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1.1 ELBIC

FAFF L VIEREE 2O BALALRIE, BHORY RAREER ORENGE I TV
(1~4) DHEIC B 2 RPE, F2 8% 4 T2R], BWERICBVWTY, HlkoZs) 6) 28
fix OBRMREE 6) PMESNTVD, SNHIE, HRIEZIZLO LT EFEELD D
PEVEHAEOY A XL THET LI 25 (7, 8), MENIKEV, L2L, Insok
B0 Ic SN Tw AL EREAT, o T, ZOMEIZOVTHIERINDLIZE> TV
W,

A XL OEFERLIEICRITTHEL, ZToOEE L CEATOA FhVE AEHO KT
WZFEH LR % v, 32bh, BIERELP.LETHETIE, O A oy y 2B/ 4Eo
BBUKT 9, 10) 5 @ = A b ¥ v SHERKEWEREOLZE 11, 12) ; H5VIE G A7
A RRNVEYARNEHLOTUE (13) ErME SN TS, LaL, Ihs ol BEmH %
W ZNLBEOEY & 7z b o2% < R HT AR TOIRDITLS L b I3 i
TWhpol, ZZI THMRETIE, REFUEDOY A4 X ThbH 2,3,7,8-tetrachlor-
odibenzo-p-dioxin (TCDD) # Vv, TN &R Wistar 7 v M ZH%5-#, BIELSLHEIRTOIR
MABLE L7z 2ofER, TCDD IZBREMFFRMICAT oA FRVE Y GREIHIL, i
Lo THEROB LFEDEEL A T) Y VT AL EEHLNI L, $72, A704 FAILE
Y EBCRIIHRI OBREIZ OV TH 02 ) OMESH LNz, AFETIE, TSR EMNT %,

1.2 TCDD ®RAFO4 RKEILEVERNDRE

IR 15 HH (GD15) @ Wistar 7 v b2 TCDD % 1 ug/kg D58 CRO#%S L, GD20 ®
R TORNEBE L7, ZORKE, BEBEBIOINEOATO A FAVEYERARSY v/
BD%<1E, €O mRNA LANUAEHFIIRT 5 2 ERwWAEZSh (M1.1) (14~16), ]
ENDLOOHRIZIE, ATOA FARVEVEROAMEER (ILAT70—Lvo3I bary FY 74
B2 & IR~ D #fi%) 1CBH5-9 5 steroidogenic acute-regulatory protein (StAR) A 71 A
N &L H 7% cytochrome P450 17 (CYP17) &3 & T 72 StAR X CYP17 Tid 4 >3
JHELNVTORTOUERL TWD, TNHEOEHE, MOATT A FARVE S AERETH S
AEClEaedioond (14), LWMMARICHEREY THh o7z, TCDD oG ® I 5 Ha»
5, FREEEIF0.1 ug/kg TIEBEOOLNT, 1 ug/kg BEOHEDPLETH -7, T2, FK5H
BlzoWTix, GD8 DRET v MLEEIZ X > T3 (TCDD 1 ug/kg), FEDOBEEDZED ST
5 (14) —77, WRICEEN AT HEICO VT, TCDD AR (WLHELH : GD15) 45 Hik
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B 1.1 TCDD I & o CTREEINLBATRO AT O A RRVEYERAT VT
B&AC : StAR: steroidogenic acute-regulatory protein, CYP: cytochrome P450, HSD,
hydroxysteroid dehydrogenase

LC1HAMBOFAERTIE, RO SIARFORTIERD LN\ (14, 15). REOWIEL,S
HAEZLIHSOWETL2BBUK TS L 2V LB L T b CGR% %T 5)o )iz.?M’E
7 v MZTCDD ##45 L Cd, BMIEBEFRABEFIIARZLZV 1) SNHDT 0D
TCDD I2 &5 AT 0 A FARVEYEBROBETIE, FENO—R & AR ICIFRYTH S
CEMHBHL TS, Fald, M OATOAL FAVEVKEE TGN L T2, L
L, TCDD BEROBIRORE AT Y & — ME, CYPI7T{lM (Fusr x5ur 17-Kk#EL) 2
S 20255< (14, 15), A7 04 RERVEVAERZOBE T, RVEY LN FIZER LT
WA ZEIFETHEV RV, TCDD BMAREEIC L A BEAT B A FARIVE VAEGRICTICIEE)
WFEZERH Y, T ATERO LN WD, FREESEIEWERbIR S, Z1ud, C57BL
B LU DBA RMOMIR~ 7 ZI2T v MIWT 2580 20 /%52TH (GD14, 20 ug/kg,
FEOPS), IRYEAEE StAR (GD18) OFEBIAEE) L 2 WwHEIZES L U7,

1.3 RIEATOA RERRETOHE

W RWHEE:Z v b (GD20) OFIEORE 2 MR L, 212 TCDD ZilfmL T,
StAR % CYPL17 SO FBIHNIIFRD Sz (14~16), b L, TCDD 2SI BAE B EH /R
T5OTHIUE, LRLOKREIIFNIRD in vivo TORREETET 5. i>T, TCDDIZL ST v
MEREFRO A T 04 FARVE VERROEEL, AGERIST 2 EEEH CEHATE %
Vo FRIEHFKDO AT O A FARIVE Y EHD, MTERIVE I THIEIS NS Z LT X <o
LENTWw5h, AL TOAT U A FHRIVE YA, BFAKAVE S (luteinizing hormone,
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GATA-4 N TH{E. SE-1 (AQ4BPATE
CREBIER &, CBPETR{E. Hizone HIT € F 14k
oic.

b
ZFOA4 FERIZNLES 9RO ENERE /I

\

K 1.2 TCDDIZXZ% JJé‘I/EX%U A FHRIVE VAR O E OB
Protein kinase A 1 & 2455 K1 O{F (L2 & OFEIZD
TiEICHR (18) ZHH,
B5EE - GATA-4: GATA-binding protein 4, SF-1 (Ad4BP) :
steroidogenic factor-1, CREB: cAMP response element-
binding protein, CBP : CREB-binding protein

LH) RUifafiliEs €~ (follicle-stimulating hormone, FSH) 2SHLLA R & E 2 U 5, 22
T, TCDD BENONRIBEOMTEMAEAIVE Y 29 L7722 A, LHE FSHOB- 71 = |k
mRNA R EIEL NV TH L LWLk o72 (14, 16)o a-F72=v b (LH & FSH
ETHGE) 7 U T 7 F O mRNA ISR TARO 5T (16), TCDD KA1 72 #fIE
LH/FSH ®f- 7 2= v MIFENTH Ho i FEAETO mRNA KEZE & fF4 LT, R
o LH R FSH O R WVE ¥ LX)V TCDD BRI L > THEIIR T L2 (14, 1600 AT
04 FERAROFEHMTIX, Ao LH/FSH B8 L THRI NS, LrL, Th
DZERIE TCDD WEFDOJERIZB W TIEFL NV Th o7z (14, 16), T b DFEERKIRE
¥E3 5 &, TCDD E T EMAD LH/FSH AR ZHIHI L, ZHAESE %o TR AT a1
FERADFEHEBIH SN L b0 LEZ b5/ (M1.2), TCDD OE#E (GD15) =i 7-hEi
LHHARVEY TH AL BN TF F o ¥y (equine chorionic gonadotropin, eCG) % A
BiEAT A & (GD17), GD20 JRIRICH T AHERSIED AT O 4 FRNVE X GHAY Y37
OB IEH KR L 72 (14~16)0 ZOFHEIL, LiloEr L EET5,
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LH % FSH OAARIZIE, KR FEBO MR ECR )V E ~ it &~ V€ > (gonadotropin-releas-
ing hormone, GnRH) 28 B O HIHK T & LTV Wb, LA L, 7 v MEIEDOHEE T
GnRH L ~N)vid, TCDD O#AEERTEIZL > THEFHET (14, L2 L d TNOENEE TIE
LH/FSH Z8B P % 3 T & e vy, LHABIETF OIEEAEHE1213, steroidogenic factor 1 (SF-1),
early growth response protein 1 (Egr-1) # 4\ stimulating protein 1 (SP-1) 0O fE 4 iz
BHRTFHRGT 5 19~22) —J, FHL OB TIE, TCDD BEKIEOHEIZHE T, SF-1
LANVHRT S22 e 2BE LTS (14 b LEAKOZILHM TEREICB VT ARSI,
LHAZBMH 2 FH T 2 iEO—>Th A ) — kIS, ¥4+ X2 Y HIE, BERTFTHLH
FERALKFEZ 7K (aryl hydrocarbon receptor, AhR) ZiHMEILST 22 L2k - T, £ D
PAERTLEELONTVDS (23, 24)0 TNEMHELT, v b LHBEET O 5 - Liiic
X ARRFEZL A Y PO I TERINDIAFIET 5 ((GCGTG-, -580 bp) o HEFMIZH X720\ 25, I
1t AhR 23 s & M EAEH L C LHRBIZ TR 2 #Ifl§ 2 W RBHIE M E T E 2ve TNH O
WREMED G C, TCDD #°LH % FSH ® - 7 2= v MlETES 2 2881, 724
HROWIERETD %o

TCDD I2& 5% F v b LH % FSH O ZBIHI2 MG RICHEN TH HHE D L 4o T
Vo —2(21E, TCDD OB ATHEOFRZETHMP TEZ L WREIEZLONL, T4bb, Ik
SR — MBI F Rk 720, TCDD ORATIEAD S <, 2 D72 I MR AV E >R
ENERT DL LOWETH D, CNOMFED72dD—B L LT, Fxlx "C-TCDD % Hv>, 1k
WA & Bk & iR R C B L 7z MO B Wistar 7 v b (7 J885) 1210 pg/kg O F=THE
C#5-L, 5 HRICHERAE (RGEICHT 2 %/Mfk) 2R mike Ik 5ao08
0.01~0.02 % 25t E M7z —F, WIRZ v b (GD15) X5 L7-0b, KR (GD20) #47
wmALAEL U CREFELAHEITL L, 3% THY, FHEMEY, B CTORBITERIIREELY
LIEPIIE W EVHIB Lz 7272, JEIE (GD20) NEREREZRH L COBITTH L7020, #i
xfa & LCTiE% < 2w (0.0001~0.0002 % : FEBA~OEGEIIHT 2 %/Mik) . #/, kL
BERCIE, B g 4720 @ TCDD #47=:1%, 0.3~0.4ng TCDD/g Mk TH v, 1ZI1TE LK
# Lol o T, TCDD OBHNERDE VD FEMA TS N o ¥y BEEOMRIBEEREE
HETHLITEZ M, 72, W TORNISEMED TCOD BEOANRISERT 0% 6, =
PMIZt43E o TCDD % BH#EAT 5 2 L 12 & - TR L [k LH/FSH &K T A% & 213§
Thbo LHL, ZOEREERLCH, LH/FSHOKRTIZBE SN 2ho7 (16) T DR
X ol E L T S,

1.4 JFRNhAEVEEEWTHNGEOA TV T 2T

A B AR D B PR B 2o FE 2 OTBE, B 2 XSS R BET) O MRS\ 23 BER VR o0 i %o A ALk
PLEROT A MATO VBEEEZT L0 (M), o oflimoxm () »PLEEEZS
T3 (25 26), 7AMATOIEIHNERDIGL, FEZIZLETH B L3RI, B REH
MTEX VBN BRIV ESTHAV L FOTFAMATO YRRV ESDITf-Z ATV
T = VIZEREN, IS HHASCTHEESI B TURHEOEEZH 5 (27, 28), 17f-T A
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NI VF = VG S NCEBRIEDIE S v X7 BT 5720 (29), KW CTEESNZLO
AW T 2 2 ETE RV, 6o T, MENOMEGILDzDIZIE, AHHE CERE S N-HIRYE
T A MAT O YRWEO LB SN, £2TL7-Z A b T VF — VAR SR
ENb, TOEI, BRBETOT A MATO VAL, BAOML, FBICRT R AEET
Hbo WOMESILIL, FRHM (critical period)” & FFIZN D FHHICHLERZEO T A M AT 10 Y IEFE
EZTELENHLEEZLNTEY, ZORWIZT v FTIE, ZHKIB~2THHDAY LF
bitTwb (25 26),

DL BWEN»S, TCDD 2 & 2% o LH/FSH #1#] & K § 2 £ A 7 o
A FEBOMHENE, PERRRN MRS ECTEEEROREICERE T L FHESIND, BHET
X, COWREOMFEE B9 L L CHATE & MRS EA TR L L72ME 217 o 720 TCDD L3
5 v b (GD15, 1ug/kg, ROFST) 2O HELAZBERIE, 1RHO~Y v b GElElE~0E
Fe ) ATEY) FCICEYT MM A PRREMRTHRIGEELL (16, $72, v 7 b
CEERIEARIEII A FISHA L7z BET 2 lEIE, o7 v— 7256 dkES N Tnb
(30~33)s TNHDIEEDIZTE A LI, TCDD B# (GD15) #OfRE (GD17) 12 eCG % EHE
HEATHIENE T, JHKENGRT S (16), AIBOEY, M~OHILIZIE, HEATT A
RHRIBLO R INASLEE & FARIZIZEZ 5NTW D, LaL, MNOGLIZBWTY, HECWEL
BEIDLELANVOBRATOAL FOFIEPSLEL OB DD 31, TNEFAELT, MIZH
BRI TH L a0 — FT A (DIFEDITE)) (£ TCDD FHMABEIZ L o> TRES DA, =
IR O eCCRLEIZ L > THIET 2, v LZOMEAFBE SN (16), T b DR
(X, TCDD 2 & 2[5 LH/FSH BEEMN A 7T 04 FEEAL @ L THMLzBEEL, =
M & o THRRNIEEOER - BEOKRAPBEINTLE) T LE2MIRBT 5, 512,
Feax OFFEREIC XL, TCDD ORHMARETE X, HAERBORE (AFE) LA ROREZ
#9565, s RN O eCCMEIZ L > THFE L7 (16), MBIZBWTH, TCDD £k
B X DINH R EOBEIENL, B o eCG #ifs CIEH~ER L7 (16), #-C, TCDD IZ
LG O T F r o ¥ rEEE, AL CORBICOEREY RITTIEPLEEEZ
b5Nb,

1.5 HbUIC

COBAEFROURETOMEIZE D, TCDD IZAT T4 FARNVE Y EHEATES & R
PERIEREAICHIHI L, HEROM A DREEZ A V7)Y NS A I ENEESNT, T2, AT
4 FRIVEVEBCROMENE, I TFEATO LH % FSH ARIHIIRRT 2 2 2 52T
HIZEWTE, ADOWZETIX, IR v b~® TCDD #5241 ug/kg TH Y, T
WHO & bR SN TWwa e b—HHFAEINE (1~4pg/kg/day) £ DENI2E v, Lol
FoRETOY A 432 VHEORPEEIZE P XD EWZ L&, (FolIckEEY BT
B2k M 2 HE® 100 5L EZES 2 LHEESNTVWD 8) 2OL) ERELDH-
T, FA44F Y VHEOERANOZEE BIE CTldkd, RIhE, PRz b ERB L
RINER (body burden)’ % 3EHEICFHiT 2 D0 EF LW EEZ LN TWD (8), BFERT —
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YRR, MATHICEEL LS TICET L MENATIX, 9.5pg/kg EHESIN TS
8o COEIZEFRDO—HFAFBENE LIEL T, £)RELHFETIIRL, FM1AFv 2K
B RMRANDHENNZ SR O ERR TR 5 2 EPREE Bb s, T4 DWf5EHr 5, Kt
DEEEPHTEAERINVE MRTEZRMETLIEDPHLN L R 0720T, INEERELT, &
FEHRGEOMIEE RS2 2 LV GROBEELZELEZ LN L,

X
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A IMEFEOFA D 5 1T1T 40 EEHFE L 22 BHE, AN OMEBRE I CBE SN R
DL ATBEPL, HEL TS, LaL, WHERFOMHR 7 A 4 F 2 VHHREIIRZET NI
N 1 2), BEEA A DIERIZKNE SN TWREFS SV, £/, BFEOS A+ F
VR R I E 1 X D HRBHENC AR, A R Y VIS X A BRBEH L ORIIISGE S NS
B D HHS CRRL9FERES A F X2 VEICE D 2 BRERTEE, RES, W20 4F 12 A 5Ek
ZHR), I OBEEIZ LIRS JERI 7 AR E SR D BRED R A OIEFUI R AZREBL S T
Who 0T, A4 F T VR EHEOIEMRBOME, WO ZIUIHT 2 ER % TR GHRE
DR%IE, HENLBHLR>Tnb,

FAF XY VL DRBHERDITE A LI, MO WIS 5 FRRAKESZ
%18 (aryl hydrocarbon receptor; AhR) #Em & L TER SN L EEZ LN TS (M2.1),
C OBE&EIE, 1990 FEARIAER S L7z AhR KA~ Y 2 & W 72RO R 6 b ST
W5 3 4o ZLOWMRE XN PO R BRIEBREMTH L 2 L 2KET 2L Bbh, 2
MZDOWTE EDONTBHD L 6~T)0 —F, FAFF T EIZL2HEROREBIZIE, W]
LA ML ADBG S RSN TWE ([M2.1)0 ¥4 FF 2 VHEOBFEICE, IREEERLO®
mo®), MiBEKN SH oA (9), MR EIEDRA (10), B &0 DNA UK (1) 2551 &
T SNb, 70, WHEERE L, #B%E NZIL~JRY 8-isoprostane (12), B X TVl Total Anti-
oxidant Power i (13) @ FADSFEDOHLNTBY), EYMICH > TELIWA ML AIZBE S TW
LT EPTFREINTVS,

MHEGEIIZEHE TlE, S E TIOMERFEOIEREM 2 HWE LI MlAE LT, ¥4 4%
T UHOBEMEE R IR L 2B b N T & 2 TONFIZOWTIE, [HHEMZE — 30 4£0
W —] IZEELWV (14) MR T, RETIRILV AT T IV (16) REMIKEREMAL (16)
R HWIBE M TbN, —EORMEEZ RS ELMRLELN TV D, BEOEREMNIZ
T8 6% MA L LT, HEHEROUGEL HIYE L7 LEORSEIZLHETH L, T
LI BEROL L, BWIRETIE, BHEWRSIERL, 4 4F 2 vipdiEkiox L%
BRRGOWRE ZOFMEAT-> CTE /2o RETIE, ZOHREIIONWTTLEDD LI, TOHER)
PEEHEEICOVWTEET 5,
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Anugnnl-.:ing effect against AhR activation

Ehmml K gmn W\

Chodalive sress

Anﬂn:ﬁntuﬂm \ . v

Toxic manitesiation

2.1 Postulated mechanisms of dioxin toxicity. AhR : aryl hydrocarbon receptor,
Arnt: AhR nuclear translocator, XRE : xenobiotic responsive element.

2.2 BRABYRDICKDEAFF UEFHOER

2.2.1 Curcumin, quercetin, 3 & O piperine (Z& 5 ¥ A 7 F 3 »FHEOE K

EREIZRMINL L), F4FF T VHEICE 2RFHERIIERLT 5, E-C, BFxh7%
THIERLHREDOSM L LT, AhR OTEMHEALRERILIA P L A L TEMTH S Z LITHR,
EHIBOBRPEEIZLE oTHZ ) 2bDTRITNEL LRV, DX BEM2E 225G,
WEOEFELYEIOTREZEHEYR T IE, KOVBELZLOO—D2THLLEZLNL, €2
T, A DWFRETIE, ¥4 432 v AT B4 & LT, curcumin, quercetin, piper-
ine, B & W resveratrol (KIEHZH) %ZEIRNL, TOEMELHKIEL 720 K 2.2 1THEEXE R,

Curcumin 3RV 7=/ —VO—FTHL 7 NV7 I 4 FIZHHEEINL, KWEIZAERTH D
TAYDOERETD—DOTHY), AL—DANL AL EEINTWDL I s, — AL RD
OMEECTENTL2MEEEZ 55, Quercetin 37 IR/ 4 FO—FTHY), F<AFR) ¥
T EIE L EFENTW5D, Piperine 1, BT a vOFEREGTHY, 7hHaA FIZHHEE
NELIODOD—2ThHb, TNHODORKIIE, Wi Ld 23,7 8 tetrachlorodibenzo-p-dioxin
(TCDD, M 2.2) 124X % AhR O{EMALIZXS L T antagonist HAEM 2773 (17). F 72, PLERILIY
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2,3,7,8-Tetrachlorodibenzo-p-dioxin

(TCDD) Quercetin
o o
H,CO
Curcumin
a OH
nﬁ*v*r)\ M O
(D o trans-resveratrol
Piperine (Resveratrol)

2.2 Chemical structures of TCDD and candidate compounds which attenuate dioxin
toxicity.

AFLVAERBAELTWDZ s (18~20), ¥4 FF 2 yathioxt3 2880 e shz,
ZIT, ¥4 F L UEEMED CS5TBL/6] ~ 7 A% v, TCDD I & 2 &tk 4 2 2
BRI 720 FORER, curcumin, b L < 1& quercetin # %5 L7234, TCDD 2 & A{REEE
NI 2 B S 7z (322.1). 72, piperine DA, AEEEGRDOONLN-720D
@, TCDD |2 & R ERIIEHEI 2 S WA A 2R L7ze TS BRI & 2 R E R
HIEEMAI R, IR BRI TIERDO NS, 20 HHUREICRRO Sz, #toT, BHE
W2 & 2 MR R 0B, BERHOBRASLETH LIRS N2, —7,
TCDD #F5EMk DliEas E 20§ 2 EHEW T ORRIE, quercetin 12 & 2 FFIER DK %
BWTHRO SN o7z0 S5, AW X 5B 2 B3 5720, AhR &ML
DIRIETH 5 ethoxyresorufin O-deethylase (EROD) &1, B L O LAY A b L ZADIBIETH
% thiobarbituric acid-reactive substance (TBARS) fE % Mll52 L 72o €O #5H, TCDD 12 & %
EROD (D 5% quercetin 12 & » THER S N7z Z & BT, HBITRED SNk o7,
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% 2.1 Effects of components in edible plants on dioxin toxicity 7 vivo.

Wasting  Hepatomegaly Atrophy Steatosis® cyplal® Oxidative*
syndrome induction stress
Component
Thymus Spleen
Curcumin® improved n.i ni n.i - ni -
Quercetin® improved improved” ni ni - enhanced” ni
Piperine® ni ni ni ni - ni ni
Resveratrol*
p.o. ni ni ni n.i improved ni ni
s.C. improved ni ni ni improved improved®  improved™

See references 33 (curcumin), 34 (quercetin), 35 (piperine) and 36 (resveratrol) for the details.

“TCDD (100 ug/kg) was given by gavage after initial treatment of each compound.

"The hepatic lipid accumulation was assessed by oil-red O stain.

‘EROD activity and the concentration of TBARS were measured as indices of AhR-mediated cyplal induction and oxidative
stress, respectively.

Significant difference from TCDD-treated group: *, » <0.05; ™, p <0.001. - : no data. n.i.: not improved.

2.2.2 Resveratrol |2 & % %1 &% ¥ v HEOTR

Resveratrol (¥, 7R7 A Y RE—F v VDK, HEORMETHLA Y F)ORE LIZELC
GINDLATFVNRVBHERETLAE) 72 —VTHY, trans-& cis-AVHEHET L (LT,
trans-resveratrol % resveratrol £ §5), 77 ¥ ANIX, BBIFOZWEFEZHEIZE L2 hb
5FLRBOTIEENI DL\, whbwd [TLrF/87 Ky 7 2] EIFHENLBEH ST
b0 COBENELT, 77V ANIBITLTA4 YEHEOS EHZET LN TWA7Y, resveratrol
&, BEBIESREZAETLEIHTO—2L LTRTA VXYV HHES N2 DTHL, ¥4+ FT v
MR T 5 resveratrol DB T 531X <, AhR /L7 CYPIAI % CYPIBI #fx
F OB LD HE (21, 22), cyclooxygenase-2 BIZTHEEN ML OHE (23), BX U7 R
b= AW (24) 7 EDin vitro FEERRICBWTHE SN TS, 61, nvivo I2BW
T, ZWRIEFHERACKZIZE S T v Mili L Bl CYPLIAL #FE 0P (25) % TCDD RHAEE#Z
XA BITBIEROOZFRRLKEREOE (26) 2SHS 2L % 5T b, Resveratrol 12X %
FA K F T rHEEOBREEEL, REZESITHS LI s TR, LA L, Fiako&H Wk
2 & %k, resveratrol &, TCDD 12 X % AhR OiEMHALIZ A3 5 antagonist F:AEH (17), Y
WZPURRLRY A N L AMEH (27, 28) 2 L CWh, HEoTC, INOHBEROLR LS —H%H
ILDEEZLNDL, BADWIRETIE, ¥4+ F T o2 MHEITK T % resveratrol DH %)
&R MEES 572, C57BL/6] 7 A% T in vivo TOMF & 1T- 720 FDFEHE, TCDD 12
£ 2 ARFE I INHIH R B A~ O RRE OB FEAS, resveratrol DFEIIFEG-12 K 1) B S 4L 2 H [ ]
WEIN/z (£2.Do THITKHL, BEEEIISTL8RERO LN L, o7z, 61T, resverat-
rol # B N85 L7234, TCDD 2 & 2 (R E B mH] I RLBEFEO LNV THE L 72, E72,
JFigIC BT B IREOER S, BOHKGHE L FEEOUENRE R L7z, it T, FiEo EROD
G, O TBARS MHIZK§ 4 resveratrol D8 % st L 72. 2 D#ER, resveratrol % &1
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[ AEBETE

Pe 5 L7254 CIRMHRIEIC T 2 B R oMk o7z SHICK L, K THS5 04, TCDD
DHFMIL 72 EICHANTIRE S QA RERWHFE LR L, ZOK, IMHO resveratrol #EE —
e ] A TR L, ARG R ISR TR G TR E CHINL Twiz, DLEDO#RD S, res-
veratrol 12 & % TCDD #HE AR IE, EWFFA A (bioavailability) DU IZFEEETH T
LEEZBNTZ,

2.2.3 HEHEMRSIZ L DT A T %2 o H RO e & M

SRREHIC V72 B &L, Wi d TCDD 12 X 2 REBEMEHN R LT, L
T M AR L7z (2.1, F72, resveratrol O, TCDD 2 X A MRIIFICH L TH A
WHTHorze THUIK L, TCDD IZ & % EROD {45 TBARS fH® LA 2% L C, resveratrol
DETEGRZENT, WINORSbHEELRCEE RS Lol FA4FF 2 VBT
LI 0b 5T, ZOREREORBETH S ADR OEMHLRERLIA b L A L CEEEZ
RIZERWEWHIFERIL, HOPLFETHS, ZOBRKIZOWTIEIARHTH 525, EHEWK
OEFIEMIZZIICE S 728, AhR 2% 3 % antagonist BAEMLPUERILAY A b L A4EH LAk
DOVER DB B 72T REED BE T E v, F/2, — KIS, B O HE 33
<, BHUAFERMLDACIR X DHEERT 50 o T, 7)) ¥ ZKEIC AhR OF LB
ANV AL ERT BREIHR L TR BETE Vv, TP FELLIX, EHAEY
B & B EVERR A R, O bioavailability IZIKfF T2 2 &2k b, TOMEIZEL T, res
veratrol @ bioavailability ®eZ 2 £Evy TCDD MR A BRI RO R FED SNz T D
FHE, FRtiEmrEMAT b0 L Bbhs, BOMICG 2 b EHEWRGHE, XDk
IEN DB R E 25D DNE v, fit- T, bioavailability #2245 FE & LT,
R D & 9 /M % A & e WIITUERE D BIRDBF b b, T/, MoEWS 2 FIHT %
Z & T bioavailability DEX XA Z L b BFEMTH 5, B2 1, resveratrol DHE, 7 vrua v
fs, & LIImMBaaIc L ) EerIcR#ans 29, £2C, INHRAERIGEZITR
TWT IR A FHzE L HHEFR L OPEH T resveratrol fCH ORI Z A, FhIctE- T
bioavailability {39 5 2 & b E 2155,

HEMREBIUIX 54 4 %2 VHEEBRBO 20121, ERHEWRS O @RI AE S BIVEH
DO REM: D Z AL 5 7\ Resveratrol DA MEIZBI T A #Hiis TlE, 750 mg/kg D& T
90 HE 7 v MRS L26, MEFryit AR A by mir i, S 6 I EE 20 LT
FIEFRD 5N TWARv (30), HED resveratrol # MRS v M52 72HATH, JKRIBE~DOFE
WD SN o7ze TNISKT L, resveratrol 1 g/kg body weight/day % 24 H Ri#EI4%5- 172
Yy, HAROMBRAUIGE & BbN 2 YA AR O mRNA LX)V o AP HE S Tw
5 (Bl)e F72, LR—%—T— 27T v+t A TIE resveratrol 7% AhR agonist & L CIEH$ 5 2
ELFESINTBY 32), FHRETEIAL XLy HEWLHMT L2WREEDEETE 2V,
BAEA 5 =%y M@ U CHABENTAFIRZEEMEL (BT A2 ) 1280w
T, resveratrol ® 1 H&» 72 ) OB EIL 2~2,600mg ThH b, 5% 7)) A b OERIL,
PR THEOBELZE P THRI LI LA FHEIND, o BHEWRS BT 256/ %
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MO RIIANTH 2 70°, FFOMEIIIEHTE v, it- T, REREFRICHO 2012
(&, TR R R B E R 2 REOMR P LEEEZ 5N D,

2.3 HbHYIZ

MIESEMZE L VHAEICES T, hHEREOEROEM, LA FEOEOM EIZmy 72
A ) MAD R SN TE 2, L L, MMERR OB S 20 S AN 2 RIS R . S
TWip\, RETIX, RICEHAEWBSERL, ¥4 4% Y pBERIc 3 s & LT
DU MR HESIZOWT F &7z, MEHICHWZZE L, W id TCDD #HEo—#IHrt L
THMTH LWHEMEZ R L7272, BIRA~NOIGH % & 2 7234, % ® bioavailability DLZE XA
RCTHbH, —HT, FEDEWHGOEHEEIAD, BEHEOBEBENEZE L KT RS B E
TE&R\, ZOMIIDOWTIE, BERZR &% 8 U 72 8Y) 7 iR A & B st o i 2 5o
VEDRH D, 52, ¥4 FF L HEPEIGEE O 22 & RIS 72 0F58 B B s
Llbis,
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3.1 [FC®IC

PCB H O MHIFZEE, 1968 F D7 A IMEFF 2 2L LT, DA EZ I Lot ifdh Tiao
S, BIEE T, ROLI BRI EPWHLNPIZENTWS, T4bE, O PCBHEHIZ/MIAIC
RET AHF 70 P450 (P450) 12X o TR b, @ FMREWIE—KEE/LL (OH) kT,
WT, ZKEE{L (diOH) 1k, AF IV FF (CH3S) B LA F VAN T+~ (CH380,) &
DI <, 612, MEAHEYE LT, Y Favt— kL, HEH L MEBEEL 72 OH
KL RWZENTwE, @ ZnsoR#wE, BT E20 L CERPAFEE SIS, @ Bl
FHS 5L 5 I S SR, FIZ, 24 5-ZHFEEBRROXVEREA
35 b ORI, B L MR s ENORBEPE 25, © PCB AHEMED & S (X8
MTRECELZ-TBY, B2 A XRELVEY bTRIBOBWICHKL, MABMTED
CB153 12/ LIGEHE A, 2l Th b, b, FMICOWTIEHIFELSHZIZS v (D,

COXHIZPCBORHICELCTIE, ) OmPHHINTHLEZ Lrs, b EL GOl
BIICiE, BARMERETE R > TE TV, ED 10EME AL L, mHEETH L2
775 — PCB BT 2G5 A L, W2, R TIE D 2 AN <2 e L ik B CTHRR L C
V3L DT A MENEZ T b, %mﬁmmeas EEMRICIE, K3 1TWERT L) &
CB153, CBI1338, CBI80 B L UNCBI46 2 & D 2,4 5-=HEEHER Y U BREFL, 2225 ML
T OEFRRFIERENL O PCB RHWO 4-OH R S-HH W 2 L0 205, #Hiko

CBI118 CB187 CB146
3.1 b M EELEHMAERIESIRE CRE LT\ 5 2.4,5- ZHE R {ER PCB SIEM%E
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£912, 4% PCB Wt o5y 2 Bk, KEM: PCB ik L "2 s PCB U o #1581
WMDY Lo T o RIETHE, FEIZLMERIVE Y BLORIRIEFR IV E > 2 EDOWNIT W
OFGENER A LMEH, 374b5, RN E L L ORIERADREE L o 787275 R’
RO TS,

ARETIE, PCB B L O PCB o (AFEM) (2B L T 1990 AR DU 12 #Hi
HINTMERICOE, HiINT 5, K31 K3 2ICIEENENET T LD,

3.2 PCB OKBALRISE X FILFFRIN

PCB OAUHEHER L, KEALEOL & Z1UlHi  CHsSALIRTH B LW ) T &N TE S, —ik
12, REBALBUS B I 27 10— 2000 P450 12 & » Tl S 578, EEKERIL & epoxide H
R D 2 DORMTHITT 5 L Vb TWh, BEORE, HEFET O NIH iz tho 72
b HHLWIETIVE FF G, S5 F 4 — v (SH) 1K, CHSHARZREM L, i

IS-BALRIG & Z T CHsSOAKIZED Z &b TS (D, £ 2AT, Hit T 54E0 PCB
D in vivo KWL AL L, BOLO—HOMENER NS (2, 3, 6~11), &5 1%, 1997
LIk, OH A% diOH A~ KBEALKIE, B & U CH3S 6% CH3S0218 7% &~ CH3S 1Lt
WZHEH L, MEEBRL BRI E RS 5 72 PCB 2R CHABIEA LD X ) RHEE&I2R 500,

(2SR DR D 53 B L O SR OB TR 7 & &K IIZRR TV %,

Mok g9, 4fEHO 2,5-HFEEH PCB (CB31, CB70, CB101 B XU°CB141) # 7 v b
WZHERENR G- L, 4 HROFEPREY 2R, BIRS 56K 2 LWZ Lz, &b, 2,5-73%
FEPENTORWEREOEREEAINT 212210 T, O3-BL4-0H 42, 3-B LU 4-CH3S
I IFEAZ SN DL, 72, @QOHMEDH B, 3-OHMED A%, 4-OHAK X b
ANOPEMABINT 5 2 EZWS DI Lze E512, 3-8 X U 4-CH3SOLME DM AT % 25 &,
O EHREDIEINT 2 122 THEE T O CH3SOE D= DSTHA L T2 &, @QWIFhdife
NEW AR S B T Ai 5 555, 4-CHsSOMMIEEIRMIZHFICE M s s 2 & L I
otz (2)o ZoOHEE, BIIERBAVKERILEOL E CHS LG & DEIGIIRE BT RIT
gL ERLT,

KU, 3,4 - HEFER S 172 mono-ortho Bl 3 HE¥EH D PCB Ekfk (CB105, CB118 3 L O°
CB156) 122 &, T v b TORBMWOHH %720 9, MALHY %R, CBL05 %5 Tl
4-OH-CBI05 %%, %72 CB118 #%5- T3 4 fu 0 HF H 5% NIH 8567 L TR & L7z 4-0H-
CB107 7%, ¥ b REMMEKD 7~101%%<wﬂéﬂzwt%ﬁ)%#_Lf:o ¥7:, CBlI8
L UVCBIS6 257 v b2 51k, MELRDS, ZNLENO 4-0H/K (4-0H-CB120 B L O
4-OH-CB159) dHeH L7 3) INHDOKERIE, PCB D 4-B 5\ 4-OH KA A I 3B
MEEET L) IhEFTCoOHE ) #8510 F L2, 72, 4-OH-CB107 1, #%ako &
12, B MIHT3FHIZE M SN L ERA O PCB AW TH %25, CBL18 254K
ENDZEMEWH SNz, —F, ZoHETIE, 3HEED PCB # R EowFhirsd, 5-BX
N 6 -CH3SOMR 2T B L PRIk sz, 2hbidr=—2 2REWTH Y, ortho-
meta L TO 5 6 -epoxide RO AFNZFI EZH &, Iy FF V@22l L2 BHRLTW
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3.1 1997 4ELIBE(C3RTT S 72 ortho Rt iE Y PCB 2RO
PCB #4%:fk BT il 17| STk
mono-ortho-triCB
CB31 7 v b 3-OH, 4-OH, 3-and 4-CH3S, Haraguchi et al. (2)

3-and 4*CH3502

mono-ortho-tetraCB
CB70

CB70
CB70

di-ortho-tetraCB
CB52

B AVAY S
E)VEY B
7 v b

Fx A Z—ANLAY —

F XA Z—ANARY —

3-OH, 4-OH

3-OH, 4-OH,

3-and 4-CH3S, 3- and 4-CH3S02
4-OH

4-OH

Koga et al. (36)
Haraguchi et al. (2)
Koga et al. (37)

Koga et al. (37)

CB52 A 3-OH, 4-OH, 34-diOH Ohta et al. (41)
mono-ortho-pentaCB
CB105 v b 5-OH, 5-OH, 4-OH-CB107, Haraguchi et al. (3)
4-OH-CB56, 4-OH-CB108,
5-, 5™, 6-and 6-CHsS,
5-and 6-CH3SO2
CB105 INKNAY — 4-OH-CB107, 4-OH-CB108 Koga et al. (31)
CB118 T b 4-OH-CB70, 4-OH-CB107, Haraguchi et al. (3)
5-OH, 4-OH-CB120,
5-and 6-CHsS, 5-and 6-CH3SO2
CB118 EJEY b 2-OH-CB126 Ohta et al. (33)
di-ortho-pentaCB
CB101 Fv b, TUA, 3-OH, 3-OH, 4-0H, 3" 4"-diOH, Haraguchi et al. (7)
ENEY N, NAAY— 3-and 4"-CH3SO2
CB101 AR 3-and 4-OH, 3" 4"-diOH, Haraguchi et al. (2,6,9)
3-and 4"-CHsS, 3-and 4-CH5S0>
CB101 TV b, NAARY—, 3-OH, 3-OH, 4-0H, 3" 4-diOH Ohta et al. (36)
ENEY b
mono-ortho-hexaCB
CB156 vk 5-OH, 4-OH-CB159, Haraguchi et al. (3)
5-and 6-CHsS, 5-and 6-CH3SO2
CB167 AR 4-OH-CB124, 4-OH-CB162 Haraguchi et al. (10)
di-ortho-hexaCB
CB128 7 v b 5-OH, 5-and 6-CH3S Haraguchi et al. (11)
CB138 TV b, NAAY—, 3-OH, 2-OH-CB157, 6-OH-CB105,  Koga et al. (26)
EILEY b 5-OH-CB85
CBl141 v b 3-0H, 4-OH, 3-and 4-CH3S Haraguchi et al. (2)
3-and 4-CH3SO0-
CB146 EIVEY D, TV, 3-OH, 4-OH Ohta et al. (29)

tri-ortho-hexaCB
CB132

CB149

INWAH —

Fv N, YU,
ENEY N, NAAY—
7 v b

4"-and 5-OH, 4°5-diOH
4"-and 5-CH3S0,

4-and 5-OH, 4-and 5-CHsS,
4"-and 5-CH3S02

Haraguchi et al. (7)

Haraguchi et al. (6)

tri-ortho-heptaCB
CB183

CB187

ENEY N, Tv b
INBAE —
ELEY D, TV b
INKAY —

3-OH, 5-OH

4-OH-CB178, 4-OH, 5-OH-CB151

Ohta et al. (23,24)

Ohta et al. (20,21)
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5o 1997 4, AHSHIEEIEY D CBIS3 LT, F 72, 3-epoxide DA % /RIBT 5 2-
OH & (2-OH-CB167) 2 #1HTHELTBY (B), TORGHENLEY FEIFTRL, 7 b
ICBWTHRI > TWDL Z EDTRE N,

& 512, CBIOl 5\ & CB149 % 7 v MZ#5- L, S &AM OREH MY 425040 2 i ~<7z,
F9, ERRBWET/2L A, W PCB & b I#5-%% 3 HHIZ 4-CHS fk & 3-CH3S A%
L RSN, FRIZ4-CHSS RO BB T~9 LW EPHL Ik o7z, F72, 3-BLU4-
CH3SOMRIEZ N5 IZHAREMICIEP RV 005 HHIZKR D CHRES vz (4-CH3S0.0k >
3-CH3SOoMK) o S 512, %5 42 HR D 3-8 £ 1" 4-CH3SOMK DM A % TIN5 &, Hiako
2,5- i FKE L PCB & ARk, W PCB @ 3-CH3SO MR IZ KB IARBIMAR B & O~ &, —,
4-CHsSO MR E R AT 5 Z WS LR o72 (6)0

2005 4F, JE & % 513 CB101 & CB132 ofL## & L€ OH 1, diOH A3 & UF CH5SO.fk
WCHEHL, 99 b, YYA, NLAAY—BIOENLVEY P TOHG# 4 HHOMBESA 2 FH~
2o TORE, O Ty Fewy AR Y - FEFICLIMTNL T L, @CBI01 5
Fv b, RUABLIUNLARAY —FTIX3-OHEPBETH LA, ENVEY FFTIX 3-OH 28
b%nZ &, 33,4-di0OH-CBI01 B £ M4 ,5-diOH-CB132 1%, /NAAZ —IfiH ik d %<
Ml &N 525, 2, B XOMAF O CHsSO AKX EH TR AL VW EE2HLMII L
(Mo

¥ 72, PCB #.#® Kanechlor 500 # 7 v b, NARAZ—BIFELEY MZ#HEGL, SHE®
B L MBS AOBWHEAE LT ZH, OFTIE, WThoBWTH 24-BL O
2,3,4-1FERD PCB BMMAENL M END 2L, &5, @QFENVEY MFTIRI ST F—
PCB A%< A LCwab 2 &, @ Iuhf#me LT, J v bTid4-OH-CB107 %%, ELE Y b
Tl 3-OH-CB99 %%, /N4 A% — CIEMmCHII 2 CB101, CB110 B & U CB149 @ diOH 14
WENZ LS N E o7 (8)s 512, Kanechlor 500 # Gunn 7 v b & Wistar 7 v MIH&
HL, SHEAHYO 4 HEOWB L CME~O5 % K L7z, Gunn 7 v MIEYLVE D7
Voa UG RS 5 7V u yRERREE (UGTIA) 2#EIZMWICKIBLTWE Ty M T
Hbo ZOEF, Gunn 7 v PO LM DOVTITDH dOH KO A DY Wistar 7 v b OE+R5
EZnwz bk, F72, Gunn 7 v MFIZBIT S 3-B X U 4-CH3SOMED AR A5 550 1 L7 nw2
EDHHS IR o7 (90 TOMEFIE, UGTIA OKIEAS, diOH 1A% CH3SOoMA & DA it # %
KELEZTWDLIERRELTWS, LA LARDS, PCB ® OH fkiX UGTIA OB 2%
DIl e FELHY (12), BUEDE Z A, ZOHBIIAHTH S,

IO &9, PCB BMWADOH 8 — v B L BB OB A 1T IEK X R By H
L& ol S, EOBYBRENIZE MIEWAEHL 2T L2ULERDH L,

3.3 k& bhMAICERET S PCB KD PCB DRZ%R

Bergman 5%, CB153, CB138 # & U8 CB180 7% & @ PCB £MAKIZNz, & 2o PCB %%
KD 4-OH 7S, HEAMEERETAY 2 —F Y ANETICREET A2 L 2 #id L7z (13~16),
KL EEEDD DX, 4-OH-CB187 T, &\ T 4-OH-CB146 3 X OF 4-OH-CB107, =512 3-
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pisy

[ AEBETE

OH f&® 3-OH-CB153 8 L 1 3-OH-CBI38 TH o7z, €D, 7xu—ihk (17), 7%
(18), ¥y Xvz (19 BLURAONFT (20) 2 EOFEROMBETD, (ZITFEMEL GRS ] S
NTWb, Bk X912, PCBRHWOFEEDSNAVALEWEZISNTWLEZELHY), b
M B T3 % PCB @ OH A2 & d PCB BMAMKTH L 22 HLNIIT A2 LI
FHICEETHL B bNL, M3.205912, PCB® OHRIE, ZOAEKOBIZ, HAiEHR
JEiT-o NIH #2209 2 & 205, BPCB & LT 2~3f o PCB Bk E 2 o6Nhb, 22
T, TOHEZHEICT A0, UTOWFEINA 7.

3.3.1 4-OH-CBI187

4-OH-CBI87 ix, K 3.21/RF L 912, CBIST & 5\ CBI83 20 6 AR S A W et % 2
bNMd. Thbb, CBIST OHE, 4ICHEBEKBILKS TERENDL EE25N50, —,
CBI83 D& 12iE, 4,5-TRF ¥ FAEKEZEE LT, 4 MOmEE A5 MIC NIHEN T4 2
LIZEER SN EEZ BN,

ZFITEESIZ, TTCBITIZOVWTTI Y M, NAARAY—BIPELEY MNFIZaY— 4
12 &% in vitro R Z AR, 4-OH-CBI87 MK SN L D E 0% i~ 7zo BERIFEE LT, RO
fFxZzov—nk e bz, RFEM7% P450 #3540 phenobarbital (PB) & % \ 1% 3-methylcho-
lanthrene (MC) BIALER L 728 ONF I 7 0V — 4 % HW T HEMET L7-, CBI87 & £HIIE 3 7
0y —2ak k|2, NADPH 4T, 37C T 60min, HEAMICA > F 22— » L7z, CBIST
& F OB E ARABE T, S 512 A F VB, GC-ECD B L U8 GC-MS TH# L7z %
DFER, K330 &Hiz, ©3HEBEOMHY (4-OH-CB151, 4-OH-CBL178 B & ¥ 4-OH-
CBI87) HEm &h, FARHWIX4-OH-CBI7T8 THAHZ L, @ HBFEMOMESITENE Y >
T I>NAAY—DIETHHZ L, @WFNOEW TH PB FHEM: P450 (§7%4b5H, CYP2B)
WX ENE I, &5, @PBFEMOEILE Y MNF P450 TH S CYP2BIS 124§ 5
PGS L0 SHEEORBWOER AT N O AESNL I L05, EVEY MFTIE
CYP2B18 %% CB187 f# 4-fik 125 < BIS- L TV A Z E O E o/ Q). ZOWEIL, &
Ve PCB U Cd % 4-OH-CB187 O PCB A4S CB187 TH 5 Z L ZFH L 2o TH L D
Lo,

W2, BFCER N7z 4-OH-CBI87 2SI~ & 534§ 5 Z & RN 572012, CBI8T % €
VEY NOERENICERS L, #&5%30 HMIZh20, KB 3EE0%E, X ik~
HaxMR7ze ZOME, 340X, ERHFWO 4-0OH-CB178 1%, I Cidfx5%4HH
RO EREICZ2D00, ERPIEP LERANEHEESIND Z PP oL o7z (22),
—7, 4-OH-CBI87 &, MAICBVTW- L) &ML, 5% 16 HH TR EREICR -
2o TOM%, HG5HOHEEF TN Lz, 2B, &MY, &EPpiidmt s
NZedrole SOXHIZ, 4-OH-CBIS7 & 4-OH-CB178 I3 MICIEFIC L BTV B IZ L H»
b b, AERNEEIKE GEo T D 2 & ITBKIEV:,

2004 4£, Malmberg 513 4-OH-CB187 B X U 4-OH-CB107 % T v MIi#E%, ZN s ol
P AR L 728 2h, TNENI15.4HE43HTHHI E#HE L7z (23), 4-OH-CB107
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Bl

1. 4-OH-CB187

2. 4-OH-CB146

4-OH-CB146

3. 4-OH-CB107

4. 4-OH-CB120

c1c1 & .9 al

Ay
2CI Cl @ s

o Q Q 4'-0H-CB120

T

5
a cBrzo “

)

-
(=

D Direct hydroxylation
via epoxide and NIH-shift

®

3.2 & MiH PCB KMRALADO PRS2 BULE
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A)Rat B) Guinea pig C)Hamster
200 200 200
= 0O Con e 0 Con = 0O Con
] EPB 2 EPB 2 EPB
= BEMC a * BMC = BMC
e 150 %“ 150 en 150
£ = §
S = E]
= S ° * » <0.05 vs Con
: * : :
& 100 = 100 f‘/ 100
3 E E
g 2 5
“— 15y —
2 s = s 2 s
S 2 3 *
£ x : £
3 = =
, LD D D, N ND D EIND . o IX2NDND ND \D ,NDND ND
4-OH- 4-OH-  4-OH- 4-OH- 4-OH- 4-OH- 4-OH- 4-OH- 4-OH-
CBI51 CB178  CBI187 CBI151 CB178  (BI187 CBI151 CB178 CBI87

3.3 BT 70V — A2 X % CBI87 AR KT d P450 7584 D 5g 8

Each column represents the mean + S.D. (vertical bars) of three animals.
* Significantly different from untreated animals ( p < 0.05).

A)Serum
1.0 p —&— CBI187

—O— 4-0H-CBI51
—A— 4-OH-CBI78
—O— 40H-CBI87

Concentration (nmol/ml)

0 5 10 15 20 25 30
Days after administration

B)Feces
25 ¢
—&— CB187
—— 4-0H-CB151
20 p —/— 4-OH-CBI178

—O— 4-OH-CB187

Concentration (nmol/g dry weight)

0 5 10 15 20 25 30

Days after administration
3.4 CBI7T#HH-ENLEY bl (A) BLUFEHR (B) 128172 CBIST ALH# O#E HZAL

Each point represents the mean £ S.D. of four guinea pigs.
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ond S Y \ 4-CH;0-CB187

5-CH;0-CB183

b b0 %o

Retention time (min)

3.5 4-CH30-CB187 35 & U8 5-CH30-CB183 @ SP2330 1 7 A1 & % 47 #E

iZ e M Tld 4-OH-CB187 8 & U8 4-OH-CBI46 IRV T 3FHIZEZ W LML N T 5
(13~20) TNODFEREELZADEDL L, 4-0H-3,5-HFEBROMEZH L TWT D, HE
e FoBEPALEOENT, I transthyretin (FARBR IV E V@i 4 /82 B) & OB
WRELCELLZEDTRESNS,

BT, FEHSIIHPCB & LA d 5 CBIS3 122 &, LRk, i 7oy —
ML BRHME R TORE, 2HEO OHME (M-1 BLOM-2) PAERSNN, Zh
S5OEEEIZCBIST UHOMEERLY, S F>EVEY h=NLARY—ThHo72. T2,
CB187 & [F#klZ, PB#FEMED P450 (CYP2B) (& WS N2 2 EHL MR o7 (24),
X512, GC-MS IZBIF AR B L Y A AT PLOFERELS, M-1 BX O M-21Z%F1
Z 1 3-OH-CBI83 $ & ¥ 4-OH-CBI87 L HEE S ze T H DKRN S, 4-OH-CBIST 25,
CBIS3 L b HEMENI AL DFmERLI-OTH LY, FOH%, INVPHEWVWTHLI LN
HIB L 72,

$74bL, CBI83 %7 v MIEHEAES L, 5% 4HEOEP B X TMH~D M-1 & M-2
DR 72 E A, 4-OH-CBI87 L e LT\ 7z M-2 28 721 T £, #FEp 6 b K
BRI TR SN D ICE -7 (25) ZOHFEIL, CBI8T ® in vivo O R L FIFEL T 5
ZEMS, BIoTEAHY & LT 5-CH30-CB183 # 4% L, 4-CH30-CB187 L Ibi#gL7-& 2
5, WHIEDB-1 7724 (EE30m) 12815 GC REREM A2 &Ic—3 L7z £2C, MH
T 27200 GC a2 BET L7z 24, REMIZSP2330 7 74 (B 30m) 124D, 5
SHET B T IS L (M3.5), KIZ, 0 GC A& HT T, CBI8 HIkd M-2 %#l
NfzE A, M-2 (A F VLK) 13 5-CH30-CB183 & fREFF I AT &2 —3d 5 2 & 25HH & 2
Eolz (25)0 MLEDO#RNS, b MIHIZERE THRE T % 4-0H-CB187 13, CBI&7 2»H D
HREWR SN, CBISS 2 HIFECEREINLWVI ENRENE o7z, X3.6121%, CBI&7 &
CB183 o Ra#ks % F L 72 M PCB #1113 PCB # i, ® Clophen % Aroclor 1213, FEEE,
WE L AEEN TRV (26), LLICFEFIID- W REsh, Ko )b 4-0H-
CB187 O AN MAIZEMIC bz RE s DL E 2 BN,
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CYP2B / \TYPZB / CYPZB\

[3'4-oxide] [3,4-oxide] [3",4"-oxide] [4,5-oxide]

4'-OH-CB151 4’-OH-CB178 4-OH-CB187 3'-OH-CB183 5-OH-CB183
(M-1) (M-2) (M-3) (M-1) M-2)

3.6 BB 5 CB187 & CBL83 O

3.3.2 4-OH-CB146

4-OH-CB146 O34, #PCB & LTIk CB146 7213 Cld 7% , CB138 BL ' CBIG3 8% 2 5
N5 (3.2, LAL%&DS, INETOEELOWIETIE, CB138 5 LU CBI53 205 4-0OH-
CB146 AR S N7ZHFEII O o T (5, 27, 28), 2 ZTl, CBl46 O I 7 1
V=22 & D in vitro R EFARTz FOKE, EIZIZFEFICA LWL oo, 3TEEO OH 4
DERDPHER SN, 2D H 2213 3-0OH-CB146 & 4-OH-CB146 TH 5 Z E VLM & 7 >
72o F 72, WACHY ORI RO CB187 % CB183 & [AAI2, PBRILHELIZ L WSS 2
L, ¥5124-OH-CBM6 DEREFIETLE, T F>FELVEY FTHY), NARAY—Tl
EEREN LW EBHLR L 572 (29,

DEo#ER LY, v MIFIZBWT 2 HBICHEIRE TR SN 4-OH-CB146 1X, 7 v b T
WEHFIC PB #EME P450 (CYP2B) 12XV, F& LT CBl46 7 5 EHKEBLTHEB SN DL Z &8
RS N7z

3.3.3 4-OH-CB107

4-OH-CBI107 iZ& MiFFIZBWT, 3FHIZE BB S S PCB KLk TH 5, HLPCB &
L CiZ CB118, CBI07 BL U CBIOG AAE 2 b5, bbb, CBLOT 56 1d 4 f~DEFEKER
LR 2 & W, —7, CB1I8 & 5\ ix CB105 225 1%, #NZFN 3,4-H 4\ 1d 4,5-epoxide B &
O"NIH =i a B L CAER S NS L E 2 b s (M3.2),

FIO5 X, oL HI2CBlS %5 T v ol & #r |2 4-0H-CB107 B £ 8 4-0OH-
CB120 M L7225, BiEOHPH 10 5BE ElEsns e 2WiE L7z 3. —J, CB105 2
5 O BEMEIZ DWW T Klasson-Wehler 5 1%, CB105 %5~ A0 5, HikED 4-OH-CB107 @
HEABDOTNRD (30), 5L CBIGHGNARAY —0, ¥%5%5 HEOMA A5, 4-0OH-
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CB107 2t L7z (3D JEI 5 b CB105 & G- B0 #EHR 7217 T4 {, i X OIFHIZ 4-OH-
CB107 Z#il LT3 (3)o TNHDFENL, KAMYOWE, EBEWIZL - TCBLI8 &
CB105 O F2 A SN A Z E MRS NIZe —F, CBIO7T 26O REE DR EN TV 528
Kanechlor 400 %* Kanechlor 500 H# O & &% <% &, CBI071E CBLIS D 10557 D 1 LLFTH 5
Zln (8 32), CBU8 LY idHEGI Rt Ebis,

EZAT, FEHEOIFTELVEY MFI 20— 22T CBUSRHAMN, v MEeRRD
R x 1 EERL N2 Lz, PEAHMZ AL, GC-MS TRELZEZA, ZoR#WIE
2,3-epoxide Z#EH L, 2 MOHFER T2 NIH 87 L T T& /& bz 2-0H-CB126 TH %
CEDHBH L (33), F 7z, K EEE S 1E Kanechlor 500 #5-E )V € v ML IZB W T,
Z v PRNLAY —EIERR Y, 4-OH-CBI07 I T & ad o723, EVEY MEAR LD
115 OH-CH3S A% OH-CH3SO k2 il L7z 8 2D XHIZ, ENVE Y bid CBII8 %X
CBIS3 D &9 72 2,4, 5-ZIRFREWR PCB I L, 2=— 27 2R EZALTEZ 05D 5,

3.3.4 4-OH-CBI20

2007 4£, Linderholm & (ZyMAE FSE % 37 4F % #% 7 iE R & o Ik PCB AW 2 30X, Z ok
H. FFio 4-OH-CB187, 4-OH-CBI146 # & U 4-OH-CB107 & 08, 4-OH-CBI120 2 it H %
WAL P ICHEBECHRHEND 2L 2HE L (34, AMHPWOB PCB & L TIEX3.212
RL72X 912 CBlI8 & CBI20 S 2 5 A %%, HIIHE, 3T, CBLI8H#SE T v MilHhA 5
MEAHW E LT, AREHEHRB LTS 3o —7, 1977 4E, HR & BIH S I13MIEEE O
Ifiiff PCB /8% — > O & LT, 1o CB105 & CB118 28 H I H_F L L w2 & 23
HLTWD (35), F72, =01, WHER KM 04 PCB #M4ko ) £ CBLI8 2| b % <,
7.1~8.8 %% 5O TWw2575, CBI20 d&{ SN Aoz MELTwD (32), TNH DM
ES, HHEEZ T CBII8 205 £ )£ < » 4 -0OH-CB120 2 AR S, & S I2iiirfi25s < ##
BHahbor#Ezohid,

3.3.5 3,4'-diOH-CB101

CB101 H.Ai#% 5.8 5 \21d Kanechlor 500 #5145 28 — 125, v FRELVEY F LD D
%< » 3,4 -diOH-CB101 " & T w5 (8, 9. RBHWOA, B PCB & L Tid CB101
PMEZ NI ens, T2TRIY N, NAAY—BIVELVEY NFI 70V —20%H]
WC CB101 205 37,4'-diOH-CB101 F COMH#EEE EZ T /e ZOME, WIhoBPIZBW»
T PBRILEIC X V) 3-OH KB X 83,4 -diOH KD A%k e & nrze F 72, MC AL
HIZE D 4-OH RO A RAMRAE S L 72A, 4-OHMEDERKIZNL A Y — THRIZHHZE TH - 72,
EHI, 3-BXU4-OH 25 3,4-diOH A~ Bkt b, PBRILE T L {RHAE S L7z
(36)

DEo#EREH»S, M3.71283&912, 3,4-diOH-CB101 1&, 3-OHk®H %5\ i3 4-OH kD
)7 % F2H L C, PB itk P450 O CYP2B BERIC K > CRICAER SN 2 LAVRE S 7,
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CYP2B ; CYP2B
g q / d a g q OH
2 3’-OH-CB101 2
50 N Sat
cl 3 Cl \ 3

Cl Cl
CB101 \Q-epox-de] % 3, 4-diOH-CB101
OH

CYP1A or CYP2A

\Cl

4’-OH-CB101

3.7 BT 7oy — 242X % CB101 o

3.4 PCBAMHICEETSF bs0OL P450

PCB BV DKBBALIGIZ1E, P450 3 FfEE LT, 32D CYPH 7773 —, $hbb,
CYPIA (5 » b+ CYPIAL, /v 4 A % — CYP1A2), CYP2B (5 » b+ CYP2Bl, /N4 A ¥ —
CYP2B, {1 X CYP2B1l, €)VE v k CYP2B18, & b CYP2B6) # & OF CYP2A (N4 R % —
CYP2A8) 7S5 LCw53 (Do SO 10T, HHzlw D00 P450 45 TR S S -0
T, M2k %,

199 FEEHHIE, T ¥ A =Z—ANLAY —POEREY L R 2 RMBEREET L L
RWZE L. $4bE, 320y —241255 CB52BLUCB70 o225, F
RHWT TN 4-OHETH Y, FAZOAEBIEPBRILHEICE VIEESNLZ L, E5122
@ P450 5T HE 1L coumarin 7-KBALIEE A BT 5 2 LSO E o7 (38), 212, T P450
S FHEASCYP2A14 TH 5 Z EASHIBA L7z (39),

2006 4, McGraw & Waller (& b CYP2A6 75 CB101 @ 4" - /KEEAL % fil it 4 5 = & 2 i L
72 (40)o TTIZ, HEHHIINL ALY — CYP2A8 AT CB52 O 4-/KER b % 5k  filift§ 2 = & % o
ZLTWzAs (4), ZoOWEIZLY, CYP2AY 777 3 —H8ifEi% ik 2 ¢ PCB 1t &
ST A EHIRENT

TUEGE, EESEIYYFFI s a0y — 412X 5 CB52 ofE 2~ ERHWE LT 3-0H
R 4-OHMEDNEIT 1 1 DIRTERINLZ &, F7/2, PAAOTUEZ VKRNI X Y, Wf
YDA DS PB FHEMED P450, 7 b B CYP2BA IZ X » T s s 2 & 2L L7
(42),

3.5 PCB {UHHOFEFHE

¥4k F T YEOBEFHMICIE, WHO 22§ 2 EMEMARES Ao TWwE 43), 2
iR b FEASHR W 2,3, 7, 8-tetrachlorodibenzo- p-dioxin (TCDD) O&FM% 1 & LT, o5
A XL VHOBEROMEAMRE L 72DDT, TIZAh-L Ty —2 N L7-HEREEL TV A,
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3.1 IR L7285 1 PCB B A0 CTlid, CB118 ®&AY0.00003 & &Fli S LT 51238 &
e L22L7Z&eA%5, CBL18 L4 o>, CBI101, CB138, CBI153, CBl154, CB167 3 X UF CB180
bofvy PB RISE AR, 37405 CYP2B BEOFERL AT LI LAHLMIIEIN TS
(44, 45), —J7, RRMEFHEW TH 51390 PCB RO H 12, widko OH 1A, diOH A %
Wi CH3SOMED £ 912, mL NV TRIIIZO7Z2 ) ARIERE L, SSIC8LAW X 0 iR B
EHAETHLORRO->TVD, £3.2120%, REHTECHREINZb0r T L, =
Naxkhse, KELS5D2OEIERIZH T LN,

FFE 11, PCBRHMOBRFEREMNTH 5o 1985 4, JHIT L EEE 513 CB52 @ 4-CHzS
K3 X UV 4-CHsSO #4437 v MNF® PB BIEEEMAHMBROFEEH 2RI L 2w THis L7z
(46) 5 1995 4E, JniE 51x CB70, CB87, CB101 3 & U CB141 @ 3-CH3SOEA RHLAH & 0 i
v PB BloOSEW RS (CYP2BL) ORFEREA AT A LMo II L7z 7). S 512, N
513 7 o PCB %44k (CB49, CB70, CB87, CB101, CB132, CB141, CBI149) @ 3-CH3SO.
B X 1 CBI0L @ 4-CH3SO6057 v MFIZBWT T V7 b v RSSO UGT1A6
%, F72, CB149 ® 4-CHsSO4A  UGT2Bl # #FE T 52 Z L #BHLMIC L7z (48) INH DEE
FiE, EEMRP, PCBHO L) REEHRWEZT IR, A7u4F, ©¥ 32, FEiiik
BLOKRNVEL LR EONTEUEMEORBCOEE L TWALZ s, 2D L) % PCBR#MD
R AR EEE LGSR E 2 5 s,

212, MEMEEHTH S Schuur & 13 FUIRERE AV E »HilR{K 3,3 -dilodothyronine D it
FRIAEFUGIZ BT, 4-OH-CB108 i BRHsFE IR 120 L it A IHE 2R3 2 L 2 ] 5 2
IZL7 (49), 72, Kester 51% CB78, CB108, CB127 3 £ U8 CB130 ® 4'-OH 1k, CB107 M4-
OH fk3 £ U7 4,4 -diOH-CB80 75t M T & + 147 ¥ OEEAEE SO % filli 3 2 iR in eI 5 % 5l
CHETAZEZHIELL 6B0)o €512, Garner 51X PCB @ diOH (I 73— ) KD h
Fa—) 0- A F VHEEBEEE (COMT) ks h7Fa— V2 sar sy (2-% 53 4-0OH-
IAMOT V) DAFIVEEET LI 2RI B #TI— VT X My VIFHANA
EOBGETHEHENTWAZ 0D, PCB /17 32— WKDAT SO AERFEEEDTRIZ S LA,

5 31d, REEMIIICN T 21EHTH %, 1979 4 Stadnicki & Allen D LA b v, 15
(&, L-929 Mg o M5Bk L, CB52 AW Ta % 3,4-epoxy KB & U8 4-OH KA FALEW
CB52 X ik < BT %5 Z & (3,4-epoxy > 4-OH) % #is L7z (52). 1998 &, N5 1L PCB
D CH3SOE AT v MIF LA IAR20 I B AMAM 2 I 22— a v 2 HETHZ &
BB L7z 53) TOLH LMEMII 2= —3 a YOHEIEIFATTE-Y — (B,
2,3,7,8-TCDD, 275+ —PCB# 4 L) ICBWCTHBLAZEHD12EEZ 5N TWw5,
2004 4£, Machala & ¥ [{ £ (2, 4-OH-CB187, 4-OH-CB146, 4-OH-CB107 & U8 CB5 &
CB12 ® 3,4 -diOH £7%, T v MF LML WB-F344 OF ¥ v 7V v v 7 ¥ a v 2B A4l
Ma3aohr—2arzHETLILEE2ME L2 54, B4, Vondracek 513 v b F Rz
i WB-F344 12xf L, 2754 — PCB ® CB126 & [dl#fi2, 4 -OH-CB79 25z FE 4 5
Zerait L7z (55)
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e A BT 52 EDURENT (57, 58),
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MaZ UBERERLIZEWV D . FDTE,

L7z (56), ZD#HEIE, PCB @ OH KA A%

TIREER B35 2 &
&, »AHMED PCB O OHFIZ2 &, b ML Al
MCF-7 Z V272 i vitro R X A MED s, =AM aXr U BIEHH A2 idHio A by v
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Z D> PCB @ OH fRidiki2
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Feww 22 ur v ZHERDNAZ Sy A 7227 PL2bD) VT, CBOBXU
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513 CB49 B L O CB101 @ 3-8 L U8 4-CH3SO K122 &, b PRLRASAMINE S & 080 1 i
EAWINATT v A RERVCHIA by UBER #7825, Tl PCB ® 4-CHs
SOMKDADERNILT A b a7 UAMERA 2T A5Z L 2R L7z (6000 2D X9 IZ PCB RO
R EHBIIIER IS TH AL 2 e 0o, AHZRLDFMIE L < bho T,

5512, HIKBRRVE Y OEEANEHTH Do 1986 4, Brouwer & van den Berg O 23224%
Lol HHiE, CB77 O ERMHW D 4-OH A%, M OHIRIE R IVE Y Eik s Y X7 B Th
% transthyretin & HWEMEZET L2 E2HL 2L, FEMIZ, FRERVE Y OENET
OEFEMEZEE T HUEEZRE L2 61, &2 AT, HREAILVE I2IE, triodothyronin
(T3) & thyroxine (Ty) 25H 1, ZASITHIREED S 5w S 72k, MKE N L TE2yOMIE
WEIEN, 22T, MORBEEZ Uk S5, AEETEIE Ts013 ) 25 T4 BHEIHRGAS, i
HTRZDIFEAENR T, THLE VDT WS, 1998 4E, NS, & 5D PCB D 3-
CH3SOME437 v bR~ A D TsB LU Ty B SE5 Z E2#E L7z (62, 63), 51,
61, Tk % PCB RE#WAE Z 3 HURBE RV E > OTIEH O X 7 = X 4 % B $
bl-o—HOMEE A Y — b &8z (64~67)0 T, MEHEMEO®T Z i L7 T4z v T
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FEEZ T v MFICETET 2 7V 7 0 v REBEEFRE UGTIA 2S3FE SN 2 L 2L IC L7,
& 512, Kanechlor 500 #%45-5 v b Tb I T, DA EFEEL, ZhH UGTIA BEEOFEIC
Ty D7 V7 a UV ERATUSHEE SN72D TE R L, TaDOIF~OFGA A L 72 4E 7T
oI LaR L7z, &L, 4-OH-CBI&7 #5-~v7 A THEMKIZ, Ty DF~DOHEIAR LML
ToRESR, M Ty DAL L 2R L7z (67),

DD PCB & ZDORHWIC L AHIREEARVE Y DILTFA, EBE, Yok nidts LT
BT L0 L) TITIERICEETH 5. 2004 4, Meerts 513 4-OH-CB107 % #14% 10 H H 2
16 HBE TR v MBHZEOKS L CREESE, £R4HEBOF T v b ofid FIRE -V
EVLNVERANL E LD, EHRB300 0 TOFBRERE L, ToME, i HIRER RV
EFEVLANVORTE LB, [THO—HICKERELREITILE OO R o7 (68), T2,
wIL, BHSIE, <7 AMREEERTRICBW T, TV TR EROEED D B, IR
B ARV AR O 58E DS, 4-OH-CB106, 4 -OH-CB159 8 £ 0°4-OH-CBI21 12 & » CTHE
WCHHES NS Z LA @A L7z (69, 70),

—75, PCBAR#YW O OH EAHIRI A VE VER 26T 5 2 LA S vz, 2005 4%, b
Hoixs Y b FERAHSO GH3 MR L, 4-OH-CB146, 4-OH-CB78 3 X 0" 4,4"-diOH-
CB8O AHHEEH 2R $ 2 &, & HICHURIE AV U ARAEME & b 5 iRV E > AR 211
WEEDLZEERWAELE (7). B4, You 513, 4-0OH-CB106 #° GH3 Mgl BT, & b
FUIRBR ARV E V288 (TRBD) 1AL, S5I12 Tek MRIZ, KEFRIVE Y mRNA 2 H &I
WMsE2 2L 2WmE LA (12 INHOHEFEL, NSO OH EAHIRER ARV E V2 H/ KD
TIZAMELTIEALY A2 L2REL TV,
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2,45-ZHFBEBRINTCNDL L, BB FLNL, —F, BEREEPCBR#DE LT, F
3, BIPCB A4 BB METH L 2L, KIZ, B PCB 2o ORHMAFEFITENT &, 2512,
OH #:%° CH3SO023: 2% meta 7.3 5\ M3 para BB ENT WS Z ERBITON L S, T, 4-
OH %> 4-CH3SO2fk1, T A bu 7 v BLUOHIRRANVE CFIEMZ2 AT 20X I HES
RS OND ) BRI N DD, AN RERABBEIL Cbhro Ty, RETIEL )R
{, BARRSR AN DR KM AADHEIE T A ENRONL L) ICh>TETEY), 4%
WRoe s ifF S b, 72, 3-CH3SOofk%° 3-OH-CB138 i & 1) &, FFlf I i i o4
LHRZOEEIT L bh o T, PCB & 2O OFHm RN Z L CHERT 272012
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HEARBITIZONTD, EHRLMENPLETHS ),

X

1) WEER, HA G (20000 PCB & B LW E o R IRH o FvE. NE—K, ARIER
X, TR fR TENIZE — 30 dE DR A — ] U R RS, 93-110.

2) Haraguchi K, Kato Y, Kimura R, Masuda Y (1997) Comparative study on formation of hydroxy and
sulfur-containing metabolites from different chlorinated biphenyls with 2, 5-substitution in rats.
Drug Metab Dispos 25, 845-852.

3) Haraguchi K, Kato Y, Kimura R, Masuda Y (1998) Hydroxylation and methylthiolation of mono-
ortho-substituted polychlorinated biphenyls in rats : identification of metabolites with tissue affinity.
Chem Res Toxicol 11, 1508-1515.

4) Brouwer A, Morse, DC, Lans MC, Schuur AG, Murk AJ, Klasson- Wehler E, Bergman A, Visser TJ
(1998) Interactions of persistent environmental organohalogens with the thyroid hormone system :
mechanisms and possible consequences for animal and human health. Toxicol. Ind. Health 14, 59-84.

5) Ariyoshi N, Koga N, Yoshimura H, Oguri K (1997) Metabolism of 2, 4, 5, 2", 4", 5 -hexachlorobiphenyl
(PCB153) in guinea pig. Xenobiotica 27, 973-983.

6) Haraguchi K, Kato Y, Kimura R, Masuda Y (1999) Tissue distribution of methylsulfonyl metabolites
derived from 2, 2, 4, 5, 5" -penta- and 2, 2", 3, 4", 5", 6-hexachlorobiphenyls in rats. Arch. Environ.
Contam Toxicol 37, 135-142.

7) Haraguchi K, Kato Y, Koga N, Degawa, M (2005) Species differences in the tissue distribution of
catechol and methylsulphonyl metabolites of 2, 4, 5, 2", 5 -penta-and 2, 3, 4, 2", 3", 6 -hexachlo-
robiphenyls in rats, mice, hamsters and guinea pigs. Xenobiotica 35, 85-96.

8) Haraguchi K, Koga N, Kato Y (2005) Comparative metabolism of polychlorinated biphenyls and
tissue distribution of persistent metabolites in rats, hamsters, and guinea pigs. Drug Metab Dispos
33, 373-380.

9) Haraguchi K, Kato Y, Koga N, Degawa M (2004) Metabolism of polychlorinated biphenyls by Gunn
rats : identification and serum retention of catechol metabolites. Chem Res Toxicol 17, 1684-1691.

10) Haraguchi K, Kato Y, Kimura R, Masuda Y (1998) Comparative metabolism of polychlorinated
biphenyls with 2, 4, 5-trichloro substitution in rats: regisoselective formation of hydroxyl
metabolites with high blood affinity. Organohalogen Compounds 37, 401-404.



11)
12)
13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

gk

%3 E R PCB HOMH B L ORE ORI 215

s —, IR ETF, WMEEA, NESEA, K ERF (1999) 3,3,4,4,5-Penta-8 & U
2,2°,3,3,4,4 -hexachlorobiphenyl O ZE. fRIJEEEE 90, 210-2109.

Tampal N, Lehmler HJ, Espandiari P, Malmberg T, Robertson LW (2002) Glucuronidation of
hydroxylated polychlorinated biphenyls (PCBs). Chem. Res. Toxicol. 15, 1259-1266.

Bergman A, Klasson-Wehler E, Kuroki H (1994) Selective retention of hydroxylated PCB
metabolites in blood. Environ Health Perspect 102, 464-469.

Sjodin A, Hagmar L, Klasson- Wehler E, Bjork J, Bergman A (2000) Influence of the consumption of
fatty Baltic Sea fish on plasma levels of halogenated environmental contaminants in Latvian and
Swedish men. Environ Health Perspect 108, 1035-1041.

Hovander L, Malmberg T, Athanasiadou M, Athanassiadis I, Rahm S, Bergman A, Klasson- Wehler E
(2002) Identification of hydroxylated PCB metabolites and other phenolic halogenated pollutants in
human blood plasma. Arch Environ Contam Toxicol 42, 105-117.

Guvenius DM, Aronsson A, Ekman-Ordeberg G, Bergman A, Norén K (2003) Human prenatal and
postnatal exposure to polybrominated diphenyl ethers, polychlorinated biphenyls, polychlo-
robiphenylols, and pentachlorophenol. Environ Health Perspect 111, 1235-1241.

Fangstrom B, Athanasiadou M, Grandjean P, Weihe P, Bergman A (2002) Hydroxylated PCB
metabolites and PCBs in serum from pregnant Faroese women. Environ Health Perspect 110,
895-899.

Soechitram SD, Athanasiadou M, Hovander L, Bergman A, Sauer PJ (2004) Fetal exposure to PCBs
and their hydroxylated metabolites in a Dutch cohort. Environ Health Perspect 112, 1208-1212.
Sandau CD, Ayotte P, Dewailly E, Duffe J, Norstrom R] (2000) Analysis of hydroxylated metabolites
of PCBs (OH-PCBs) and other chlorinated phenolic compounds in whole blood from Canadian Inuit.
Environ Health Perspect 108, 611-616.

Park JS, Linderholm L, Charles M]J, Athanasiadou M, Petrik J, Kocan A, Drobna B, Trnovec T,
Bergman A, Hertz-Picciotto I (2007) Polychlorinated biphenyls and their hydroxylated metabolites
(OH-PCBS) in pregnant women from eastern Slovakia. Environ Health Perspect 115, 20-27.

Ohta C, Haraguchi K, Kato Y, Koga N (2005) In vitro metabolism of 2, 2, 3, 4, 5, 5", 6-heptachlo-
robiphenyl (CB187) by liver microsome from rats, hamsters and guinea pigs. Xenobiotica 35,
319-330.

Ohta C, Haraguchi K, Kato Y, Koga N (2005) Iz vivo metabolism of 2, 2, 3, 4, 5, 5, 6-heptachlo-
robiphenyl (CB187) in guinea pigs. Organohalogen Compounds 67, 2343-2345.

Malmberg T, Hoogstraate J, Bergman A, Klasson- Wehler E (2004) Pharmacokinetics of two major
hydroxylated polychlorinated biphenyl metabolites with specific retention in rat blood. Xenobiotica
36, 581-589.

Ohta C, Haraguchi K, Kato Y, Ozaki M, Koga N (2006) In vitro metabolism of 2, 2, 3, 4, 4", 5, 6-
heptachlorobiphenyl (CB183) with liver microsomes from rats, guinea pigs and hamsters.
Organohalogen Compounds 68, 1733-1736.

Ohta C, Haraguchi K, Kato Y, Matsuoka M, Endo T, Koga N (2007) The distribution of metabolites of
2,2,3,4,4, 5, 6-heptachlorobiphenyl (CB183) in rats and guinea pigs. Organohalogen Compounds
69, 1761-1764.

Ballschmitter K, Rappe C, Buser HR (1989) Chemical properties, analytical methods and
environmental levels of PCBs, PCTs, PCNs and PBBs. In Halogenated biphenyls, terphenyls,
naphthalenes, debenzodioxins and related products. Kimbrough R and Jensen AA, eds. Elsevier,
47-69.

HEER SLmA KRAEEWETF MEHEA KA R O — #MEEA (2001
2,4,5,2,3 4 -FAIWFILE T 2 =V D in vitro HHIC BT 2 BpflizE. fREERS 92, 167-176.
Ariyoshi N, Oguri K, Koga N, Yoshimura H, Funae Y (1995) Metabolism of highly persistent PCB
congener, 2, 4, 5, 2, 4’, 5"-hexachlorobiphenyl by human CYP2B6. Biochem Biophys Res Commun



216

29)

30)
31)
32)
33)
34)
35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

55 3E FEEERFZE

212, 455-460.

Ohta C, Haraguchi K, Kato Y, Endo T, Matsuoka M, Koga N (2008) Metabolism of 2, 2, 3", 4, 5, 5 -
hexachlorobiphenyl (CB146) by liver microsomes of rats, guinea pigs, hamsters and humans.
Organohalogen Compounds 70, 1185-1188.

Klasson-Wehler E, Lindberg L, Jonsson C-J, Bergman A (1993) Tissue retention and metabolism of
2, 3,4, 3, 4 -pentachlorobiphenyl in mink and mouse. Chemosphere 27, 2397-2412.

HREAEE, AN, BARLY, ROE— EEA, KRR (2003) 2,3,3,4,4 - TEFRLY
7 =)V (CB105) DNAAY =28 HH. MK 94, 174-182.

SRS, EAOKEE, RIS —, HEEZEA (1999) diE B R O o 42 PCB kR0 45
. R EEEE 90, 202-209.

RHETRE, FEIE—, gEHA, HEES (2005) 2,3,4,4°,5- IEFILEY 7 = =) (CBL1) @
EVEy MFI 70V — A2 X 08, MmIRERE 96, 232-240.

Linderholm L, Masuda Y, Athanasiadou M, Bergman A (2007) PCB and PCB metabolites in serum
from Yusho patients 37 years after the accident. Organohalogen Compounds 69, 2141-2144.
Kuroki H, Masuda Y (1977) Structures and concentrations of the main components of
polychlorinated biphenyls retained in patients with Yusho. Chemosphere 6, 469-474.

KNHTHE, RS EE—, s, =EAW, HEESE (2007) 2,27,4,5,5 - EFRLY
Jx=V (CBI01) ®F v b, NAAZ—BLUENVEY MFI 270V =212k R HEEEE
98, 236-244.

Koga N, Kikuichi N, Kanamaru T, Kuroki H, Matsusue K, Ishida C, Ariyoshi N, Oguri K, Yoshimura H
(1998) Metabolism of 2, 3", 4", 5-tetrachlorobiphenyl by cytochrome P450 from rats, guinea pigs and
hamsters. Chemosphere 37, 1895-1904.

Koga N, Kanamaru T, Oishi N, Kuroki H, Haraguchi K, Masuda Y, Yoshimura H (1999) Metabolism
of tetrachlorobiphenyls by Chinese hamster liver microsomes. Organohalogen Compounds 42,
181-184.

Fukuhara M, Kurose K, Aiba N, Matsunaga N, Omata W, Kato K, Kimura M (1998) A major
phenobarbital-inducible P450 isozyme, CYP2A14, in the Chinese hamster liver: purification,
characterization, and cDNA cloning. Arch Biochem Biophys 359, 241-248.

McGraw Sr, JE, Waller DP (2006) Specific human CYP450 isoform metabolism of a pentachlor-
obiphenyl (PCB-IUPAC#101). Biochem. Biophys. Res. Commun. 344, 129-133. CB101.

Koga N, Kikuichi N, Kanamaru T, Ariyoshi N, Oguri K, Yoshimura H (1996) Hamster liver
cytochrome P450 (CYP2AS) as a 4-hydroxylase for 2,5, 2, 5 - tetrachlorobiphenyl. Biochem Biophys
Res Commun 225, 685-688.

RHEFRE FEOE—, MESEA, EETWR, HEESE (2009 2,255 -MEHFELLE 7 = =1
(CB52) @ FJ-3 7y —ui2k aRH. FERAEZ 100, 200-209.

Van den Berg M, Birnbaum LS, Denison M, De Vito M, Farland W, Feeley M, Fiedler H, Hakansson
H, Hanberg A, Haws L, Rose M, Safe S, Schrenk D, Tohyama C, Tritscher A, Tuomisto J, Tysklind M,
Walker N, Peterson RE (2006) The 2005 World Health Organization reevaluation of human and
Mammalian toxic equivalency factors for dioxins and dioxin-like compounds. Toxicol Sci 93, 223-241.
Yoshihara S, Kawano K, Yoshimura H, Kuroki H, Masuda Y (1979) Toxicological assessment of
highly chlorinated biphenyl congeners retained in the Yusho patients. Chemosphere 8, 531-538.
Parkinson A, Safe SH, Robertson LW, Thomas PE, Ryan DE, Reik LM, Levin W (1983)
Immunochemical quantitation of cytochrome P-450 isozymes and epoxide hydrolase in liver
microsomes from polychlorinated or polybrominated biphenyl-treated rats. - A study of structure-
activity relationships. J Biol Chem 258, 5967-5976.

Haraguchi K, Kuroki H, Masuda Y, Koga N, Kuroki J, Hokama Y, Yoshimura H (1985) Toxicological
evaluation of sulfur-containing metabolites of 2, 5, 2", 5" - tetrachlorobiphenyl in rats. Chemosphere 14,
1755-1762.



47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

gk

%3 E R PCB HOMH B L ORE ORI 217

Kato Y, Haraguchi K, Kawashima M, Yamada S, Isogai M, Masuda Y, Kimura R (1995)
Characterization of hepatic microsomal cytochrome P-450 from rats treated with methylsulphonyl
metabolites of polychlorinated biphenyl congeners. Chem.-Biol Interact 95, 269-278.

Kato Y, Haraguchi K, Shibahara T, Shinmura Y, Masuda Y, Kimura R (2000) The induction of
hepatic microsomal UDP-glucuronosyltransferase by the methylsulfonyl metabolites of polychlori-
nated biphenyl congeners in rats. Chem.-Biol Interact 125, 107-115.

Schuur AG, van Leeuwen-Bol I, Jong WM, Bergman A, Coughtrie MW, Brouwer A, Visser T]J
(1998) In vitro inhibition of thyroid hormone sulfation by polychlorobiphenylols : isozyme specificity
and inhibition kinetics. Toxicol Sci 45, 188-194.

Kester MH, Bulduk S, Tibboel D, Meinl W, Glatt H, Falany CN, Coughtrie MW, Bergman A, Safe SH,
Kuiper GG, Schuur AG, Brouwer A, Visser TJ (2000) Potent inhibition of estrogen sulfotransferase
by hydroxylated PCB metabolites : a novel pathway explaining the estrogenic activity of PCBs.
Endocrinology 141, 1897-1900.

Garner CE, Burka LT, Etheridge AE, Matthews HB (2000) Catechol metabolites of polychlorinated
biphenyls inhibit the catechol-O-methyltransferase-mediated metabolism of catechol estrogens.
Toxicol Appl Pharmacol 162, 115-123.

Stadnicki SS, Allen JR (1979) Toxicity of 2, 2", 5, 5 - tetrachlorobiphenyl and its metabolites, 2, 27, 5, 5 -
tetrachlorobiphenyl-3, 4-oxide and 2, 2", 5, 5" - tetrachlorobiphenyl-4-ol to cultured cells in vitro. Bull
Environ Contam Toxicol 23, 788-796.

Kato Y, Kenne K, Haraguchi K, Masuda Y, Kimura R, Warngard L (1998) Inhibition of cell-cell
communication by methylsulfonyl metabolites of polychlorinated biphenyl congeners in rat liver
epithelial TAR 20 cells. Arch Toxicol 72, 178-182.

Machala M, Blaha L, Lehmler H]J, PliSkova M, Majkova Z, Kapplova P, Sovadinova I, Vondracek J,
Malmberg T, Robertson LW (2004) Toxicity of hydroxylated and quinoid PCB metabolites :
inhibition of gap junctional intercellular communication and activation of aryl hydrocarbon and
estrogen receptors in hepatic and mammary cell. Chem Res Toxicol 17, 340-347.

Vondracek J, Machala M, Bryja V, Chramostova K, Kré¢mar P, Dietrich C, Hampl A, Kozubik A
(2005) Aryl hydrocarbon receptor-activating polychlorinated biphenyls and their hydroxylated
metabolites induce cell proliferation in contact-inhibited rat liver epithelial cell. Toxicol Sci 83, 53-63.
Korach KS, Sarver P, Chae K, McLachlan JA, McKinney JD (1988) Estrogen receptor-binding
activity of polychlorinated hydroxybiphenyls : conformationally restricted structural probes. Mol
Pharmacol 33, 120-126.

Connor K, Ramamoorthy K, Moore M, Mustain M, Chen I, Safe S, Zacharewski T, Gillesby B, Joyeux
A, Balaguer P (1997) Hydroxylated polychlorinated biphenyls (PCBs) as estrogens and
antiestrogens : structure-activity relationships. Toxicol. Appl. Pharmacol. 145, 111-123.

Kramer V], Helferich WG, Bergman A, Klasson-Wehler E, Giesy JP (1997) Hydroxylated
polychlorinated biphenyl metabolites are anti-estrogenic in a stably transfected human breast
adenocarcinoma (MCF?7) cell line. Toxicol Appl Pharmacol 144, 363-376.

Garner CE, Jefferson WN, Burka LT, Matthews HB, Newbold RR (1999) In vitro estrogenicity of the
catechol metabolites of selected polychlorinated biphenyls. Toxicol Appl Pharmacol 154, 188-197.
Letcher R], Lemmen ]G, van der Burg B, Brouwer A, Bergman A, Giesy JP, van den Berg M (2002)
In vitro antiestrogenic effects of aryl methyl sulfone metabolites of polychlorinated biphenyls and 2,
2-bis (4-chlorophenyl) -1,1-dichloroethene on 17beta-estradiol-induced gene expression in several
bioassay systems. Toxicol Sci 69, 362-372.

Brouwer A, Van den Berg KJ (1986) Binding of a metabolite of 3, 4, 3", 4 -tetrachlorobiphenyl to
transthyretin reduces serum vitamin A transport by inhibiting the formation of the protein complex
carrying both retinol and thyroxin. Toxicol Appl Pharmacol 85, 301-312.

Kato Y, Haraguchi K, Shibahara T, Masuda Y, Kimura R (1998) Reduction of thyroid hormone levels



218

63)

64)

65)

66)

67)

68)

69)

70)

71)

72)

45 30 SEAENTSE

by methylsulfonyl metabolites of polychlorinated biphenyl congeners in rats. Arch Toxicol 72,
541-544.

Kato Y, Haraguchi K, Shibahara T, Yumoto S, Masuda Y, Kimura R (1999) Reduction of thyroid
hormone levels by methylsulfonyl metabolites of tetra- and pentachlorinated biphenyls in male
Sprague-Dawley rats. Toxicol Sci 48, 51-54.

Kato Y, Haraguchi K, Yamazaki T, Ito Y, Miyajima S, Nemoto K, Koga N, Kimura R, Degawa M
(2003) Effects of polychlorinated biphenyls, Kanechlor-500, on serum thyroid hormone level in rats
and mice. Toxicol Sci 72, 235-241.

Kato Y, Ikushiro S, Haraguchi K, Yamazaki T, Ito Y, Suzuki H, Kimura R, Yamada S, Inoue T,
Degawa M (2004) A possible mechanism for decrease in serum thyroxine level by polychlorinated
biphenyls in Wistar and Gunn rats. Toxicol Sci 81, 309-315.

Kato Y, Ikushiro S, Takiguchi R, Haraguchi K, Koga N, Uchida S, Sakaki T, Yamada S, Kanno J,
Degawa M (2007) A novel mechanism for polychlorinated biphenyls-induced decrease in serum
thyroxine level in rats. Drug Metab Dispos 35, 1949-1955.

Kato Y, Haraguchi K, Kubota M, Seto Y, Ikushiro S, Sakaki T, Koga N, Maeda S, Yamada S, Degawa
M (2009) 4-Hydroxy-2, 2, 3, 4", 5, 5, 6-heptachlorobiphenyl (4-OH-CB187) -mediated decrease in
serum thyroxine level in mice occurs through increase in accumulation of thyroxine in the liver.
Drug Metab Dispos 37, 2095-2102.

Meerts IA, Lilienthal H, Hoving S, van den Berg JH, Weijers BM, Bergman A, Koeman JH, Brouwer
A (2004) Developmental exposure to 4-hydroxy-2, 3, 3", 4", 5-pentachlorobiphenyl (4-OH-CB107) :
long-term effects on brain development, behavior, and brain stem auditory evoked potentials in rats.
Toxicol Sci 82, 207-218.

Kimura-Kuroda J, Nagata I, Kuroda Y (2005) Hydroxylated metabolites of polychlorinated
biphenyls inhibit thyroid-hormone-dependent extension of cerebellar Purkinje cell dendrites. Brain
Res Dev Brain Res 154, 259-263.

Kimura-Kuroda J, Nagata I, Kuroda Y (2007) Disrupting effects of hydroxy-polychlorinated
biphenyl (PCB) congeners on neuronal development of cerebellar Purkinje cells : a possible causal
factor for developmental brain disorders? Chemosphere 67, S412-S420.

Kitamura S, Jinno N, Suzuki T, Sugihara K, Ohta S, Kuroki H, Fujimoto N (2005) Thyroid hormone-
like and estrogenic activity of hydroxylated PCBs in cell culture. Toxicology 208, 377-387.

You SH, Gauger K], Bansal R, Zoeller RT (2006) 4-Hydroxy-PCB106 acts as a direct thyroid
hormone receptor agonist in rat GH3 cells. Mol Cell Endocrinol 257, 26-34.



	第3部基礎研究
	第1章ダイオキシンの後世代影響とその機構
	1.1 はじめに
	1.2 TCDDのステロイドホルモン合成への影響
	1.3 胎児ステロイド合成系低下の機構
	1.4 ゴナドトロピン障害と性行動抑制のインプリンティング
	1.5 おわりに

	第2章ダイオキシン毒性を軽減する物質の探索―― 食用食物成分を中心として――
	2.1 緒論
	2.2 食用食物成分によるダイオキシン毒性の軽減
	2.3 おわりに

	第3章高残留性PCB類の代謝および代謝物の毒性評価
	3.1 はじめに
	3.2 PCB の水酸化反応とメチルチオ化反応
	3.3 ヒト血中に残留するPCB 代謝物の親PCBの探索
	3.4 PCB 代謝に関与するチトクロムP450
	3.5 PCB 代謝物の毒性評価
	3.6 最後に





