S 7z, Bl Lipase-mRNA
D& L DEHP I L A8 ZAZNRBO bV, ~—FE%y NOFOE&IFHRHBRLLT TH
. DEHP ([C X 235D BE I NT2DITT v NFOATH -7,

2) MEHP ® 27 V7 v G TEMEITRGE LB ONT I 7 0 Y — A TR S fu, I&MEIT~

A=y h>v—Fty hThol-y LNLEFOEITNEL, T A I~v—F&Y D
25 TCThHho7,



3) Ta—UiKHERESR (ADH) &7 V7 b RBUKH#EEESE (ALDH) IGHEICHFEEDRD S
iz, ADH OEMIF~—Ft®y MR TRbE)I 75, DEHP IZX 5558137 »
MFIZBWTOARBIE SN, ALDH OIEPEIFREICL YV B Ty MW EI~v—F
Ty MZBWTEN o7, DEHP OB L2220 F8&EDOT VT KT, v k&
<7 ZADFFCBWTHEEZE ST,

4) PPARo-mRNA EICHFEENA LI, ~—T &y FORKE L2 T R TOfEgs 2BV TEW
EREGNTZ, 7 v FOB LG TIX DEHP %512 X W mRNA &I 5024 LT
776

5) PPARoIEMER T-HRBUC L AN R O 7z, DEHP 52 X 0 ~v A v ' — A DRI
BINEREEOFEEILT v >~ A THY, ~—FTky bTIEFEIXFIEAERA LN,
o7,

5-(2) #FSEHT

DEHP 3fARNICIRENnND &, T U NR—BIZLVIKSEIN, £/ = AT VIR
(mono(2-ethylhexyl)phthalate, MEHP) &72%, MEHP O—#8iX 7 /v 7 o U ERiA S i,
PEEF 228, 70 DS IE 0 HDOWNIT o1 B(bSiv, UHNVRUEEERD . B-RLRITITN
> T, —J ., DEHP OHIKGIEIZ LD AR LT 2 =F ~F 7 va—r (2-EH) |
7/1/:1*—/1/%7K$E%7ﬁki0\7/1/7‘ b RKRFEBEROERIC IO AVR U (L LT 2-i7“
Y g 2-EHA) L7205, 2T oREWOE 7 B LY VAR CRIE PPARalZEL L,
FEOEBIEFRBUICS E S E R BERTTZen, BEIND,

W EIATON RISV T, DEHP OfGHZFEAEDNEO b NDH T ENRH LN E > TND,
Bl Z1X, FLEFTIE MEHP O 7 V7 v U BaEBE2 G Th o0, 7y FTIEZoR
FHHOPMITIZE A EROONT, v~V RTREEE T v FoHEBRMGE) OS2 —
Zd, £72 DEHP O#MHR BT PPARaD G N RKE WA, 2 OIREIEHELIC H K& 2l
ZENH LD, AR N TIE, TR LD O PPARaDFENHIZRBLIED 2=
WCEKRT 200, Eve SAHBEIEORZEN L L TWE LN 57201 T,

5-(3) WFsE ik
1) FEBREW)

B EERIL T X CTEMN KPR EZREW % OB BRI T 2 4 KT A it -> TT
olz, v—Fty FOEEE=ZE TR AR ERAEROBHK LV s, 3 » Ao~
—Et v NERQUEE (2> hr—) & DEHP £ 5#f (100,500,2500mg/kg, #% H#5) 12
ST, 18 o AlRIZERWTER Lz, . &L M. /NG, RSB AEIE L. —¥#0X RNA fiH A &
L T RNAlater |Zf/f7 L, 7% 0 IZEBERIGTERE D= OFH F T—85C F THRAF L7,

~—%t v SO EREMICE L TiX, CD-1~v A (8#izDMkE) & SD T v b~ (8
ORfE) ZFEALE, 12IEDO~T AL 10EDT v b 2FEZ00), 2> ba— (=20
H#5) , DEHP (2.5mmol/kg)#& 58t L L7z, 2— 2 MB L O DEHP Z#4H., 14 HRE#& 5L,
BB 16 FEZ SRR LT, JIEhsas (. &, M, g, ) 8L 7.,



2) DEHP OREHH#HE (U X—EDiENE) OHlE

DEHP OREHHHEIFEERIEL S LT, I, /M. M. oI 7 v Y —2L08% Hve, 100pg
D37 1Y —hZ DEHPRKEE 1mM) & K/Na  #E#EiR(pH=7.49) %%, 37°CT 10 4k
L7z, 1M O#EfE 120pl 22 TGz 1D, ARk L7 MEHP % 1ml OFfE=F/LC 2 [alfH
M7, SONTEERT TV EZZAR IS, FREL 40p] OFfE~F VIZER S 72, 20pl ©
N-methyl-N-(tert-butyl-dimethylsilyDtrifluoroacetamide %l x.. =E{&C 60 47 E L7-,
ARk L7z MEHP 358K % GC-MS CHIE L7z I&MEIL T CTIZ/FAET 2 MEHPIRE A 2 L5l &,
155, 1mg 72 AEL< %4720 © MEHP A& THR LT,

3) Jvr a UEEEATEEOWE

FIEDITIETI 7 u h—L0HEZfR L, MRS LA Lz, MEHP O 27 /v7 o Ufg
¥ 875 MEX Sjoberg © D J57E (Biochem Pharmacol 1991, 41, 1493-1496) (25 % HPLC %
HAWTITo 72,

4) ADH & ALDH OJIE

SPAaYRUTERZFI Far R 70500 - FEMARIC 4 R EOEENRO0.256 M
sucrose-50 mM Tvris, pH 7.40, 0.1 mM DTT) ZH1x CHEIFRA b L7=, 800gx 15 4y fHiE L
LT, BT 7 U AERMY RV, & 51212,000gx 15 il L, X k2> KU 740 %k
s, BEEZFEELOL, BEOI har RUTEEIR L, 2 b2y RY 7500 & EE
WRICHEFE S, 20 L THE S Y%, MEEO 1 FEOFERICFESE, 0°CIZE
W 10 BRI S BB F e L=, o D Z R 7 G E BT Bradford £ % W T{THo 7=,
R RUTERARNI hay RY 7oEEFEHT 5 ET-80°C FCHRIFLE,

ADH JEHRIE ©  1ml OBJEEIZ 180 mM 7'V > >-60 mM t'v U g (pH9.0),
1 mM semicarbazide, 1 mM GSH, 1 mM NAD+*, BLOWER THHRA NI = RV
74rE (K100 mg DX NTHE) AT, 3TC, 37T LA v Fau_— g LT
H'E (10mM 2-ethylhexanol (2-EH). % 72i% 2-phenoxyethanol (2-POET)) ¥4 5 Z
2L > TS ZE I S 72, 340 nm (21T WL N Z 90 FOIFCEk L. e=6220M lcm!
% T NADH OBALR Y 72 0 oA pfk &2 G L,

ALDH {EMERIE © 1ml OJSHRIZ 70 mM o U U igfEEik (pHS.5). 1 mM pyrazole,
1 mMNAD* BLOBRFETHLI Fa R T £RERA I Far R 748 (1) 100
mg DXL N7E) AN, 3 7T vAryFaru_"—Ta Lk, EE (10 mM
2-ethylhexanal, F7-1% 3-phenylpropionaldehyde) Z¥R{INT 25 Z L2k » CnZ Bt S
720 340 nm (2351 DO LN A 120 FOIHIGEER L. e=6220M1 - cm™ % VT NADH @ HAfir
Y4 72 0 OAREA BN Uiz, JOSIREIZI b2y RY T HEOHA 37°C, RA R hav
NU TS D6 25 CHE W,

5-(4) R
1) 7y b, T ADIKE - iz EE

51Ty b, vUABIO~—Fty hNOKEBLIOHGEEL ~T, O EREY
(2B T, DEHP 52 X D EEDOEMA~DBEITRD b iehroTe, ~—FE v MIBNT
i%. DEHP & EIC X DB EROZBMILBO bR oTle, 7y FEBIU~ T AITBWT,



DEHP #5138 g L OGS HER~DOREL 5.2 /2o 728, FFERER X ORFIAEL 2 800
St72, DEHP [Z LA EEOHEMNE, v~V AOHAE 1301, 7 v FOHAE 1.53E T, v v
AXD Ty DB TEI) S T,

2) VU —EOiEk
U R—EoiEE (MEHP OAREE) 1T EDEZRIZBNTH, ~UARKLELS, 7Y M <
—EFtvy FOIRICIKL 7o o7, ~URAET v b, Ty hE~v—FEy FOMIZITN 10 FDZE
NHhonz, B, ~72rt~—Fty FhORIC iHMPMt@#ﬂmb%ﬂt%%Z)
BB D &~ A NEOTEER R b @V, 7y Me~v—Fty MNITFDR&RbED
Sfz, FOEPREICBWTYH, MCBT AEEIIR VKL, v—F kv MZBWTITRHER
UTFThHoT,
~UA, Ty b, v—Fky NFOI Y —2%H T, DEHP 2% 5% U /X—E D Km
E Vmax #HIEE L7z (£53), Kmiidv—Fty >~V A>T v FTHo7ZMA, Vmax I~
VA>T v h>v—Fty NTholz, TOENRNMED Y VT T A% 7”7 Vmax/Km 1T+
A>T v h>w—Fky bR, vy REw—Ft vy FOMITIE 200 F LA EOFEENTED
vz,

3) MEHP ©» 7 V7 v v ginaBEs# (UGT) 165

MEHP O 7V 7 v U BRIEIEMEIIITF S 7 0 Y — A TORBIE SN, EEiE~o 2=
v h>vw—Fty hTH-o72(F54), vUAHDLIWELT v bé~v—Fty hOEITIH 2T,
U R—B O RERFEEITHO Do T,

4) ADH D%k

DEHP oW E#m CTh 5 2-EH 2 3'E & 2% ADH L 3 OB OIFO I b=
RUTICBWTHREENTZN, 7y MBWTOHR, DEHP #51C k> T AEICTUELT (3
5-5), B CHEGT %L, FOEMEIZY—F Y h>v T A>Fy N Chol-, 2-POET %
HEELESA, ~URALE Ty FTIEE, EENIZEA RSN 0T, — . ~—TFt vy
F T LM SN2, W o DEHP # 5 8HICBW T LA BEREHN 2 -7,

5) ALDH D&%

2-ethylhexanal ##&E & L7oGE, X7 vy b > —F Yy F > T RADIETH -T2,
DEHP %fﬁ'ﬁ@ﬂﬂiﬂ%x F7=DF~ T ADHToH 7= (57 5-6), 3-phenylpropionaldehyde % %

e LA, EEE~—Tky b >T7 v F > U ADIAETH T, ZOKEDOHEE, EOH)
%*ﬁ j’ob‘f% DEHP LB DB % 2T 70 o T2,

ARARI hay RUTIZBWTIL, 2-ethylhexanal @ ALDH {H:ix~—Fky =7 v |k
><v AT, 3 -phenylpropionaldehyde @ ALDH i&li~—Ft v b >T v b >~ T A TH
o, EHLHLOEELHWGAITEBWTYH, DEHP OB X 0 iEED EA N B0
~YIADIHTH->T,

6) PPARo-mRNA
511F7 v b, v~U A, w~—F&y NOJF, B, i, /MED PPARo-mRNA Z#7~7, #HE



Iz b — A BEOK LR Z 100% & L TRLE, v~ AE Ty MFIZEBWT, DEHP # 5.1
£ U PPARo-mRNA 2MENMEM 2R~ Lz, vV AL T~ NOFFEES I (7~ R T 1.563 1.
v AT130F%) LTWADT, 4729 D PPARo-mRNA 1272 VL TWA v L
2, 7w FOE E/NBIZEWTIL, DEHP LE#IZ L W PPARo-mRNA 38/ L Tz, ~-
Et v MZBWTIE, IFEE O PPARo-mRNA X DEHP # 512 KX Y #1392 m & sz
DHTH-oT,

7) lipase-mRNA
DEHP ##E T~ 7 AJFO ) - BEFET 003, 7 v MFCIEHALICHEE Lz, —7,
IZBWTiE, DEHP I~V A TH T v FTHREILE T S (£ 57, DEHP BRI/
%&waA—t BIRFRBUII B L 5 2 o7z,

8) PT & MCAD &fr 138l ~D %k

DEHP B3 hay RU T LA AX ) — AROREERBICH 2 A% HH L mRNS
LB AT, 2 hay R T7ROE#E (MCAD,VLCAD) 137 v b, ~ v AWEMHIZE
THTLEALE (M52) ~vAFy Yy —L%08#% (PTPH) 137 v b ~ U AWEMHIZE
WTCEHEINZD., B OEIZTEE I, ~—FE® vy N T, 206 D&
DRBLEFHNBIE IR D o7z,

—J7. mRNA LV THD & ~AFXR Y —AFEREO PTIET v MZBWTELIHFES
NTVB A~ A TIRE X2 Th-oT (058), I k=i KU 7EEED MCAD it~ ¥ %,
Zy heblIM 25 EH LTV, v—Fty MZBWTEREB LIRS, FEL I Tunign

>7,

5-(5) B2

INETOMRIZELD &L /MMHITEBIT S lipase HMEid~TU A>T v b >~—Ft v F LA
INTWD, RIFEIZ L > T, DEHP ORFHIRT U AN—BIEHE DR TH D Z LB B E
Rotz, ZOHEKE LT, DEHP ® Km & Vmax OfEHr72 6, DEHP © Y R—¥ 2% 4 % 1
FEEBER RS, Y UAST v > —Fky NTHAZ ENRHET Lo l, ZTOLDIT,
U /3—E DOTEMEL i@&)fk%f@@%@fﬁﬁ“é EDBABMNE 7R oTe, —J5, MEHP LIFED
KRR (UGT. ADH, ALDH) OIEMEICHFEZENRO DN, B2 10 ERETHY ., U
NR—=PORAEIZLERD L /NI N ERHALNE o7, 2O OFEFET, DEHP O o=
EEZDGA. FoACRODAT v T ThHDH ) R—PIEEOEELZZBETRETHDHZ L &R
ERS

DEHP Oz B W T, ADH & ALDH (3K il X v £k L7 MEHP & 2-EH O ift
BRI DN o > T bd, MEHP OF MO 7 v a2 — WVEERER DN ey > 72728
2-POEH CTHRFESH7=, ADH OIEHEIFENRO T v a— 2-EH)REEOLE S, jif‘%ﬁ,k\
7o a—n (2-POEH) RNEEOBEEL~—FEy MIBWTRbEN-T-, o, BEDS
B Ty MR ATIREHIIHRIE SN o T2, 3o T, AR LT v a— L ERE D
REBAEMEIZ R X I O/ E L 0 b EREEO T AEWE b s,
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Tt Rzt LT, BlFtEEZRi-oCnWb, 2 b KU 7 Clid, DEHP oHREY TH 5
2-ethylhexanal IZ%} LT, WINOEMREGTERZ R LR, 7y MZBWT, &Zkbm<., ~
T AZEBW TR BIKS . v~—Fty MIFRHITH -7, ADH O5G4 L FERIZ, MEHP 726
DT VT b RHEEY OERET 720720, 2-phenoxyethanal TRFE 7=, ZDHAED
2-ethylhexanal (2% % ALDH /&MU L2 R oz, UbExELH b &, DEHP
K2 31T 5 ADH,ALDH OIEPEIT~ 7 AZHENTET v bRe~v—F kv FRD RV E W
&9,

DEHP H#&Z PPARa® U 7> K3/ b0, o MEHP 02 OR#M O 2 LR
VR, B D WITHIK G EREY O 2EH OGO VR R (2EHA) BN B2 RERDT20,
PPARaDFHEILE DB EDH 72579 DEHP OREHNIES S L Tnb b ivsd, Lipase
DA L [FREIC PPARo/GAPDH DA E D mRNA OfEE KT 25 EHETHE, Ty b
< AIFHFIZBWW TR LEL . DVWTE Tho Tz, L L~v—F 1 v MZEIT 5 PPARa-mRNA
X7 v R T RALDIEE0ITEL, 2, HFEFEICHBITS2mRNA BIIFRIRRECH-7-, Z
AUIBEHR O TERE R & —B T 5, PPARaDFEDHER A~ T X & T v MFICBW TOABIES
N7z, PPARaDEENEIA D —>ThH D CYPAA 1ZT7 v T AFIZBWTIHEEI N TR,
DEHP #5012 X %5 PPARaDRREIEMHAL D E LT TWD Z L3N TH A 5,

C. fim

DEHP OfRHHNITHEEN A O, v~ T A>T v h>~v—Fky hThd, £ hOFRT 47
X®hﬁb2bw@1\ﬁ IETERVS, B~ —Fky FERIUEBZTHE, U/ —
CIEMEOMAEICER 2 ) MENH D, E5 - FEEIED NOAEL 13 0.01% (1 H OFBREIC
BT 16mg/kg/day) TéH 5, DEHP © U A2 7 Gl T, #840E Tk 100~1000 0
THEEBREE L DLV TNDD, 2D L 9D 7Bl & I RHEEMREE WD BN B 5 I ) Eef]
T %, DEHP Ok » 22 IENZ BRI D PPAR0UCIETE L CW D AMNEL . Z OkEMt
NEEH SN TW5D, PPARa®#E X DEHP Tii72 <. MEHP %0 #MWIc X5, fiE-> T,
PPARoDFHEIZIZ, ZOFREREDEDAHI LT lipase 1L U & 95 DEHP OREEEE D
FAGBEEL TWD b LR, 20X eflEs2RINCTE 5, MEHP %@ PPARa Y 7 v
ROENEZEEDD U A7 Z21TH 2 & ZHELEL 720,



#1-1 Body weight at mating

Body weight
n Male Female

Control

Wild-type mice 12 29.6+0.9 24.6+3.7
PPARa-null mice 12 29.7+2.6 22.7+0.8
DEHP, FO

Wild-type mice 12  27.1x1.5% 22.1+0.9°
PPARa-null mice 12 28.1+1.5 24.3+2.4
DEHP, F1

Wild-type mice 12 27.3+£3.7% 21.3+2.1%
PPARa-null mice 12 28.8+2.2 22.7+1.3

Figures represent the mean+SD

*Significantly different from respective control (p<0.05)

7%1- 2 Fertility and reproductive performance of mating mice

Control 0.05% DEHP-F1 0.05% DEHP-F2
Wild-type mice
No. Fertile/No. cohabited 12/12 12/12 12/12
Pups born per pair 6.8+1.9 4.8+1.6° 4.3+2.9
Live pups per pair® 6.3+2.1 3.1+2.4" 2.7+2.5"
Percentage of live pups (%) 92.6 64.6 62.8
PPARa-null mice
No. Fertile/No. cohabited 12/12 12/12 12/12
Pups born per pair 6.3+1.8 6.3+2.1 5.9+0.9
Live pups per pair” 5.3+2.1 5.6+2.9 4.8+1.6
Percentage of live pups (%) 86.9 88.9 81.4

Figures represent the mean+SD
*Pups surviving for 16 weeks
bSigniﬁc::cmtly different from control group (p<0.05)
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1-1 Effects of DEHP treatments on numbers of placentus, fetuses and pups

3%1- 3 Triglyceride in liver (mg/g) from fetuses and pups

Fetuses Pups

Male Female Male Female
Wild-type mice
Control 1.2+0.3 1.4+0.2 12.3+4.9 9.4+1.1
0.05% DEHP 1.3+0.4 1.9+1.1 12.2+4.6 7.9£2.1
PPARa-null mice
Control 1.3+0.4 1.5+0.3 34.0+2.7 28.8+8.8
0.05% DEHP 1.4+0.3 1.8+1.1 31.2+6.2 25.6+6.9

Each group consisted of 6 samples
Figures represent the mean+SD



3%1- 4 Triglyceride concentrations in maternal liver and serum

Pregnant mice Postpartum mice

Liver (mg/g)

Wild-type mice

Control 11.2+0.1 12.6+£2.9

0.05% DEHP 11.5+1.9 13.6+2.3

PPARa-null mice

Control 12.8+1.1 15.5+£2.0

0.05% DEHP 13.6+1.6 17.0+£3.0
Serum (mg/ml)

Wild-type mice

Control 1.51+0.33 1.09+0.31

0.05% DEHP 0.82+0.20" 0.65+0.08"

PPARa-null mice

Control 1.88+0.47 1.30+0.21

0.05% DEHP 1.73+0.40 1.16+0.37

Each group consisted of 6 samples
Significantly different from control (p<0.05)

#<1- 5 Serum testosterone levels in male mice

Testosterone

Wild-type mice n

FO, control 6 7.5+3.6
Fo, DEHP 6 2.2+1.8%
F1, control 6 7.0+£3.0
F1, DEHP 6 2.2+1.8%
F2, DEHP 6 1.4+0.7%
PPARa-null mice

FO, control 6 1.3+1.1
Fo, DEHP 6 1.5+¢1.1
F1, control 6 0.8+0.4
F1, DEHP 6 0.84+0.2
F2, DEHP 6 0.9+0.1

*Significantly different from respective control (p<0.05)
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% 5-2  Species differences in regard to lipase activities (pmol/mg protein/min)

Microsomes Homogenates
Liver Liver Small intestine Kidney Lung
Mouse 4445+577° 1339+261° 5764+1147° 956+87* 53+20
Rat 2232+298" 718+152° 428+146 105+31° 57+19
Marmoset 108+16° 62+11° 39+17 ¢ 21£7° ND

Values represent the mean + standard deviations for each group.
*Significant difference between mice and rats (p<0.05)
"Significant difference between rats and marmosets (p<0.05)

“Significant difference between mice and marmosets (p<0.05)

# 5-3  Species differences in AKm and Vmax values of lipase activity for DEHP in

hepatic microsomes from mouse, rat, and marmoset

Mouse Rat Marmoset
Km (mM) 0.012 0.006 1.357
Vmax (nmol/mg protein/min) 3.91 1.32 0.49
Vmax/Km 333 227 1.38

Values represent the mean of triplicate analyses for each group



7% 5-4  Species differences in regard to hepatic UGT activity (nmol/mg protein/min )

Substrate Mouse Rat Marmoset

MEHP
Liver 0.66+0.10 0.51+0.12 0.25+0.04°°

®Significant difference between rats and marmosets (p<0.05)
“Significant difference between mice and marmosets (p<0.05)

3% 5-5  Species differences in regard to ADH activities (nmol/mg protein/min) for 2-ethylhexanol and
2-phenoxyethanol

Mouse Rat Marmoset
2-EH (10uM)
Liver 32.7+4.4 26.3+6.2 43.3£6.2>°
Small intestine 3.55+2.37 10.72+1.36° 13.78+7.26°¢
Kidney 0.434+0.85 0.65+0.38 ND
Lung 2.21+£2.48 3.47+1.47 4.72+0.29
2-POET (10uM)
Liver ND ND 11.25+£2.5
Small intestine 1.80£1.97 5.69+2.47 1.72+£2.55
Kidney ND ND ND
Lung ND ND ND

Values represent the mean + standard deviations for each group.
“Significant difference between mice and rats (p<0.05)
®Significant difference between rats and marmosets (p<0.05)
“Significant difference between mice and marmosets (p<0.05)



7% 5-6 Species differences in regard to ALDH activities (nmol/mg protein/min) for

3-phenylpropionaldehyde and 2-ethylhexanal

Mouse Rat Marmoset
2-Ethylhexanal (10uM)
Post-mitochondrial fraction
Liver 7.7£2.9 14.0+2.4° 12.9+£2.7
Mitochondrial fraction
Liver 5.4£1.9 32.8+10.8° 14.4+7.6"
Small intestine 2.56+1.38 6.68+2.77 7.86+4.89
Kidney ND 4.74+0.81 22.111.71%¢
Lung 2.68+0.93 5.14£1.60° 4.64+0.72
3-Phenyl propionaldehyde (10uM)
Post-mitochondrial fraction
Liver 9.9+1.8 15.9£2.4° 25.8+0.6™°
Mitochondrial fraction
Liver 6.1£1.3 21.0+5.2° 27.3+4.5°¢
Small intestine 2.77+2.40 9.95+0.98° 38.65+5.10°¢
Kidney ND 3.79+0.92 39.30+1.98°
Lung 2.62+1.24 4.07+1.93 8.15+2.70>¢

Values represent the mean + standard deviations for each group.

“Significant difference between mice and rats (p<0.05)
®Significant difference between rats and marmosets (p<0.05)

“Significant difference between mice and marmosets (p<0.05)
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#*% 5-7 DEHP OV NR—VE{nFIH~D

Lipase-mRNA/GAPDH-mRNA

By
oA

Liver Kidney Lung Small intestine
Mouse
Control 1.48+0.67 7.45+2.10 8.21+2.86 0.21£0.06
DEHP 2.360.93 4.38+:0.84* 10.26:5.44 0.27+0.31
Rat
Control 0.54+0.04 0.45+£0.05 4,98+1.32 0.100.08
DEHP 0.99+0.20* 0.22+0.03* 6.431+1.65 0.08+0.03
Marmoset
Control ND 0.0049+0.0036* 0.0033+0.0016* 0.0028+0.0012*
DEHP 100 ND 0.0145+0.0054 0.0095+0.0019 0.0029+0.0005
DEHP 500 ND 0.0067+0.0030 0.0097+0.0114 0.0020+0.0018
DEHP 2500 ND 0.0066+0.0016  0.0073+0.0053 0.0022+0.0024
*p<0.05
Immunoblot analysis of PPARa-target genes
Mice Rats Marmosets
Con DEHP Con DEHP Con DEHP
123 123 123 123 121 2
CYP4A
PT v ot
PH T e —— s i i
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Mechanism of probable endocrine disruptor
di(2-ethylhexyl)phthalate on reproductive or developmental

toxicity and the risk assessment

Tamie Nasu-Nakajima, Nagoya University Graduate School of Medicine.

Abstract

1) Di(2-ethylhexyl)phthalate (DEHP) treatment (0.05%, feeding) decreased survival rates of
fetuses and new born pups in wild-type mice, but not in PPARa-null mice. Thus, the
developmental toxicity of DEHP may be related to the PPARa gene.

2) DEHP decreased serum testosterone levels in wild-type mice, which may be related to
the decreased CYP17-mRNA in Leydig cells.

3) DEHP was the strongest ligand to PPARa in the phthalic acids investigated.

4) There was a great species difference in lipase activity, measured by the rate of
formation of mono(2-ethylhexyl)phthalate (MEHP) from DEHP, among mice, rats and
marmosets: the activity was highest in the mice and lowest in the marmosets. This
might be because of the significant differences between Vmax/Km values of lipase for
DEHP among species.

5) There was also a species difference in the induction of PPARa-target genes by DEHP:
In the peroxisomal enzymes, the induction was most prominent in rats, followed by

mice and marmosets. The differences were not related to PPARa levels.

Thus, the results suggest the need for close attention to uncertainty when data are

extrapolated from animal to human.
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HINTND, Flo, KA, K, TR ERRA BTG SND 2 &0h, AOERRES
b, L, < OMFEEE. BB X DAEREEIZ O TR =50 THY . ANTRIT5 &
V) EIRHBERRIE T D NERTRC L DB DU T OHGEIIFA L7V 2, IR IR & 7T s
DY RV FHIPEETH D, ARG TIL T 2 /Uiy = F L~F L (DEHP) WABEEZTTV, (1)
WIHREZEE, (2) ST » b OAFANSWSE DR, IOV TR T2 7,

(1) AR D% E T DEHP WNREFEIZ LV | 4R 19 B B COREIRHZ v OSSR A
NAT B R, AR SIS MR R ST, Fi0 iERA RIS mRNA #HiE X, DEHP
BRI AR, BRI Lz, 7 v F Tk, DEHP WAIRGIC L DA EREEITR ON/eh
STz, EBIT, HHET v b~ DEHP W AR L DI TT » NASEZSO RGN~ A i~ & =
A, SN DREFEEEN T b —/ U EE iR LT 5 mg/m3 DEHP W REEERECHEICEW D
& 12 RN I A RINIRE RS 5 mg/m3 DEHP W ANRZERE & bl L C 25 mg/m3 DEHP W ANgEER
THEIZRNZ L0580 BT,

(2) e~ -~ DEHP W ABRERIZ K- TR N O Bl 50 % Z L S BN e o 70, iz,
PEREICRIL T, = b — UL i L C 25 mg/m3 DEHP W ABRFERE I, B rE ofls
PAEITHIINL TR Y | P52 31) %5 DEHP O AR IMEIN 8% 5.2 T\ b LE2 B,
X 5|2 DEHP WAEEIZ L 5T, =R NI U — L OB EIclEi e 7 o~ % —F mRNA HE&EOH
BN LGS, MiET A b7 U4 —/VEIZiE, DEHP WREFEIZ L CRAMEAIEA IS
HLOD, BEETBDO LN oTz, Sk, TA T U4A—VOREIZEID S 17p-HSD IV X~
DEHP W AR Z L D582 O L, ST~~~ DEHP W AVEEE) S ARG iR~ D52
OEEE R L QO BER S D,

WSEH
el 307 (EEERTFRFAUE IR TRIE R AR 00 8 Bhads)
vafde 2R ERER PR AE PR PRIE SR B0 B0

b - (EERER R FIER TPRIE SN E 708 II9ER)
A& WO T (EEERTFREFGIE AR TR SR AR 008 WF9ER)
i T (EHRE R PR AR PROE SR NRAT E5008 W9ER)
B e (GBS RAIE AR PRI R R BT REAE)
5 WA (GEERFEREAGIE AR PRI R B8 REEE)

A. WEEER

7 B )R AT VO FRIIAEF T, R b=, AT, A—A, HesEm. B g
DIFHN T v T=h v THiT E ORI, AR E DT T AT 7 BTN S 025 ATYEA &
L CRER STV S, F7-, R bR, Yokl Bl o S Oofigi & L CHOER S Tns,



7 )R AT VTBIIE CTH DT, Oy a2 < ELeMmOMRIZ LV | oy B I
L. BORICHEEC 5 AlREME, Ok S 7 72 EOEFEREA I U Ui T3 5 flheE, @77
AT 7 BEROIRIRFEARC, R REEEFR IV T, R~ S, Mgz I U CTRNICEA 79
% AIREMESEDNE 2 HD,

KEHFICEBNT, 72 UEYFL~F /0 (DEHP) % 0.038~0.79 p/m3, 7 ZI\E>7F L

(DBP) 1%0.017~0.37 p/m? GREIT 1997) FHET 52 L0, — i ARICHWT, DEHP O 1 Hb
720 ORKIFFERIT 2 mgm3 THDH LWV HHE (ATSDR 1993) Hd 5, 7=, BHEOHEERGRBT
DHEMEL LT, TR S mgm3 I TRRE (AAREEfA 2, ACGIH TLV) S#1T\%, Lo,
7T AT 7 TNk U T e D IiE - o 7 2 )BRIREE A G HRI L T2 & 2 A, SiREEO LM
HRATHENZ K AL oWds (1999 ) bdHV ., 7 X/ URIZ K DARA~DOEFEN GO T
Do

7 B )BT AT )VEOWNGIERELVER & LTI, in vivo (2B T, B9V T A b AR S D Z &
DHRE SIVTCND, ARA~OFZBEL LTI, A B L CL RS » b~ DRI 5, IR
IRORERD, RIEA., HET v N ~OBREIBRC L D8 TR, FEEZEE, ainiREER &
W T REDRH D, Fo, FiERMECBIL T, ABBELERESN TS, 61T, ORI,
MRS G b DD, FEE. 7 UBT AT VR D TS/ OdFaEc L5 L. %
MRS, FITESIURR, AEREREDIK T, MUK FARED DTV 5, BWSEERCI, fessE L LT,
FFEREHIN, HHEBUE « JUESUG & W o 7o Rk PRV b, BRI R NS Siv s,

L2 L, ZNHOWEIT, 72/ UBT AT VOB L 25285 Ch D | WAREEIC K D3
(L AL, AR, TR 7o E R D DN TR S AUIMIRIZ LV IR Ao L, &
& LT SR~ SN D & 5 THDHNB, 7 XU AT )VEDKRNEREOWERIC L 5 & WA
BRIV TIMIZISIT A E AN ED DI A TR Z LSRR ST, 72, oS
IZ LD~ DIEENZ < Hi ST H—TJ7, W NREEIZIST 2l & 1T eytochrome P450 ~0FZ%
BRI LIZE 2 A, WA X 2 TR I Ch D LW omiE b H D, 2ok iz, BROER
EWNBEFEZ L DZENFET DL D THHD, Lo TOROORELIRTH S,

Z T, ABIZECIE, BUEE TR E A LITHhNT I~ 77 AT AT VHEOW NEFZ BT 5
HAR DB AT 5 = L A B & LT, AR 13 4R 3, WNBRER 21T 5 1= O OIEREE A ERL L
WAk 14 FEEE, DEHP W AR KX HINNENRE, AgifEetE, IHAREZEN OV TR T, Ak
15 4FEIE. DEHP OWARERIZ L DFEEEME, RIREZEI DWW TORGET AT o7, AT, it
REZEI DOV T OGRS [ER O TYT O & & bIZ, Yt »~ b~ DEHP WNREIZ L5
AR~ DEE - SN T E AT 1

B. #WgtHE
1. SEpEw

HIRZ ~ ME, Wistar 27 > Mz, SEEitfEZ » I, Wistar-imamichi 7> b, Hiis 21 HIZ
HELLT2HED » DA, iR v b P > MIE BIC=HT7 R —E X (AARTZ AT )L —
M) LOIEA LT,

2. JRT v M DIRRIT L DHETT v MER~DORE
@O MHRT > SO K DR S ONCHERR -~



IR Wistar 27 >~ ME, 77 70ERH%Z 0 HE U CTHR 1 HBIZEA LT, RT »~ MIEFEREA
IRFEEE A O T, 0 mgm? (32 hu—/L), 5 mg/m? (EHEE) . 25 mgm?® (FiE) O3 - 4%
10 PE9olz, 6 Y/ H GH5 H) D&, DEHP WAMEEAMHE 2 HES 19 HAE o7,
WRERECA HIS, BRI TR, W EOIBHZ T, MBF2 ) U7, BRMAE, FEROMERIC LT, ik
s Ul KB, RIA IR DT A B AT 1 AREEHIE, RNA #HIZHID £ T-80°C THifs IR L
0o 7 > b, HHEFZ > MNEIENENLLTFOEBIZOW TG E T 72,

-RfE c{RE, RS AR ROASER LU ORE, T, iR EE
- MR RE, IRlRER, (AR, BRE. AGD JIE, RERER, FMEEMT 2 AT U RER X
OREHT A b A7 1 L A7kEEE mRNA
WEHRNTIEL, —JtBOES T (ANOVA) 128> THE L7z,

© MRET > MOWEFRIZ L DI T~ N OAFHERAGRAADRZE

FREDEFERIC, iR Wistar 527~ MIRFREARRISE 2 VT, 0 mgm? (v he—L) 5
mg/m? (IEJRED) | 25 mg/m3 (FHREE) D3 -4 10 L322, 6 Y/ H (H 5 H) D%, DEHP
WNRE AR 2 HES 19 HEE TITo7o, R T4, JEa(F2 8 72 HONT 12 Tl E i
B LI, RE, 20k (RS, RSB, K58, Al OMIEEITV, Mt L7, et —
TORCESHOMT (ANOVA) IZE>THREL., AEZENALIZHDIZONTIL, Scheffe DL ERE
{17,

3. YHEMET v N DREFHDFRI & AFESRE~ DR BT DT

A) B 22 H O Wistar-imamichi 7 v~ MIFBREARZEEEZ VT, Omg/m3 (2> ha—L), 5
mg/m? (), 25 mg/m3 (B O 3 &+ % 10 /L3 ols, 6 /A (B 5 H) D%, DEHP
W NRE 4 Hil 84 H £ T 9 BWWHT 7=, MEHAT 9 KD 10 REORIZIAE, RN IUAAT &
A U7e, WRERHS TR, FIEREIARRE Lk, =7 Va7V, OB L, AFlEes (12,
DREE, Il PR ) AAEH 7o, migdd, mAEsEES L, FSH., LH, estradiol JREERIEE T, -80°C
CHESRAT LT, IR IEEG I, IRIREFRIC LY -80°C CHEIR T LT,

R EE I, AREZ b, EBR D O Bilnds KOYAE, 2 X7 O K 2—BIH O3EIFHO Ainds LY
IRE, MEEIOZ b, SRR (e, JREE, JiThE. R i) EEE My FSH. LH. estradiol #REE,
PHERAOT A F AT v AR mRNA Téh 5,

WEEHRAT X, — B E oA (ANOVA) TREL., AEEBALNZ L OITiX,
Student-Newman-Keuls OZ B #1772, F72, HoHoHT (ANCOVA-GLM) TiFL .
Bonferroni OZEHHLAIT T2 HDIZONTIE, RHITHRE LTS

B) B 22 H Ot Wistar-imamichi 7 v h% 30 JL GEI&ISEINE TX 572078295728, 7 LD
7 v R BIEEF 30 ILAEHE LTZ) #0mgm3 (2 br—/L) | 5mg/m3 (EREE) . 25 mg/m3 (5
) O3 - A 10ETONELLTE, T v MIFFRRNIRTREE S VT, TAVENORREE T 6 R
H D¢, DEHP W AR 6 R/ H (5 H) OFMT, Afrd2 HE T3 @iHT-72 EHT
A9 WD 10 REORNCIRE, JERRIN, AA 7RI ORITE, fivkE (%% 1 HE S 2 HHOMOR
fiEE:, JUKEA 1 HEE L) M Ui, BRI T, =7 URIRAA TV, (DERIIL L, AFises (1
OO A B, ) A U7o i, miEEt s, FSH, LH, estradiol #EESHIE % T,



-80°CCHERiiRT L7z, =M IEERHARE, RIAZ3RIC LY -80CTHRERF L, FEROUNTHEM
PREE, BREBIE WD 202, BER (T0%E2 U AREIFUKERIR, 26%3v0~ Y 2\ 5%l
CEE LA Z R L7,

(frwEi ~OBLE)
EWFERT. AmE R P R B SR OB BRI BT A R A ATHET

C. WoorER
1. RS v M DIRBIC L AT » MNEEA~ DR
DEHP MEFEEEE OSHHIEI L, 5 mg/m3EET 2.940.9 mg/m3, 25 mg/m3HE T 19.7+3.2 mg/m?3 Th 7=,

O HRT v b~OWEFEIZ K D80 5 ONTHER A~ 2
c BTy bR
1R 19 H HD DEHP WABRERL TREOREICB\OCE, a2 hr—LUitl DEHP W AR Tl
HEATRD Lol Fiz, 2v hr—Utl ik LT DEHP WAEERE W T, HlRE S
CIRBAMER], T EE CIIMEN A DN BT bivieh oz GE 1),

- JRfF~ D
IR 19 H B DEHP WG TRAZIT DI6roORE, ISR, AR, BRI IO AGD/
HREOEIZBO T, 2> ha—LiEE DEHP WARGRE CH BT bivieh-iz (3 2), £,
FERERIZBOTH, MEOM CTHEZTRO LIV -7 (36 3), MM OT A hAT o R
B TIE, DEHP WNREARAAINTBAMERN R O, AEZTRRO b7z (21), £7-,
KT A b AT 1 AR mRNA R T, DEHP W SRR A BB L= (P<0.05)
(x12),

@ MHRT > M OEFRIZ L DI TT >~ D OAFHERRGRAA DR

DEHP W AR SR T ~ b LV EEN 1T~ FOKEIZOW T, 8 HllsiZisV\T 5
mg/m3 DEHP W ABRFERE & bhie LT 25 mg/m3 DEHP W ABRSZERE CIIA BIZIE» 72 (P<0.05) 73,
12 SRR DIREA A EZATGRO bV -T (X13), A i (FEEL, FEE R, 38,
ANZAD EEICOWTIE, 8BRS DR A 2 ha— U EE I L C 5 mg/m3 DEHP A
IRERECHRICEWZ L (P<0.05). 12 #2312 RNZIRE SRS 5 mg/m? DEHP WA & b
LT 25 mg/m3 DEHP WNIRERE CHREITIRNZ L0580 bz (P<0.06) (#4),

2. W7 v OEFHDIER L ATHEE~ DR
A) DEHP BEFEREOIZANEIL, 5 mg/m3FE T 4.120.1 mg/m3, 25 mg/m3#E T 19.8+0.4 mg/m3 TH -
7

O AR~

DEHP W NgZERE (5 mg/m3 & 25 mg/m3) (2361 2RERA 0 & 1 [AIH ORIEHO By, => ha—
JVBE & e U CH BT (RO« P<0.05, 1 [BIHOIEHO Hilin - P<0.05), £7-. ERD &



1 [A1 B OFIEN IS HEEICHN TS, DEHP WABEERE (5 mg/m3 & 25 mg/m?) 1L, =2 hra—
JVEEL HO U CABEIED 7= (BB ORI - P<0.05, 1 BB ORIEBINCI1T 1K : P<0.05) (3
5) [e]

© REZ L

DEHP WA 24 H H LTI T, 25 mg/m3 DEHP W ABREREOMREIL, =22 b o—/LR DK
LR L CHEIED T2 (P<0.05), 72, 5 mg/m3 DEHP W AMEEREOAREIL, 220 ho—/LiE
DR & G U CHERZATIROIR - T208, IR MEAICH 72 (X4),

@ MHEEOZAY,

7w MIEE, 1910 7/v4 A CGEER, FBIEH, BIE%RN, L5 1 R) OMEARRD K
9, 25 mg/m3 DEHP W ABEZERE, 5 mg/m3 DEHP W ABRFRRERS KO > b o — VRS 2 L
L7-& 2 A, 25 mg/m3 DEHP W NREERECIE, BFEMHEIORIE7S 25 mg/m3 DEHP WAREREC=
v hE— VL IR U THEICE T (P<0.05) (6, M5), ek, T v MIBIT DI &
3 1A 7 p3 5 RLLEDH DT 3 READYE, 1A 704 A ThHoTHH A 7 VIR A
LNDLYH T D,

@ KlgarEREOZ b
Kl (75, JRSE, R, B, A OE&EZEHIL7-& 24, DEHP WAEERE (5 mg/m3
& 25 mg/m3d) T, BlgOEEN 2 hr—UBEE R L CH R~ 72 (P<0.05), Bl#gLIgL D
BB L ClE, AERBUIR LN -7, LL, Ho#utr (ANCOVA-GLM) (2L - TR
E%nﬁk Lo & 2 A, Bl Tt DEHP WAREERE (5 mg/m3 & 25 mg/m3) &= ha—UiET
L. AELEEAUIR LN -1 FET),

® IMIFRVE Al SONTIEEAT 1A REA#SE mRNA FELEOZ L,

MiF=A N7 VA — UL, 3> ha—uiEE Hik L C DEHP W AVEEZERE (5 mg/m3 & 25 mg/m3) T
VHBMEAN L SN0, AEATRO ONoTz, Fio, IfE FSH 1L, = he— Lt L bl L
C DEHP W MEMEERE LI IMER L ONT203, AEZARLD bV -7- (P=0.065), & LH
(ZOWTIE, =2 br—UEe DEHP WABRERHZ W T, AR biveh o7z (X 6).

PHEAT 1A FEREER mRNA FEEEIZOW T2 L 24, 7 e~ —F mRNA 3 Tld,
=y hr— g, 5 mg/m? DEHP W ABRERE & Hhlgi LT 25 mg/m? DEHP W ABEBRECIE, 2 Eh
AEIHINL W (P<0.05) (X17),

B) DEHP BFEEEOFEAIEIY, 5 mg/m3AET 5.2+2.7 mg/m3, 25 mg/m3 T 22.7+7.6 mg/m3 TH -
7

O JEFHPRRA~DR

DEHP W AMEZERE (5 mg/m3 & 25 mg/m3) (23T AN & 1 [BIH RGO BlmiL, =2 ha—
JVREL I LRI~ 7= (BB D - P<0.05, 1 [A1HORELIO il : P<0.05), £7-, 1 [RHE®D
FIEHNCRBIT HIREIZIBV T, DEHP WAMEZERE (5 mg/m3 & 25 mg/m?3) 13, = he—/L L bk



i L CHREITE ) 72 (P<0.05), & 612, FEBRINICIT D IREICH T, DEHP W AMEERE (5 mg/m3
& 25 mg/m?) X, 2 b Ut L b U MEA R B (3 8),

@ AfHE HONCHUKEA~DFE
2-A-DTHLNTAKEZN LAY DEHP WEEIC L A AFAOE) . HHTRATE, JukER s
(2% 2 YR RIS 7 11T DEHP BRSO Rl > DN oK R AR
FOFER. AR S NIRRT OV T, BERICAEZSE TR 50 L7, DEHP W AR
(ZXDYHEMET » P OFERIIE, RETRR D ONCHOKRIZE L TORWZ E DB E o7
(X811, %9),

(@ DEHP WNRFRIZ L D4 MET » b -E70 S ONIRERA~DFE

DEHP WNRERIZ K D4 T -~ b 1272 & ONZHNERADOFZE AT 572012, FERBUITHN
BOMRMTAZAER L | BUE, MG OBIER AT > T D, Fio, JHERPOEMARLE AR ONT H,
BUEHIE TH 2,

D. &%
1. RS v DRI X DIEFT v MEERA~DRE

ARFFUINT, GHRT » b~ DEHP W ANEFERIZ LV | 4R 19 H BIZHIT 2 IAREEET »~ o
P450scc, 3-BHSD, CYP17 72 EDFEHET A b A7 v AR mRNA BERENAEIK 52 &
MG o7z, FTo, IR 19 A BB HIRMARKEET » SRS 2 h AT v AREICE
Tt DEHP JEESRIFANTIEAEA D, ZHETUIHET v b~OR OGO T,
A L7 ol LH MK T2 2 S X D 1MiET A h AT 1 o DIK FAE 3T % (Benson,
2000) 73, AlEOFERTIE, M LH 2HIE LTV W VR0, in vivo 1236517 5 DEHP 12 L A7
A R AT v OIK FAME LH O 2T Q0D Z SOV T GRS 5 Z L ITCERh T, A1k,
M LH ZJET 5 2 LI Lo THLNCT 20N H D, I 6T, Al 2O R 7- DEHP %
NIEZZIZ X 5 P450ce, CYP17 72 £ mRNA 81! L, 5 mg/m?3 DEHP W ARERE IV THAER
K T3 bz, 5 mg/m3 DEHP W AMEEREOFENEIL, 2.940.9 mg/m? T, BifEOJ7 #1500 DEHP
PR (ACGIH, HAZ i & HIl2b mgmd) L0 bRV, 4, SOICYET v b, iR
v FORMREZZ31F 5 LOAEL NOAEL 2OV B/ 2 e D B0 0 D L & 2 HiLD,

EDlT, fHRZ v b~ DEHP BEEIZ L HHEHT7 » Mg OBGA~DREL T~ 25, 8 1
BRI DS R T b o —/UREL R L C 5 mg/m?3 DEHP W ABEGERE CHRICEVZ &, 1217
EmZHlT HRMIRE RS 5 mg/m3 DEHP W AFRRE & bof L C 25 mg/m3 DEHP W RERECHEIS
N2 EAFRD BV, Zivbid, DEHP OfRRH #5985k (750 mg/kg/day) THE AL TE L 21T,
P77y Re P ARHOEBEEZZ T WD LD EEZ BN, ZOZ EiE, HHET ~ b~ DEHP %A
WRERIZ L | IO RREREE C b, AR ORI OATER OB B2 5.2 5 Z & 27 2 LT
D

2. WEMET v P ORERDIER L ATRERE~ D&

DEHP OAFHRSHE~DRZEN B U QI < E SN TNDN, TDZ < I3~ DA~
HOTHY , WEE~DFELTI- b O3V, F7-. DEHP BERIFEROZ 1L, ROE5IZ X



DEZEATHMLTZ b D TH Y | W AGIRIZ L D588 % T il L7 s b7y, 22T AL, I
W7~ M Extgd L7z DEHP WNBERSFRAATH Z L1280 BRSOk D N ASERE ~ DR
EIRDTZOIT, ADIFREAT ST,

MEHPERIREIL, NOWAREIODOA 7 ) —= 75388k & U CTHEEE SAU D, AlRIOMEEIHPRSIR
ECIX, DEHP WAMRETEIZ L BANFORZ: 5 ONTEBI D o Hifna b 5 Z LB LN 72T, T2
721, ARIOFRIBANTL, HEEHORAR T3 <, RS IEREERA A PAIRE 217> T
Rytolhe mﬁﬁﬁﬁﬂﬁ%ﬁﬂé@ﬁl%ﬁmﬁ”é LITTE D o7, £, HEIZBEL T, 2 e
‘—/Vﬁi}:tlﬁx LT 25 mg/m3 DEHP W EZEREClL, FEMEEOEE DA RIS L TWhD 2 Enb,
YN Z31T %5 DEHP OWNIEZEI JHEOMEIN 8 Z 5.2 T B2 BIvD, Lo, EEOH)
YIREE IR I ET A S a7 U DMFHET D RREE G H Y . BEtT 20BN H D LB 2 bivd,

DEHP W AMERIZ K~ C, BZ 24 H BLFRRIZI T, 25 mg/m3 DEHP W NREREOREIL, =

k m—zﬁi@ﬁ@kthﬁx L CHBEIRWER MG DN, LovL, ZOFKE LT, DEHP W AIR#Z
(2K DAFRFHIRE 2 D ONC Rl R, AIUKEREAS T LTZ 2 0’(5’]@%7&.%%/1 b,

2T, ERREECR, ERAR EORRZRES 5720l APt 2 gz5e0~ 0 3 %
[T BOFRE T, £z, BOFERTIL, REbOFRE UCRiEE, Jukas SR
LTWDHRRL728DIZ, BRI, BEIC a2 O INTHUKELZ M AMA L7, TORER, 1R
HIMAARIZIBT 5 REFER D WNIHUKEIZOW TR, BRICAERETIR O T, L,
N (29-32 Hih) LV ETOECI O TIL, 5 mg/m? 72 5N 25 mg/m® DEHP W \BREREOH/K R
2y b UL b LT ME LD Z &, DEHP ORRAIEEE CTHR.H5 X 972 PPAR
I LT R b~ DR, JEB D RTORBGV R B CR.ONTI- & B X bivd, UL, BT
DR BPETH - TH, FIRBIEL 20 b — B CRAFRIIA B R AN AN Z &b,
ADFIR TR BT & 5 72 DEHP WARTE T K HIREDREAN T AR L HoKEIFBIR LTV e
Ez b, DIz, DEHP WAREIZ L ZoAjﬁ%lka? v FOREZT, BRI E Db D& D
F 0 bR EL C%?i%ﬁzm*%‘f&)éTﬁ MRSV, 7, RECHIE L75E, IER LI
BT, BEAFEZRDWNIHUKEDIXHOEARE {poled, ZOFRE LT, MWL LT

BEODZET BILD, BIOFRIZINTE, DEHP WAREEARIRIRCR, IE D~ EICe e
B2 TNDZ L& D Z LN TE L, o, EEHREPER, BN 72 EORREZRTES D700
TA 74—, FSH BXOLH 72 E OFRNVEAEIRF D AT 0 A RiR/VE AR ED
FHmZOWTIEL, BT CWDBRETH D, S HIT, JIR, FEAOFEIZOWTHEET HLEN
bHHEZEZ, IR, FEIZOWTREEAZ B LTz, 4%, ZID DAL BT CBIZE T2 T7E
Th s,

Y57 v b~ DEHP #20#:5 5802360 v Cid, DEHP IZX D iE=A b7 U4 —LDIK R, PHE
HWIDIER DS SV TC%  (Davis, 1994), F£7-. invitro [Z81F 558k L W . DEHP ORI C
&% MEHP 73, DEHP & & 412915 PPAR (peroxisome proliferators-activated receptor) 751
{ET5Z L2k, A7 A REEEE CTH LT v~ X —EDEMH 5N mRNA FELEZ-HH L
TR NT UF—NOFEEERK T SH T D (Lovekamp, 2001, Lovekamp-Swan, 2003), F7-. PPAR
DIEM X, =A N7 U=V a2 R ha BT DR Ch 5 17p-HSD IVOiEMEL: FH-SH T,
TA T VA NOREEEESE S (Lovekamp-Swan, 2003), L7>L. 4IEI0 in vivo (23T 55
FMEZ ~ ~~0 DEHP W AVFEFZI5RClL, 25 mg/m3 DEHP W AWREZRRE 23SV Ci, in vitro TH.OL
ToRiR & B2 | 7T u~Z—F mRNA BEREOHFEZRENIN A6, £, TR M T o4 —v



&3, DEHP WNIEFRIZ X > TRIMEAIZA LD OO, FEZTRD berolz, ZIVHL DR
& LT in vivo [ZBW T, 7 i~ 4 —F mRNA OFFHEDTHE L T BICh2)¥ 53, 178-HSD
IVOIEER EF- L QD720 A R T U4 L OREDMEES I TERY | MiFTA N T U4—L & i
HERENAONRNZ LB 2 BiLb, AL TIEL, PPAR, 178-HSD IVIZOUWTHNRD Z L1
T ol A%, DEHP W AREED PPAR 705 178-HSD IVA~ORIKIZ -2 DR % B BN L
TV ZENEETHS,

F7o. FOMIZ, in vitro TRONZT n~ % —F mRNA ¥HEOHZMOENE LT, O
e 5 & W NGFRIZ L D BEGRROIE DRT HiIvD, ARG TIL, #&5-&47- DEHP OF) 80%|3.,
BECONCIER, IR, IF, icE < mamsins U 3—EBI2L W MEHP [ZE# S35 73, fﬁbﬂfr’%
PARIENSR 5T, 702 1%5 MEHP (22 #ixi % (Pollack, 1985), BifED & Z A, WAEFZIZ
% DEHP fREHZBET 285 TITE A E720 WS, NGETE B I 28 CERAMHIZ > TR D &
MD, RROES- & LT MEHP MR Z E N TARSILTNND, ZFD7=DIs, WARFERIZ L 50
&0 MEHP |37 0~ 4 —EBDIEEE IR TS, 207 41— Ry 7 L LTT7r~4—E mRNA D%
HEZHINSE WA, META T OV BIIAERENR NN b EZ BN,
Lk, TNHDZ EE LN B2 OFHIRIERE T 5,

BUEE TlEE A ST TZ 20 o7 DEHP OWAEFZIZ LY | 4HRT » M~OIEERIC L5117
> MEEADOFEI R SN ~ S ORFEOFRE L AFHERE~ DLW T, B To72,

HIET ~ b~ 18 HEOWAZEFEIC L > T, 25 mg/m3 DEHP WABRERE (SIRERD 1B\ ThH
5 mg/m? DEHP W AEEERE  (IFGREERD) (230 Th, HERTFOREE: mRNA #88i&E% DEHP JREKT
WA N S8 7z, E7o, FEHRET 2 P AT 1 REIC S DEHP RERFIR NS5 2 & 2R
L7z,

YigitE= ~ b~ DEHP WANRERIZ L > T, BRI RE RO L 2 LavRiesive, £z, ME
B LT, oo b —/UfE L e LT 25 mg/m?3 DEHP W ABETRRECIL, B E i oEIE A &
[ZHPNLTE Y, ST 5 DEHP OW SR JHEOHERIN A Z 5.2 TnD EBZ DD,
DEHP W ABERIZ L~ C, TR T VA — VORIV T v~ 24— mRNA FHEOA E7 2N
NRONT, 5%, 7Tue~vs—E mRNA OF SRR R ONZICHEED LT, iETA N7 U4 —
TUBEOHR BRI R B o7 Z L& HE 2T, 178-HSD V72 EDT R k7 74—V 2R

B3 BRTAZONT, DEHP AR X BB A HMIIAIZE L QO < B3 S 5,

Falt, 72 /VBIZ L D MDD AREME H]E SH72 (Swan, S. H, 2005), Z O#ETIX
DBP <° DEP 72 D7 2 /ORI ¢ 5 MBP, MEP O - B AGD (2 i%znﬁ%
NADITE LT, DEHP ORPRE T 5 MEHP OJEEE L AGD [ IA BN RN~ T- Lk
_TNWD, ZOFKE LT, DEHP % MEHP (2335 U S—BlZiE, T hMeLloiF-FHEE b b

TITREZENPMFET D202, B R T, 7 v R EHRL T DEHP 12X 588 %< W2 E3 TR
&hb, £7-. DBP, DEP OB, DEHP OBRESTIEEE & Hill U CEfEE = LR Sh
TV, DBPS°DEP & ik LT DEHP % E L FHliT 2O LN EE X Hid, IBIT, BT
DEHP & L dHaR PRSI 2 E L7 (Jennifer, J. A., 2003) Tld, R MEHP @
TS MBP 72 SRR & il L CUED XN H 5 Z Enb, b MIBIT% DEHP Of%
HNIHEAEDHEST D REMEN B D, Z D72, DEHP |2 X AAKREEC HIARIC L~ TEREIN



L2 b HNEZILNLZ N0, DEHP OIFEICL D Y A7 5HA 4% bkt

Z S DAL TS BN D 5,



# 1. K7 v b~ DEHP WAEREIC L DRET » b~

158470

Z52

e

TR KE (9 HgER (@ | rfEER (@ Rafrx TR
0 mg/m? 220.51t22.4 8.4=+0.8 39.2+9.1 10.3%+2.7 0
5 mg/m3 209.7+14.5 7.8+0.7 40.1£5.8 10.5+1.6 0
25 mg/m3 214.0xt17.3 7.6x0.5 41.4+=8.8 10.8+2.2 1
2. iHRT v b~ DEHP W AR Z K AHERGIF7 » b~
TR KE (@ | WEER @ | AE (m) | BE (mm) AGD/{AE
0 mg/m? 2.3120.3 0.60.1 31.2+1.1 11.4=+=0.8 1.1x0.2
5 mg/m3 2.51+0.1 0.6+0.1 30.7+1.9 11.5%+0.9 0.9£0.3
25 mg/m3 2.51+0.2 0.5+0.2 32.51+0.7 11.5%=0.8 1.0=0.1
# 3. IHR7 v h~0D DEHP W GEEIC L H IR ~ MEREROZL
TR FERE R (mg) P fE
0 mg/m? 1.5%+0.08 n.s.
5 mg/m3 1.3+0.60 n. s.
25 mg/m3 1.5610.42 n.s.
4. WET ~ s~ DEHP W NBRFEIZ L A1+ 7 » h o
8 W72 H N 12 Wl 2381 T A Al O 2L,
R hip FEH _EIR i E= BN AR
Fa ik (2 (2/100 g {KTE) | (g/100 g KEE) | (g/100 g fA )
0 mg/m? 0.97x0.13 0.10x0.01 0.14+0.04 0.060.01
855% 5 mg/m? 1.072£0.04 0.10£0.01 0.20£0.02 ——| 0.08£0.02
25 mg/m? 0.90=0.04 0.10%0.01 0142002 - 0055002
p-value n. s. n. s. p<0.05 n.s.
R hip FEH _EIR I E= BN AR
- (g) (/100 g {KE) | (/100 g {KE) | (/100 g {KE)
0 mg/m? 1.45+0.06 0.15%0.02 0.35%0.07 0.10*0.02
1238 fin 5 mg/m? 1.44+0.07 0.15%0.01 0.31%0.02 0.11+0.01 —
25 mg/m? 1.42+0.03 0.14%+0.01 0.3620.01 0.08+0.01 —:|
p-value n.s. n.s. n.s. p<0.05

60 —




5. Yt -~ S~ DEHP WA= & 2 AP R~ 2
(3k: P<0.05, 0 mg/m3Hf & DHAZIZISNT)

Parameter 0 mg/m3 (n=10) 5 mg/m3 (n=10) 25 mg/m°
Mean=SD Mean=SD n=10)

Mean=SD

Age at vaginal opening (days) 32.0+2.0 30.3+1.3* 29.7+1.3%

Body weight (g) at vaginal opening 92.7+10.2 83.9+6.2* 79.5+5.9%

Age at first estrus (days) 32.7+2.3 30.6+1.3* 29.8+1.2%

Body weight (g) at first estrus 96.9+10.0 85.8+7.3 80.0+5.0%

The same occurrence rate of vaginal

opening and first estrus (%) 80 90 80

% 6. HhEMET ~ ~~0 DEHP W NIRRT L A E A~ g8

0 5 mg/m3 25 mg/m3
mg/m3
Normal 4 days 72 73 61
Abnormal 4 days 5 2 3
>bdays 6 4 14
<3days 1 4 8
Total 84 83 86

F 7. WEWMEZ ~ b ~D DEHP W AR & Dliggs im0t
(%: P<0.05, 0 mg/m3 & DT

Parameter 0 mg/m3 (n=10) 5 mg/m3 (n=10) 25 mg/m3 (n=10)
Body weight () 274.2+16.9 261.4+175 256.0+13.5
Liver (g) 11.97+0.97 11.01+1.34 10.92+1.51
Liver (g) 11.36+0.40 11.16+0.37 11.39+0.39
Kidney (g) 10.98+0.06 10.93+0.07* 10.92+0.05*
Kidney (g) 2 10.96+0.02 10.93+0.01 10.93+0.02
Lung (g) 11.23%+0.15 11.28+0.24 11.22+0.63
Lung (g) 2 11.20+0.06 11.29+0.05 11.24+0.05
Ovary (mg) 69.63+13.58 69.00+9.88 66.36+13.73
Ovary (mg) 2 67.19+4.58 69.57+3.86 68.22+4.01
Uterus (mg) 430.2+82.0 354.4+27.7 427.9+106.0
Uterus (mg) = 426.5+27.3 355.8+25.5 430.7+26.5

2 adjusted for body weight at necropsy using ANCOVA (GLM)

— 61



& 8. Yt » h o~ DEHP W NWgEFZ I & 2 FERHPS e~ D528
(%:P<0.05. 0 mg/m3HEL DHBIZH0)

Parameter Omg/m3(n=10) 5mg/m3 (n=10) 25mg/ms3(n=10)
Mean=£SD Mean=£SD Mean=£SD

Age at vaginal opening (days) 31.8+2.6 29.2+2.0% 29.5+2.8%

Body weight (g) at vaginal opening ~ 85.9710.8 75.0+12.7 77.1+13.1

Age at first estrus (days) 33.4+28 31.0+2.1* 30.6+2.7%

Body weight (g) at first estrus 97.1+11.3 83.5+12.9*% 83.3+11.3*

#* 9. YirlEZ » b~ DEHP WRIEIZ X 5 RETE e O ONCRIUKEA~DORE

Parameter Omg/m3 (n=12) 5mg/m3 (n=12) 25mg/m3 (n=12)
Mean=+SD Mean=+SD Mean=+SD
Increase of body weight (g/day) 5.16+2.16 458+1.44 4.75+1.27
Food intake (g) 9.80+2.98 9.50+2.69 9.79+2.77
Food intake (g food/g B.W.) 2 2.22+1.32 2.32+1.20 2.27+1.25
Water intake (ml) 16.42+5.32 17.56+4.10 17.82+4.31
Water intake (ml water/g B.W.)2 3.70+2.09 4.27+1.93 4.13+2.16

a These data were standardized to body weight (B.W.)



1. 7R v~ b~ DEHP W ABEFEIZ L A HEIEF7 »
AT A b AT m ARl

ng/ml

&>

¢ : N .°°
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2. IR v b ~0 DEHP W ABEFEIZ L A HEIEFZ »
FEELT 2 h AT 1 mRNA J$EEOZ L (3k: P<0.05)
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3. TR ~ b~ DEHP W ABEFRIC L HHEHFT ~ b
(8 dn, 128 OIKEZ L (5k:P<0.05)

350 v
o 2ES
300 | SR
% T
250 |
o 200 |- O control
e T O 5mg/m3
¥ 150 | B 25mg/m3
100
50
0
PND 56 PND84
4. SHEMEZ ~ b~ DEHP W NIEFZIZ KX D IKEOE L,
(k:P<0.05, 0 mg/m’#ELE 25 mg/m’ BEO LN\ 0)
300 r
250 r
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5. YitES ~ S~ DEHP W ABREIZ L 5
MEEHIDOZ L (%:P<0.05)
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6. SEMEZ ~ b~ DEHP W NREFEIZ L 5 ik A /VE AEDOZE L

O0mg/m3
O5mg/m3
B 25mg/m3
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7. WEMEZ ~ R~ DEHP W ABRFRIZ A AT 1A RENIFZE mRNA

mike relotive sxpraszion If.r'iﬂaq:yclnmilir]

b - Ly La -
O ¢ = A A gp D oon o= @ O

P450-sec

FEEOZA (%:P<0.05)
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8.  WEMET > b~ DEHP W IREEIZ L 5 Bzl
(RHEIC L DA T TR H D)

——0 mg/m?
—&— 5 mg/m?
25 mg/m3

Day of exposure 0 7 14 21
Age 22 24 26 28 30 32 34 36 38 40 4243

9. YhFEMET ~ b~ DEHP W NBRERIZ L D AfiEOZ b,
KREIZ L A5 A4T 72 H D)

o

=7

g

'§ 5 —— 0 mg/m?
4 —&— 5 mg/m3
% 3 25 mg/m?
£ f

s

S o

Day of exposure 0 7 14 21

Age 22 24 26 28 30 32 34 36 38 40 4243



10. $eEiE= ~ b~ DEHP W ABREFRIZ L D HokEDZ L.
(RHEIZ L DA T TN H D)
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;o
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Abstract

It is well known that phthalate esters could induce the endocrine-disrupting actions, the

reproductive and developmental toxicity and the lesions of tissues in animal experiments.

Because phthalate esters are widely found in air, water, soil and the other environment, it is

concerned whether they may adversely affect the human. However, many studies provided

adequate information to identify the effects of phthalate esters on the organism by the oral route.

There is limited information about phthalate esters toxicity exposed by inhalation, as a natural

route in human exposure, so it is necessary to clarify the risk of phthalate esters on the organism

based on inhalation exposure. Utilizing inhalation exposure of Di (2-ethylhexyl) phthalate
(DEHP), the purpose of this study was: (1) to clarify the developmental toxicity of DEHP exposure
by inhalation; and (2) to examine the effects of reproductive endocrine system in prepubertal

female rats to DEHP exposure.

(1) Pregnant rats were treated by inhalation exposure with DEHP from gestation day 1 to 19,
and the fetal testes were isolated on gestation day 19. The concentration of testosterone in fetal
testes was no significant change, but a decreased tendency was shown. The expressions of
steroidogenesis enzyme mRNAs were significantly reduced with DEHP dose-dependent. In
terms of maternal toxicity, no changes were seen. In addition, the maturity of reproductive
organs in male pups was examined on postnatal week 8 and week 12. Seminal vesicle weights
were significantly increased in 5 mg/m3 DEHP group comparing with the control group at
postnatal 8 week. Prostate weights were significantly reduced in 5 mg/m3 DEHP group



comparing with the 25 mg/m3 DEHP group at postnatal 12 week.

(2) In the female pubertal onset assay, the age of vaginal opening (VO) was advanced following
inhalation exposure to DEHP in prepubertal female rats. Estrous cyclicity was monitored from
the day of VO to the day of necropsy. Irregular estrous cycles were significantly more observed in
25 mg/m3 DEHP group than the control group. Our data demonstrate that DEHP exposure can
alter estrous cyclicity in female rats. We determine gene expression of steroidogenic enzyme in the
ovary, the expression of mRNA for aromatase, a rate-limiting enzyme to change testosterone into
estradiol, was raised by DEHP inhalation. However, estradiol in serum was no change, although a
decreased tendency was seen. We will further investigate 178-HSD IV, a pathway of metabolism
of estradiol, and make clear the mechanism of reproductive effects in prepubertal female rats to
DEHP exposure by inhalation.



4. BRT7x /) —/V AFEEBHEOSFEMRIRET & PRMER~D
TR OfFBICBE 3 2058

Wrged MNLRZ CRERANLRFRFEBEE SR Bd%)

WREE

INETOFHX OFFEFERNS, BAXAT7 2/ —/LA (BPA) 1%, HIET v M543 2
ECHAMFOMT RN v ORIV 5 &R L, FHRERERICM O NORELZ KT L TND
AREPEAVRIB S NT, S HIC, T v MY T 7 b Y — Al BPA OFEATEMEEZ RN L
7oo T, MHAESHIARIC BPAREG X VN BN FET HEE X, 2O BPAREA X X7
BOHHE - AR, ZOREESNZ BPAFKAZ N7 -ED N K7 2/ BREC 4y
WMraEiTolz& 2 A, ZDOX /37N protein disulfide isomerase (PDI) & AHFEIMEZRT
FERHALNE R olz, PDLIZHRIEFLVE (TG X X7 BEE L THHBN TS, K
JGHE CRERR ST AT VX TG T v MBI F PDI 2 AW T T3 BiamkE &5
BraiTo7 & 2 A, BPAITHIRIRFLVE L OfREGZLET 2 ENRHLNE R o7, B MIE
W TR O FRIRALVE ORI, BEOHMER N 255 enmbiTnd
En, PDI &4 L7 FZICHER L TN < SULFME O EZ S HITHET <<
e A=, £, PRk 12-13EFIC) A T v &N MERLTY 27 3HlICH Y
g IO >bo7THEE [ A7 2/ —/VAMBPA),p /) =NV7 =/ —/L(NP), ) T7TF /LA
Z(TBT), RV 7= /) (BP), o7FnL7%L— rDBP), X% 27nun7=x/)—/(PCP), 7
I hr—(AMD | ZHWT, 1) PDI ~O#EEFER(TS fEARE) 2) T3 S MEHEFHH
Jo GH3 BEEIEESR 3) 7 7 U AV A D TIVRAEBRICEB T A2EE o 3HEEO A7 ) —
= R ERWTCEMI 24T~ 72, £9°. PDI ~0 T3 fiA B EFER Tt BPA, NP, PCP 738
FZRHEREEZ R Lz, 2% B O GH3 2 AW TiX, BPA, NP 2SN HIfR B FEE M & R
Lz WICSFEHDOT 7 VNV AH TN EROTERNEIToT2, 77 VDY AT D54
WRRIIAS B TE  EIZFWALEY S B0 RARBEEZ L D 2 b <RI END,
FT. 77U B ATT)LD PDI cDNA ZHEiL T, £z KGR ICEE S & T3 <° BPA
EDFERERFILTIZE Z A, B bRT v b PDI SIRIER UME AR LTz, eV CHFR AR
(ZHEOR, fafpeil, G, sl B, 9i4EH) (I2on T, RNA L, 4
YRIELALTO PDI OB EL T Lo, PDLISFGMH CHREL LRI TR T L,
RBEMHITHO RS L, I 7 EOLEWEZ IR L T, &b PDI ORBEN &< 2
RS B2 LD FEBRE SR IC T CORBEEZBIZ L& 2 A, BPA, NP
TIRICT R b= ARBE ST,

WroEts S 4
Al (BETE PR FEL T8 %)
BOFET (RIRIISZRZR B EEETERE  FRA)
RHEET (RSP RABRESER BF)



H A ORISR R AP E AR B)F)
] FE A CRBR TSRS R B E AT 7R KRB E)

A HZREM

BPA IR Y B —Ar— R R I VRIIEOIFEICh 5130, hRHY—F > MAlE LTH
WHNTEY, ASICROMICERIN S 2{b6MTH5H, £/ BPA 1L, =R brr 4k
EEEZAELTEBY., W iU wE (EDCs) O—2& LTHEBE SN TV A{LEHT
bHoH, —J. WZRITLE 7 I, EH) - JIE - BFEFEEL - IMERMRICES LT\ 5,
E 51T, BEBRCRNGREE  ATEIREE LW o 22 ORMEE, S OITTERMBEE 25 T
WDTEE RN - ZEMEEREE (ADHD) % EEE (LD) OIIEICEE L TW\WD & oW
HdHD, FexlIT7 v bERHWEITMERIZ LY, BEHICER S BPA BWAEFNTE 7
D RNIVREZIKRT S, PR~ EL RFTHELH LML, LirL, EDCs
D FARAFRER DL, RHAREDNE L D FEDFRIRA T =X LB SN IS THD
R, L AT, FRLI2-ISHEREIZY A N T v S IR LT A7 Gl ER Y e
1%, NN EWERZESLIE SN b DO TIEAR L, EBRMICTHEMIE 21T O M5 & L
THY EIFHN7=b O T AR R ~DOF B RE L LI HMlESIZEA L TH Y,
IAEMER IND K212 o 7 THRMRRA~DOEE] 22 FRA b & L7eiHiiiE T e
CEFoTOVWIIETOIL TV AR, EUCiE, EDCs OfEH RO 2 51TV RN G
ThbdEEZ LD, BFMETIE, 7 v MEIZEWT BPA BEGTH2 0378 (LE
TR —REH T E) OIFEE RN L, 5122 O BPA FEA RO BUEE KR A R AT,
Z L TCZOWFFERDOFER, BPARSA X /R0 EOERNBH SN IeoTe, TDOX R 7 EIEH
WIRFRLVE L THD T3 OFEAE X /7 ETh o7z, BPA IXFHFIRIRKRLELTHD T3 OFfh
AEAETLHFICL Y 2O 281 BLE LT 25 ATREMEIVRIE S uiz, AAFSE Tl H12-13
HEICY R N vy &, BELTY A Z7FHIICERY HiemE D 7 BOIEMIT OV T,
T3 M < ELMEICEAZE W 8 Bt A7 V—=2 71k (RIBEREBLY 7 B % iz
in vitro TOFEAFEER, T3 JSEMEEET B M Z WK, 77 U Y AT vz v
invivo TORAZ JV—=2 k) #BRL, HiziT-7-,

B. 55k

1. PDIITHT 5 FRIESRVE DB AR A HERER

(1) BPA #5558

BPADFEATEIEIL, BPADOEHAERINIA ([BH]-Bisphenol A) & # /37 BAE 5L %150 mM
NaCl% % #9250 mM Tris-HCL, pH 7.08 T4°CIZ T2 A o F o —3 5 v L%, HibES
% WIPEGILEIAIZ X U Bound/Free 5 BEA ATV, HBIC & £ 5 G HEE 2 JIET 2 F2 &
DR,

GEILIE] RS O RS & 04y EE (14,500 rpm, 5 min, 4 °C) L72%, EEE27 AL —
A —Z XV BRE Uiz, TRl % 1.0 mL OFEE N~ 7 7 — (150 mM NaCl & ¢ 50 mM Tris-HCI,
pH 7.0) T2, ¥ifF LT,



[PEG ki) KOS O SR 12 58> 50mM Tris-HCI, pH 7.0 (12% PEG 6,000, 150 mM
NaCl, 0.2M ZnCl: # & p) Z I A THEEL7-1%, =008 (14,500 rpm, 5 min, 4 °C) #17-
2o EBZT 2L —Z =LV RE LI, 1.5 mL OWE v 7 7 — (6% PEG 6,000, 150
mM NaCl, 0.1M ZnCls % & ¢ 50mM Tris-HCL, pH 7.0) T 2 R4 L 7=,

(2) BEEAIRE G PR E 5

T3 OFEATEVEIL, SBRWE DAL FC. T3 OIGHERINLIA ([1251]-3,5,3 -triiodothyronine,
1.0 nM) & His-tag & PDI(0.1 mg/mL protein) & % 150 mM NaCl =& 72 50 mM Tris-HCI,
pH 7.0 7 C 3 BffE], 4CIZTA ¥ aX—2 3 L=t PEG EEIZ L Y Bound/Free 7y
HEZATV, RIS S 00 BONTEE A RIE T 2 I K VR T, T3 OIEFFRAYHE A =4 HIE
T 520, WElE (BopM) O T3 MR T-REME Lic, Tl E 2SR 272000
T ) —/VREIL, FANZREBRZITV, T3 DR AT E L 5 X R WIREZ G LR R, #&
BE4%E LTz,

T3 OfEE=E B/ Bo ()& FRUZ LV skdiz,

B/Bo (%) = (TB-NB)/ (ToB-NB) x 100

TB : iBWEFEFTO T3 DFEAE
ToB : IRERWEIETFIE FTD T3 DfEE &
NB : FJERFRAFEA &

2. GH3 ManHEIc RiE %
(1) HparsEE
GH3 Mt = —~ oA U RGN 7 LD AT LT,
AT 15 % v~ ifidl, 2.5 % 7 UMRFITE, 50 units / mL ~X=3U >/, 50 units / mL A h
L7 b~ A v & ET Ham'’s F-10 55T, 5 % COz, ML 95 %, 37 CIZTH#E L7z,

(2) FURBEAS L > R 2 LT O fE#L

AG 1-X8 #fHE (Bio-Rad) Z7xE/K T 3[EIPEs L7=%, MIEIZ 50mg #E / mL ik & 72
HETA, v—7—X ZH\\T 5 K], SIS TRSOMCEA L, 1,000x g 12T 10
YD D EERIT > 72, EICH LW AG 1-X8 K54 50mg #ifl§ / mL 1fi& & 72 % &
NTAx, v —7—FZHWT 18 Fffl], =|iRIC TR ITES L, 1,000 x g 12T 10 43
MO LBEZIT > THE LN BB %E & 512 30,000 x g (2T 2 043 04y EE L Tk %
frELZGDOZFURIRFLVE CRZMIGEE L, AT 5% T-80 CIZTRIFELTZ, T3 DEE
% DELFIA Triiodothyronine Reagents (Perkin Elmar) %z i\ /= EIAJEIC L D HIE L= & 2
A, LR O T3 GRITHRERFURELLT (< 0.2ng/mL) Th-oT,



(3) GH3 fflatsEstn (Wst-11%)

GH3 ffifiu% 1 x 104 cells / well L7256 L 91224 UV /Lw L TF 7 L— NMIFERE LT-, 5
(ZIXEE ORI (Tokih) . BIOHURIRA VT U2 FRE Lo 2 VO CERL L 7854

(TatfHh) Z M7z, 24 FFETR, 450 = /VICHREWE Z UL, 7 AR Lo, 8B5EKE
PREL, %7 =12 0.25 mM Wst-1, 0.01 mM 1-methoxy PMS, 1ImM HEPES (pH 7.4) % &
T TaksH % 200 pL 2L, 5% COz, @ 95 %, 37 CIZ T4 KA v FaX—a v
L7, BHiZ R L. 690 nm % xtHIZ LT 450 nm DWW Z I E L CHIfL SR 2 B H L
7=,

3. 77 VAV AHFTNARE RV REBRE
(1) FEINDT=DDRNLE L FHE L N TR

77U A (Xenopus laevis) D EARMEZ FERENEMERRNE A LE > 200 units %
SR FIES L, (RIESHCEY 18 °C 7-13h, 24 C 6 h THIHE L=, EIISE=, Mo
JEER 2 S L7242 — 30 Bt . 0.1xMBS (pH7.5, 100uM KCl, 240pM NaHCOs,
1mM HEPES, 82uM MgS0s, 33uM Ca(NOs), 40uM CaCly) T L 7=, FEII S W 7K
FEINC RV 2 70 TN AR S8 7=,

(2) MDORERAb A ILERYE

N TLEHE#%, IR T 156~20 fE L TRBEIENEE 5022 L, 0.1xMBS TR L7z
% 14 CORIBIR~ LB LTz, ZHE% 45 B LTI 6% 1% T4 7 ) a— it~ oA
Wil CTHBE U — L. 0.1xMBS T#7# L 7= Bisphenol A 72 & OREBR(LAWERHEQ - 10 - 25 -
50 pM) H1 T 24 COMRIRZR CRBVUEAL BN D MBI LTz,
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SEERLEIEEMIIRY T 4 7arbo—n1 L TORRKBERLE
3,5,3'-triiodo-L-thyronine (T3)%# L CTBPA, p/ =)L 7=/ —)b, MU TFILAX X/
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O ZAT 5 T TRV, TR LE L OERZ 1L ELT D TREMED & AW D
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Molecular biological investigations of bisphenol A receptor.

Yoshihiko Funae-Osaka City University Medical School, professor
Key Word : bisphenol A, central nervous system

Abstract

Environmental chemicals have been known to affect not only reproduct systems but
also central nervous systems, which is caused by disruption of thyroid hormone action.
In order to clarify their relevance to behavior disorder or learning disorder, it is
important to elucidate the mechanism of disrupting activity of environmental chemicals
toward thyroid hormone action, essential for normal development of brain function.
Previously, we isolated and purified the novel bisphenol A (BPA) binding protein and
found that it is the protein disulfide isomerase (PDI). We characterized that the
triiodothyronine (T3) binding was inhibited by BPA. BPA may interfere with the
function of thyroid hormone via PDI. In this study, to investigate T3 disrupting effects on
neuronal development via PDI, we established three assay methods, the competitive
binding assay with PDI, the induction of T3-dependent growth of GH3 cells, and the
evaluation of thyroid hormone disrupting effect on early development of Xenopus
embryos. By using these assay methods, we examined and compared the thyroid
hormone disrupting activity of seven chemicals listed in “Chemicals to be Addressed in
Prioritized Risk Assessments” selected 2000 and 2001 at ministry of environment as
chemicals suspected of having endocrine disrupting effects.

In the first assay, the inhibition of T3-binding to PDI was investigated by using BPA,
pnonylphenol, tributyltin, benzophenone, dibutyl phthalate, pentachlorophenol, and
amitrole. As the results, BPA, p-nonylphenol, and pentachlorophenol inhibited the T3
binding. These chemicals may possible to interfere with the function of thyroid hormone.
We further investigated the thyroid hormone disrupting activity using GH3 cells, a rat
pituitary cell line which grow and produce growth hormone (GH) depending on
physiological concentrations of thyroid hormone. The cell growth is induced by the
treatment of BPA and pnonylphenol. Amphibians appeared in the course of
vertebrate evolution between aquatic branchial respiration and quantic or
terrestrial pulmonary respiration. Xenopus laevis has been studied extensively
in developmental biology. First, Xenopus PDI (xPDI) cDNA was isolated and
PDI protein was expressed in K. coli. xPDI interacted with T3 and BPA
inhibited the binding of T3 to xPDI. xPDI revealed the similar properties with

that of rat and human. xPDI was expressed at the stages of gastrula and tail



bud during the early development of Xenopus. In the third assay, we investigated
effects of the chemicals on embryos during developmental stages from egg to
gastrula. BPA and pnonylphenol induced apoptosis at the stage of gastrula.
These chemicals may possible to interfere with the function of thyroid hormone and then

may affect the development of the embryos.



5. MAEFDOBRNRERIT OV TORFHRINE

Pa)IE— CRERRFR PG EGER Bhad)

IREE

TV AT VTE LS DOREAMTFOET VAERE LTRY EiFbil, £OMAER
FEBRTFEOERN O NDEEER O X 9 Zelf ENC BT 2 AR E I 2 FLOMERIC
WL TWHEBEZXBND, £, HRF TR LD I =AM SE O mAEEHORD &b
WEIC L D REEERORERREE 2D ETH, WAEEE TN WRELIER O 72132
HWCThHDH, TTIZ, BRIZBWTHT 7V BY AH T )VE RN WEEHED A 7 ) —
=V EIIRET SN TR Y . BRI VR CRRER 2R 5515 LTERET v A4 25,
T bu A UERAERET A S LTET e Y 2 =0 7 v A SRR TN T
X7,

—, HADITN—=TTEINETE MENZEERT 7 I =20 T 26 FWE OB %
HEFEANZTR R DA ZAN—"T NUT B A EZEE L, NWOWRELER DL 5 2 0 fiHH
DALFWEICONT, ZFEEOBENZRRICHT 2R BLEMI T, ZTOME, TArx L
7= ) = VEOFWEITT A b a S U FIRTET TR VT ) A UIBRAIRICERT 5 2
L. BEARMEMN LT ) A4 B XZREE VAT 2 Y — MGRIE L2 R IRIC R T 72
T A=A MEMERTZEEERALMNC L, 2F 0, WOWRELWEOERSILZNET
HACHEPTONTE T A Ma U/, 7 Ra 7o mgik, fRIRA V£ 5%
BRI GIEE L. WOWMRELER O 5 TR 2 MR 2 7= O I IZ SO BN B8 7
7 2V =T D2 EENRREBMNETH DL EE X O, RS, ARTAEA D% < D3
AHEERLIZVT ) A ROZEERIT, BB OFRA - SICEE R &H 2 Lo TFHRM5
NTEY, VF A RZEERENT HREFEEICHET 2MEDRLETH DL, 77V Y AT
TNEETNVEME LT, VF /A RORBEIZBITHEEGEAICHEI LTV D,

ZI T, INETIH/IMAE S DAY, FRORAEFNBLED D ORI
BT 5720, Al 77U AV AATIIER L, BNSERENT 2ILFEWE O R E
WFFEd 2 BREM & L CoFRMEE R LT,

A AR

Bruce Blumberg (Unversity of California, Irvine)

A. ZTHVE CTOERE
AT A RELECEIZLD E U THEX RIBEMEAREEME OER 2+ 2 ENZ R
RiZ, EERIERIOZ —7y "y T & LTET TR, WOWBEELER R X OEMERRO



BLAEDPOBIERSNTWS, BEDSF 7 57ay =7 FORREL LT, B MY Hr FER
FEDHHA—7 7 /KRG E O T A8 HHOBNZERPFET L L FbTnD, Zi
OOZRMIT, TDIFL A ENERDIRERIH, HEMEOHEFHIHERREIZRIZ LT
D2 E0D, BIENICIET RN TOZEERPNGUWIRELME DN ST E2bhWD, ZDT
D, ALFEWE OWNS W ELMEE FRIT 5720121, 2D TR TOZREA~OFEAMEZ R~
HUENH LN, TNETOHERTIIEHRLRH -T2, £ T, KL TIX, HAINHE -
TOUH TRFEICENToNA AN—T y MUBNZEHEERYD T2 FREEB L, 2z v
SSWFEAERA R EDN TV HILEWEICHOW T, ST ONZ BIE~ORE GV % ik
FINZFRARTe, TDORER, /=T =2 ) —ARF T TFNT = ) —VEDT VRNV T = ) — IV
X, IhETicEbn TSR har 7% — (ER) ~OEE M T, VF /A
Lt 7%— (RAR) IZHIEHT2 2 &, 2O %< DILEME BNEEOZRIKIC
oL, WOMWMEELE OVER RN —D2TIER W EZ o Lz, £, U TFLR
A (TBT) ®hY 7 z=1ZxX (TPT) IZ, vF /A4 FX L E&7%— (RXR) ®~VLFF
Y — LEEHERNE AL L 7% — (PPAR) ICERITARIREN ST I =2 MEMZ/RTZ &30
molz, TBT =° TPT FDOAHEA XLEWIE, 2O THRIEBERCAME G/ & L TREIZEE
A&, ZOWHEBYIC L0 EEE RIS Ry 7 2 (MEOREMLELS) #FHiET 5
ELTHEICR> TWAILEmTH D, ZIET, BHEOA VRE Y 7 AFEHEA =X A
FERSAHOEETH T2, WxTEERO - THLAR=1E RXR TR 7 %
sa—=7 1L, AEAXIEMNA R= RXRICHFEATHZ &, RXR AERMEY T K
D 9-cisretinoic acid S A ADA R= ML ST D2 FEER L, AEALEDIZ L H A
Ry 7 AFHEIZ RXR G L TWDBEMEZ R Lz, 4%, 2D O & AWl
DHSHIZRIBISEDLTD, BRET VA E LTHEA T, DOBEAEYICKT HEREIHYE
MEAEE 2 5 ECHERERMAEFICER L, HHRNELZIT T,

B. ERETNVEMLLTOT 7Y AV AT

AN OT-DOET NVEYE LT, BEICBVWUIlomAEELAVWLN-Z b d D
D, LT 7V B A H )V Xenopus laevis DMEFIEAE L 70> TS, T OEBIL, HEFF
REIVFRDEL THY | MBKREIH/GOND I &ITH D, 77U Y AT T)VIEE ERAY
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KEOMFEREEFIE, RESHYCERICL Ao (X 1),

EC, T7VBYATEZNVDOENZERT 7 IV —BI5FTHLN, 77V Y AT
IFHEEYM THHD T, B FTALNANTVWAIFE A EDZHKNFIET 5, RARB. PPARS,
LXRa, FXR, CARIZOWTIiL, BIFED L Z AT —F RX—RTEEITI N, 5% DT ) A
FEMT OERIC K > TROMD ARG ZE X bND, K1 KD 212, ZAETIZZ/n—=7
ENTWET 7 U B ATTIVEEENZREOT I BESI O, & NENZRIRT 2/ 1k
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RSSO D% 7= LA, ZIUXF OMOMEKICZ S OX v v 7R R b, AR T
HoTT2DTH 5,

FKaHTHHND X 912, DNA #EAEEITMFLE & WO CIEFICEEICRTFEINTY
L. Uy REEETEBIZIEN R O7 2 VBOENRRLND, 6o T, SO FY
BITHOWTIE, ALK & A OZ BRI HOWTHEAEDBE N RIT A2LERD S, F1-.
KB DOZRIETH D SXRIZHOWTIE, v T ART v hORE R 7T BT S
WEL 72 WAEOFRER Y (770 Y AHT i BXRa s BXRBD 2 FEIESFIET
%) TIEB50%L DT 2 VAR D, CAR X SXR 1%, FkEMITIGE L TR HIRES
EHETOLZRETHY . 2D DOZEEOMEMEIMENEIL, M OEDRBTOENEZ IR
L TW5, 6o T, (LFWE OB NPRENER 273546, ThEnoficsn
THERFZHET LRI R b RnEE 2 b b,

D. BEEAXLEMDT 7 VY AT TV ~DE

Fexld, BEADVBANSWMEEERREDOND L LTY R N7 v P LT WE OBNZE
EA~DEM ZMFREANCA 7 U —= 7T DT, AEX (L& o TBT X° TPT 7888 E (2
RXR & PPARyICKI L7 =2 MEMATRT Z LA 602 Lic, WALBEIMMIZIS\W T, PPARy
IZHEMIRL D S LIC B E BB Z R L TR, 2DV I RN~ &2 B
RETHZ NN TND, £/, PPARyIZ RXR E~T ua XA v —% Ak LT DNA 125
A7 5, PPARY/RXR i3 pemissive BlO~T B X f ~—% BT DHZ b, RXR Y H Y
YA O3 b 2 RET 5, A X(LEmIL. 2@ PPARy: RXR O O7 =2
%&Lf%%#ézkﬂa\ﬁ%xxi%ﬂ%%:%wf%%%w%%Méﬁézeﬁ%ﬁ
SNhiz, 22T, Fxld~ v ZA0HIEEEV Atk 3T3-L1 #ifdz HAvT, AR X(Lam o
AEMARII I L~ DB 2 Mt LTz, € ORER, KRE O TBT & TPT O#&#I3, 3T3-L1 #ilfa
NIZKEOENHZ S S, BV ~D b2 B3 12 gdE L7z (Kanayama, T et al
Molecular Pharmacology, 67: 766-774, 2005)
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SAMEWERTZE, TT7 VDY AT N~OHHEA XD ZFETATEIRE D OB % H 0
SHLZEEHLMNI L (BREF) . 2o ORERIT, Fox 03T o 7 FLEM AL T D55
ERLS—HELTEY ., BRNZAERZT 54022, BBV TIIH 5RE, L T
WHZ e TRSEDS,
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#£1 b POBRAZEEIIXNTEYTR, Fv b, I VOELE

(DNA 65350

Receptor mouse  rat frog Receptor  mouse  rat frog
ERa 100% 100% 98% RXRa 100% 100% 96%
ERB 100% 100% 98% RXRp 100% 100% 95%
AR 100% 100% 100% RXRy 100% 100% 96%
GR 100% 100% 100% PPARa 100% 98% 90%
MR 100% 100% 98% PPARy 100% 100% 96%
PR 100% 100% 96% PPARS 96% 95% N.D.

RARa 100% 100% 100% LXRa 96% 98% N.D.
RARP 100% 100% N.D. LXRf 92% 93% 85%
RARy 100% 100% 96% FXR 100% 98% N.D.
TRa 100% 100% 93% CAR 90% 90% N.D.
TRp 96% 96% 100% SXR 95% 95% 74% (o)
VDR 100% 100% 95% 74% (B)
K2 b FOBAREERIZHT DT A, 7y b, B OFEM%E
(VA FREEHEIR)

Receptor  mouse  rat frog Receptor mouse rat frog
ERa 91% 91% 75% RXRa 99% 99% 95%
ERp 89% 90% 75% RXRp 99% 99% 94%

AR 98% 98% 85% RXRy 99% 98% 91%
GR 94% 95% 73% PPARa 91% 92% 89%
MR 93% 93% 81% PPARYy 99% 99% 84%
PR 94% 94% 77% PPARS 94% 92% N.D.
RARa 99% 98% 92% LXRa 98% 98% N.D.
RARB 98% 98% N.D. LXRpB 99% 99% 88%
RARy 99% 98% 89% FXR 94% 93% N.D.
TRa 98% 98% 88% CAR 79% 73% N.D.
TR 99% 99% 93% SXR 77% 76%  43% (o)
VDR 91% 92% 81% 44% (B)




Xenopus as model animal for endocrine disrupter research

Jun-ichi Nishikawa
Associate Professor, Laboratory of Environmental Biochemistry, Graduate School of

Pharmaceutical Sciences, Osaka University
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Abstract:

Xenopus serves as an excellent model for the effects of endocrine disrupters on
development and physiology because they afford an ideal combination of embryological
and biochemical approaches to study the developmental biology. Xenopus laevis has led
the way in identifying the mechanisms of early fate decisions, patterning of the basic
vertebrate body plan, and early organogenesis. In addition, it has been reported that
amphibian populations have declined significantly around the world in recent years.
Therefore, the research on amphibians is necessary to elucidate the relationship between
industrial chemicals and abnormalities observed in wild life. In this research project, we
have developed in vitro detection method for potential endocrine disrupting chemicals
and conducted comprehensive screening of suspected endocrine disrupters on many
nuclear receptors. As a result, we found that several compounds possess agonistic
activities for multiple nuclear receptors simultaneously. In particular, alkylphenols (e.g.,
nonylphenol and octylphenol) showed agonistic activity on retinoic acid receptor as well
as estrogen receptor. Further, some organotin compounds (e.g., TBT and TPT) showed
strong effects on retinoid X receptor or peroxisome proliferator-activated receptor 7.
These results suggest that the toxicity of some endocrine disrupters came from their
simultaneous effects on multiple nuclear receptors. To confirm our in vitro data in
biological relevance, we have to carry out animal expeiments, and chose Xenopus as a

model animal for future study.
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