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%21 Neuropathy and ( PCB or PCDF or Dioxin ) D3R

WmEFE EEER hEER Neuropathy B3 &R

2003 Kim JS HHZEA (Agent orange) Neuropathy #4&L %574y X %= 2.39

2001 Michalek JE HEER (Agent orange) R E T Neuropathy %43

1999 Thomke F BERE RERYEBIUVESHERSEMET

1998 Sweeney MH BERE neuropathy EMERELL

1996 Altenkirch H BERE neuropathy 8 £ HHE1T

1994 Goetz CG HZEH| (Agent orange) BER TIEAEBI T L H S SR ITTHE

1993 Sweeney MH BERE FRH#E 8% 0 RE L Neuropathy DFERI%L
1993 Bertazzi PA TIHEMH (Seveso) Neuropathy (3 reversible T# %

1991 Nakagawa R B (Yusho) B THEW: PCDFs i LEGERIE KB ES

1989 Fitzgerald EF EEHRKE (NY) Neuropathy 3\ EEELL

1988 Barbieri S TIHFE (Seveso) FHRGEBER-REICTREDHY

1987 Klawans HL BERE 45 Ath 43 A[Z neuropathy

1986 Webb KB BRE-BE =% T neuropathy HHB] DM &0 Il R
1985 Chia LG Ea HECEREEET M/ RLICHE

1984 Chia LG Ea Neuropathy 2/3, SCV {EF 1/2, MCV {EF 1/3
1981 Filippini G TIHEH (Meda) neuropathy D4 3 f

1971 Murai Y BEs FELTREMEES

F2 AEMRALEE-FEEBFRICETIEENHBRERELMERR

ZERE 19N EEEESE 278 A W 137 A
BENBRERYE 427 A (59.4% ) 137 A (49.3%) 11 A (8.0%)
g R R 120 A (16.7%) 20 A (72%) 6 A (44%)
BRESHET % 125 A (17.4%) 33 A (120%) 20 A (14.6%)
BREMEISBEMROI —7
(KD FHRAEZETH)
(=43
B
S5uHA
=153
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EOBBEIZOWTHFT Lz, M PCBEELL@E/ nT ) v iIgh, Vu~FH
% 1fiLH PCB R EERE S
. 129 iz
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e~ RIS DU HLA O
ONTHRE 77 Y B I
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A. FEEH EIEREDIR T2 %2 5 X Z 3 wlaetE N 5
RIFIZBNT 1968 F£ 4 HEH LV ARY I TWb, HIEICBIT 5 REERER

ke 7 ==/ (PCB) {RAT A AAA
JABRUZ X 0 dEE UM &2 R s 38 E LTz
HE TIX. RO 5 2> & JiIE O 5 A
MELLTRIES R T T
(PCDF) OFEMEENRKREINEEZD
5DV, PCDF X EBEDOX A A FT
RUES R T F % v
(PCDD) & & bz H A A X HH LR
EN. INSOWMBEOFEMEITHE ICF
E#éﬁ*%ﬁk*%iﬁ%(M1iﬁ
K) 203 25LEZ265NTWVWAHEN, £D
IEOFEMIIRIEARHATH S 2, MIER
ALISE 30 FELLEARRE UTE A~ OSERIT
B L TV A, BIEFNZIB W TIIEN
D PCBRENS pkm < 1+ PCB O
m IXRTZNTHFBA 222 — R 5
BHERRICBITL TS EHESN
5%2m1$fiw&ﬂkﬁf iz
IZBWTHE AL VEORIENBRME S
U, HERE TIEBEICBW T LR M
H PCDF IRENEETH Y . PCDF OffF
NI D HERI S5,
&it. PCB., & A 4% VENRNSW
HEHWE L L CIEFERKRLVE L ERZHE
EL U AEFEMERE O PHE | EEME RS O3 4 |

ZZ OV TE, 1996 H-1 ] B E — 7 iR
ZICB W T, PCB 2 &l O liE
BEICHYAn a7 ) VRO B %
e B P SRR O TIE BE 2B 1) B R RE
DEENHER I NP, £ LT, 1997 F
JEE 4G ] B HE — FR2 BV T, g s
n7 ) O EREBIONY vvTFRF, b
BEHEOEmBLRHBLZB O, KEREZ
Ly &3 D SE R I T D 1B MERY
DIRIE X7 P,

AalF 21k, HERFICBWTHRE S
07 ) rBLOEEE CHEEZHIE L,
HE S R B 0D o B RE L2 k9~ 2 18 PR RY
EEIZOWTHER LT,

|

B. Fk

2007 £ £ @ [ JL M E — F 2 D%
Frp, EIs a7 UoBIO0Y v FRE
F. PiEEbiiR, $t DNA ko B 2 hiiR
DORNEZFEH S 72 201 6] 256t R F
E L7z, ®E 7 v~ U~ immunoglobu-
rin A (IgA). immunogloburin G (IgG).
immunogloburin M (IgM) X % & k& 15
(Turbidimetric Immunoassay, TIA) T,
Vo~ FRTFITT 7 v 7 2EEEEatex



agglutination test, LA) T. HiZHLik
1L OEHRE  (Fluorescent Antibody
technique, FA) <. Hi DNA Hi{£!Z radio
immunoassay (RIA) fRZZHENTIETHIE
L7, M PCB & EE X 2007 & 1 [ I
HAE — 22 W CTHIE L7 201 Bl o
HIEfE 2 Vv, i 2,3,4,7,8-pentachl-
orodibenzofuran (PeCDF) &% 200
T A FE A [ VR JME — AR IS b T VO B
HHTHIE L 72 2006 4FFE 112 il 2005 4F
FE 15 i, 2004 4 2 5] D F 129 5]
EEEZHW, fE7ae7 ) B IO
HEfik & O IC W TRHRET L7z,
it e L) L HE R 2 (mean£S.D.)

TRL, FHEOHEIZONTIT t BRE
AW, 7o, BEMEOHBEEO T
B2 IE x 2R E TIT72 o 72,

C. 3

2007 FEENEHE—FR2 2522
L fErsrn7 ) vBLO) v~FRHF.
PUEHUA. Bt DNA Uik o B Shiik o #)
ECFE NS S 72 201 6 O NER I M E
B 149 B, RWRERE 32 fil, Bl 2
B, #ElZ2E 18 §il ¢, L HEHR T 60.5
+16.0 (6—90) ETHHo7-, IfLF PCB
BECEHoOMICAEOIEOHEE

(r=0.5617, P < 0.001) % . i ¥
2,3,4,7,8-PeCDF JRJE L FEHOMICHE
DOIEDOFER (r=0.3587, P<0.001) %32
iz,

2007 FEENEHE —FR2Z2o%2
# 201 Blic oW TCIiLg PCB R & Gy
a7V rBIOU v~FRHFOMEEIC
SOWTHH L7z, Ifid PCB EE L %z
rsu7 ) 1gGfE  (r=0.0852) ¥} LW
IeM fE (r=—0.0526) ORI % 72
ﬁ)o 7273, I+ PCB B & IgA fED

WCAEBOMHBEZR D7 (r=0.1898, P<
0.01), ¥7-. MHP PCBEEL ) U~F
ANFEOMICAEEOMELZRD -

(r=0.1756, P<0.05), % L .14 PCB
T 1.5 ppb RiD 110 # % 1+ PCB

R ERE, L PCBEE 1.5 ppb LA LD
91 | Z M+ PCB miEERE L LT, Mt
MO PR L Ot DNA HiikHE O
BEEEIZ DWW TRFT 21T 72 o 7=, 1L PCB
REEREOFHIMm S PCB EBEIX 0.81+
0.41 ppb, M+ PCB &iEERO Y Mm
1 PCB 1% 2.68+1.26 ppb T - 7=,
i Hiik 21 PCB {KEERE 60

(54.5%) (Zxf L PCB @i ERE 63
Bl (69.2%) (23D, ARICEHEETH
-7 (P<0.05), PPk z D7 123
O T DONERIT 40 %23 77 i, 80 %
28 34 5], 160 225 10 5], 1280 L4 I
D2FTHY RNMDO L DNRL>T,
T DNA $Hiikixi+ PCB miEEREIC 1
BRSO =D H T H PCB KIEEREIC
I o Tz,

2007 FEENEHE —FR2Z o2
# 201 Bk, ML 2,3,4,7,8-PeCDF i
DNHE Sz 129 filiC oW T
2,3,4,7,8-PeCDF BE L ru 7Y
BLYY v~FRHFOHEBEIZ OV TR
L7z, I 2,3,4,7,8-PeCDF &) & th iz
rua7 ) 1gGfE  (r=0.0996) ¥} LW
IgM & (r=—0.0972) OMICAHRE % 272
Mo dony, Mt 2,3,4,7,8-PeCDF B &
IgA EEOMICAEOHEMEZFR D2

(r=0.2665, P<0.005), *7-. ¥
2,3,4,7,8-PeCDF BEL Y v~ FKHTE
OEIZAEEOHEEZFE 7= (r=0.1939, P
<0.05), % LC., 14 2,3,4,7,8-PeCDF
B 30 pglg lipids i D 57 5] % ifn. #
2,3,4,7,8-PeCDF X ¥ B 8¢ . L &
2,3,4,7,8-PeCDF JR £ 30 pg/g lipids LA
LD 72 FlEEmRERE S L CmEEM OB
EHik R L 0%t DNA Hiiko HE SR
DWTHHEIT-o 7=, KIEBEREDEY
s 2,3,4,7,8-PECDF % 15.0+7.5
pg/g lipids . @& & £ B © F &% f F
2,3,4,7,8-PeCDF B X 284.0+241.1
pg/g lipids TH o 7=, PPk % (KR E
B 33 5 (57.9%) 1ZxF L iR ERE 56 {3

(77.8%) 12D, HEICEHEETH-



72 (P<0.05), 1 DNA Hif&ixim+ 2,3,4,
7,8-PeCDF SR EFEIC1GIFRD 5 D AT
&307’:—0
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#F 4. SF-36 OZAL

SF-36 (NBS) WG UT-E 3 N Mean (SD) ! ps
B (S Hre I RG 14 -8.93 (20.02) 0. 07
FITR N 13 3.46 (14.63)
AR RO 13 4.62 (15.20)
F A5 12 2.18 (8.89)
B &EEIRE (TR P EKs 14 -2.23 (25.67) 0.52
FHITRHE 13 6.25 (20.73)
AR UM 13 -1.92 (19.83)
FHAE 12 2.08 (16.06)
B KD I i % =5 14 -0.36 (20.12) 0. 82
FITR N 13 0.92 (23.68)
AR RO 13 3.23 (22.32)
F A5 12 2.33 (18.50)
EX NN i 4 KB 14 -0.07 (17.78) 0.43
FHITRHE 13 -3.46 (9.53)
AR UM 13 0.31 (10.02)
FHAE 12 3.17 (10.47)
&7 AR 14 -9.38 (22.30) = <0.01
FITR N 13 -2.88 (8.31)
AR R RO 13 2.40 (9.73)
F A5 12 9.38 (11.46) =*
A TERERE i 4 B 14  -5.36 (24.86) 0. 26
iR e 13 0.96 (14.84)
AR UM 13 1.92 (20.31)
FEMA G 12 10.42 (12.87)
HE&EERE B /P EKs 14 0.60 (33.88) 0. 92
TR S 13 0.00 (20.69)
AR HER ML 13 5.13 (20.28)
F A5 12 -0.69 (15.27)
D DR eaRARe ) 14 -3.57 (19.56) 0. 36
iR e 13 -3.08 (10.90)
ARSI 13 6.15 (16.85)
FEA G 12 0.83 (9.96)

T B ERE OB E (FE5% &5 . ¥ SF-36 L EOHGHETEMIC KT
HEVY (FS5EHT) . % P<0.05 (FEBE LB G - LSO L O
\Z331F B SF-36 O ERi4 2 & D7, Bonferroni 1E\Z LA S EES)
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#£1 MEREBREFRO—WADEDFERL A X RE
Yusho Patients (n=14) Normal Control (n=15)
Mean Median  SD Min Max Mean Median SD Min Max
PCDDs 0.68 0.12 1.00 ND 3. 0.40 0.02 12 ND 4.7
PCDFs 5.8 4.4 6.56 ND 20 0.09 ND 0.33 ND 1.3
PCDDs+PCDFs 6.5 5.1 7.08 ND 22 0.49 0.02 1.2 ND 4.7
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Mono-ortho PCBs 0.07 0.04 0.07 0.01 0.20 0.02 0.01 0.02 0.00 0.09
Coplanar PCBs 0.14 0.05 0.19 0.01 0.65 0.04 0.01 0.07 0.00 0.28
Total 6.7 52 7.23 0.02 22 0.53 0.04 1.2 0.01 4.7
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THZ LIZKY, KNFREEEIL PCDFs 28

2880ng & 1212ng | . PCDDs 73 404ng & 276ng
|2, % LT PCDFs/DDs 7% 3288ng & 1488ng
272 oTz, THOHO/RERLY . (FNE A
TN—T B ZN—TFZhnFh PCDFs I
108ng & 24ng. PCDDs % l6ng & 4ng.
PCDFs/DDs 1% 120ng & 24ng #Ei- <=2 &
272D,

L EOFEREN S . FBRA IXED EFKY)
BHThDHIiE PCDFs & PCDDs 35 LN
PCDFs/DDs DRI~ DHEMEZARES 2 725, K
PTG L~V DE WERRE TR D BRh &
EZ BT,

DX D7 FBRAICK D XA A 4ED
RN L, v E TOFx O—fi% A
X E LR CHRENTND VP97

E. Z%30R

1) FHREFE, Wz, SREMEE: 7k
kBT 5 Polychlorinated
Dibenzo—p—dioxins D FEFHEALIZ T 5
VIRRHED SN, #7E1EF 43 35-41, 1997,
2) FRHEFRIE, AFFEE, fREMERE: 7> b
[N~ S B Polychlorinated
dibenzo—p-dioxins DHEHFHEHMIKTT 5 7
olLZ, ALY FRNTaa 7 ) D
. RS 43 42-47, 1997.

3) FRHEFIE : BWHFHEC L DIRN S A A%
DUSEOYRRE. A E B 431 39-44,
1998.

4) Nagayama J., Takasuhga T., Tsuji H. and
Iwasaki T.: Decrease in blood levels of
dioxins after the one year intake of FBRA
in Japanese. Organohal. Comp. 52: 293-296,
2001.

5) Nagayama J., Takasuhga T., Tsuji H.,
Umehara M., Sada T. and Iwasaki T. : Active
PCDFs/DDs
congeners of Yusho by one year intake of
FBRA in Japanese people. Fukuoka Acta Med.
94: 118-125, 2003.

6) Takasuga T., Senthilkumar K., Takemori
H., Ohi E., Tsuji H and Nagayama J.:

elimination of causative
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Impact of FEBRA (fermented brown rice
with Aspergillus oryzae) intake and
concent— rations of PCDDs, PCDFs and PCBs
in  blood of humans from Japan.
Chemosphere 57: 1409-1426, 2004.

7) Nagayama J., Takasuga T., Tsuji H. and
Iwasaki T.: Promotive excretion of
causative agents of Yusho by one year
intake of FBRA in Japanese people.
Fukuoka Acta Med. 96: 241-248, 2005.
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# 1. PCDFs 3 X OV PCDDs O ifn FRiEEE D2},

1. H R (pg—TEQ/ g) *

A F X HE BT 1 1% 2 1k
PCDFs
AT N—F 0. 747+0. 952 0. 720+0. 921 0.712+0.919
B/ —F 0.310+0. 248 0. 308+0. 253 0.303+0. 253
PCDDs
AT I—F 0. 105+0. 065 0. 101£0. 060 0. 100+0. 062
B/ —F 0.072+0. 014 0.070+0. 014 0.069+0. 014
PCDFs/DDs
AT N—F 0.853+1. 02 0.821+0. 979 0.812+0. 979
B/ —F 0. 382+0. 251 0.3790. 262 0.372+0. 261

* 1 PR E IR ERE

# 2. PCDFs 38 X OVPCDDs DR EEEY 1V O M H R E D24l

i F IR (pe—TEQ/ g HiEHT) *

HA T xR M R AT 1 1% 2 18
PCDFs

AT N—T 249 240 237

B n—=7 103 103 101
PCDDs

AT N—T 35.0 33.7 33.3

B Nn—7 24.0 23.3 23.0
PCDFs/DDs

AT NN—7 284 274 271

B —7 127 126 124

* o MO & R%Z 0. 3% L ARE LT,
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# 3. PCDFs 3 X TN PCDDs DIENFERE & DAL,

ERFER & (ng/ N) *

A F X HE BT 1 1% 2 F1%
PCDFs
AT N—F 2988 2880 2844
B/ N—F 1236 1236 1212
PCDDs
AT N—F 420 404 400
B/ N—F 288 280 276
PCDFs/DDs
AT N—F 3408 3288 3252
B/ N—F 1524 1512 1488

% {KE % 60kg, RARRAEZ 20% & KE LTz,
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SRR TR

Resveratrol 12X 5 % A 4% VJEBHERRSIE  bioavailability i & BHIEEMBH R~
DB D E

SEREGEE IIE B2 FUNREFER G e ) F R S 0 B
WoE iE aH iR TWNIRZER G A e 0 F A R S 2 0 B
AH HE NRFERFEE A IR o+ A K S B

iz
fi=eis
B

MEBEER YUMEEICBITL2INETCORMNLL, HHRY 7=/ —LTHD
resveratrol OFEHELA, 2.3,7.8-tetrachlorodibenzo-p-dioxin (TCDD) FMHEDO—E TH 5
(REIEINENS ., W ONCRERIRT OB 28BS 2 Al s S Tnd, L, Z
DN FITBEE 2 DO TR < . ZORKEIT resveratrol DA 95 #YFI| H 2

(bioavailability) DK SI1ZdH D & FHEINTZ, £ 2 TERIFETIE,
bioavailability & &, ZAUIFED TCDD BRI R ~DEEIZ OV TR 21T
STz, TORER . R OLER|ITH S piperine (AT 2 Z &Ik V. TCDD
D~ o AKEEINANH] 26T 5 resveratrol DRI AR S N A AN BE SN
7o BT, resveratrol K T4 L7c¥sa . TCDD LB~ 7 2 OREHEANHNS]IX
oy he—ARELFEREECEET LI EBHLNERoT, 72, TCDD IZ X
LHEERHEDOFRIE TH D erhoxyresorufin O-deethylase &M, I ONZER{LAT A L A
DIIETH HF AN — VRS ERMEIZBE LT | resveratrol O T 5
TITRE AT GRFICHEABEEITET L7z, ZD%E . resveratrol K TREGRFZIIT
2 M AE R IR EE - REAh AR TR IT, SRR GRS 4 FHEIN L7, A
Fe XV | resveratrol @ bioavailability Z#kET H I LITK Y, XA AT U EENE
BN A R 5 2 & T E AR R < R STz, S %IE. REWINEZR
ENZ LD LY —JED bioavailability DEE & BEF ~D B OB 5 1ED RSN
VETHLEEZBND,

resveratrol @

A. BFEER

W= TIE, ZETIC, XA FF
VI LD FEIEROTRIEDORFE B
& LT, BHx DEBRNES Th Y Zatk
DEWNEBZXONLEBWRTICER LIk
PETSOTET, TOMRE, KU1 08
—F Y OERIZEL L EENLTWDIEY

AU 7=/ —)LToh D trans-resveratrol (re
sverastrol) 7%, 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) (Z X 2 {REHEINANHIVEH
Sz ONZ RE WG IT 0 FE A- 48889~ 2RI RE M 23
HHZ EERALMI L (CERR 18 FJE,
AN R 19 EESHEIFEREFICT
WEFER) o £lo. T OEEIZ OV THRET
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L7-fEH, TCDD |2 X % HHEERALAKFE
Z 24K (aryl hydrocarbon receptor: AhR)
ZAr LTz & 87 EiFE | I N ERkAY A
ML 2OERIZH LT EPTIEH D HD
DIENPD D ZEEHALNILTND, T
VE TORFI TG 2T L7z resveratrol
DOFEMBBIER L, ZOEMPFEHHND
HDODFEE TIX R oT2, ZOFEKRD—D
& LT, resveratrol D/ XA F T XA ZE Y
TADKRIDEZEZOND, FE,
01%%D&5Lk5~ Z O IR E X
BoaLUWNICREREICELEZODL, 1-2
RFEIRICIZE A EHERT D2 LB LM
Lo TWD (13) . 1E- T,
DEMZAIFIZR (bioavailability) % ok
THZEIZEY XA A EPEERK
(CXTT DA IR 2 W IR TE 5D TIEAR
W E IR S LT,

UEDX S ERDOS & REFEIT, &
A A F T EPFIERICHT D
resveratrol DN RIGTHZ HHJ & L T,
bioavailavility i #
TCDD FHMEICKIFTHEZBREF LT,

resveratr

resveratrol

resveratrol D

B. 5 - /R

Resveratrol AR EIZHE(TAMFPEED
HFEH LU piperin EDHRIZCEITS
resveratrol @ TCDD ZHEMEANDIHE

ZIETOMIEN G, resveratrol X, 4
ENIZBWTEICTZ VT v U BEfEE RIG,
DIAGNIR T 72 = ra I JZO“CﬁE%\Téi}’LZ)
ZEMHLEMIZENTND (1),
BEIROFEHRE D TH Y | 7»7D/&E

BRICDOREFEATH L Z LR BIL T
% piperin Zf3FH L. resveratrol O 1
Efﬁ# ZBIF 5 bioavailability DikE & %

\Zf£ 5> TCDD BN E ~DFE
%%ﬁ?’% L7z,

Piperine D% B DRI, ARG #R
AFDOHBT, v AIZHBIT D resveratrol
OGRS 5 IR E OHER 2 H
L7z, 5 HAD CSTBLI6) SRlfEE~ w7 A
|Z resveratrol 20 mg/kg AfEOEE L, —
TE RF PRI A2 IR 2 B U 72, BRER U 72 ifik

(81 0.1% EDTA &%#) % 2,000 rp.m.
T 15 mREL L7Z0b, &0 g% i
Y7L LTHEMTSET -80 °C 12
7 L7, MiEd resveratrol O Ix, I
50 pb W NE®EYE TH D
7-ethoxycoumarin (10 pg/mL) % 10 pL ¥
L. Mﬁéi%w% 100 uL Nz #@# L7
DL, WO THEEL 72 BIE 90 ul &%
L7z, Zomt#EEL 3 EfTo720b,
ERT A THR =T VAR E L, £ D5k
WA A K 7 —JL 100 pL ICEMR L T
HPLC EEADY TN & L, o
B, BER 5 91412 resveratrol [ EE
IIREEICE L, 1| FFEUNICEDIZ & A
ENELELE (Fig 1) o

RIZ . piperin {f F EF D resveratrol @
TCDD EHMEHA ROV TRET L7, 5
4D CSTBL/6] FRIEME~ 7 212 piperin
20 mgkg fEAKEEG L, £0O 5 5%
resveratrol 20 mg/kg Z#kO& 5 L7z, D
?i'x“ resveratrol D MLFIRE N e & 725 &

b 90 431212, TCDD 100 pg/kg
%&D&%Lto—ﬁ\ay%u~wﬁm
I%. piperin & resveratrol DIRIETH 5
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0.2% Tween 80/0.5% methylcellurose A%,
i TNZ TCDD DO ToH % corn oil #
FEFRARS Lz, &5E#ER X0, RED
piperin & resveratrol % fJJ H & [FED A -

Va—/LT 1 H1HE S5 HE&REEREL,

A G 30 o3tk I hEas 2 L C s
HExllELLE, TOME, &5 1 HE
X v . resveratrol & piperin O HFFARETIL,
TCDD (T & 2 (A E Il 238 & 41 5
ZEMBH LML= (Fig. 2; TCDD +
—4.

TCDD 2 & 2 HFRER, SFONC i ZEis
\Zxf L CI&, piperine & resveratrol OfH
X 2BBORITBEI N o T2
(Table 1)

piperine + resveratrol vs. TCDD)

R T 5 resveratrol @ TCDD HEAD
By 488

=1

Resveratrol @ bioavailability @ & & %
X %356, &0 &G 1IBE ) D ORI
PIELEEREHOMELNH U | ~F] & TS
N, 20D, EORETH,
bioavailability tZENEND A+ Th o7
FIREMENEZbND, £ZT, &b7R%
bioavailability DtkEA BRI E LT, KT
BHEEZ AW TR 21T 7,

F* 9. resveratrol ¥ T 512 L %
bioavailability D EZ R T D720, &
%DM REOHER 2 HE LTz, £ Dk
R KTHREOSE, &5 20 /73Tl
FIRE N EICELZOD, 24 BR%IC
BNTH, RERED 10 570 1 BAi
T2 BN ER-T2 (Fig 3) .
KT &REIZHE T D EEm P REL, A&

EDZNLIFERBE Th -7z (RHN&EE
Cmax = 3073.7 ng/mL; X FTHE Cuax =
4837.0 ng/mL) ., E£7c, &5 2 Kfil £ TIZ
BT D M FE YR - Re AT b R T T A
(area under the curve: AUC) % Lt L7-45
A, K TESTIEIROKEGDOH 4 {5108
Mml7c, UEORER LY, KT T,
resveratrol @ bioavailability 23t XL 5
ZEDBHBMNE IS T-D T, WIZ TCDD
BIEICHT 2R EHmFI LTz, 5 HBED
C57BL/6] FIfEME~ 7 A1 resveratrol 225
mg/kg R TS5 L, £D%, resveratrol
DILHREN K& & 70D & TFREND 90
43112, TCDD 100 pg/kg Z RO 5 L=,
—JF, T b= LREIZIE,
B Cchsr7mne L 7Y a— N
TCDD DIEEETH D corn oil #[FERERS
L7, BEFEH LV | [FED resveratrol #
1 B 1E, 5 AR TREL, k&5
30 sriziclEes 2 L Cldss E & 2 HIE
L7z, Fig. 4 121%, & E5HRFOERELE
L TW5, TCDD MEEECIX, BEH
& RER, 541 H 0 LAREOHIH A BE X
iz, Zckt L. resveratrol % K F# 5
L7235 a ., RERNEZ = he—r b
NILETHEINDZ ERRALNE RS
7o —H., &5 5 HRIZBIT AlEssEE
ZIE L7 RE S, R TlX, resveratrol @
fEHIZ LY TCDD (2 & % ZEHiE O s e
RINFED BT, Lo, FFigER,
(MR D ZEAE (SR DRI O ST
o7z (Table2) . ¥RIZ, resveratrol |2 &
% TCDD MO 2K T 572
B, AhR (KIFRY R & X7 E R D FEE
T &b b O-deethylase

resveratrol

ethoxyresirufin
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(EROD) &M, WONCER(LEY A N L ADE
EThDHF ALY — VR SRR Y
= ( thiobarbitric acid reactive substance
content: TBARS) ZHIE L7z, TDREHE,
resveratrol DZ THEIZ XV | EROD &M%
fiE, I TNC TBARS fEiL, TCDD ALEEREIC
e~z 208 25%, 0 TNTH 34% (KT
THZEDRHLMNE R (Fig 5 BELD
6) o

Resveratrol §2ERINIZEEY 5 FlmhagtEst

ZIVE TOMIEN S . resveratrol D
bioavailability 3|2V, TCDD £
X AR RS R I NS, RN LED

fEAICHD Z ENALEMNE o7, L,

MIERBE ~D#EH %5 2 7= %A . piperin
& DOHFRIC L 2 A5 24 WFfHEfE DR
THREZ, BE~OAHEPREINE FTHES
N5, 2T, ZTNOORMELZRET 5 —
FE: & L C. resveratrol OFEFZWINIEA H
VN, resveratrol @ bioavailability 23D 7]
REMEIZ DWW TR L 7=,

Rresveratrol % = % / — /L (60 mg
resveratrol/mL ethanol) . DMSO (165.8 mg
resveratrol/mL DMSO) | & L<{Z7m 'L
> 7 ) =—J b (1354 mg resveratrol/mL
propylene glycol) ([ZIEfiE L7=D b, FEbFiZ
B LEEAI 2R Lz, Iz, 5 BE0
C57BL/6) e~ 7 AR o)L E X —
JVTHRREE L, N U 0 2 THIFE L7255 6
em® |ZFHHL L 7= resveratrol #EH] 03 g
A Lo, BiffifR, vV A — VIR
LCEE L, MiR%EEHE L T resveratrol
DOIMHIREZ E& LT,

— AR NRE M TH D REN T 7
@4 v BB Y SREEM E VTS T
BEt o, BRI resveratrol %5 L
Te%a. &% 5 KE%ENS 48 FRfi%
IZBWTEWILFRE 2R L Tz (7
— X2 RKEH) , T, WmET T v
HEU 'Y ARG EMIZINZ . IEI T L =
— - Ty a— ViRAEM

(FAPG ) | BT, BT F O
B CEA T 058 () TOEBEEHT S,
J[E PCCA #:#L Lipodermal base® % Fu>
TWA, 5 BRI O L i RS 281 E L7z,
ZORER, MENT 7 - qATVED &
JRA FbF I VT Lipodermal base® 12 EE~,
FAPG ZfHEMH L7-3%& | resveratrol O I H
REDNEZEITHEMT 52 EBHALNE 2R
7= (Fig. 7) » 52, WIUEEARl & L
THA VA YBROEMZEML 72 FAPG IZ
BWTHRMNZIT o720, SEDRITERD
Sy AWAYIEY

(f B~ DA E)

AT T 28 ERITE T, Tl
REFEEBERA 5 12 £5F 4 5l
D&, BMERTZESITL D ERFE DK
BEZIT =D HER LT,

C. B8
AT, XA FF 2 VEORERER
(TS THEDHREZ BRI E LT, &
MRSy T D resveratrol (Z1ER LHRET
AT o7z, ABEIORETIL,
bioavailability tiz % HHJ & L T, piperin
DG, BLOK THREIZ LD 21T
VN, TCDD I3 50 R 2 Mk L7z,

resveratrol @
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ZDOFER. TCDD (T X 2 (R EH Mz
%9 % resveratrol OEEJIEM X, piperine
EDPEH, B LIZETHREICLD, Bl
OGRS I NS Z &N L
MmEro7= (Fig.2 B8XO4)

A [E], piperin & OHFHIZ X % resveratrol
DFE A5 EBRIZIWN T, resveratrol D Ifil
FREOHBEZHOLNITHZ EIFTE
Rinode, THICEELT, 7y had
curcumin D LB FEER Tl
curcumin @ AUC 35 X OVerif R FE 23
curcumin BB TR ZE N ZENA 1.5
BRI 13 FEINT5 2 EBNHLMNC
INTWD (5) , fE- T,
BWTH, piperin EDOHFHICEY ., £D
bioavailability | 05 ZHE_kE SN
b FREIND, —J7. TGO
B, ARG &E 2 FFFERICE
7% AUC 1356 4 fFETHImL., £7.
Ao LR EE I IZIERRE Ch -7 (Fig.
1 BEW3), ZORRND
bioavailability DI XL > T, ¥4 4 F
BT S BEER bR S
52 ENM R I,

Resveratrol £ T 5KflZ351F7 % TCDD
B MBS R AL HE TR O B AR | Lob\ffﬁﬁﬁﬁﬁ”
2 72%, EROD &, TN TBARS fE
ZRE LTRER. £ TCDD LB
ICHARFREIERT T2 2 ERHALNE A
->7= (Fig. 5 BX T 6) , Resveratrol %M
B 5B TlL, TCDD MLEREEIZ -~ EROD
IEMEME O T I3/ 10%I21EFE YV . TBARS
fEIZZ b L 7avy (CERE 18 R A ZEE

FIHHFE ) . 2B
B EHESOR GEN R D720, Bl

piperin &

resveratrol (2

. resveratrol

. resveratrol

i cE 72, L L, FAFFT VD
Eﬁ@ikhEiMﬁk@FAiﬁﬁ’
(2 D BREEME & v X7 DR BLEE)
t;ﬁc‘: LTV EEZLNTEY, &6
12, R LI A B L ADFER b O FHEF
D—D2LEZLNTWD, ZDW),
resveratrol @ bioavailability cZEN Z L5
DIAEOIHI 2R3 2 Z & & mIEER
HFROWER & VIFJE R R TE 5, —7,
resveratrol X TG ICBITAZ N 65D
B, 2 b — L LV E TR T LR
ZHb b 5T (Fig 5 BXO 6) |
TCDD (2 & o =ML = e —
NVLvETESN (Fig 4) o 20
EWVIZOWTIL, B HZHAL T 52 &
WX TE 2o Tz, 2D LG resveratrol
I%. AhR ~DEEIEH. I L UWRLR) A
FUADIKRTIZM A, RENOERIZKR LT
ERT2FEEDLB 2L OND, 2D,
£ 5 m B RS OB I
X, Z A A I X D EERBE O

resveratrol (2

fiEA L&D THATTA20NERLD EE 2
5D,
BT & 5 Iz resveratrol

bioavailavility 23HEHN L 72 R 2D\ T,
I 1E] 8 2h F DR & i G- O Rk iz
2\ &“Ef%@imbﬂ%ﬁgffb“(b\ék%i%
o, FE, RTEREIZ
DO H&ElX, 225 mg/kg “GZ?)@\ 05
DF) 11 fFIZHT=D, ZD &9 7EN T H
L. AR TIE, RAKREUSND
resveratrol % 5-151%. & @ bioavailability
WEILFDAENTH LA R TE
oo LU, ZREZEBIZERLT 5D
1 B 1 FORTHEENEFE~OAMLHE

F % resveratrol
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RIEDLEHIZ, BERFICERE 525 b
DETREND, ZNOREEZRRT 5 F
Bl LT, REWRINA~DREBIZAEN TH D
LEzxbh b, £,
bioavailability D& L TCDD MR
BN R & ORI DOBLEMEIZ DWW TITIZ & A
EHGMNIR > TR, ZORIZONT
b, ABALLICT HOREHFETH DL LE
2 HiD,

40 FERTICRAE Lz b x I MAESEMH
BT AHEREOMP X A A b
AUV, R NZEEASRTEESVMEZ R LT
B (6) . XEBORHEA A I T
Do ZDT, BENPOFRILTHHEDE
BIIABTHY  TOHMEERKRT S0
2%, resveratrol Z (XU & L7=BWR Y
2 & 2 mEREOE O R ICEE T 2 I
FHRTODLEEBEZLND,

resveratrol @
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Fig. 1.
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Plasma concentration of resveratrol after its oral administration.
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Fig. 2. Effect of piperine and resveratrol on wasting syndrome
induced by TCDD in C57BL/6J mice. The values represent the mean
* SE. of 5 mice. The initial body weights of mice in control,
piperinetresveratrol-treated, TCDD-treated and TCDD+piperine+resveratrol-
treated groups were 22.08 * 0.31, 20.66 £ 0.22, 22.08 = 0.36 and 21.88 %
0.13 g, respectively. Significant differences from TCDD-treated group: *,
p<0.05; ** p<0.01; *** p<0.001.
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Table 1. Effect of piperine and resveratrol on the tissue weight changes induced
by TCDD in C57BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 5.68 £ 0.09 0.27 £0.00 0.19 1+ 0.01
Piperine+Resveratrol 4.85+0.11***  0.24+0.01* 0.18 £ 0.01
TCDD 7.46 £0.04***  0.25+0.01 0.08 £ 0.01%**
TCDD+ 6.85+0.12***  0.26 +0.01 0.08 £ 0.00***

Piperine+Resveratrol

The values represent the mean + S.E. of 5 mice. Significant difference from
control group: *, p<0.05; *** p<0.001.
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Fig. 3. Plasma concentration of resveratrol after its subcutaneous
injection.
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Fig. 4. Effect of subcutaneous injection of resveratrol on wasting
syndrome induced by TCDD in C57BL/6J mice. The values represent
the mean * S.E. of 4 or 5 mice. The initial body weights of mice in control,
resveratrol-treated, TCDD-treated and TCDD+resveratrol-treated groups were
21.92 = 024, 22.06 = 028, 20.90 = 0.51 and 21.08 £ 0.26 g, respectively.
Significant differences from TCDD-treated group: *, p<0.05; **, p<0.01; ***,
p<0.001.

Table 2. Effect of subcutaneous injection of resveratrol on changes of the tissue
weights induced by TCDD of C57BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 5.90 + 0.11 0.324 + 0.01 0.232 £ 0.01
Resveratrol 6.20 + 0.04 0.367 + 0.01 0.214 + 0.01
TCDD 7.11+0.07***  0.263 +0.01* 0.088 + 0.01%**
TCDD + Resveratrol 6.78+0.32*%*  0.294 +0.03 0.080 £ 0.01%**

The values represent the mean + S.E. of 4 or 5 mice. Significant difference
from control group: *, p<0.05; **, p<0.01; *** p<0.001.
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Fig. 5. EROD activity of hepatic 9,000xg supernatant from
C57BL/6J mice after exposure to resveratrol and TCDD. The values
represent the mean = S.E. of 4 or 5 mice. Significant difference from control group:
*x% p<0.05. Significant difference from TCDD-treated group: 1, p<0.05.
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Fig. 6. Hepatic TBARS contents of CS7BL/6J mice after exposure

to piperine and TCDD. The values represent the mean + S.E. of 4 or 5 mice.
Significant different from control: *** p<0.001. Significant different from TCDD-
treated group: 7171, p<0.001.
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Fig. 7. Effects of various basements on transdermal absorption of resveratrol.
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piperine DVERBEIEIZ DWW TRRET 21T > 72 /&5, TCDD (2 L 0 #8792 ER{big A k
L A DR Z 8 U TR STV D AIRetES R Sz, —77. piperine & curcumin
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BRI, &5 10 BHAMRELD, =2
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ZHITWD AR %40 L7-fERFHE, W

WL A P L AERICHT S
piperine HH OB LB ET 5720
EROD {EPEE TBARS fEABIE Lz, £ D
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PLEDOFER IS | piperine B &%, 30
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HEELHIA L ADERICH L TiE,

curcumin B HIZHERH 72 H DD,

piperine % [FIRf#% 542 Z & T, curcumin
DRNEHPE S DM~ Sz (Fig
1) . F7z. ZORIE, TCDD O A
IO ST BIERIN-Z £ D, piperine
& curcumin DR EIZ L > TAL D
BEThDETRIN, —&IZ, B
REHELFTOERE L, € OEM 254
T H7DOITIE, & DRED IR DSHER:
SNDHMENRHY, £7-, BWILFREE %
FREMERF T 2 L2 L0 R AR
LHIENTELEEBEZOND, AFEEGELN
TG R, 2D &) eIl & 1A

curcumin HJH|C

— 122 —



TOHMERE oo, T/, piperine X
77 m R a O Al L LT,
curcumine DfRHIE Z I3 212 H 237>
P Hd (3,4) | curcumine DZENER A HERE
T LAH S THTH S E 2R E R LT,
ZORERERNE O NZERIC OV T, R
BRETCHOLMNIT D Z LT TE otz
23, —OOwREEMEE LT, curcumin (2 X
LHiEbRY A b L AER Sl BEAE Vi Fe R
HHEEIERIZ, curcumin H & TIE72 <,
ORI L - THIERZISND 120D,
piperine (Z X 52 RHME T2, 2O F £(EH
DOWIHLIZE R > TR ENS, F
7=, piperine {2 X V| curcumin D{RNIAR
WAL A UL curcumin D Ff&IZ 1T 5
NFEDMET L72AREME S B E TE 7220, L
L, KRFTCHELNIRERZX. A2EE
OBV R EDORBEEDLEEE
25 LT BMERTRETLIZE ST,
T, %< OBM Y7 A RO
B TClHEE DFITPE-> T 5, Piperine |2
BLTH, TNEEOEZHIFF L CTHIK
DOHFFY A FELTHRESNLTND
DR, MMDLRFERLS D bioavailability % L
FAIEDLRGE LTERA SN DA ER
FEINTWD, KIRETOREFRH B | piperine
(T5A A HEEO —EICH LTH
N THDLARENREINT, LML, &
FAEOERNAERICH L CHEEEL KIF
TRIBEME DB BT/ o7 L3R, DRk
4y & DRIBHEERMN, 2 - TR 2R
SETLE IR b RSN, ¥ A4
FUUCETEOTHEL L TOMESEZE
2125 E. A%IE. INHOMEEZEE L
7 E TR ZED T HLERH D -

LTz,

D. &3k

1) Ishii, Y., Ishida, T., Mutoh, J., Yamada, H.
and Oguri, K., Possible candidates for the
compound which is expected to attenuate
dioxin toxicity. Fukuoka Igaku Zasshi, 96,
204-213 (2005).

2) Amakura, Y., Tsutsumi, T., Yoshida, T.
and Maitani, T., Screening of the inhibitory

effect of vagetable constituents on the aryl

hydrocarbon  receptor-mediated  activity
induced by
2.3.7,8-tetrachlorodibenzo-p-dioxin. Biol.

Pharm. Bull., 26, 1754-1760 (2003).
3) Atal, C. K., Dubey, R. K. and Singh, J.,
Biochemical

basic of enhanced drug

bioavailability by piperine: evidence that

piperine 1S a potent inhibitor of drug
metabolism. J. Pharmacol. Exp. Ther., 232,
258-262 (1985).

4) Singh, J., Dubey, R. K. and Atal, C. K.,
Piperine-mediated inhibition of
glucuronidation activity in isolated epithelial
of the

evidence that piperine lowers the endogeneous

cells guinea-pig small-intestine:
UDP-glucuronic acid content. J. Pharmacol.
Exp. Ther., 236, 488-493 (1986).

5) Guido, S., David, J., Thangam, J., Majeed,
M., Rajendran, R. and Srinivas, P. S. S. R.,
Influence of piperine on the pharmacokinetics
of curcumin in animals and human volunteers.
Planta Med., 64, 353-356 (1998).

6) Burke, M. D. and Mayer, R. T., Inherent

specificities of purified cytochrome P-450 and

— 123 —



P-448 toward biphenyl hydroxylation and
ethoxyresorufin deethylation. Drug Metab.
Dispos., 3, 245-253 (1975).

7) Ohkawa, H., Ohishi, N. and Yagi, K.,
Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Anal. Biochem.,
95, 351-358 (1978).

— 124 —



8
7
5 °]
£ 5 - %
©
o 4 A
S
2 3 1
2
> 2 1 —o—0 mg/kg
-8 1 ——15 mg/kg
m —— 30 mg/kg
0 —o—45 mgl/kg

1
-—

0 2 4 6 8 10 12 14 16
Days after treatment

Fig. 1. Effects of piperine on body weight gain in C57BL/6J

mice. The values represent the mean = S.E. of 5 mice. The initial body
weights of mice in control, 15 mg/kg piperine, 30 mg/kg piperine and 45
mg/kg piperine-treated mice were 14.72 £ 1.53, 15.06 £ 0.84, 14.60 *+
0.41 and 15.12 £ 0.27 g, respectively. Significant difference from the
control group; *, p<0.05.

Table 1. Effect of piperine on the tissue weights of CS7BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 571 +0.34 0.31+£0.01 0.30+0.02
15 mg/kg piperine 545 +0.32 0.31£0.02 0.25+0.01*
30 mg/kg piperine 5.72 £ 0.07 0.29+£0.03 0.24 £ 0.02
45 mg/kg piperine 5.81+0.10 0.23+0.01***  0.19+ 0.01%**

The values represent the mean = S.E. of 5 mice. Significant difference from
control (0 mg/kg piperine): *, p<0.05; *** p<0.001.
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Fig. 2. EROD activity of liver microsomes for C57BL/6J

mice after exposure to piperine. The values represent the
mean £ S.E. of 5 mice. Significant difference from control (0 mg/kg
piperine): **, p<0.01; *** p<0.001.
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Fig. 3. Hepatic TBARS contents of CS7BL/6J mice

after exposure to piperine. The values represent the mean
* S.E. of 5 mice.
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Fig. 4. Effect of piperine and TCDD on body weight gain in

CS7BL/6J mice. The values represent the mean = S.E. of 5 or 6 mice.
The initial body weights of mice in control, piperine-treated, TCDD-treated

and TCDD+piperine-treated groups were 19.92 £ 0.29, 19.86 *+
+ 0.24 and 19.74 * 0.38 g, respectively.

0.16, 19.70

Table 2. Effect of piperine and TCDD on the tissue weights of CS7BL/6J mice.

Liver Spleen Thymus
(% of body weight)
Control 517 +0.11 0.25 + 0.01 0.17 £ 0.02
Piperine 5.08+0.10 0.25+ 0.01 0.13 + 0.01*
TCDD 7.90+0.36%** (0.21+0.01%* 0.03+0.01%**
TCDD + Piperine 8.20 £+ 0.24*** 0.23+0.02 0.04 + 0.01%%**

The values represent the mean + S.E. of 5 or 6 mice. Significant difference from

control group: *, p<0.05; ** p<0.01; *** p<0.001.
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Fig. 5. Hepatic triglyceride contents of CS7BL/6J mice

after exposure to piperine and TCDD. The values
represent the mean + S.E. of 3 mice. Significant difference from
control group: **, p<0.01; *** p<0.001.
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Fig. 6. Hepatic non-esterified fatty acid (NEFA)
contents of C57BL/6J mice after exposure to piperine

and TCDD. The values represent the mean = S.E. of 3 mice.
Significant difference from control group: **, p<0.01; from TCDD-
treated group: T, p<0.05.
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Fig. 9. Effects of curcumin, piperine and TCDD on body weight

gain in C57Bl1/6J mice. The values represent the mean *+ S.E. of 5 or 6 mice.
The initial body weights of mice in control, TCDD-treated, curcumin-treated,
TCDD+curcumin-treated,
TCDD+piperinetcurcumin-treated group were 19.4 £+ 0.23, 18.8 = 0.33, 18.8 £
0.29,19.7 £ 0.51,19.9 £ 0.47 and 18.7 £ 0.44 g, respectively.

piperinetcurcumin-treated and
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Fig. 11. Hepatic TBARS contents of CS7BL/6J mice after exposure to

curcumin, piperine and TCDD. The values represent the mean + S.E. of 5 or

6 mice. Significant differences from control group: *, p<0.05. Significant differences
from TCDD-treated group: 1, p<0.05; 17, p<0.01.
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FAZFRVUDRAT A FHRENVECEREERBEOME : RRER~DHENE 5L 5H
AkEM BT 5

SEREGEE IIE B2 FUNREFER G e ) F R S 0 B
WoE iE aH iR TWNIRZER G A e 0 F A R S 2 0 B
AH HE NRFERFEE A IR o+ A K S B

iz
fi=eis
B

WIRER XA 4% Y HICKOBEREREIT. TORZEOR S, WNCHE
DREESNHLIEEHRBELEED TS, YMHERICBTOIHBHNND.,
2.3,7.8-tetrachlorodibenzo-p-dioxin (TCDD) RHAIRFZERFORAIERIZEB W T, AT H
A RBRVECVERBEREORBENEE I T T2 Z LALLM IN TS, S
Bz, ZOFRBEDOIK TN, M TFEEIZIBOTEER S AR A LT O
SUWEDKTLVBIEREIINDGZEEHLNERSTNS, 20 TCDD 2 &
DUEMIIRIFRRZ2 DO THY | EET » -~ TCDD IR TIIEE I
72N, ABFZETIL, TCDD MR IZ L 2 % A B O MBI R B DO JRE 2 B & 2>
\Z9 572, TCDD ZMMEN L LB T ~ FORBERIZEB T2 AT 1A Rk
JVE CREEE DR EDO LR LTz, £ OfER., TCDD OR[N~
BREICHLDD LT, RERCIIRBEDO AT v A RFRVE L GREER OB EICE
{BIFERO N en o7, £7o. IMTFEE LY 5W S5 JIRERAR/LVE S &g
A NVE L OFBES, TCDD I X AETIXBE IR o7, UL EOREREN
5. TCDD |Z X 2 Jefr s A 2 2 RGBT, TCDD DOMHEITE, b L <X
BREE R IR B IC LD b O Tt e <, IRIFOME & ORISHEICER L TF
SET 5 ATREMEDSVRIZ STz,

A. BFEEEN Z® TCDD (28T D EZEDOEREALN.

YHFFEETIE, XA AT I L D%
HREEORIERE ZMAT L7720,
2.3.7.8-tetrachlorodibenzo-p-dioxin  (TCDD)
ZET I LEME L TR ZITo TV 5,
INETIC, BEHICRT D EE~D
TCDD DEFEN . MR RICBIT S AT
HA RRLVECEREEROFERZET S
THZEEHALMNILE (12) . F=,

BRIZBI D AT 0 A RARLVE G REE
R OFRB L H#ET 5 LK Th 2R
Rk AR /L€ > (luteinizing hormone: LH) @
SWEETICHHIZ ELHLIZL T
5 (1) . —J5. pKBREEZ » M2 TCDD %
ARG LTS E BRICB T 5 AT v A
RV T G RiBER ORBEITE L 722
W o(1) . bz, 7y FOBE, BT
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BT D XA T X2 VO A~OERERIL,
RELEL Db bEmWnZ ERHESIN TV
(34) . TNHLDEENLEZITLGE,
TCDD T & % % AR a1 Fr Ay
ThLHERE LT, B~ TCDD O
BATHE, b LUIBREEORE I MHESHE
HBLTWDAEHENET N5, £/2. Z
NDREETHNIL, BT » b DORICESRE
mHAED TCDD ##& 5452 L1k,
FaiF & R OB G 2 BE TX 5D Tld/ke
WinE PRI, LED X 57RO
L ARETIR, XA LXK D%
HREEREREOMAZ BRI & LT, A&
B Z > ko~ TCDD O =N E % 5
ATV, FBRICBIT A2 AT 2 A RAR/LE S
B REER A~ D B A fEt LT,

B. Hik - HR

TCDD BMEREEIZLDS Y FREEDR
TAA FRILEVEREBRERORBELS)

AT A RARVE X, EAREIZBW
THREICFET D22 VAT o — Lz )]
B LTAEEGREIND, ZOARKIZIE,
cytochrome P450 (Cyp) %h&sh &9 Dk~
IHREME Y X BB 5T S (Fig 1) .
UMEEICBIT S 2 E TORFNG,
TCDD RHEMEERFIZ BT 2 IR PR RICE
VT, steroidogenic acute regulatory protein
(StAR), CYPI1Al, CYP11B1,CYPI17 IR
(Z 3B-hydroxysteroid dehydrogenase ¥,
BRI b — L ZHARNAEICETT 5
ZEDBHGMNERSTWND, 22T, Aif
2T, ZOHNB AT rA RELVE A

AR DB 2 75 StAR (27 EHE L,
F%ERZ >~ k-~ TCDD =N 51 X
LB RRT LT,

7 #45 D Wistar RHEMET ~ M2 TCDD
(10 ngkg) #H=ENEE L, =0 5 Bi%
IZHBOlggs 2 Lo, IMENE 5122
WL, EREY M EN B EEE (74
7 v 7 RS ZHV, XU e
A — )V T CiT o 72, 22 b r—/LREIC
X, IWIHETH D comoil ZEIEERE L., [F
ROWHZIT o7, M L7clgzs L 0 2
Zi mRNA ZfiH L, WG IS 21TV
cDNA Z L7,

Fig. 2 |12, B ICBITH SAR O
mRNA &% ¥ E &H) RT-PCR ¥E% W
TEELIEERE T, ZE TORFMN
5. TCDD RHEREFEEROIBARERIZB N
T, StAR mRNA &[|¥, =2 ha—/LD
40% BEICETIERTTL2Z EBHALMNE
2o TWND, ZHUTKH L, BRERIET »~ kA~
® TCDD DORHENE L TIX, fHE StAR
mRNA ZI(ZEEIFE D bR oT-,

TCDD NZEARESIZ &L D FTERERERIK
RILE DTS

MRFRERICBIT 2 AT a8 A RkLE Y
AEARREEE DRI O FALEF 1T, M T EEK
F 0w EN L EBRRIEALVES TH D
EEZLITWD, FE, YHFEEICEKT
5 ZIVE TCOMENDL, TCDD FHRIREEE
RRICB T DBIFRRO AT B A4 RARLE
VAR ORBRTIL, M TEETO
LH B-subunit D& UK TITERKT 5 Z &
DHALMNE 725 TND, HOREINL, F
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v bRRERICxd 5 TCDD D=5
X, RO AT a A RRLVEAREEED
U EIIHEY 52 o, £ T, £
DIRRZH 5T 5720, TCDD D4
FENFE G0 T RO PRI AR LV E D
FEEICRITTREIZ O W THRET LT,
SeDRE & RO FIEIC TR LT 7
v MARER L VU TERAEZMH L, [FEkD Fik
T cDNA Zf®L/7-, ZhiaHd It
LC. ¥HEA72 primer Z HAVC LH, I
N IE R A L E > (follicle-stimulating
hormone: FSH) DZ 4D B-subunit D
mRNA B2 E& L7, Z DOBRFTORIIZ,
TCDD D FH|IK~DBIT 2RI 5 B
T, CYPIAl mRNA E4#E&L7=, £
DOfEF . TCDD LR TiX, P8 7 mRNA
EOREMNAED b7z (Fig.3) . CYP1AI
X, A A F T EIRFRICHEE SN D Z
EMA BN TV L EMHBEREDO—DT
b XAFXT AR DOREED—DT
0%, €> T, KEFT CTHWMENKRE
FEICX Y, TEMEKIT TCDD 12T ST
WHZ LR S, I, LH & FSH
® B-subunit @ mRNA EZ#E&EL7T, &
DFER . W FhIZHOWTE, TCDD ALFt
BELar ho— B ORIZEITRD D
nizinol- (Fig. 4) o LLEDRERNS,
TCDD BREERGATF O T BRI IV THIE
SN AR A LE L DRBEEORKT
X, BBFORFFRIRBS TH Y | BBt T
v MO FEAE~0D TCDD BEFE CTlLE
BN NWZ EBRHALMNE RS T,

(fm BRI~ DECLRE)

ARBFFEIZ I T DI ERR T, TTNRE

Y EBHE ] 12 &F 4 FlcEox,
Y ERE B ST K 5 ERGFHE O AGR
ZF =B ER LT,

C. B8

TCDD (2 X2 EEEDOF T, MITEIR
FEIZAON BRI, TOZED
REINDL, BIEWEOMH ., 8L OTH
EOBFNEERMIFERRE L 72> T D,
Z DRIEMEIC OV TIERBH RS HZ W
D3, YIFZEEIZBIT HHEN D BRI~
DEENESHEELTWDIEEZLND,
AHFFETliE, TCDD DR~ DIRTE &) %
HREBERIEOCOFER TH D LB 2| lER
7 v h~®D TCDD MENEHEH FI1Z X
LHEBEBE LT, TOMEE, lKE7 v b
DIFRIZBIT D AT 0 A RAKLEVERK
fEsE . W ONS T EEIZ T 2 A A v
T ORFBEET, TCDD ALPLIC Xk v (L
L7ehnotz (Fig2 BEIO4) , 2o
FERNID, D L L RERD K ~D
TCDD DR TIIMEAT a4 RERKR~
DELEIIEE SN W AR RIE S
iz,
INETOHRENL, BHEIZ TCDD 23
WREE SNV E . IR~ OBITR IR G &
D 0.02%FBETHDH LHESINLTVD
(34) . EHIT. ZDH LMNICBITT
LEIZ, BBEEO BRRELOMENRHD
ZEMB (B4 | RIFRNICBITT 2 &
I E (FHAREED 0.008%FEE) T
b5 ETREND, BAFFEEITEHIT DG
225 TCDD BHARREEIC X HRfF AT 1
A RHRNVECEREER OFBART X,
TCDD 1 pg/kg LA T O HETIIER S
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2no7= (1) , TCDD 1 pgkg A EHEICHRSE
SNTHE . ERROEENS RFDONICE
7% TCDD DI EIL, O THMETH
L EFREND, KgFHTHWE TCDD
OHE (10 pgkg) (Xl Z)L(*TL“CELF%L’ Z
FWHETHOLZ D IHENE G
75 TCDD DEEFEE EDSA+5 T;l%;ot
EEE I, T, MEARERZOT
FE(RIZHBV T, CYPIAI mRNA MEEE(C
L T2 Z &5 (Fig. 3) .\ TCDD 14,
THEAEETEEL FHZRELZLEX
bivd, UEXDY ., WBiFFER7Z TCDD
DB A ET, TCDD OMN~DEIT
L L IFBREENER TIE2 L, BF
DO E & D TCDD ~O N E R T
HDHEEEENREZ BILD,

Hm’ﬂﬁ%ﬁ“éﬁ%‘%&iﬁf’@%%%ﬁ AN

NTWDLR, REHZE L, KR, R
FHNZ T D MPERE D3, b L< iﬁHﬁ‘J

K F A2k B E Mz DWW TIE, BRI
TFTHENE TR > TWDH ETFREINT
WAHHDOD, FEIZOWTIIRERATH
%o ARHFFEL D . TCDD (ZxF3 5 BE 1AM
TOMERRHEL AT WO T IX, IR
BCIERLIME & OROSMEIZEE R 3 % 7]
REMENRIE SN, 2D, 5%, H“’
DR M QN BREE B A & TSI
ez BT 20ERNH D EE X %2@250

D. &3
1) Mutoh, J., Taketoh, J., Okamura, K.,
Kagawa, T., Ishida, T., Ishii, Y. and Yamada,
H., Fetal pituitary gonadotropin as an initial
of dioxin in its

target impairment of

cholesterol transportation and steroidogenesis

in rats. Endocrinology, 147, 927-936 (2005).
2) Taketoh, J., Mutoh, J., Takeda, T., Ogi
shima, T., Takeda, S., Ishii, Y., Ishida, T.
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icular cytochrome P450 17 by maternal ex
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Life Sci., 80, 1259-1267 (2007).
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TCDD-resistant  rat
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in pregnant Long Evans rats: association of
concentrations  with
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MREE

4-7KFE{t(OH)-CB146 X PCBRE# ) DS 6 | Wi FLENM I I H T, 4-OH-CB187|Z R\
T 2FBICEEE THRESN TS, KR OBIPCBEL TCB146, CBI38HB LT
CB153MNEZHNDHZEND, AMFFETIEET CBI46 LD AEKDOFH AL T D
725, Fvh, BEVR NLAX—B LMY — AMs)IZ L 5in vitrof X277
RI= FOFER | STEHO — KEE LA (M-1. M—28 L UOM-3) ARSI, 2095 M-
1EM-21FF 1 F 13" -OH-CB146 £4-OH-CB146 THHZ LN LN L7257, Hrlz4-
OH-CB146 (M-2)IZ7 v N CAERIEEN BN L BN -Z 22Ty MIRWTENFCE
W EE BB N7, 728 4-OH-CB146 D AR ITE /LBy M fRX . PBEBLOMCH]
ILBE T R B L ONLAZ—FMs TIEEAE U720 > T, ZORERIZ, 4-OH-CB146
DA RRIZPBEEEM:DP450, 72 HCYP2BEEE NHFVR 5.1 TV W EERIE LT
W5, — 5, 3’ -OH-CB146 DL R IIPBRIALEE T v, B/ B L UL AY —RFMs

DOWT IV THELIEMNLUI=Z 805, CYP2BEESE DOFR N BN RIB X 1177,

A. BFEEH

EREE LB O Mg 2, PCB
WD 4-KERLOH AN E I E TR S
TS 7 BHZ DT, 4-OH-CB187
T, R\ T 4-OH-CB146 I X% 4-OH-
CB107 Thd, U= TlL, £7 4-OH-
CB187 ®#H PCB ZHAGLMNZT D729
CB187 & CB183 ORFHHIZ W THRETLI=&
=4, 4-OH-CB187 1% CB187 mbARESH
ZH 07 CB183 hix &< ARSI e
BB o7
CB146 7257217 T72<, CB138 <° CB153 7>
5y, 4,5-TRFUROARK IS IO NIH #iz7
ZHRH U CAERSND FTREMED 35, AAF5E
TIL, 2& BlIzZMmitisivs 4-OH-CB146
23, CB146 D BAERSNDINENITONTT
AN VI ] NPAVAE Sab SERON = N3 N/
Y —AMs)E W TIRET LT,

B. BFFE 5
D CB146 OE&FK:2,4,5-Nraar =013

. —7J5.4-OH-CB146 |Z.

LN 1,2, 4-N)ryoa X aeTrhg/anT
FL TN, B A T UVEINZ .,
T, 110°C, 24 FFRIRUSS BT, ROGFE
BT n-~F VU THEBEE, TAITBLW
VATV IIT BT LT, RIZ, CB146 %
G ES A ERE % . HPLC 1oL TR SRIL7-
(PRFFFFR 39.6min; fiE 99%), HPLC £

{577 I, YMC-Pack ODS (250 X 20mm

I.D.); iR Bt . 100% 7B h=RU /L ; it 33 .
4.0ml/min ; £ % E | 254nm, EEBREIY I KL

OSSP - FZEREN IS Wistar RIEMET >

NRER 200g), Hartley REEMEE/LE VR
(RER 280g)FB LN Golden syrian HEME N
AR —((REFK 90g) % =, BT Ms
OFEL, RO, 7= /3L 42— L(PB,
80 mg/kg/day X3, ip)BLWN 3-AF/)LaF
2 (MC. 20 mg/kg/day X 3. ip) BT ALERD
FEWIOFEAR L, FiEICI0IiTo7, b
RIF Ms (94443) 1Z BD Gentest 2Ol AL
7o fREHNEME: 40uM CB146 %, BMWIAT Ms,
NADPH 4 & % . 6mM MgCl, . 100mM
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HEPES #2&EiZ(pH 7.4 EH12, 37°CT 1 B
AL FaX—hL7ot, Zuak/L -2 )
— L2 DB n-~FH o C3EHHHEL., &
BIZTT Y AR TAF A%, GC-ECD 1
LY GC-MS [ZIVHIELT, RO E &
I% CB146 RZE(LEOMREHRZHNTIT-
7=

(R B~ DR E)

[t 26 KRBT DN EBR D=5
DFEEFIZHEV, BT Ms OFABRLZEEL T
X, B O TR E CEX AT 5720
R = — T VIR R SO IR ERI 258 FTL C
St St SHEHRSD OB MIC K BT S
77

C. LR

Fig. 1(2/%. CB146 27>k, B/ EvhB X
OEMF Ms &EH12 37°C T 60 73fEAF=
N—=RLTELNER#BW DO GC ra~hrT
LT, RIEEWIIF Ms D54, E/LVE
o N CO IR EER] 16.11min, 16.74min 33
LN 17.23min (2 3 AORHE —7 D3k H
STz, TNBEZNEIL M-1, M-2 BIOW
M-3 LLTz, 728, REAHET YR TIT M-2 O
HIR S8, R DAL — Tl
#e —7i3e Ao ote, —F . kb
JF Ms O5E BANZENZDHLEDD M-
2 EM-3 [HFEAEDENTAER SN, Bk
54 DHH24 1FELIZ M-1 bAERK LT,

RIZ, ZNBREMEERET HEEBIT

BRENY) Tl PAS0 FHEAIRTLEE DN FE
~7=(Table 1), £7, KUHE/LEVIDY

A M-1.M-2 BEIO M-3 1372 Nn<Eh 28.2,

1.3 BEO 4.7pmol/hr/mg protein Th-o7-,
T, RALE Ty NTO M2 X
24.2pmol/hr/mg protein Tdh-o7-, IKIT
RPALBRDG & TV By TIE M-1 & M-2
FENENRAED 4.2 {FE 5.6(F2HM
U723, M=3 i3 e<mitis -7, —75,

TMBLONLAY =TI M-1 BNF7-10F
LML, DA EIZT Y RENLAT —
T.Z Nt 51.7 & 31.9 pmol/hr/mg
protein Ch-o7c, 728, 7 hD M-2 [TRAML
O 1.2 fFi2TE o7, &512, MC Hi
WBRDG G BE/VEY N TIE, RO LA
M-2 723 5.1 . M=3 3 3.9 {87273,
M-1 [XFEAE B L2 oT-, F2, T T
L. M=2 [ZRABEDHKT 50% 12 F T L 7=,
INBAS —TCIIRABEEFREIC, I
EXQ [ intey A RAviIS Yl

WIZ B4 L4444 OFF Ms & VT
RZFARIZEZA M-2 & M-3 BENH
MCThHoT-, TNHOERGEE T ENZE .,
HM:8.0 & 4.2 pmol/hr/mg protein, Z4:
TiX 8.9 & 4.0 THY, FRlZREMMEBX
MBI Z T Bl SN2 -7 (Table 2), 7‘:
7ZU M-1 iE, i e<Emksng . B
MCH 54 h 24 LERSN AR -T2,

I, ZNHDORE O FEREZ I B>
2T 570, TERAHHEL T 4-MeO-
CB146 . 3-MeO-CB153 ., 4’-MeO-CB133
BLO 3" -MeO-CB146 ZRIEARL. GC-
MS | #672777%/7—/3/2: GC-
ECD 1B T HIRFFRFMA IR LT, £ DRE
R, Table 3 |29 L91C, SO (X
F ALK TN TIb o2& 388 /LT
HTEMD, —KBILIE THLI LGNS
72572, ZOH9H M-1 (AF /U EIR) & M-2 (A
FIALIR) 1IXENEH 37 -MeO-CB146 &
4-MeO-CB146 @ GC {f:EiHsfI L5240 —
B 5LEblc, vAT I AT —ar bl
EAE—FLTZ, 7272 L M-3 1IZoW TR —
T L0077 BIIED LZARHTHD,

D. 8

AWFFE I XV, 4-OH-CB146 (M-2) 1%
CBl46 7 BAERSNDZ L PID THLMNE
7eotm, FRCT Y NCAERMIEER WL B
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W2 ZEIZT Y MZIRWTEMTF TRV &G B
bn&lpole, ZORERIT, EMILTE FUTAAL
YN EREFELIDIEZREL TND,
5|2, PBRTALE L 7= EERENVMWAFMs TI,
3’-OH-CB146(M-1) D A R AN E LML
TV, ZAUEPBFEEMEDOP450 (CYP2B)
NZDAERIZEEEL TNDZEERL TN,
ek, BTV MFEENF CEKIILIZM-3
DOALFEREE IZHOWTT, BERFF TH D,

E. &3k
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A) Rat B) Guinea Pig C) Human (HH74)

. — CBl46 _— CBl46 — CBI46
M-1 M-2 M-1 M-2
Nl S
T T 1 T T 1 T T 1
10 20 30 10 20 30 10 20 30
Retention time (min) Retention time ((min) Retention time (min)

Fig. 1 GC-ECD chromatograms of the methylated derivatives of CB146 metabolites formed

by liver microsomes of unreated rats (A), untreated guinea pigs (B) and human HH 74

(©).
The column used for GC-ECD was a DB-1 capillary column (30 m long).
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Table 1 Effects of P450 inducers on CB146 metabolism with liver microsomes of

rats, guinea pigs and hamsters

Metabolite formed (pmol/hr/mg protein)

Treatment M-1 M-2 M-3
Rat
Untreated N.D. 242 +£23 N.D.
(1.00)
PB-treated 51.7 £ 8.6%* 28.0+34 N.D.
(1.16)
MC-treated N.D. 12.7+£5.6* N.D.
(0.52)
Guinea pig
Untreated 282+54 13+1.6 47+58
(1.00) (1.00) (1.00)
PB-treated 117.0+13.2* 7.1+1.8% N.D.
(4.15) (5.62)
MC-treated 26.1+14.6 64+52 182 +32*%
(0.93) (5.12) (3.85)
Hamster
Untreated N.D. N.D. N.D.
PB-treated 31.9+5.5% N.D. N.D.
MC-treated N.D. N.D. N.D.

N.D., not detected.

Each value represents the mean + S.D. of four animals and those in parentheses are the
relative ratio of untreated animals.

* Significantly different from untreated animals (p<0.05).
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Table 2 In vitro metabolism of CB146 by liver microsomes prepared from nine

humans.

Metabolite formed (pmol/hr/mg protein)
No. Sex M-1 M-2 M-3
HG32 I N.D. 54 N.D.
HG64 I 3.0 7.7 3.1
HG74 I N.D. 11.0 89
HH74 I 5.6 6.3 3.6
HH81 o4 N.D. 9.6 5.5
Ave. £S.D. g 1.7+£2.5 80+25 42+33
HH77 ? N.D. 95 5.1
HHI91 ? N.D. 83 2.7
HH101 { N.D. 10.9 4.2
HK37 ? N.D. 6.9 43
Ave. £ S.D. ) N.D. 89+1.7 40%+1.0

N.D., not detected.
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Table 3 Mass spectral data and retention times of the methylated derivatives of three CB146
metabolites and its synthetic compounds in GC-MS

Molecular Mass spectral data (relative abundance, %)  Retention
Compound  weight  [M*] [M*-15] [M*-43] [M*-50]
[Mt-113] time (min)
in GC-ECD

M-1 388 100 9 26 10 41 16.11
M-2 388 100 32 22 - 48 16.75
M-3 388 100 N.D. N.D. N.D. N.D. 17.23
6-MeO-CB146 388 100 - - 134 39 14.14
3'-MeO-CB146 388 100 8 37 12 37 16.11
4'-MeO-CB133 388 100 36 33 - 40 16.27
3-MeO-CBI153 388 100 7 45 13 42 16.67
4-MeO-CB146 388 100 44 36 - 46 16.75

N.D., not determined.

CB133, 2,2',3,3",5,5"-hexaCB; CB153,2,2'4,4',5,5'-hexaCB.

DB-1 capillary column (30 m long) was used for GC-MS and GC-ECD.

The oven temperature in GC-MS was programmed from 70°C (2 min) to 230°C at a rate of
20°C/min and then to 280°C at a rate of 4°C /min. The temperatures in the injection port and
the detector were 250°C. The oven temperature used in GC-ECD was 230°C.
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M-3
(7

M-1
(3’-OH-CB146)

(4-OH-CB146)

Fig. 2 Postulated metabolic pathways of CB146 in animal and human liver.
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SRR TR

FAFTHV VBRBIC LR E LEREEOKRR

SHOTEE B SUNRFERFBEE A 8 R Bt s 2%

BUZIIZAENZRD B o7z,

MREE PCB/ X A A% HHEIBRTEIC L 5508 MR OB FEhiE 2D
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