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Effects of Dioxins on the Reproduction and Development in Mammals and the
Mechanism : Up-to-date Progress of Study
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Hideyuki YAamADA

Graduate School of Pharmaceutical Sciences, Kyushu University
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582

Abstract In the Seveso episode, increase of female offsprings from the parents exposed with
dioxins has been demonstrated, although the same has not been seen in Yusho and Yu-cheng
patients. However, delay of cognitive development in the children born from Yu-cheng patients
has been reported. This has been recently supported by animal studies in which acquirement of
cognitive capacity such as working memory and social behavior was examined in rats and
monkeys treated in utero with dioxins. In this review, we summarize the prenatal and postnatal
effects of dioxins on reproduction and development. In addition, dioxin-induced alteration of
gene expression and of the function of estrogen-estrogen receptor system which may play a role
in dioxin toxicity is discussed. '
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ERY TOET T v FEREEEDERFAED S, BREEROETHHREI N LidEZERK
FLW O, GO EENZA —A M) TOBFITOHREINTVE™, ZhS5DT7—ATiE, KEN
DFAAFY VRBEVPHLEOEBCRKBEN TR EARESESTEVEWVS, IAPHEEELTH, KEAND
BEENIVERTHA I LOBEARBHINTES T, EOorOHEBBIEEINTWEN D, FRE
GO % Twizvs, —7, polychlorinated biphenyl (PCB) = polychlorinated dibezofuran (PCDF)
FERIRFERYWE L TR LEB BT 2MECEEE, BE»SHEL - FHOMKCIERRRD
FEED SN TRV 9105 LY BEHE L OFR—BBAICERT 202 & {EESA TOR WS, B
KIIRBINBIEE, FAREOERSNEINESD ZL X 2TRERbH 2. 544 F ¥ VEOBER~D
HEZ, BHORMERTICEEES T, BREMECHERMOBRBIHEROEEPHECHET LI E
AT HRERHETE TS, —RAOBREESLHEFOWEE OHESLED70ITIX, HHLORY
REOREERBERICEZ 2HEL ZOBBERECIEET 3 2 e ind, KRH T, F14F
YUBDEEICEZ B INETOMRE % L2 L3z, BF IS SF VIV TORBRETITRED
BREEBEFLL 720,

44X P HEOETEEN

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 2SZEEREIYICx U TIHFEE, REHEEERRAL L UH
H ok EDLSHEWEEE2ERT S 2 L3 L CHSNTW 249, 8w LAEIC TCDD 2\ LEEYE
PRETAZLICEVEEBIINZRBEPEBHARNOEE S Tablel i O TRT., BEOKEERD
LA D %S, Tablel IZIZ~ VR, 7Y b BXUPV VMBI S invivo TORBRCEEL THEK
LTw3, TCOD 8= 7 ACOBEH L ABEDTFEE2RELI ¥ S Z LiF 1971 i Courtney & Moore iZ
Lo THIDTHRESNTLER, HLLOMEB L > TERENLTVS, IhsREPHRBCERERD %
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FO—RHENEESEITHEELY VERARTREL, M4 FY VEOBEERET 2 ICIIRED X
VB BoTWS, Sy N THLEZDRERBEIN TS (Tablel), OFHELAKBED & 5 %28
5o M R RS 11T ARREI R TV, Z0E) RBEOERIB LS F»o> T
v, YU TOERRSERTIE, MECTHEDEMSHRE SN TV, BRNOBETIERVY, 7
BBV TOERIZB VT, B CTEMARED TCDD BFERBE2ERET 3 Z LRSIz RIE Al
BENTWB™, b kv AR R EEER T TCDD OFE 2 ETEMSIC L 2 BBEILFTE
B ERNS, £ MNEEZIZ< Y AL D b TCDD oy 5 BEZEMEV LHE SN TV 32,

v ADKBEROSHL VERETRET 2 2 LS BIZE N TN B0 & jz, KEEIZERO
FORRICRET b e b VEESLEVY, DBFHIFREPCORBIERTHLI LD T
W32, HAEBOFERIZRLEN L TCDD BB 217> CKBERELBE L AR LINBY, T
iz k3 L H4EAO TCDOD BT H ABENER SN, TRV bHLORBETIREHENEL (K
T2 E1H0, fo T, BEMERFIIRREHO R 5T, BEPH L3S X HEBERORBETHE[E
MoIhsZEiinns,

HEHADBRBNEEOBERIZRIZTHECOVWTOHESTbN T3, TCDD LEDHT v + Tl
BIBOBVESBEEINTVWAH 2, RO TCDD THHE L 7 & RLEME & OIS TikAaREP
s LIt LIRED SN TuRW D, Ui, EEEDEL D DOEECHMPECEEORE LR
H5NTW3B, {EFE TCDD (0.001~0.1 ug/kg/day) ZHE#ES v b TREL TE5 X, BMANORE
% 3 HRICE > TEE LTI, 0.01 xg/kg/day ML EDOFBTEREORD, FEEREM, HERD
REMHIZN FI~F2 2BV TRD LR TWAE™,

TCDD L4 0 & PCDF 8 &£ 002 75+ — PCB b#EHH 2 S0 ek itREMEERL (Table 1),
e OBEETIE, MIMERIELSTED 5T 32, EERORERPEEAIEREREECOLTIHL
Z L B3% s, TCDD Z04FERN BT 2 BEBH o T 3. 81213, 2,3,3, 4,4, 5-Hexachlorobi-
phenyl i3 2 WEHKIZ, <7 AOBRFKEER 22wy, TCDD ORR% 10 ERES 2. #Z,
&TAﬂjj“mememMWHIKDD@D%Q%ﬁ@%Kﬂbfﬁ%@#yitﬁﬁﬁﬁﬁ%%
F L3 BEoT, F4F F Y VBEASYOEEMEL, B— LAY OB R B INE L TEL ORR
B L cEERED I L AERAILTEEFRER SRV, Zhi OBSET, PCBEREMIC L 2#HHE
Py b ERAREESD 23S, Tablel WFT &5 COBHOWKEHOBEL OEFEERLIHES LT
3.

§4FF I 3 HIHROPEHERS

S DOE (Yu-Cheng) DEBE» & £ 2 Wiz Tt 118 HORBEORKR, HHNAET CEHIED SN D
L3, I — AT, SEEREOFEHNE PCDF/PCB B 3344 13 EaH% T —RAD 7FI
BB rHESNTHEN®, BEHPLRLIC SR EH L TERL /2 PCDF/PCB T & 5 BE L #5E
SNTW3, v N COEBRIBEBR YN TORSHTEICIERE 2 LBARHRDO S 4+ ¥ VS
RS IEET 3 2 EBHEINTH YO, Zh 5 DHIRIE Yu-Cheng BRIDORBRLFET 5 LHR
TInThH25, 7v P COIDBREEIZEFHEOA N BB PCB X bBD 5N TE D, —REEOHE
TG & 1338 S s — EREE S EE T 2 TR S H 5. PCB BAMIC b RIBHP AR OBRZ /M L7
RS REREE D R S LTV 552,

AR D RE I RIZT 54 4 ¥ ¥ VEOFEE, WESOWREZCRS T, —RORBEROS A 4
FUVEIL Lo THERINS 2 LDBBEIEIA TV S, %L OEENRESMTONLTEY, REHMORE
PEELEL TLAPFEENS VI S CBbN 399, BAKHOBREEEAT 2 HELLEINLTVD
3100, Z AT IZHEHIE I AR S Bs 225050, AL X 2 BROWE ZHM w82 T 523, BAOW
PRI & EER L LTOBEAE2BAICEEL T, ThRELIBELETAE LOfMmIEIRoINTnET
Z2EREHLIERMAETICEDTBEL 9,
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Table 1 Effects of maternal exposure with dioxins on the reproduction and fetal development in
the mouse, rat and monkey

Compounds Species Dose Impairment in offsprings Reference
2,3,7,8-Tetrachloro- Mouse (CD-1) lor3 ug/kg Cleft palate and kidney malformation Courtney & Moore
dibenzo-p-dioxin (1971) [26]
Mouse (C57BL/6N) 3 pg/kg «
Mouse (DBA/2]) 3 ng/kg “
Mouse (NMRI) >1 pglkg Cleft palate Nuebert & Dillman
: (1972) [76]
Mouse (C57BL/6N) 3 or 12ug/kg Cleft palate and hydronephrosis Birnbaum et al. (1985)
11
Mouse (C57BL/6N)  12-24 ug/kg Cleft palate Couture et al. (1990) [28]
“ 3-24 pg/kg Hydronephrosis
Mouse (C57BL/6N 3and/orl0ug/kg Increase of endometriotic lesions Cummings et al. (1999)
x C3HFD ) (31]
Mouse (C57BL/6N) 3, 6 or 12 ug/kg Hydronephrosis Couture-Haws et al.
(via breast milk) (1991) [29]
Couture-Haws et al.
(1991) [30]
Mouse (C57BL/6N)  6-30 pg/kg Increase in cell depth of the ureteric Abbott & Birnbaum
and bladder epithelia (1990) (1]
Mouse (C57BL/6N 1,50r15xg/kgx4 Death (70%) of offsprings Luster et al. (1980) [62]
x C3H, F1) Bone marrow toxicity
Depletion of immunoprorefirative
response agaist mitogen stimulation
Increase in susceptibility to bacrerial
and tumor challenge
Mouse (C57BL/6N) 5 pg/kg Decrease in cellular immunity Vos & Moore (1974) [99]
Rat (F344) 1orb pg/kg Decrease of body and organ (thymus Vos& Moore (1974)[99]
and spleen) weights
“ “ Decrease in celluler immunity
Rat (F344) 1,50r154g/kgx4 Decrease of body and thymus weights Faith & Moore (1977) [35]
Rat (SD) 10 ng/kg Prenatal mortality Murray et al. (1979) [74]
Decrease in fetus number
“ 100 ng/kg Decrease in body weight gain after birth
Rat (Holtzman) 1 ug/kg Effect on fetal growth, spermatogenesis, Mably et al.(1992) [63]

Rat (Wistar, male)

Rat (Long-Evans)
Rat (Long-Evans)

Rat (Long-Evans)

75 (25) pg/kg x 1
and

15 (5) ug/kg/
week

1 pg/kg

3

testicular histology, sexualbehaviuor, and
fertility

Increase of stillbirth

Incompletely ossified fingers
Incompletely ossified ossa zygomatica
Impairment for mammary development
Effect on Mullerian ducts (reproductice
tract)

Impaired growth of the seminal vesicles

Chahoud et al. (1991) [21]

Fenton et al. (2002) {37]
Hurst et al. (2002) [50]

Hamm et al. (2000) [46]
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Table 1 continued

Compounds Species Dose Impairment in offsprings Reference

Rat (Long-Evans) Reduction of sperm counts Gray Jret al. (1995) [44]
Involution of sex accessory glands
Impairment of sex behaviour

Rat (Long-Evans Decrease of ovarian weight, clefting of  Gray Jr & Osthy (1995) [45]

and Holtzman) the phallus, and vaginal thread

Rat (SD) 0.50r0.1pg/kg Decrease in saccharin preference in Amin et al. (2000) [5]
female (masculinization in female)

Rat (SD) 0.1 ug/kg/day Deficits in learning and memory Seo et al. (1999) [94]

Faster acquisition of the working Schantz et al. (139) [91]

memory
Rhesus monkey ~ 50pptindiet for 7 Abortion and stillbirth Schantz et al. (1979) [87]
months
“ 5or 25 pptindit Change in social behaviour Schantz et al. (1992) [88]
for four years
2,3,7,8- Tetrabromo- Mouse (C57BL/6N) >3 ug/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzo-p-dioxin
2,3,7,8 - Tetrabromo- Mouse (C57BL/6Nx 600 ng/kg Cleft palate and hydronephrosis Hassoun et al. (1984) [47]
dibenzofuran DBA/2N, F1)
2,3,7,8- Tetrabromo- Mouse (C;7BL/6N)  >25 ug/kg Cleft palate and hydronephrosis Birnbaum et al. (191) [10]
dibenzofuran
2,3,4,7,8-Pentachloro- Mouse (C57BL/6N) 36 ug/kg (ECs,) Cleft palate Birnbaumn et al. (1987) [9]
dibenzofuran 6 ug/kg (EC) Hydronephrosis
Mouse (NMRI) Cleft palate Nagao et al. (1993) [75]‘
Rat (Fischer 344) 10-300 ug/kg  Decrease of fetal weight Couture et al. (1989) [27]
300 pg/kg Prenatal mortality and cleft palate
1,2,3,7,8-Pentabromo- Mouse (C57BL/6N)  >400 pg/kg Cleft palate and hydronephrosis Birnbaum et al. {1991) [10]
dibenzofuran
1,2,3,4,7,8- Hexachloro- Mouse (C57BL/6N)  >144 ug/kg (BCy) ~ Cleft palate Birnbaum et al. (1987) [9]
dibezofuran >24 pg/kg (ECy) Hydronephrosis
1,2,3,7,8-Pentabromo- Mouse (C57BL/6N) ~ >500 pg/kg Cleft palate and hydronephrosis Birnbaum et al. (1991) [10]
dibenzofuran
1,2,3,4,7,8-Hexachloro- Mouse (CS7BL/6N)  >30 ug/kg (BCo)  Cleft palate Birnbaum et al. (1987) [9]
dibezofuran >60 pg/kg BCy)  Hydronephrosis
3,3’,4,4’-Tetrachloro- Mouse (CD-1) >4 mg/kg Cleft palate and hydronephrosis Marks et al. (1989) [65)
biphenyl Rat (SD) 2or8mg/kg/day Decrease in saccharin preference in Aminetal. (2000) [5]
female (masculinization in female)
“ “ Faster acquisition of the working memory Schant et al. (19%) [91]
3,3°,4,4’,5-Pentachloro- Mouse (C57BL/6N) 783 or 1044 ug/kg Cleft palate Zhao et al. (1997) [107]
bipheny!
Rat (SD) 0.50r 1 pglkg/lay Decrease in saccharin preference in Amin et al. 2000) [5]
female (masculinization in female)
“ “ Faster acquisition of the working memory Schantz et al. (199) [91]
2,4,4'-Trichloro- Rat(SD) 32mg/kg/day  Slower acquisition of spatial learning mem- Schantz et al. (1995) [90]
biphenyl ory
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Compounds Species Dose Impairment in offsprings Reference
2,3".4,4’ 5-Pentachloro- Rat (SD) 16 mg/kg/day Slower acquisition of spatial learning Schantz et al. (1995) [90]
biphenyl memory
2,2°,3,5’,6-Pentachloro- Rat (SD) or¥mg/kg/dy  Faster acquisition of the working Schantzetal. (1997) [92]
biphenyl memory
2,2’,4,4’,5,5°~-Hexa- Mouse (C57BL/6N) 5M0orl00mg/kg  Hydroneprosis and hydroureter Morrissey et al. (1992) [72]
chlorobiphenyl
Rat (SD) 64 mg/kg/day Slower acquisition of spatial learning Schantz et al. (1995) [90]
memory
Kanechlor-500 Mouse (DDY) 10-50 mg (total)/ Cleftpalate, cleftlip,brachydactyly and Watanabe & Sugahara
Mouse syndactyly (1981) [103]
Aroclor1254 Rat (Long-Evans) 6 mg/kg/day Spatial learning deficits Widholm et al. (2001) [104]
“ Male specific deficits in spatial learn- Roegge et al. (2000) [82]
ing and memory .
Aroclor1248 Rehsus monkey 2.5 and 5 ppm Facial acne and edema Allen & Barsotti (1976) [3]
Swelling of the eyelids
Loss of facial hair including eyelashes
Hyperpigmentation of the skin
Decrease of infant weight
“ 2.5 and 5 ppm Decrease of infant weight Allen et al. (1980) [4]
“ 2.5 ppm Effect on learning memory Schantz et al. (1989) [89]
“ “ Cognitive deficit Levin et al. (1988) [61]
Aroclorl016 Rhesus monkey  0.25 or 1 ppm Effect on learning memory Schantz et al. (1989) [89]
Fire Maser FF-1 Rhesus monkey 1.5 and 25 ppm Decrease of infant weight Lambrecht et al. (1978) (58]

(Polybrominated biphenyl mixture) Hyperplastic gastritis

FA4FF U HIoL DEHERIFBE

FA L F Y VENERNTEE2RET BB L LT, MIlREWFAET % arylhydrocarbon receptor
(AhR) & OEIRIEES B R L T 2B 5> N T 5498 AhR i3 basic helix-loop-helix (b HLH)
BLUPAS F x4 V% ORFBBEERTFO—ETH 399, AhR ZHEOAEESEIC BT 25
F® heat shock protein 90 (HSP90), AhR activated 9 (hepatic B virus X-associated protein2 & L
¢ 13 AhR-interacted protein & b IFHIN TV 3) B L U p23 L EEERERL, TEEREBTHFEELTY
21932595060 TCDD & DY 4 > K25 AhR IS T % & AhR EEBIIENABAITL, HSPIO0 s & H3 Rkt
L7zDH, bHLH B XU PAS R A4 VB HD8—F+—F N7 ETH3 AhR nuclear translocator
(ARNT) ~nFus4~v—2FKT 2. ZOBBRICBIFT2YHY FESGORE], AhRRZBTOREELS &
U HSPW ZD Y v NIV BOEBED Y 4 3 v 7H OV TOFMIETIHLERBE N, LHrL, 2OLI 2@
BTER X7z AhR-ARNT ~7 0 54 v — i, BRRETFO 70 € — 5 —HBRCHFET 2 SREEDIC
ZHF| (xenobiotic response element ; XRE) :#E& L CHEERFML, Bx 05 37 B2 HHE/ M
TEZENHOMERSTWS, TTYART Y b TO AhR 2N L BERFHEORE L, EEOMS L &
T2 EDS, Y4 AFYVEOEMRIZANR LOBAR L 2RV E 7y —FEHLC L > TEER
N EEZSNTNEYEE00 = bk 2 ->NDEEEL LT, Ah-I5EMD C57BL v X & Ah-§5
JEEHED DBA ~ 7 A DIGEMKEDE VX, ARR O—XRBEDEVWIERL T Z ESHLprCE T
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24, X512, AWARD/ v 777 b= A LIRS N 999, zn2HnHEN»S, BEEELREDOE
MEXARR /9 777 M7 RACBOTHETZ I EREDYHESLER S TE®, UL, EOREENES
827 B0 AhR EEH S FE 2D, BEEFERAOFERELRZDOP ROV TIEBHINTHLRY,

4 FEBERE D FEE

178-Estradiol (E,) O estrogenreceptor (ER) Z/U7:fEFIL, EFEMBEORZBICEERRE 2R
LTWaEEzOhTwS, ZO0—Fle LT, B 2FE0HEARBE TSNS, E, CL2FEE
E¥incid, FENELEREESEERREZRELLTBY, KSR, RO ZEE
BLOSWS V7 BEREERR TFEEEREMNCESY, Z0EBERKIGIX E, FIBuz L > THKBIh,
FEANBMEMRIO ERa 8 E, L& LT LEMIROSBMIEEHET 2 L Ebh TV 5™, ¥, B &
FEMIAA D ERa 2/ L CHHABTEER 2 BET 294 7 ) > A, FEHEEEL, SZEEENH T 55
4 A4 v TGF-p OHBEEMHT 5 2 & bBE S TL 5299,

—%, BEOBATE OHEIC b ER 3Bb o> Twa, iy o HEFHOMO 7T v Fus A buy
Y DNT Y ADEORE TE « BRATE O MRS O R L X h 2RI EE 2 REL,
NIT & > THAE OWTBI OBALBUE 3 112°9%, B L1 b & T b HTBIBIE ISR TR - ERAEF ¢
FYRUuArY LA MOy Y BHERICKERET 2 2 L THIFIX TR D 2980, ik - ERa 3IERE O1TE)
HEEHSTWE ZEBHESMIZERTWBET,

4T R L DETEHERRBE

FAtFy U HECE2EEERR, oA oS U EABEELEBE L TERIATwS, fizX b
X EHOEEKHINA L LTIE,(1) XA oy riikoTHEEENSE Y VX7 BOFEMG V5 (2) =
A b aX rBSTET 2 EERIGOIE Y BEIU 3) TR oS VAR ESWOEE ™ SER IR T
2, INSOWIA u U ERESISEBITHEEE LTI, =X ey v-ER &£ L TCDD-AhR &
WEBLFRBSED 5 TE Y, i) TCDD-AhR &4 ER OIGE S (estrogen response element ;
ERE) "O#ES2HE, ii) TCODAEI L2 A uy v LEE L EEE ER OBANBITOME
%102 iij) TCDD #EFH 7% ER mRNA BT ER VU &Y REEARA 38, jv) TCDD #&E
AhR & ERBEF 7 u€—y —HBEFOEEESY] (XRE) oA E D EREREFOBEMRKHE
£19, BIUv) TR Mar rREEEEET 5 cytochrome P450 DFHE 999 D 5 DDAJREMEDZEIT 51T
w3,

FAXF Y VEORIA b us EROREREEE 2 218, MROFEICBT 5 E, JSER LR
SZUBETEIIBREE Y, RER S, FEAREEMESHE T 3 E, SR FE B LRI O 5 3ETERAE
Y, D vy BOEREEIX TCOD LB T & h 328, ZOE, ¥ 7 VIHEIZFENEKE B
® AhR SR T FERNBEGNEMIEO AhRR 24 L TR I 2 2 ERBENTWSEY, £z, E, HFEME
O b EBEREREERTF TH LY A 7V ¥ A, DABIE TCDD ALz & - THE S h, BIENFIER 2R
TH4 v h 4 >~ TGF-B OFRIEBERE NS, DU LEOEEP S, E, OTFEERBINEMNZ2HHT 2
TCDD DR D—IFiz, TCDD #5 AhR & #E& L CFENBEBEMR L EEMCB W TE, TEEES
N7z ER ¥ 7 F VR EHET 2 2 e E 2o 3,

—7, BCIIETERAEOFIEICE T AR TER & TEMEIC ARR BFEEL, Zhiz TCDD 25%E& L
TEHEGTFTH2 CYPIAl OFEREI T I ENRESINTWE®, 2O Z &iE, AR IXHEFRZ ER
MG EFERIR TR 2 2 AREM 2R L T 5, ZOMEEN 2/ T 2B & LT, XN TO ER 270 31T
BRI 2R TE « ARHBELTEVEE I, IhoDZ ers, FEFHICERE L TCDD
ER v 7 F VoS5 2 HAMEsE 2 AL L THTEI T2 C 3R+ EE L 6N 5.
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E2 treatment
(a) 15 pg / 25 pl

PND 28 PND 32 PND 52 PND 56
administration for
every 4 days

PND 0
TCDD treatment
24ug/20ul
b)) 5
B 6
E
£ 5
=l
$ 4 [ control
'§' . E2
Qo
= Il TCcbD
< o
2 Il TCDD +E2
s
» 17
3
L
S 0

Ar (+/+) Ar (-/-)

Fig. 1 Schematic representation of dose and dosing schedule of TCDD

and 178-estradiol (E,) for newborn Ar (—/—) female mice (a) and
the effect of TCDD on E,-mediated reversion of uterus atrophy
(b).
(a) The number attached to “PND” means the age (day) of mice
after birth (birth day=PND 0). Following the treatment, uterus
weights were estimated at the PND 56. (b) Each bar represents the
mean = S. D. of 4-8 mice. The numbers of mice used were:
control Ar (+/4), n=8; E,~treated Ar (+/+), n=7; TCDD
-treated Ar (+/4), n=4; E,/TCDD-treated Ar (+/+), n=5;
control Ar (—/—), n=4; E,~treated Ar (—/—), n=5; TCDD
-treated Ar (—/—), n=5 ; E,/TCDD-treated Ar (-/-), n=4. Sig-
nificant difference: * * and ## (»<0.01) from control Ar
(+/+), § §(»<0.01) from control Ar (—/—), bb (»<0.01) from
TCDD-treated Ar (—/—).

TA4FF L HEIZE3BFHE E, LN DOREEN

Bz ko, F44Fv Oz A v ay YEHORED—D L LT, E, K#ERETIVEZI L
BEFTOSNTWBE™, ZhEBEEL T, YIFRE ClIHRT, E, 88EER CTH 5 aromatase # KLz~
A [Ar (-/-)] TOEHF 21Tz, Ar (-/-) 7 AZHAREMEE, RO, HEEERTRETHRLOE
BEELTEY, 2 MTRFEOEL WEEIHE Z 2999 MOTEEMHEISERH LD E, 2K
BET kD (WEEMEE Fig 1(a)2R), ZTR2XBER YA ERVAANVIZETEET 2, Ly
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L, 4 Hiz TCDD »MERE L TBL &, SMBE, KENLFEERABEREI 5 bDDZORERE,
DHTHIELFHEE L HRTHS » Iz P d - Iz (Fig. 1(b). #-> 7T, TCDD & & 2 FEEMI E, 51
SRS N T HHETE R BBSEET 32—, —EOKEDE, BEET S 2 L& VESEICE
ERTE 30 EHEEIN, HeS 21, ZOFERE TCDD OEHEERDOD R &b —EH E, K#ED
ETFCRET2 LT HELPZH/TobOLE2 NS, FREERIZ Ar (+/+) YYVATORBRTY
g5 (Fig. 1(b), ZOBERINERE, OFEC LD, L0 Ar (-/-) TORETICE~NS & E,
2 TCDD OXEHMEER Tk o 7z,

FROBXOREDLESDH T, TAMuZF Y VL0 & 2BEEFRFOTREEIRREN TV 55,
Z izl TCDD OFix & b a4 U EF O L U TRARZERRD i~v) O5 20BHED S5, v) »3EE
LT %, =7 ADEBRTMEDE, BE TSR &% \vwAEoD TCDD L#E T ER RHEORD & F
HERBRUSEIINT VLS, o T, BRIOFOIX bas Y VETTREL, BT E,
BEEE R TS Y ARBIEECHhILEXONS, TCDDAE I THFHEEINIBRLELT
CYPIAL, 1A2 5P IBLESEBITF 5N 33199, Zho DRI E, R LTbEE, CYPIAL
1A2 ix 2-OH E, &kizB45 L, CYP1B1 ik 4-OHE, £R 2 filfit ¥ 2 Z L B35 T3, TCDD 2 &
LRBEXZOFEIZWRICB ORI, ZOFUHUEE ER HHLV~AVIIHIZIR I D bRV, fE-o
<, FEEEEMNGIZ, TCDD 2 E, REBR-FHL CRBEWELTTET S Lic kD, HEMI X b
Or Yy ORBIRT 32 Lz k B AEEESE 2 5h s, FEfkic, TCDD OREBMEITEINGN, HOROKR
BT & % O 0 & RERSEE 2 HI5E 3 2 SEIRA T B, REBER D CYPIAL FHI N2 DT, E, H
PRESNT, EELEEEELRST 2O CRERT7 Y Ry Y EL A MRy Y ONT Y ASEHET
B rCEVRET HAREND D B,
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