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TANVBIZATIVOERES LUREICNHT S
BRI OVWTOREDHR:
F & U TDi(2-ethylhexyl) phthalate® & U
Di-n-butyl phthalatelZ 2\ T

(20004E3 A 8 A 5% 1+¢)
(20004E6 H 26 H 5% #2)
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DELDTITAT Ay 7 BEOTEH E LTLRERE
AL di(2-ethylhexyl) phthalate (DEHP) D& B A%\, &
FDORBEE LT FHEEAMRT.EREEMN 2L OBEHE
P LBARTE /S v 7 R MBLENTZR RO MIFH ITRE S
TWh, 79 VEEZ AT VOEMRE LTHIFPADFERES
T UG BEFBEEFE LN E INTB Y  2OBEBEARKIT
TR H Y CTHL T I NEE) ATV THDLEEZ
SNTWVBJFRABTRICOVWTIEIT o B THRENICH
CHNAEGHEBLEZ BN TV LY B - REFED 2
HERXLFFEFEESPICENTVRWIRE. 7 ¥ VEET A
FVIIADWMD L EED—2 L LTEbNTEB Y (AEFE-
BEZUD XA H AL BET A LIZANDOREL FH
TAHLCEELRE ATy T THb,

AETI T I NVBIAFVOIT o mEICBIT B 4505
BEEMICOVT EICZDOA D =X MBS E ST R
DI E H I EETE T B RIS R D AR E 12D
TOBERFEOE, A bO7 Ve MO 4 FERRE
ANDEEB X U O¥REIC oW T, EIZDEHPS X Udi-n-
butyl phthalate (DBP)IZ DV T DA HMCE L8 5,

1. BECEEREICDOWVWT
T o BEOMBEATBREICOVWTUTICE L7,
HOABRI BTFERB L7 Y Fur v o 5
PIT)BE. BIURIAHEBE L LT AEE LR e
BV EDPL 2B BENEHES L UCHEARKT

7 5 VBRI A TV AU < BUE A SE - F 4 31 Di(2-ethylhexyl) phthalate., Di-n-butyl phthalate

Wz &N TVAEIEHEIIZONMERZIHEL TV
EEICL>TEYVHINTBY  ZOHERICEL TER
s L O ) HBEAS D % B E R G R T
MR L 2k E KT O EREOHLIC Do TRE L IF
FL LTHBIBENICERE SN .20 N )RR L 72
MFLF L CIRENC S L CMmE - EEIFI N 7 — 2T
L ESERIRE 2 REL TB ) BTHERICLEL Sh b5
RARNE AR R 32 M) MR %l USRI 4
HMENLT Y Ny v ZRBEOMEMRBIHFET ST
T4 LA TERENL I NS DBEDOMEILBRT
B B & N A VR R VRV (GTHRUHE RV E vl
BUZ X ) TEAFED S 5W S NAGTH. T % b H IR
ANV E V(FSH)B L UHEEFRVE V(LHIC & - THIf &
NTWAHFSHIZEV M) fIFEZRET 52 & i2 &k ) BT
TR ERESI . LHIZT A 74 v LRI L7 v F
Oy EIRESE S,

MEOEERIT IEREBL IR b arrETurf A5
O Y OER-FWEIT) IR, B L URIEMEIEE & L CHgp
ETFERBLEDPOLRLIEIBRLEERICLIVEDNL
TBY HEIIIEA DRBFERE IS L EHOIINE £
DRI BEOMBERIFET bollFLR Fas v
BEMEL 2B ERADT 4 — ¥y 7 2% AL THETE
B LUTEFITEIFRE S N FSHB L CLHAS W AMEE &
NER . INLDFRNVE VIZIIRIER L TIBORE %
189 %3 IRAR AT 2385 L 9P % BLY BA A C R M
B2 TRT BRI BN IEMAEE A O 4 /NS YRR
PR EIND L) I2% b0 RORBEHERICOAT.C
5 OURIEIZE— L IR Tz Sk & RO ke AT
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TRk & N5 Bk AR RE OAMEN X R & BA TR
MBEDSDET 2 HEIRNRT O BINAE TIE INEEBR 2 7 ViR
WED» O 25 EHB B L U5 QBN & - THD
B E IRk OSBRI oA L ek LTIl R
ERT 5 IREIET IV TR b a sy R IERICTW
TAHE)CR D, 7O AT T VI L R VWIREE Tl A
IAMNOY VBEIBKEIGET AL EDT 41— KNy
JVERADB &I ENLHZ F4E L2GTHO—BEDO K
BH(GTHY — I & » T IR % JEfas i L IR S
Z B .GTHY — VIELHMH 7213 ¢ 7% { JFSHCH & FafE§
B GTHY — VHFFET A& . LA POF VSRR L. 7T
FAFA Y D—EEO GBI 5 GTHY — V1oL Dk

BT IE BRI D & BT S B N KR T O

W EAEBEEAR L 3R & TIBIT T B BIEHICTR T
bhE 2O TFEEEHRIC X VTS L OREED
BH2E DO 7T S 7 F 2 (PRLYDY — VHHIE L HI%D
FAEBRIIZOPRLY — JI2 X - TR S h, 7 a7 &
F O OERSWATR 5,20 & B Sk RERE
(L7 OF A7 0y 2 FHHRSLT 2ERLERT A%
BB DRI BIFR & 2 ) (BRI RBE 012122
SO—REOHEICITUS AT O R ERT AN E
PBATR T ORI & ) BHIGET LT BIIRIIE T
B o AEINDFEMIEIEIN FEREICER L,
BRIGEBTE T 20BKBET 7 M7 il ko THERR S
NEEFGIIERE UFRERE 20 HREZERT 2,20
£ IS ARRTEB - T HEAR- SR ORISR O AR
12 & o THDMBREOFM LI E T 545, 2 0%t
WEDWTHEDAL LT FEIEMNEL EDOER. B L
UMM B ELSRO b b,

2. IZ bOY U HMER

BEOTINEIATIVIZOWT, LR b7 v e
PR SN TWB RO E & L Tid, Harris 519973 &
UZacharewski 5 (1998) D L X b 14 ¥ 54k % AR A TE
BT HWICRBRT. S OBEDO 7 ¥ VERL A T V055
WVEPHH TR POy UREREE R L TV % ,—F T . Har-
ris & (1997)3 — & O 5 P& # (X bisphenol ADRTEIC & 5%
BEHHLIE  TINVBEIATVOEREAEEEZ LRT
WBE) ZATFIVRIZIZZA a2 VEERO W & %
i | TV B Zacharewski 5 (1998) i3 & MFLASAHROREE
HABLER(MCF-7) % V2 7 3082 C . DBP. n-butyl benzyl phthalate
(BBP)® X U'di-n-hexyl phthalate (DHP)IZ i T A b7 v
EHAERD S b OO DEHPZE &4 0fhd 7 ¥ VBT
AT WVIIEZR a7 VRREEPRO O NG o728 %
s L7248 Blom & (1998) 13 . FAR D REXR 12 B V> TDEHP
BHEKREN A VO X VEREREZ R L2 2HEL
TVW5, LA L7%H 5 Zacharewski 5 (1998) 1 . R B FASD
5 v k% AV zinvivoikER C.DBPE X U'DEHP % & {r8TED
T NVBEIATAPNTNS FERALFIEZREI &2V
EERELL,

DEORD .7 5 VBRI AT VidinvivoTldT A b1

TFURBEREREZVEEZONE /2. 7 T IVEEL AT
VIR a7 U ERERICGEET 500 @BOBELF
LTWARNnZ s d AERNTIR bay v SEEE A
LEAERERERZVWIDEEZ LN,

3. EDEERRNDE

59 PRI ACELEY bR EDERBWOHIZH L
T 7 I NVEBELZAT VHEREER S TEEREE R DR
BEENB L ORISR ERYFISRBITIEERCHS
NTVDRIE. N DIEARBEO—EFHHEIODH
H5OT, TR IBHE~NOBEE T 174 v efifla~D
BELDTTCTFED L,

OEREANDHE

7 VBRI AT VIZE ) T AT IVKICHIR G S izt
WL END EEZ LN TWA(LakeS: 1977)72% ., 2 DFF%E
IEDEHPDE / L R 5 )UK T & % mono(2-ethylhexyl) phtha-
late (MEHP) % AV THF DR T2 B,

FSHiZt )V M) M0 BEZEARICHES L.GEEEZ A LT
adenylate cyclase % &ML & . cAMPE EEA & E A5 Z L2 X
DABIER R T 5 LE 2 5T\ 5 Heindel & Chapin
(198N, T v FOFEEL L M) KBV T MEHPH
FSHfI#IZ & AcAMPOERE * AE®ANICHIHRI L2 &
& MEHPOVER SIS HIREIR £ 72 I3FSHEZBAR LD b DT
&5 &Fl L 720Grasso 5 (1993)id. [F v 1) #iiE % MEHP
EA4 v Fan—yar izl FSHEAHDK TR
% & N7z MEHP & FSH® FBFFEAE T CIAFSHE & DK
TRED SN o722 &5 MEHPOVER BT IZFSHS:
BFHRIVOCLAGEHTHA ) LHEL TS LPL. ¥
D7 ¥ VBT A TV DFSH-cAMPREE~OER 2T
LRSI v,

—F 7 I NVBEIAT VIR TERBELZT| S T5
ZOERBEDI2E LTEN M ML S D&MD
el L Z DFERAE U HAFEMIEO TR b — 2 AFEHE 2
LBNTVAFEETIIEICT R M=V A2 L BAEFEMBO
BREMLZHRI T 2L THE Y ZOEFEMBEO 7R b —
YAE FasV AT APEELGEEEZ R L TWHEEER
5 1T A (Nagata: 1997, Nagata & Golstein: 1995),Fas > X
T LRSI T AL £ 7Y — & Td 5Fas,
LV b UMBICHEES A FDY H Y FFasL) b % 5785
254V TF) TV AT 5T FasLOFas~DFEEIC &
D AEFEMIOT R =Y ANFEFRI SNE(H-1A),
Richburg & Boekelheide (1996)iZ 7 v b ICMEHP % HL[A1#%
CI#%5 L. 3.6. 128 B8 122V b ) #ifa B X OV FEfmRe ~
DB AT L 7R BRI O 7 R b — ¥ R )3 %
IE—BMEIRT L2 b 00 6B RRMRIIEE L < 8hns
BT ERBE L T REHRIFH ORI IV MY
RN CARMB O EHFICEERREERL LTS
EEZOLNTVIERXF VT 45X FDOREIBRESR
720 % 72.Lee 5 (1999)iZMEHPMFas ¥ A 7 A~ HE % i
LT v b OS5I E NFas mRNASB X UFasL
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mRNADBE % 7R L7720 & 512, Richburg & (1999)I$MEHP %
BE LSy FPOBEIIBWT, &V MY MR EICRR
L 7zFasLA W[ &I (sFasL) & 7 » THEBET 2 2 & . B L UAE
FEAR BB T OFas AT 5 T L 2 ME L TV 5,2
NS DFERITE T\ T, Richburg 5 (1999)iZMEHP O 1 #%
BIZOWTH-IBIZR L L) Z/RRE N CloT b b,
MEHPIZ LV FIRIBDEAF V745XV M2 sy
B EIZE Y AR E v B ) S 8 K€ Fas
T FIEERKR T RIER YL, F DR sFasLOTEE B &
UM EFHAIB I CRas TS IRATENN L . sFasL A Fas |3 5 2
LWL o THRMIBBOT R =Y APRIBEVIERF
TH5b,

L Lads BHENORB IO WTHGIEL A
LIODA A =X LOBEEIZDOWTIEBRFT I T

. FasL - l

A srasL

¢ J

FRF—=YR

BA Fas

-1 MEHPO ‘L 1) fa~DIERIZ L 5
AR O T R b — ¥ A OReE Ve A
(Richburg 5 (1999) DR &)

EEREICBWTEITELR TV AEFHEBEO 7RI — R
W BRI AT AL 7Y —BEATH AFas . B LUV
NSRBI T A2 D) H Y FFasL)D> 5 % BFas Y A 7 LD E
B RE R R LTS EEZ LN TVWAA)GMEHPIZ L 1)
MEOEAF T4 A Y MeBB3Es I LICL) AR
v bR S & Fas Y 7 M mERRR ki€ 5, %
D% T BIFasL(sFasL) DR B & U A FE M CRas B AT
L SFasLAFasiCiERT AT LIZ L o TT7 R b — Y ADHEZ 1) EFl
FRLHSTEH T % (B)o

@717 1 v e MIRNDF
BEOMEMMICBIET 57174 v L IRIILHOH
Bz X 1) progesterone A & LLT DR Ttestosterone & A5
5o

170-hydroxylase
Progesterone —> 17a-Hydroxyprogesterone
l 17, 20-lyase
Testosterone < Androst-4-ene-3, 17-dione
17B-hydroxylase
—E D7 ¥ VEEL X T VLM FitestosteroneiBE DK T %
FlER I §2%, NI o TMAHFSHB L ULHIEE O30,
BIAMEHEEEDKT M TEMEIEKL A U 5 Foster 5
(1983)i%F v b lZdi-n-pentyl phthalate (DPP) % 4 H 4% 5- L
720 F DFER EEIZ BV Tprogesterone D I 7 T — LD
HEBLIUF P O—LPASOEEOETAROLN, F
7z 17a-hydroxylase 8 & U%17, 20-lyasel& A& T L720—H
7 v M RAWED DO TIE M testosterone I FE DK
T & $izHHitestosteronei BE DM INATHRE STV B9,
Agarwal 5 (1989)13DEHPIZ & - TR Z Mk ORI HSF | &
BRI IN/ZZ LS. DEHPIZE ) 54 74 v IS0
testosterone DL ASHIH] SNz DTV L HER L Tn
5% D% Jones 5(1993)12 7 v b IZxHT ADEHPDORFE I
B2k 9474 vy e lIADI by Y 7 MR T
WOEBL EOBBMMBESENTAZ L E Ty M
CRRABM LIRS A 741 v e HIBROLHRREIC & 5 testoster-
oneZ i EMEHPS H EMFFRICIE T R 5 Z L 2R L7,
CHLDRERPS —HOTINBLATNVIETA
74y e ERER L CBREEZERE L. FOBE
& U Ctestosterone D AR B & UMW e A S 7- L HEE X
NB.ZDH. 7474 v e lilE~OFBI T 2HF5E8E
/AN

4. HDAETERRNDFE

Davis 5 (1994a) i3 5 7 v + ~ODEHPORZ #5112
XY HERBOER. BEIFEE. M7 17B-estradiol B & UF
progesteronel& D& T .GTHY — Y OHEHNF| &2 &
b Z &R LIz RN U CHIRRIII i < Bk
FEL MR TE 7E O IR A BIER & M, & UASIRL R 17B-estradiol i
FEETORRELEZZ 57— Berman & Laskey (1993)
\Z.DEHPZ fE 4% 5 S N7 AME 7 v Mo S HgH L7-50
BOEBRIBWT ERATOA FTR7 74N
(progesterone. 17B-estradiol. testosterone) 3 254t L 72 4%, Bl
BORBRTRZIOL ) 2R (RIS o/l %
LT 5,

PEIR w0 FEAL AR T I FSHASCAMPA A L CT7 B~
7 —ViEEEEINEE5 2 £12 & 1 testosterone 2 & 17B-es-
tradiol % £ X3 % , Treinen & (1990) L diethylstilbestrol > A -
Teh TN BB LT v MO L SRR

& BV C . MEHPASFSHAE - & A cAMPER 2 HIHKIT 5 2

& &R L7o % 72 Davis 5 (1994b) i3 6] U FEERR TMEHPAS
17B-estradiol DR R T &7 05\ 0L 7z 70~ ¥ —¥
BEFIZIIMEHPYBE L W2 & 2R L 72, F D Davis
(1999) i3 2= Jk ML \CMEHP 2 iSINg A 2 &2k ) 7
U<y —EEBEFORHABMSDOLRIT EEREHE
AR
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PAED#RE 2 & MEHPDRERIERA (3 BEII AT > ZEAL AR
T FSHOER ZFHET 5 Z £ 12 & ) 17B-estradiol DA B
HZEFIZRITEER DNE,Z OEENHET 2 DEHPD
MR A AMEERORER E#EE S NS,

5 £BEADFE

Lamb 5 (1987)iZMEHEDCD-1~ 7 A ICDEHP % £ 12 {B¥'C
52 FA—~_7I2L 2EHE ORI EIT o 2. ZDFER.0.1
% (144 mg/kg/day)2l L OFESH TAREL L ORT H2) D
TR EOEFHREOK T D 5 N72:0.3 % (432
mg/kg/day)¥% 5-MERE BN Y & AL E BN & DR AT o
el ZA VTROGEDEERIIFL CERT LR D
{CDEHPOFENHLBHL T B I LA INZ. %
B ORERTIIHREBMBENRE R KA DO 4FERERED
BT bh T,

B . Wine & (1997) 13 K El EIK #1451 Hi(National Toxicol-
ogy Program)|Z & A DBPOAFERERFE R T HE L72.SDT7 v
b % BV ,0.1~1.0 % (66 ~652 mg/kg/day) DDBP % fE 12 IR
TEHZ FA—TIZ L 2EHEDORRE B & TR GBI Y
CALEMEHEEN Y & DREEAT o 1R R T E BB OBRE
DR R HERKEDORL E RO BHWTCORTH
BIUHEPOREIZDON o7, L LRI
+DIE TIEL 1.0 % (652 mg/kg/day)¥% 5-8 T TERE , ik
EBLUZHERIZLIETL. ZOREREEZONDK
EBLURBELEFOBTROBIDRD b N WM
BEURE I BREESB L UBE LEROREAREY
HOLPTHo - MEBLUFEICIEFTEIZEOONE
»roilz,

Gray 5(1999)i3Long Evans (LE) 7 » F 12250~ 1,000 mg/kg/
day DDBP % SRR I 5 U AETERER 217 o 728 H.500
mg/kg/day Pl L O GHTEIBEIMET L ABRENRET
B TR ERB L U TRRBEZ D725 1
B CIIEE R RO R Do I KIEN Y Tl O 45
WEROHFEPBE SN BHBOAOREETo72L 25,
250 mg/kg/dayPh_E D% 58 THFERBER T 254 b iz,

IS DFER D S DEHPIIME M Z N E O LS I E
HE% I L .DBPIMEREN B L URAHREICL o T
KRR FEOREF OB L ) £REEEREEIC X
D AREEFIERIT I LITRENT,

6. BESM (K1)

HREIC 7 Y VBRI A FIVICRBE SN EREMIZ BV
T RO, L REEDNRT B L UaFERTE OB
Mk EvBEI b,

DEHPZLES v t ORI B 2> 55 8ut421 H £ T32.5F 72
13325 p gl DEETHKFITIRA L TH 2 72 (I =: 3.0-
3.5% 721330-35 mg/kg/day 32 TSRO DEDOH R LD
30 I ITHY) & 2 A KIRIZBVWT. BB L UHREEE
AET L BECIIENE LEORIESOBREIRO LN
7o X BHERORIIEFERNOKRTIVEEIN
(Arcadi®: 1998), % 72 F344 5 v b O#EHROH % 520H .CD-

1~ AOEMROA A 5 17H (CDEHP% fiftHiZiR LTS5 2
& ZAh.5 v FTI32.0% (1,055 mgkg/day)$k 512 & 0 JE
BIAMER DA O NI EHF VAR RO oo~
7 A T130.10 % (191 mg/kg/day) LA L D512 & Y BEBIELE
DS, F 72.0.05 % (91 mg/kg/day) DL E D512 & 1) BHFF
YERIASE® b N KEEE. IR R BH SIS B S
N72(Tyl5: 1988) LA T ICHR S & 2 BMHROEN D
HEMEr b,

OERDE S £ UhER S DR

Wistar 7 v M DFEIROE 2 5 11 H 122.0 % (895 mg/kg/day)
ODBP% & LB 452 7: L A BT ENPE L LR
L72(Ema: 1997a)o = ? & 9 2 EEADIEBICIIDBPIZ & 5
FEORERKCHGE . T 2bb TEREDK T ISR
5 Z EHMRE 3N TV A (Emab: 2000a).DBP% IE4R7H 2
LISHEERBRE) T TWistar 7 v MIGREREORS L7
& &.630 mg/kg/day L b D5 THERBIEIETES, 750 mg/
kg/day¥x 5- COBROEFRIE N LA L72(Emab: 1993),
WistarZ v b OFEIRTH 2598 10H 25128 $721313H
©15H {ZDBP (750~1,500 mg/kg/day) % S HlE OS5 L 7- &
A BERHICED LT EREMIE TR LA U721 R7-
IHDHE T T WS L U BEOFRORTHE
AUERI3E S ISHFSHETROZHS X UWE SR
EHEOHFRORBEEEN LR L2 EIRI0OE 25128
HECRHFEORBREBFEO LHIZAON L2 72(Emab:
1994),Wistar 7 v F DIEIR6H A 516 H ¥ THO R IZDBP
(1,500 mg/kg) = AR MIFE IS L 7oA R ERBIEIECE
PHIETEB LUNBOBRS2RTRTOHSGHET LA
L7z 18RS H £ 7-139H D5 TIIEHE DB L D F T
BLUBERNRFORBBEELS EIRISHESHTIIORE
HBLUHEAHBAEORIHEEN LE L 2(Emab:
1997b).SD7 v + OiE#R13H, 148 ¥ 721315H IZDBP 3,000
mg/kg% BEBEFIBEOKRS L7z & 25, FNFN33 %, 87 %,
64 BOMFETESEDH LN F - OFHRBHEEIL2.4-
15.4 % T & - 7z(Saillenfait 5 : 1998),

YLED &5\ JHEE O S T RBGEIER A5 IR+
o5 Tl ERFUNOREBIAER BN,

QO IR% RS L CIRILHRSOHE

Wistar7 v F O#F#R11H A 521 H120.5~2.0 % (331~661
mg/kg/day)DDBP% STl % 5.2 - & T A BRBIET
BT AR S N Do 72H5.2.0 % (661 mglkg/day)i 5
BECIBREEDRTIAL N2 F 72.1.0 % (555 mg/kg/
day) A LD SRETIROBR B LTEREL L CRIED
BETRAEORBEE LA B L UILF A2 H R
(AGD)D4HEATFRD LN 72(Ema: 1998), Z 1 & DHEFE IR
DEFEZFE AT 5 283 THR15-17 B 12500 mg/kg/day LA
L ODBPZIEHIEOKRS L7z s ZIZHBHEEN/2(Emab:
2000b).LEZ v b % V72 BT b R Rt 2 Ak
R EE DK T AEE SN TV 5 (Gray 5: 1999)0

DEHP.DBP3 X U'BBPZE D 7 # VEEL A 5 VIS IFIRS &
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UERABRZIC L) RO ICBTEREER5| &t
I TENTTITHEENTWS, LB DOWine 5 (1997)D
HETHDBPOTFEANB X URILMREI O EFHRICE
KEEEEZ RITT I LARENIZZ Z T Mylchreest 5
(1998)i3SD 7 v + DIEYE3 B 2 6 5 #:%20H £ T.250~750
mg/kg/day DDBP% SifillFE O3 5 L  RAACHERE D 5% D
THREEREE % T o 1n  HETIZAGD D&M R E TR S 2,
BEBLUREEREORTAER EOATEREEVRD

BN NS DOBILZT v FUF v ERKT V¥ T= R
FCHAHflutamide 5| SR THESEEBRERE
(Imperato-McGinley £ : 1992, van der Schoot: 1992, Kassim & :
1997) L L T /oo —FH MEICB W TR R EITR
DENT DBPICTA My Y IRIERO VT & ZREES
LIERTH o7,

in vitrolZ B\ TDBPB X % O H% T » % mono-n-bu-
tyl phthalate MBPY2S 7 ¥ FO ¥ U SBHREMEEH RS
B\ & (Gray 5: 1998) % 5 \Mylchreest £ (1999) i3 Z D1/EH
B BT IEHNT. 7Y FRZ VSRR T V¥ TR
kT 5 flutamide & xTHE & L7232 24T 5 72.SDF v M iZ
%128 2521 H ¥ TDBP (100~500 mg/kg/day)B L T
flutamide (100 mg/kg/day) D&% T % 47> KA
OB AT LR R RE T RSB RN BIEFERR O
ZERER EDEEHIDBPS & Uflutamidedk 58 TR 5
Nizo L U flutamideSHI VIR EE 2 BHE T &EI L
72D b b S FDBPIFRIVIRICIZIZE A LR EE 5%
$°,—75 C. flutamide & tt~ DBPIZ R FARB X UM 12
WEE AR L77, 2 D X 5 |ZDBPE X Uflutamide DEMEF
H7O 77 ANVIZELCEL ) WEIIHL»IZFOMEH
BETH7 Y VX MERERBT A &£ 2 L[k
12 L T Gray 5(1999) 437 € V4 & O DBP (500 mg/kg/day) 8
X U'DEHP (750 mg/kg/day) % SDT v + DiEIR14H % 535
30 F THRE LA KR TI R OB ORI E(L
BIUEENEERTIRAD SN, ZOFERREHE 7O
77 A NVHREIRILT Va5 U YE T S flutamide R
vinclozolin L {ZBHMEICE L A Z LR EN TS, E 51T,
Gray 5(1999){ZDEHP DK A, D L FERS~D/EH 2SDBP &
DLW EEIR LT,

Pz & 55 DEHPE & UDBPIIEIE# B & U85l
LTI LIL L) ROBAERESRERT ICELE
" RITL IR EL DI ZRI T COERIZT VP
07y EREEOBEEANSTVIT v Far v EHTH
LEEZbLNA,

—75 .DEHPIIHARBIS v DX MR L TR
#% K13 ¥ . Dostal 5(1988)IZ6 H#SDSD T » + IZDEHP%
1,000 mg/kg/day TSHEIREOHRS L BEEEDET 2>
728 M) MR DR & RO Iz v b MRZIZER10-
148 £ CICHla D3 28T 3 57:0.Lib (1998)id 713 H
OFEESDT v POREPLFEL -V M) Ml LU

FEAERE (gonocyte) D FEHEF R & FiVy CMEHPO/ER 2 13T L.

72 MEHPIZ &KW 7o £V b V) #fE 5 O IRAIRL O 558
FRIEEIT A AN M) MO Z IR L F

72 \MEHPIIFSHAIEIZ X 5 2V b 1) SR 00 BE5E % 3055 L 7=
A5 \MEHP® )V b 1) MRS O HHEFIH AT B cAMPD RN
HMRITFDOON LD 07, TNEDT & 55 Lid(1998)1
FEEREZ v o b MBI 2 MEHPOVE A #EHE
F e b HRROMBESEE T UROBAL IR 2D
TRV hEZEZ TV,

Fl T7IVBIATVORE~NDE

BYE BRiE R5A8
HiREH MRS DS

FEEEE STk

F3447 v I DEHP GD0-20 fRERE Tyl (1988)

CD-1¥7 A DEHP GDO0-17  JEBFC. K. BREERE  Tyld(1988)
B#HF

IR B & IR S O EE

Wistar77+ DBP GDO-11  EE7E Ema®(1997a)

Wistar77; DBP GD7-15  FREFE, OEH Ema® (1993)
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Abstract

Phthalate esters extensively used as plasticizers in the plastic industry, are suspected of being endocrine disruptors. In this article,
data for toxicity and the possible mechanisms of phthalate ester action in rodents are summarized for each endpoint related to reproduc-
tion and development, based on the latest research. As it is considered that the hydrolyzed metabolite of phthalate esters, the phthalate
monoester, is the active material, this has been employed in most in vitro studies.

Many kinds of phthalate esters have been reported to have weak estrogenic activity in vitro but there is no evidence of uterotrophic
activity by phthalate esters such as di(2-ethylhexyl) phthalate (DEHP) and di-n-butyl phthalate (DBP). In addition, phthalate esters do
not have a structure likely to bind to estrogen receptors. Therefore, they are not considered to be estrogenic compounds in vivo.

It has been clearly shown that phthalate esters can exert testicular toxicity such as testicular atrophy and degenerative spermatogen-
esis in rats, mice and guinea pigs. Recent in vitro studies showed mono(2-ethylhexyl) phthalate (MEHP) to inhibit FSH stimulated c-
AMP accumulation in cultured Sertoli cells and induce apoptosis of germ cells in coculture with Sertoli cells. The proposed mechanism
is as follows. First, MEHP affects Sertoli cells and separates germ cells from Sertoli cells. Secondly, solubilized FasL (sFasL) is
produced from Sertoli cells and Fas is expressed on surface of the separated germ cells. Finally, the binding of sFasL and Fas induces
apoptosis of the germ cells. Another effect of phthalate esters in the testis is known to be reduction of the biosynthesis of testosterone
in Leydig cells. Therefore, the direct target sites of phthalate esters are probably both Sertoli cells and Leydig cells rather than germ
cells.

Oral administration of DEHP has been found to induce prolonged estrous cycle, suppression of ovulation and decrease of 17p-
estradiol level in blood. On the bases of histopathological examination, preovulatory follicle granulosa cells in the ovary has been
speculated to be target sites of phthalate esters. In in vitro studies using cultured granulosa cells, MEHP inhibited FSH stimulated c-
AMP accumulation, and reduced 17B-estradiol production and aromatase m-RNA expression. This might be the major cause of infer-
tility in females in reproductive toxicity studies.

In reproductive toxicity studies using mice and rats, DEHP and DBP induced infertility and decreased in the numbers and body
weights of live offspring. Furthermore, this reproductive toxicity also occurs with mating of either phthalate esters-treated males or
females with untreated animals. In the male case, the cause of infertility is presumably reduction of sperm counts in testis and epididy-
mis due to degeneration of seminiferous tubules.

One of the major toxic effects of phthalate esters is on development. The administration of DBP in the early pregnancy period results
in embryolethality, and the exposure in mid pregnancy is teratogenic such as cleft palates, malformation of cervical and thoracic
vertebrae, ribs, and dilatation of renal pelvis, but no changes in reproductive organs. When DEHP, DBP or n-butyl benzyl phthalate was
administered to dams at late pregnancy and lactation periods, decreased anogenital distance, hypospadias, cryptorchidism, testicular and
accessory organ atrophy in male offspring appeared but there were no effects in female offspring. Although these toxic effects were also
induced by administration with flutamide, a typical androgen receptor antagonist, the mechanism of action of phthalate esters is not

considered to be via androgen receptors because of the lack of interaction with androgen receptor.
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Oral administration of DEHP to neonatal males produced reduction of Sertoli cell number and MEHP induced separation of gono-
cytes from Sertoli cells in coculture system prepared from neonatal males. However, the mechanism of MEHP action in neonatal males
may be different from that in adults because FSH stimulated cAMP accumulation in Sertoli cells was not affected by MEHP.

Based on the above information, although phthalate esters are not estrogenic compounds, some of them are considered as endocrine
disruptors in rodents because of antiandrogenic effect in male rats and decrease of 17B-estradiol level in blood in female rats. Other than
abnormalities of the reproductive organs, the mechanisms of teratogenesis such as cleft palate and skeletal malformation remain to be
elucidated. Presently, more than ten different phthalate esters are employed in industry and their toxicity seems to depend on their side

chains. We will discuss the structure toxicity relationship of phthalate esters in the next article.

NI | -El ectronic Library Service



