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Foreword

Gaku Tsun

Chuef of The Study Group for Yusho
(granted by The Ministry of Health, Labour and Welfare, Japan)
Associate Professor, Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

A mass poisoning, involving at least 2300 individuals, occurred in Kyushu (Western Japan) in 1968. The
incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil that was contaminated
with Kanechlor-400, a commercial brand of Japanese polychlorinated biphenyls (PCBs). It was later found
that the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDF's),
polychlorinated quaterphenyls (PCQs) and others.

Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds. For 50
years the patients have been suffering from various symptoms such as general malaise, headache,
acneform eruption, dark-brownish nail pigmentation, increased discharge from the eyes with swelling of
eyelids, pigmentation of oral mucosa, peripheral neuropathy, irregular menstruation in women.

A method for quantification of PCBs in the blood was developed after 1973. The blood polychlorinated
quarterphenyls (PCQs) levels were then added to the diagnostic criteria of Yusho as a relatively specific
marker. Recent technological advancement allowed us to measure dioxins levels in 5 to 10ml of human
blood samples. After the evaluation of validity, sensitivity and reproducibility of the blood levels of dioxins,
we added the blood levels of 2,3,4,7,8-penta—CDF in the new diagnostic criteria in Sep. 29th, 2004.

The clinical and basic observation and follow-up study of Yusho patients are extremely important not
only for supporting patients’ health but also for understanding the potential prolonged effects of high-level
exposure to dioxin-related chemicals in humans. In our follow-up study, Yusho consultants, established in
2002 and expanded in 2016, keep in touch with the patients by direct interview, by phone or by mail.
Various types of questionnaire were carried out by Yusho consultants. Statistical correlations were
analyzed between blood PeCDF levels and clinical/laboratory manifestations in addition to questionnaire
comments. Also, we have conducted a survey of the next generation of Yusho patients from 2021.

Patients with Yusho still complain various subjective and objective symptoms. Although definitive
therapy for Yusho has not been proposed yet, basic and clinical research by us and others have revealed
that some Japanese Kampo drugs such as Keishibukuryogan and Orengedokutou are potential candidates
for treatments by modulating aryl hydrocarbon receptors. Furthermore, Yusho study led to the develop-
ment of a topical agent, tapinarof, which acts on the dioxin receptor to ameliorate skin inflammation.
Finally, we very much appreciate the contribution and participation of the patients in health examinations
for follow—up of Yusho each year. I also deeply thank all the members of the study group and the Japanese
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Ministry of Health, Labour and Welfare for their efforts to help and support patients' health and well-being.

Acknowledgement ; This work was supported by a grant from The Ministry of Health, Labour and
Welfare, Japan.

COR, JEAEGEASENEGEMIEIE DR 29 MEEEZFIT T A e TEE Lz, AM3EELS
M4 EEOMFERFEZR S NICHESTOEHRZ Lo TBY) 3. MIEIX 1968 4 (BFF143 4E) (2P HA
—i DILHPA R ER DT 4 A5 PCB (R ELE 7 = =)V) ORA L7z ERARQOHEER L2 10k 5
TR 72 EPHFMETYT. 20K, WIEPEICL 5 TPeCDF (RVLI RV T 5 0) BEDT A FF
UHEHBBALTWZ LD ELOLMN, WEIXPCBEE VA A F L VHICLZEATHETH o722
EDFEHENFT L7, A4 F T VHEEIMAICS DTN LIrEEN TRV DL, ToEE XN
ARIET L7275, WREEEN TR BRI L ) A I s THEMEOH 5 54 + F 3 VHIED TR L
7 ), 2001 4 CERE 13 4E) ISR OMZ T8 Ty MIZHIE Z 17V, 2002 48 CERE 14 48) DR IZ 4
EomZ CllExMiGLE L. SN0 77 274 - BE - BB COR2 M LT Lz #
DOFER MW 2,3,4,7,8-pentachlorodibenzofuran (PeCDF) fifi % 2 WAL BT A5 2 &% L E 2
S, MEZWIEEE (PR 16 459 A 29 Hfi#E) »MER S L7z,

BESAOBEER L EEMHZEOROL LT, 2002 4F (P14 4F) 2 OMEMKE S AT A% 375 BT
F L7z WEMRER 3P CoOBEERNE, B TRIC L MBROMRZN 2 2T E S, IEMKE
DIFBIZ L o C, fERL D QEEEOE T 7 — MREZITH) T L WEEE 2 ) F L7z 2016 4F (CFHL
28 1) M HIMEM SR BHIEE L L CHFERRSNE L7z, £72 2021 4F (5F134F) o1, WHERRES
OWRMRFAEEZHEDTB Y 9. WIEICEE ST AWZe I WAE = = — A (http//www.kyudai-derm.org/
part/yusho/indexhtml) 12& ) HIFT, BREEDH 2 IZEAMANLTBY F9. B CIXMIEICERT 515
BHIIDH ) THAD, Fr ZEOLREDOMIEIC L - T, RSP EEHRL & Vo 72T A
T OEREIIHT AEPRGEINDL ZEPHO NI o TEFE LA F/2, WEMELS Y E S
078V FAFFL v OZERNER LT, KEORELMZ BHVHESFRIESNE Lz, BERZIC
SN2V T WL RREEDH 2 \ZHFLH L EiFE3& &bz, WERZ (http//www.kyudai-derm.
org/yusho/indexhtml) IZBNIRA 2 W72 WTWALHED F4, T L CHKEDITHD 4, EATEE
FHLUBROERICO R CIEHP L LT 7.

B ARENL, EAESEITEIHGER AT ER (ANORSMRHEENZEEYE (7 2 IEICE T A058))
Wiy GRERS) (AR L7254+ F 2 VSO NMENDOFEOILIR & FOREEOR % I1CM
T A2 (21KA2003) 12X o THATENTWE . ELEHH L FIF 4
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REMEBERBICH TS IL-37 DIRE &
FEERIEKFRZEZEFICK 2 Hl#HHEE

TR 7 A A F 2 Vet > ¥ —

ECBHIC

fvy—nafxy (IL) -3713, REZIHTLEEZOHHEEYA P4 LTAESRAEY. L
ML, ZTOEENIFEZIZLEALHLNE o TR, FEOIZETIE, IL-37 I3 EMERFERAICE
WCHRERRER L 72 ) ) DHREMATRIE SN TWEY. TRFTIE, ¥4+ Vv EOSEATHS
FEE ALK FZE 2B (Aryl Hydrocarbon Receptor : AHR) AS485E 4 iz i e B DR BEE 1 C B 555 = &
PRENTWEY, 22T, KEMEEEBRICBITS IL-37 & AHR OBIMRIEEICOWT, K4 OWF5eH 3
T EOT, WHOHBIZOWTHNT 5.

1. IL-37 D& E ¥ T FHIVEEHRE

IL-37 (IL-1F7) %, IL-1 77 3V — 2B T AH A b A4 D1 DTHAH. IL-37 % a— F§ b#fnFi,
gefifh 2q12-13 1@ L, IL-la B & OV IL-1B IR+ OfEFHEBICIEF 12, T ORRRINRAIEIX, %
FEXMET S IL-37 OFENCEETH L EEZZH5NBY. IL-37 D A X1 3,617bp TH Y, %@ mRNA
I% alternative splicing #321), a—e D5 O T AV T+ — L% HELAL. INLDTAV T+—LD) 5,
IL-37b id=27 Vv % 52&A, TAYVT+—L2DORTiRLZFEEINGEVD, £ OWF3EAYIL-37b (24
HAELTTfThbNT\wb, IL-37c & IL-37e (& IL-37 OIGVEMERRICH R Y V8V % a— N$ 5610 Y
YARKIBLTWSEZZD, BELAVWETMENTWS. IL-37a & IL-37d DEER G T AT
HY, IL-37 DHEEDT AV 7+ — LT BWRIEMERNTH LY. 72, IL-37 1%, <7 AAHF#z
FHREENTESLTY, BETUE~YIZEHCLERTIE, b b IL-37#EFEHEOINT 2V 2
=V IR T AR ERNERT D2UENDH 5.

IL-37 (3Mfest B X OHIIBN O 4 v A >~ & L THRET 4. IL-37 .7 Y > 1121%, Caspase-1 2
L BUIMER LA d A . RibAK & ~ /7 Tdh 5 pro IL-37 1%, Caspase-1 12 & o THIWr X, mature IL-37
D, HPE O pro IL-37 1&g it S - 88121%, #ix %2 707 7 —+¥I2 & - T mature IL-37
E AL FRBAZ AW E L7 mature IL-37 & IL-18R (2RI 4 2 A RICAEH L CHLRIER) R % 58§
5. BAKMIZIE, IL-18 13 IL-18Ra & IL-18RB M5 7 A AR Z L L T, MyD88 OiE A L% /i L T %
JEZFFET L. 2ok &, matureIL-37 1, IL-18Ra B L V' IL-1 &K 8 (IL-1R8) &#EA LT, IL-18-
IL-18Ra-IL-18RBME AR A LR § 5 2 & T MyD88 D b & FHE L, IL-18 12X % ¥ 7 F )W niE % ¥
5.

¥ 72, MU IZAR E 7z pro IL-37 ®—#EBl%, Caspase-1 12 & o CTHIRr &4, M T mature IL-37
&7 B IL-37 IIERAEALECY 2 FE7- e wic o, BNICEBATL, BEIEEF O~ G 5 720 12134h
DOWNT%NE L35, Caspase-1 THIWF & M7z, IL-37 1% Smad3 & #54& L CIL-37-Smad3 &6 % I

Corresponding author : Gaku Tsujt

Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka 812-8582, Japan
Tel : +81-92-642-5211 Fax : + 81-92-642-5201

E-mail : tsuji.gaku.893@m kyushu-u.ac.jp
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WS 5. Smad3 @) YEEILICX Y, IL-37 ORMBITATREE 2 ), KEMEET O 2 P+ 29
¥ @ IL-37-Smad3 #i&1k1Z MAPK, PISK, NF-£B, STAT3 & nFa ) VALK 7 v
BRI L2 IE LT, ¥ 7 IVsER HET 57,

O &9, IL-37 iZMfgst B L OSHIBENIC B W CHLIEMEH & 5815 5. Mifadto 1L-37 1%, #REN
D IL-18 Oy & ZFAWNIIE L, JUsER R4 5T 5. MM O IL-37 1E, Smad3 # /L T, RIEIC
BE3E 9 2 Bn T OSHIIx L CTROHI# %47 .

2. BEICHT B IL-37 ORBEFEHRRIEKRZEEHICEK 2HIERHE

SR X A TR, IL-37 @ % Y87 55BLE, BEMEY, ~2zu7 7 =Y MmN
Fl0 ) 2 sEY THEE STV A D, TNENOME TYME SN LI RLZ A0 H Y, L EE
AT DSLETH D, REMB T, IL-37 130MbIC L > TFHE SN, FHREICEHEL, sfb~—57—0—
©Td 5 Loricrin, Filaggrin, Fillagrin2, Involucrin & 3742 Z EAVEEN T, F7- OERT
B TR P LR Tl IL-37 3R A% 512

CNETIZ, FEMIBICBWTIL-37 OBETHRBAFET /T & LT, M leprae 12 & 5 EHeEE,
UVB OEEEYY, Actinidia arguta DRELETEY T 5 PG102"Y, TLR U %~ F (Flagellin, LPS, PGN
Poly (I:C))”, #iE~<7F F (hBD-3)”, ¥4 F#4 ~ (INF-a', EGFY) #h%. Z0Hb, AH=
ZAAHHS L ENTVSELOLE LTIE, PGL0212 & % p38, ERK, Smad3 ¥ 7+ IV OIEHEAL% 4 L 7-4%
¥ hBD-3 12 & % CCR6 %41 L7 MAPK & NF-«B OiEMALIZ & 2%, TNF-a 2 & 5 MAPK ®
EHACI X 288D b s, — T, ERMEO IL-37 OKBEAET ¢ 2RF L LTk, IL-17A,
IL-17C, IL-17F, IL-227% Y, Ti 5t TNF-all k5 IL-37 O%B A HET 2 2 LG ShTw
29 P8 FOMFEIEE AR LSS\, F72, Th2 94 b H 4 > Th b IL-4, IL-13, IL-31 ZHlAED
#4595 &, Loricrin, Filaggrin, Fillagrin2, Involucrin D FHAME T4 425, ZFUPE- CTIL-37
FEBLET 5.

FIT, FERMIIZBIT S IL-37 OFEBUISLIZ X o THIB S A WTREE H 5 2 5, L 13FKE
Mg D5 bz HlfH 3 %5 AHR 28 1L-37 OB G-§ 222 ME L7z, AHR IS A4 F 2 Y HIHT 5
ZERMAEE UCHEESN2DS, TETIE, 54452 YEUIN ORI - WRTEOVEFRPE A S iz Eh
THY, BEOEHEERCHE A 2 SENREEREDREBICES T 52 L pvRaNTWwAY . AHR IZIEHT
HWE L LT, B AHR #RE#E (Therapeutic AHR-modulating Agent : TAMA) THA % ¥F 17,
Galactomyces ferment filtrate (GFF) = H\WWCEREMBZ R L, IL-37 OB LT L7z, TORKE, ¥
¥+ 7 - GFF X IL-37 ® mRNA &% > 87 LAV 2B & 72, &512, siRNA # H\WwWT AHR O %
HERT &2, #E¥F07 - GFF 2L 5 IL-37 ® mRNA & % 2787 LAV OFFE IR S 7z

(1), oDz s, FEREMRIZB VT AHR 25 IL-37 OB 2 HENICHRE T2 8FE 2R S
7- 16) 17)'

3. RIEMERBHEEICHTS IL-37 DIRE

FRPSHEIESET A A v ThH D IL-37 IR TIE, REXFEST L HMICH X, SEWEERED
IREEA AL A Z LTINS, DTS, IL-37 OS5 HE SN TV A KEMS R B EBICOWTEE
A (X2).

a. 7 PE—PhE %

7 NE—MEEBE R, BVEATED BBRE T L LA EMORESRERETH L. BE, T ME—
TR RS 22 DIRREIE, Th2 A4 M A 2 &k A, 2RIGIZINE, B N 7TERRERE S, BRI EEH
THI Lo TRKENLLEEZSNTYAEY,

BEMuBEUE (Contact hypersensitivity : CHS) 1%, 5 - HE R 2T AEELEND 1 >THSL. b

(4)
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A C E *
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107 100 =
= *
— - s
&7z 8 £ « E« 8
S & ¢ 4 7z
S E * e 2 2 67
RS s E s g
- =
= '? 4 * "S ~ o > 41
2= o 23 23
c= S
0- 0-
0 6 18 24 48 (n) 0 10 100 500 (nM) tapinarof - + - +
500 nM tapinarof tapinarof control siRNA + - -
AHRSsiRNA - - + +
B 24h 48h D ¥
S S
= £3 2 tapinarof - + - +
EE 5 = . apinaro - -
E2EE __tapinarof control iRNA  + + - -
S &3 & 0 10100500 (nM) AHRSsiRNA - - + +

Anti-IL-37 E (17kDa)  Anti-IL-37 [ -dieme] (17kDa)  Anti-IL-37 [Z == | (17kDa)
Anti-p-actin EI (45kDa)  Anti-f-actin (45kDa)  Anti-f-actin IEI (45 kDa)

G I . K
4 ) 4 4
= = =
S« s« = <
v 73 * o 7 o7z 3
TN
5 IS S 2
=P =? =7
S = S = S =
0 0
0 6 18 24 48 (h) 0 1 3 5 (%) GFF - + - +
5% GFF GFF control sSiRNA + + - -
AHRSiRNA - - + +
H 24h _48h J L
s 3
& = o GFF - + -+
g E g E M control siRNA + + - -
SRCRSRT) 0135 AHRSsiRNA - - + +
Anti-IL-37 (17kDa)  Anti-IL-37 (17kDa)  Anti-IL-37 [Nl | (17kDa)

Anti-B-actin IE] (45kDa)  Anti-B-actin El (45kDa)  Anti-B-actin IE' (45 kDa)

1: % ¥4 17 & Galactomyces ferment filtrate (GFF) 1% IL-37 O3B 2 FHE L, Z0OFEIE AHR [TIKGFET 5.
A,CE G IandK : qRT-PCR I X Zf#Hr. IL-37 mRNA 58i& (mean = SD.n=3). *p <0.05.B,D,F,
H J andL: WX A% 70y MIXAMEN. IL-37 % X7 5HE, 30 L EBE2 T L, FY
RLOERPRRLIZ, A-D Dy 0 7R - FEARGEEC IL-37 0%l & FE L7z, E-F : AHR 033l
ZSiRNA T/ v ¥y odhE, #¥Fa7i2X5 IL-37 OB OMEINIHEER Sz, G- : GFF 12
M- AR IL-37 o5H 255 L 72, K-L: AHR ®38% siRNA T/ v 7 ¥ 35 &, GFF 12
£ % IL-37 OFEIoOBE IR S vz, 5IHECHNL6 £ 0

b IL-37 Z @RI L 72~ 7 A TEINT T Y BHiteOH - ORER S L, CHS il s, 2 o
& LT, BHRMIEIC BT 5 IL-37 ORI PUFEIEREE - B Z BHE L, & S IICHIEE THMREEZFET 5 2
LT, CHS 28HI5 2 2 EAVRENTW A, &512, MCI03 (B % 2 > D #FHHEMk) FHOT b E¥—1E
JERETIVCIE, & b IL-37b OB\FFEIIC L > CT7 =B RIC L A2HENOER, FEAOME, RIE
PHA MHA Y T EHA L OEEIIHIE N ZOEBRRIBNTYH, HIEHME T M0 ZFHE RS
NTW22 F72 MCI3FHEFDT FE—MEMEETIVICE b IL-37b 2 Tkt 5 &, FHICH A
OIEEATRES T 575, 0k XITHFEHEEOBREINEA LT 722 In vitro TIX, 7 b E—1EEE 5D
JRAECEE 72 TSLP 12 & o TR S N2 3F BRIk 0 IL-4 OpEA L, & b IL-37b 12X » TRl S 1
22 oz krn, b ML-37b 3IFHEEEE A LT T b — YRS £ ORRE R T 5 W REME SRR
ENTW5E, 7 MNE—MEEROERIZBIT AIMETO IL-37 EAREIX, REOEEELMHBELZE W)

(5)
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IL-17 1IL-22
IL-4 IL-13 IL-31

2: 7 ML E % - - ALIRMEITRRRIC B S IL-37 Of%E
@ IL-37137 b ¥ —VERZ g 4% - vofE - ALIRPETIR L O & HH 5 %
@ IL-17, 1L-22, 1L-4, TL-13, IL-3LI3FELICBIF 5N THREEEZ AL, IL-37 D%
B3 5.
® JEME (TLR), hBD-3, %84ME IL-37 O % FHET 5
@ #¥Fu7 - -GFFIZELICHITS AHR IZIEH L, IL-37 032 HLET 2

WL L NCBERTREEZ R L2 HEH 0P, —E0RAAE SR TWARY., 20—)T,
R BRI BUT % IL-37 OFBIFERBMICBERTET LTV A I EARENTWEY, ZoFL LT
1%, B Th2 4 M A X BB E/NY) 7% %7 (Loricrin, Filaggrin, Fillagrin2, Involucrin) @
BTG L Thwb I eENEZLND.

IRHEDTERD, TR E—WEMRIZE T, IL-37 & Typell RIBISE £ HIHT 20 225 D,
IL-37 DI TIE, 7 b E—HEZE ZOREDOEALICHG L TWE LEZOND.

b. Wi

HE L RS 2 b ) B SR e AP & A2 U 2 B0 IEMAILE Th 5. W X AL, KE
RHEEICE LS 20, BRER HEEFNEEIKE WY,

FIEMES A M H 4 > (TNF-a, IL-17A, IL-22, IL-la, B X U Oncostatin-M) THI¥ & 7Rz Hif
IZBWT, b b IL-37b 13, WREORAEICEE L Kb CXCLS, IL-6, SI00A7 DFEL %2 HiHI$ 2. Fik
FREIC VEGF-A # BRI S /M ET VYT AT, BFIL-372&68 75 A3 FOESFIZL-
THREIUHEL, WL TO IFN-1 OFEBMET LY. L 0fEEIE, b b IL-37 D80 555E % #1
RDNRD D HUHEMZRIET S, LAL, £ IFEFHICK 8BTS LV~ AT, & b IL-37b
DIRFFEGHC & 5 R EDOYUFIZ A SN TV WD,

WS OGP ) L-37 ORI, B A L8R5 LMETH 5%, MED IL-37 DifE L B 0E
JERE (PASD ICIZIEOMBIBRD S 5 2 L ST a® . 72 82 JAK lHEH TH 5 Tofa-
citinib Z IV 5 &, B RUET 5N, ThE &L ICEKEMIBICET A IL-37 OFHIEmMT 5%, &5
2, HEEEO T VA7) T b= AT, RBEE LI LT, EOWREE T IL-37 OFEHIMKT
THIEDPHREINTVDEY, INs5DZ Ens, IL-37 (FEBOMRIEICKH L CHElNAB X2 3500
LEZLND.

MR T, BE AN TIXREOMREIZ IL-37 3BT A2 DI LT, ¥@ORET TIIHET
28 ZoAHNZ AN, FRLEBROTEE LY A M A~ Th A IL-17A, IL-17C, IL-17F, IL-22

(6)
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MG L TWwa b, B2, IL-17A & IL-22 (3 FEEMIIZ BT 5 Filagerin DEBAE T S5 2
LS o TBY®Y NIk o TIL-37 OKEBELETLTCWS LHEN SN2,
INSOHRIL, IL-37 DSEEEO BB & L Tkl 2 BTS2 RIBTA2HDTH L.

c. ALHRPETT IR 25

IR 220%, BEMLEICE CRIE L, B tE ) BN L EMRERETH L. ERE LT,
ks - BUEES - B STV AR ) KIEMEORET, IR, BLE BT 5. HET A EELCH
WA E SN D, fLRETREOREIIAH 2 TAL VDS, WEBIZB 2 BUOMILEE L FED
HEIEORENER & LTI d. FRICURETREDKEET A P A A v oTa7 7 4 Vg,
WS BT LD ONE L, WA TO IL-23, IL-17, TNF-a DFEHOMWIMNMA/RENTWE, S 512, 1k
TE PR 28 D TR ZS T AT & BB & IL-37 ORBIDE L LARTF LT3,
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Role of IL-37 in Inflammatory Skin Diseases and
Its Regulatory Mechanism via Aryl Hydrocarbon Receptor

Gaku Tsun

Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,
Fukuoka 812-8582, Japan

Abstract

Interleukin (IL)-37 has been identified as an anti-inflammatory cytokine with the ability to suppress
inflammation. However, its role remains largely unknown. Recent studies suggest that IL-37 may be a
potential new therapeutic target in the treatment of inflammatory skin diseases. It has been shown
that the dioxin receptor, the aryl hydrocarbon receptor (AHR), is involved in the pathogenesis of
inflammatory skin diseases. In this article, we present the latest findings on the relationship between
IL-37 and AHR in inflammatory skin diseases, including our studies. IL-37 is expressed in the granular
layer of the skin, together with skin barrier function proteins such as Filaggrin, Loricrin and Involucrin.
In lesions of atopic dermatitis and psoriasis, these skin barrier proteins are reduced, consistent with
decreased expression of IL-37. We analyzed the expression of IL-37 in normal human epidermal
keratinocytes treated with an AHR modulator that promotes keratinocyte differentiation. The
therapeutic AHR- modulating agent, Tapinarof, induced IL-37 expression, which mechanism was
AHR-dependent. We have revealed that the AHR is the receptor that regulates the expression of
IL-37 in the skin. Thus, tapinarof potentially exerts a broad anti-inflammatory effect by inducing IL-37
and 1s expected to have novel therapeutic effects on inflammatory skin diseases.

Key Words : Aryl hydrocarbon receptor(AHR), IL-37, inflammatory skin diseases
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Blood Dioxin Concentrations and their Tendencies Examined
in Family Members Living with Certificated Yusho Patients
and Considered as Yusho Patients

Tsuguhide Hor?, Kazuhiro Tosusui!), Daisuke Yasurake!, Yoriko Suinrant?,

Takashi Fururant®’, Yoshiko Takao!), Takashi Topaka?, Yuki Hirose?,

Susumu Karsuki! and Gaku Tsuj®?
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Y Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan
YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,
Fukuoka, Japan

Abstract

We performed congener specific analysis of dioxins using HRGC/HRMS and determined their lipid
based concentrations in blood samples collected from 175 family members living with certificated
Yusho patients and considered as Yusho patients (Family members living with Yusho patients) during
annual Yusho examinations between 2013 and 2021. When concentration of 2,3,4,7,8-pentachlor-
odibenzofuran (PeCDF) was compared in eleven Family members living with Yusho patients,
undergoing examinations among the nine years, the longitudinal concentrations in the respective
individuals hardly changed over these years. Mean concentration of 2,3,4,7,8-PeCDF in blood from
175 Family members living with Yusho patients was calculated as 25 pg/g-fat, which was higher than
the mean value of 12 pg/g-fat in blood from 409 Yusho-suspected (non-registered) persons. The rates
of persons with blood 2,3,4,7,8-PeCDF concentrations below 50 pg/g-fat in the entire Family
members living with Yusho patients occupied approx. 90 %, on the other hand, concentrations above 50
pg/g-fat, defined as high concentration in Yusho criteria, were also found in fourteen Family members
living with Yusho patients.

Key words : Yusho, Dioxin, PCB, Blood

Corresponding author : Tsuguhide Hort
Fukuoka Institute of Health and Environmental Sciences, 39 Mukaizano, Dazaifu, Fukuoka 818-0135, Japan
E-mail : hori@fihes.preffukuoka.jp
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AGbE - ZEIKR S FRET A 70~ T T
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FER T UEHERE, EETELHBETHEIY,
RITHN & o T 2001 4F BE L AR [ U O HE S 52
THE AR A Ty MYREIEDS TOIL, 2002
FEURBIEEOMZ L ELRNRIITA+F
YHHE R BT IR o 72 2004 I ITIHIE
FWrE I A 2,3,4,7,8-pentachlorodiben-
zofuran (PeCDF) fH2%E#E LTz &7z,
ZOBRITI, M ©2,3,4,7,8-PeCDF &
(ERiER Y720 ) 30 pg/g KiifiZ@%E, 50 pg/g
DL EREE & X Sz, IEZ DB
i - SENX 1981 ELK 23 SER Y D Z & T, IE
ZWCRE e R HRETH - 7
WFZEHE IR RREH & & OINEMS %28 O Mk
T A F D HERE &G L CERL, 2022 R
FTITAAF 2 EZUE LM s R0
6,000 fHic Eo T3, —J7, MEREREICE
WCIE 2012 4E 12 B ISR REEMFIC & 2 7252 H]
BT SN2 FRF R ESE ARG S
TLIRE, IR CRAE S 72 BB 2021 4E 6 H
T 308 44 & 7 o T\ . THEME CTRIERIE
REHIIERDOIMEZ WM CRE T 78
ERROHER & 22 Y, I PCB & ik
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DEEN R E 7o T Db, R CTIEFHERIERE
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EAZ, TEROIMFEZ W EHE CRE & T - B
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2013 AEEED & 2021 4FEE £ T 9 ERIZ, &E
MHRE—FF RS 12 3B\ THRI L 72 MR E0R & k51
FAF XL VEHOERSNT AT o072, MEIE /X
YA EZEBR A ISR S L, etk C Rl
FIZHAL, EBIZ10mL FEOV I 2AHALH
BICRBL, 9 E CTACLLT Clmbra L7z
EONEREEER D20, a> ha—LVatk e L
T H KBS NG A PR B 7' — VIl [L-=
Y= 0] 2EAL.

2. PAHE

BEERS Y RIS N BTV 21T o 72
ME# 5 g e L7215, AU SR 24T\,
) =T T AN T BRI L7z, Ea
Hi%EE ASE-200 X 1& 350 & (Thermo #184) 12 X
DIEIIH ATV, O—% 1) —ZNRL—F —T
FHGH 222l E L URiEEL RO 7. Ik
Mo dgz T4 0 THERL, MBRLHELIT-> 72
th, THERERS VANV A T AR NGRS 5 L%
THEEL 72

5E 3 8 S O R BERRS D s S T
5. H5E 2134+~ T HRGC/HRMS (Agilent
6890/ Waters Autospec Premier &) % fiif§ L 7-.
JE A S B A S ED 72 5 A 4 ¥ 2 Y EHO 5T
~ =27, 1 RIOSHTIER T 5 R 72
MEEIER 50 g & SNTWBY . BEEICL 5
THRIMO GBIV vz 5g) 252,34,
7.8 PeCDF %D ¥ A 4 % ¥ V% REMIZH
W-Em3 5472012, SCLV (SGE #:#), LVI
(7T A AT 4% A4 T 28 Fo K E A
MEUGEA L, ERRBEHIE % k6 L CTIT o 72,
A Fx U QLELAEY) oI T
THRRFE= Y72 ) B (pg/g-fat) THEiLL 7.
CHISESZ I ETHW SN B EEERR (pg/
g-lipid) & [AF#TH 5. 2,3,7,8-TeCDD #HM4%
& (TEQ) & HI2id WHO |2 & 2 FH M AMhiiR %
(WHO-2005) % FiY, & T BRAER & 2 > 72
ILEM ORI EE TRED 1/2MHE LTI %
W, TEQZHHW L7 ¥4 432 VHEEDOE
FECIE, 9EMICT EL2HIE L T nigaid
O, BEHEREE L T\ A58 13RI
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ExAT\, ENTIZIE IBM SPSS Statistics  (Ver.
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ED#F

2013 4E72 5 2021 4ED 9 4EM T A 4 ¥ 2 U
BRI E % 4T o 72 [l s RIERRE H O MR
264 BICTdp o 7278, BRI L 72 7BEH DAL
T5720, ERIZIBHTH-720 2 2020
46 A RBUE D [ Ji R iERE S %5 308 %4 D 57%
M2 2 A TH o 72, 175 L OMNFUT B A
2%, W13/ TH Y, ZHROREHFRILS
PET 93 7%, LikET 92 %, AR I T 46 7%,
TYETA5 R TH o7z, ZZ WD 3 mL Lo
ERERES 11 % (BF A~K) ([22W s
2,3,4,7,8-PeCDF i Uf TEQ 2 E O A EHE
(Total TEQ) DIFERMEBEZ 1 IR L7z, 94EH
DOZHZ M CHRLITEE T (4 1949 4, )
D6 MTHo7. WHEREEZOMEH 51 4+ %
VI EIZER] & LT 4 4RI 1 MOHET
TN TV 720WUEMED S %753, ISR
EO/REDOVDEDOTH LM T2,3,4,7,8-
PeCDF B2 22 LIZFRO 53, Total
TEQEEDLFEETH - 72, Z OMEmEIE 2001 42>
52017 FE TOMBREE BT MHEmME S —
H LT,

2. ARFREREE LEZFLEXSOMBFS
14X CBEREDILR

212 2013 4E* 5 2021 4EFE D 9 4ER THEME L
7o 7 A 4 F D VAR T Lo K
2 (A) BFERERES 175 %, (B) I[HZE
%640 %, (C) ICRFEEH 409 Z2OWTH A 4
FUUHARMEROEIEE L TEQEEEZRL
72, & 5122004 AF B AR RN O —#ER (60
LD 127 %) % b RICHENR L 72 AR Y
NPl

2013~2021 4EFE I h 57 4 4 % ¥ 3 %

E2
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5E L 72 RREREH 409 4 ORI B EADY 165 %4, &
%244 4 CTH Y, THREOFRIILHE D 16~93
%, WD 8~45 i ThH -7, MEH DY 1+ F
T VDS BRIV B o B O — IR & HER
5 L FEEME L 72 AEAIDSFED i, HHEZ KT
HAEDIRIETH 52,3,4,7,8-PeCDF R ILAKFE
EH T 12 pg/g-fat THo7-DIZxF L, —i%
ERTYIY 17 pg/g—fat TH o7z, TIITRAE
HOEMICHEENL S GENL ZEDVERE L
TEz bz, KRBEZEOHFH (2384) 139
EHTIEOADZZTH 7208, 9%1L 9 HOD
W% T2 LTz, EERZZ Lz RE
EHOIME2,3,4,7,8-PeCDF R O B 34k
LTA%L, BEELIFRERD N o7z,

—7, MZE® (640 4) OIE+2,3,4,7,
8-PeCDF 131 25 pg/g-fat & 72 V), LFHAHE
O—FERICH LT 4.8 EENETH 572,
FRRER DM RS — TR & T 2 504
L@ o2t E Wi 2,3,4,7,8-PeCDF Otz
1,2,3,4,7,8-HxCDF (3.5f%), 2,3,7,8-TeCDF
(2.7f%) K%1'3,3,4,4,5,5-HxCB (2.4 %) ®4
LEWTH o7z, MZREZOMEF2,3,4,7,8-
PeCDF @ B 4045 1% 2.8~1,300 pg/g-fat & Jis
WEFR I R OY, 17 478500 pg/g-fat 82 5 &
RETHh o720, MBREBEREEDOK 60% 13
50 pg/g-fat Kili DL TH -7z (¥ 3).

#£2 (A) CEEREE (175 %) oMt s A
TR VHBEE AR L. FEREE O
2,3.4,7,8-PeCDF & JE O35l 1% 25 pg/g-fat
THEZD 84 pg/g-fat L DKL, —FERD 17
pg/g-fat RKAEZ D 12 pg/g-fat L ) b EHWiE
%R L7z, Total TEQ #EFEIZ BT b A& FEE
H D 31 pg-TEQ/g—fat |2k L TRREH D 55
pg-TEQ/g-fat & D & <, REEEH @ 22 pg-
TEQ/g-fat L ) b EmWEE o7z MMiEH2,3,
4,7,8-PeCDF i & Total TEQ iEFEEIZ DWW
JeERR e B — MRS R e ) S O A e R E— R
B TREZITo72HER, TNENAHBEENF
»o5N7 (p<0.01).

[FJEREEH O IME T 2,3,4,7,8-PeCDF 2D
AL 2.8~440 pg / g—fat & L EEFAIC K OY, RER
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JERREE ER DK 90% IZH 4§ % 161 4413 50
pg/g-fat Kiii TH o 7275, {HAEZWIELLET [Hw
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TR o Tz, I REORERESIE
INDEREOEZ;PIELZML LT 2ok
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CD4 Positive CD25 Positive T Lymphocyte in Patients with Yusho
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Abstract

To investigate chronic immune effects of polychlorinated biphenyl (PCB), CD4" T lymphocytes and
CD4°CD25" T lymphocytes in peripheral blood were studied in 187 subjects in 2022. There was no
correlation between the blood PCB levels and the absolute density or the percentage of the CD4" or
CD4*CD25" lymphocytes. The percentage of CD4"CD25" lymphocytes was significantly increased in
patients with Yusho compared with those in control subjects. Furthermore, the percentage of CD4*
CD25" lymphocytes was significantly increased in subjects with high PCB level compared with those
in subjects with low PCB level. We conclude that CD4"CD25" lymphocytes increase in patients with
Yusho, and it may be associated with PCB levels in blood.

Key words : Yusho, CD4"CD25" T lymphocyte, PCB
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Table 1 Correlation coefficients between T lymphocyte

subpopulation and PCB concentration in blood

r

(%)
(/ul)
(%)
(/uD)

0.011
- 0.013
0.038
0.029

18 it
CD4™" cell
CD4*CD25" cell
DIMFE BRI BT 5 RO E DN & 1
7210 Z LT, 1997 4F FE O 8 R EE — F RS

ZBWTHEs a7 v Igh, 1gG, IgM DWW
nnrl14 @uia)i}m} 40.0% 12, HEPUATIX
PUEPUA % 45.6% & FERIZFED, (EEJ“ 2B Wi
PSR OB E 2 B ICEED L 2 e EiE I T
W5 11)_

Al 4 13, 2022 47 FEAR R W E — AR 12 B
WGBSR R REAR AT & L CRANII ) >/ NERHE
H£M o CD4 BB £ 08 CD4 1% CD25 Btk
MR & L, IAE IS BT A A ME SR E IR B
B RSB OV TGRS L 72,

HRBLVFE

2022 AP FEAR B WM — A2 12 B 1T 5 15 kL
D= 189 B, MR T v —
FL [FEAE O N7 187 Pl a ki b L.

FImEREL, ARG EE AL — P2 L
fe7a—HA A MY —EIC L) LIHE HE)IMER
IHTEEE XE-2100 (Y A X v 7 AM) IZTHIEL
720 RIEINY) > /NEREEAE R > CD4 B PEM g 35 &
¥ CD4 1% CD25 By i ie ol iddt e b~
AE/ 70— F ik v EmRn 70— A
A MY —EEIZLY, CD4 BPEMEIE CD4 FITC
(Beckman Coulter) % V2T, CD25 BEfifgIx
CD25 PE (BD Biosciences) # H\»T BD FACS-
Canto I 7 0 —4 1 » X — % — (BD Bioscien-
ces) \ZTHIE L7z, 1) v /NEREEAERNL, #&Y 8
RIS B IR X ORI EETE L.

PCB OD(EIJ (A B LR BRBE T ZE AT, A ] T R
BRI ZERT, ALIUNTIERSE R 20 9E T B & UM
hd‘l‘lﬁi(é‘ﬂ%t ¥ ¥ —TAro7z. I PCB &
1 2022 47 FEAR B EHE — R IS B W THllE L

72 187 B DR EME = Fl v T CD4 B tEfifg 5 & O

CD4 B!tk CD25 B PEMIE & o B 12 D\ THRES

L7.
AERIL T £ MR (mean = SD.) THEL,
SEHEO B O W T t EZ W72,

] £
2022 Eﬁ??‘mﬂ%{ﬁﬂfﬂﬁﬁ I2B1F 5 15 %L
Dz # THNB ML REMRA 2 [F =AM b7z

1wm®m£iﬁ@umm %@&@M:$w$
B3 57.8 £ 18.7 (18~93) WM THh Y, MIERE
o1 B, e (FEZIE) 15 B, KilEHHE 78
B, BEE 3BITH o7z, Ih PCBIEEE & s
OENIZEEOIEDOHB (r=0.624, P <0.001) %
D7z

2022 4F FEAR ] WM E — AR O %% 187 B
[ZOW I PCB i & CD4 B tEfiin 3 X OF
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L7z (Table 1). It PCB i & CD4 Fyikiiia
DFEY) »INERIZHT§ 5 D S\ ik CD4 Byt
FaB DO MIHIE % A7 o 72, It PCB s &
CD4 bzt CD25 b Eflifg D e % v ik CD4 [y
14 CD25 FrtEME B D BIIZAHRE & A 72 22 o 7.
WIS, WEERE 91 Bl DWW TRFEERE 78
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(Table 2). xHEHE O P ifiih PCB i 1% 0.25
+ 0.21ppb, WEHRFZ OFimf PCB i X
0.98 = 0.88ppb T& - 7=. CD4 Fpitiila iy
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Table 2 T lymphocyte subpopulations in controls and in patients with Yusho
No. Controls Yusho
78 91
CD4" cell (%) 46.2 = 8.6 47.7 = 10.0
(/uD) 915.2 = 352.1 847.3 = 310.6
CD4"CD25" cell (%) 16.9 £ 6.9 19.2 £ 7.5
(/ul) 328.1 £ 165.5 339.7 £ 172.0
*P < 0.05 vs. controls.
Table 3 T lymphocyte subpopulations in subjects with low PCB concentration and
with high PCB concentration
PCB concentration
No. = 0.20 ppb = (.87 ppb
47 47
CD4" cell (%) 46.0 = 8.5 46.6 = 10.3
(/uD) 954.8 = 356.5 887.5 = 327.2
CD4"CD25" cell (%) 16.1 £7.5 19.3 £ 7.7*
(/ul) 328.2 £ 167.2 370.6 = 205.5
*P < 0.05 vs. blood PCB concentration = 0.20 ppb.
WZxf LYE RS T 339.7 + 172.0/ul & 2% A M %513 PCB i EE#E 328.2 = 167.2/¢l, PCB
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PCB i FERE & L MifE ] > CD4 By Mg 35 L O
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Effect of Cinnamon on Benzo[a]pyrene-Treated Rats
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Abstract

This study investigated the effects of cinnamon on benzo[a]pyrene- administered rats within the
peripheral and central nerves using behavioral and molecular biological methods. As a result, the
benzola]pyrene—administered group (Ben-DW) showed a significant decrease in locomotor activity at
night compared to the corn oil-administered group (Corn-DW), but this decrease was significantly
suppressed in the cinnamon-administered rat groups (Ben-3 mg CNM and Ben-10 mg CNM). In the
study of sensory threshold changes using 2000 Hz electrical stimulation, the Ben+DW group showed
increased sensory threshold compared with that in the Corn-DW group. However, the administration
of cinnamon suppressed this increase in the threshold. In addition, the Ben-DW group experienced
more oxidative stress than did the Corn-DW group, and cinnamon administration improved the
oxidative stress. To investigate the relationship between behavioral and oxidative stress level changes
in rats induced by administrating benzo[a]pyrene and cinnamon and assess changes in the peripheral
and central nerves , cytochrome P450 (P450) 1A1 (CYP1A1l), myelin-associated glycoprotein (MAG),
and myelin basic protein (MBP) proteins were analyzed on the sciatic nerve fibers and spinal cord.
Regarding the Aryl hydrocarbon receptor (AHR) target gene CYP1Al, the Ben-DW group had
significantly increased CYP1Al protein expression in both the sciatic and spinal nerves, when
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compared with that in the Corn-DW group. However, cinnamon administration on both nerves
significantly suppressed that increase. For MAG protein, the Ben-DW group had significantly
decreased protein expression, in comparison with that in the Corn—-DW group, in the sciatic nerve
fibers, and its suppression decreased in the cinnamon-treated group. However, there was no
significant difference between the groups in the spinal cord. As for MBP protein, there was a slight
change between the groups in both sciatic and spinal nerves, but there was no significant difference.
According to these results, we can conclude that exposure to benzol[a]pyrene may cause paresthesia
due to its toxicity to both the peripheral and central nerves. However, it is hypothesized that the
peripheral nerves are more likely to be affected than the central nerves. In addition, herbs and herbal
ingredients such as cinnamon, which have antioxidant and AHR activity inhibitory effects, may be
effective in benzola]pyrene exposure. However, further studies are needed to clarify the action of

dioxins, such as benzo[a]pyrene, on the central nervous system.

Key words : benzo[a]pyrene, cinnamon, sciatic nerve, spinal nerve

& U &

AR VHILEWCL AEETHETHAL D
T IMERME, BELOBBLZ 50 EDEHA
e L 72 BAEICB VT A4 R REIEN S < #Hit
HEERTwaY?Y I, —HoBRETIIENO
IR SRR L OV, B SR AE 5 0 AR A il

(2

FEREE I L O PR E S D STV A7,

ZOHMIZOWTEARH TS HL VDY
FEOSMHEINC L, SBEEK, AR, RER
A BHEKRE Vo o2 HRERDIE O NS T LA
HEINTVD, FiceyBRk B, FLEoL
O e wvo 72BREAERIE, R7Z1I250%DEE S A
RO O, INOOIERIZS A 4 F 2 VEIEK
RYAIAE RN R & AR AR AT & D%
52 WA RELTWwEYY Fa % v
FIE, FEERIKE SR (Arylhydrocarbon
receptor, LL'F AHR) %4 CTZOFHMEL 5HE &
5T & LBk A PR SR AT AHR O 1
FIHI S5 LA Uchi 57 12X W HEENT
Wh. R, BEEO—DTH Ly A LT, Pk
TEH & AHR {GMEALOBREIER 23 ), 4 4+ %
¥ VO R EIEIR F UE S B W REEAHRE S
TWaD, 5B, Bbd o4+ F Y VM
PALEW D=2 TH LN YL Y E W8
FEET, NUIUVEL VIBEINTT v POKRY
O LIRS ICBRDE 5 & Shvd AR Ml
DIZEFHEIMLT LT 5 2 & DX 7259,
NS OITEFN - BAAEMAE D FERRIZ X 5
FERIE, A4 X VHEIEMMRERICHS 212
R H 252 ERLIZLOD, PHRARRIC

G2 BB O WTIIRTZH L TRV O2BUIR
Thb. HE-oT, KWFFETIE, 24 BeRIATEIEEAS
TE 5 HFEEBERT & /INB) W IS B o 2 1
& A 7ATE A RN & 75 A ik 2 H
W7z ALE R & B REREN OB ARG T 5 Z &
TRYVEL 7L eOFE5HT v NOERK
OHRCHRE I KT 2o ICT 52 L2 H
e L7,

x B F &

1. EBREIY

5 JAkG D Wistar RHEVET v & (SLC @, i)
T, T— 2 F A4V 2 B G 2Rk
¥5- (Corn-DW) #t, ~R¥ VYL v 2 R
L1438 k¥x 5 (Ben-DW) #, XY VEL Y2
e 577 4 e %5 (Ben-3 mg CNM &
Ben-10 mg CNM) #2472, v MIdlio
filkl (CE-2, HAZ L7) BLUKE HHIZER
X, BYEORPIL 12 B Z & IR0 a >
Fo—)v& L, i 25.0C, B 55 + 5% D5
TCEE L.

(i B~ D L)
BOEEB X OEBRIZE LT, REARMER
FRFHVHRBEEEROFT (BixFs, B
18-10) 2 TATo 72 3 TR A RRELEE D 4= B IR IR
fe T Collis 2 S BRINGE, FoAG DA i & B aEf
BEREL, oK, O - KiEZ LTk
MFE SR 727200 A7 & OIRERITTE L HEV>,

2. BEOKRE
Ny V¥ L v (Benzolalpyrene) ZE+7 1)V



24 i

LGB DAL, 7 A IZA) T U7
FEDOF—H=w 7 FEVEFEHLE a—0F
ANEGHEIEa - FAvE, RV EL U
#2130 mg/kg Ny VL R T—UF AV
WD L TR G2BICTENRZENRD T » M2 2
M, —m 500 pl OB ICEERS Lz, 2 HH
DXy TV 5 EPS T — A A VEEREL
NV EL UG BICIZEEK, 74 e G
R KIZED L7z 3 mg/kg & 10 mg/kg D
1 % NSRG4 T 500 pl 572, 4 H[H
BICHERG L7z

3. F/RUDEEEBREEEDEHA
7 v b BEFEEEEOFHI O 720 |2/ LEE)

FChrF 5T (Fy A anT v ket

nano tag) M L7z, THHNZF /& 7 a2 3%
TH720, T v NENEYIEERF 85 W R
BEx VT, 3% 1V 7)VT v & fdH LIEMEET
THHEMEL 2212, I— FlEE2HVTEBO
HFEET- 72, WHEADOTFAELEZ HWTKRE
EHALOR I % — I L, BN E RO
¥ 7R A LR, FRHOREHWCHIRICE
EL7z YR L2 I ORICTRE L,
I— MM OHETELITo 7. HIEEHED
FHANZDWCIE, Tl 1B S8 1 E, 20
FRizr & 24 RERETHIN L 72,

4. REREDAE

IR AR LS X 2 R O 2 LI/ B W I #E AR
WEEE (STG2000 XA )Y —F ¥ —) =
WTESMMIC X 2 BEREZME Lz, Ty b
EWRFEEIZAN, —EREREL, v MR
BRICEN-EHEWEATHB L2 BERL, K
D L OV & BfR$ 5 AB SEAEDRIEAT] BT
H % 2,000 Hz OIEZ W BRI GO A %2 FIH LA
BTOT v MEREJEKEIICES 2, fliE 5 2 C
Mo Ty bOREMULAEILEE SN/ F TOR
MAZF L, p-clamp ¥ 7 b7 =7 (Axon In-
strument fH84) T, FIFLEEHE 2> & FIEGRE (L A)
TiRE L7z

5 BEMEX ML X - HEE(EHAIE & CYP1AT,
MBP, MAG %> /X7 BDHEIFE
I H OITENFEERFE iR, B 512 3 HER A R

e

13205 %

HEHWTT Y e MBEL, (O SERIME, 24
HHkE L L1~L5 OB HEAZREL, 80T 12
HURE L7z, M ateH o O orRE L, 30D L 720
Hr AT, RiME 72 R DINIZBRILA B L X

EPURAL D OWME R AT 72 HIERRIET 7Y —F

DAV R BT % FREE CARRIO DUO (WIS-
MERLL #£) w7z MlE* v M, BRIEA -

L ZO#WI7E1Z d-ROMs 7 A b (IEF#FA : 200 2°
% 300 U. CARR) (Diacron #:#), HrER{bl il
SENC BAP 7 2 & (@ fiE : 2200 ¢ M/L BLE)

(Diacron f1#) Z i f L 72. &-ROMs 7 & h TlZ,

pH4.8 OEEMEARME W F 2 Xy ;% 37C £ THIR
L, fRRL72F 2y MIME 20 1 2 AN7-%%,
Empruoxesry (N, NVIFILRFT T2
LT 3Iv) 20 pl AMUREL, JBERHCA
WCEEREER - 7)) =7 VWX AR TH
L FaxVtFy FOomaifleE L7z BALIE
U.CARR "H\wH 1, 1U.CARR = 0.08 mg/100
mlH:02 (2% 4. BAP 7 A M, 7427 VMg
FEREGOREAVOF 2Ry 12 37TCET
MR 5. KIC=A0#E 2 & 43 % 50 w1 T,
RELRCEBSEE, TORGERTT =1 ligk A

T R AWER, Mgk A U BEALTWS

AIEEICME % 10 gl ANTRAT 5 & MiEHF O
ALY E OVE CAMER A 4 v iZEIL S, Bife
SNb. ToEOZAbE CEEICERMIL, & o
FRICTT % A L 72,

WG U727 v b OB & R 3R TR,
T-PER Tissue Protein Extraction Reagent
(Thermo Fisher Scientific) % H\WC#% ¥ /37 &
I L2 Bony oy iR
cytochrome P450 (P450) 1A1 (CYP1AI, Santa
Cruz Biotechnology), myelin basic protein (MBP,
Cosmo Bio), myelin-associated glycoprotein
(MAG, Cosmo Bio), 2'3'-cyclic nucleotide 3'-phos-
phodiesterase (CNPase, GENETEX), B -Actin
(Cell Signaling Technology) ®#ufE% FHWT% ~
N7 B B T EE, WES (Protein simple) 12 &
0 o EE LT A E R L 72,

6. #EtiLE

HsEghE & RE MoK RIE, EiERFEE (S
D.) T, ML A L A - PLER{LT1 & CYPIAL
MBP, MAG % > 787 BHGERERAT P £ EAERR



KR & AR T 2Ry EL v e A v DR

# (SE) TZhensh Lz, SBMEE, —Ic
B & 53§ AT L 240052 & L C Scheffe % %
WL BB To 72 R BABEKEIZS% (p
<0.05) & L7,

5 R

1. BFRENERICL2BREHENEIL

NYVEL A eEERT v~ oS ES)
B RITTREE, S/ 7Ty
YL v ofha, #5 2 8M%, ToHmOZEK
37 A e o 4 BE$G F T 1 EMECHE
¥ATo7z. TORRK, a— A AV 2 S %
AP GHE (Corn-DW, 23337.1 = 1263.3) 2
L, NyVEL G HRERKEGH (Ben-
DW, 19205.4 = 1140.2, p < 0.001) THEZK
DOEFEFHEOKFAALNT. T2, XY
Lox 2 8B GHI,PO T A 2G5 LR
(Ben-3 mg CNM (21810.1+1336.4, p < 0.05)
& Ben-10 mg CNM (22080.6+1032.8, p <
0.01)) 122V CidHZEEE) & O T O 2372
oM UL, BEOHASERREICOWTIEA
HHCTHELRZLIZRED SNk o7 (Fig 1).

2. NOVELETAEDHREICL D RER
EDRERFAZEL

RUYVEL Y EA L D5 RT Y FORKE R
EZAIZ T 58 %, /N SR E &
FCEECllsE L7z, Wi 5% 12, 5Hz ol
12X D C R 250Hz ORIEIZ & ) Ao MHE,
2,000 Hz ORI & D AR #HE % IR 1205
T5ZEDHED EHE LTS, RUFZETIEER
O LUK EBERT 5H ABBHEDOTIEATH RET
&5 2,000 Hz OIEZIEERMBMO A X FHLE
BETCRIMEZMIE L7, ZoE, 2,000 Hz D&
SHNBERRUC & B RERIEZALIZB VT, Corn
+DW # (475.2 £ 89.2) 2% L, Ben+ DW #f
(587.7 = 98.3, p < 0.05) THEMMEDEE
ERPIALN, 74 iS58 (Ben-3 mg CNM
(500.2 + 89.1, p < 0.05) & Ben-10 mg CNM
(481.2 = 96, p < 0.05)) T, ZORKHE B L5
OIHIDIA S L7 (Fig. 2).

(25)

25

3. BEX ML R - IBEAICH T BN VE
Lo ET1eDEE

A EBEOZL L FRILA P L ZADOBRE S
PICT B0, BILA b L AREICH 5 8%
eat L7z 2 ofEE, Corn-DW # (320 = 21.1)
IZxf L, Ben-DW # (374.1 = 23.4,p < 0.05) T
BALA P L AOEFRE R EADPHALN, Z0EAE
Ben-3 mg CNM (350.6 = 20.6) ¥ Ben-10 mg
CNM # (340.6 = 18.6) THIHIMEMASA H L7z b
DD, FEEIBDO LN -7 (Fig. 3A). #T
At 312 L CTix, Corn-DW # (3678.3 +
203.8) IZRFL, Ben-DW # (2905.2 + 196.6, p
< 0.001) THELDOHEBEZIRT AR S N7A,
Ben-3mg CNM (3231.3 = 210.1) & Ben-10mg
CNM # (3401.2 = 138.5, p < 0.05) T, Ben
FELZR L, $ulefbh o LA UIEE 2 EAD
Ao b7z (Fig. 3B). 2o ofERD 5L A
MU AEZFTRL#EED Fig 3C TH 5.
BAP/d-ROMs = 12.5 D&% BL A b L A IR
RBLEMBd. BILA ML AEIZOWTIE, Ben-
DW# (7.8 £0.8, p<0.001) T Corn-DW #f
(11.5+0.7) ¥ L, BILA ML ARETH D,
Ben-3mg CNM (9.2 = 0.9) & Ben-10 mg CNM
(10.0 = 0.6, p<0.01) #Tix Ben-DW (2%}
L, BEZBILA L AREOSEDSH SN

4 XJELETM1EDHREIZELS
CYP1A1, MBP, MAG 2> /N7 BDZE{t

NUVEL e eofE5I2L b5y FoFfT
BZALRERIL A b L A BEDZAL & FAY K DS AR A
FENOZALO BB % WRET T 5 720 1AL G e &
FBEO LI~L5 B0 L, AHR OFMEL HE
572912 CYPLIAL ¥ > 787 % (Fig. 4A), |k
TN O & A EB) R 2L OBRE G T 5
72912 MAG (Fig. 4B), MBP (Fig. 4C) % v /%%
HxMELL AHROEWMEET TH 5
CYPIAL I L Ci&, Ben-DW Bt (A& ik,
5.0 0.2, p<0.001 &&@tHFE, 4.6 0.1, p
< 0.001) T Corn-DW # (Agffift, 2.9 £0.2
EHEBEMRE, 3.2 £ 0.2) (Ix0f LARE R, Faia
F&d1Z CYPLIAL % ¥ /87 B DA & 7% S8 BLBs 3
AN, T4 e xS L7z Ben-3 mg CNM
(AL EH#E 3.9 £ 0.3, p <0.001 &HFHEMPRE
3.7+ 0.4, p<0.001) & Ben-10 mg CNM #



26 H

(BB e, 3.6 = 0.5 & HHEMRE, 3.3+£0.3) T
i, WTNOMRIZBW L BIME oA E RN
A Bz, MAG % V287 BIZB\WwWTlX, %
B T Corn-DW # (0.79 = 0.02) 1Zxf L
Ben-DW # (0.67 = 0.03, p < 0.001) THEL
BT 2R 511, Ben-10mg CNM # (0.75 =
0.02, p<0.05) TIXZDOREIET OIS A S
Nz, LaL, B CIISHEEELRELIZA
SNedotz. MBP % Y87 HiZowWTliE, W
THOMFEN BT HHETORBLED A SN
bOD, AEAEI N7,

Z 3

REBTIX, ¥4+ FY VHUMLEMD—>T
HHLRYITEL Y ERG LTy MIRT A7 4
COREE, BEEBERT /B R B i )
SELETE & 72 ATBh SRR & AL piE & B
MR % F 72 T AR T CHUBGET L, &)
Wy DATEZAL & KRG, AN O 2o B
HWICOWTHET 21T o 72, HISEBIER 2w
ABSEMEMETCE Ny vEL v KE
(Ben-DW) #Ta— >4 1 V#45 (Corn-DW)
oL, RHOBBEREOFERIETHAADS
n7zh, 74 e GETEORKT I S .
EASYNTE B & H A I IER S TR SR
D L O & ORMMREREE B L O Pk fiE
BEENLNWZ EDPHLNII R ->TWD,. KDL
OIUEIL, RO TH AR MM D (mEHEE
RIS L T A EEZ 5N TEY, TEML
HEDONY YL R W OERTH N
VYL OB X B AR FRHIAE O {8 8 A
THOMRINTNDEYY, £ KEBONY Y

YL va%5 L7295y NTOBRBEORIERETD,

FeATIRSE & A ARIZ 2,000Hz O 5 # T BIE O

ERADBHROENIZZ LS, HOBFEEB T,
A K x T VHOBNED ABHHEOMFEIZ/EA L,

R 2R LR BREREOREICE-
T2 RN EZE R 6N, L L, WHEOSMERIC
&, BRI, AR AEED, HE”KE

W 2 HEIRDPASONDL Z LR SN TEY,

FllaenBe Wi FREOLOhEws/zH

HARERIE, 50%DBEZH X AICED LN TWED ™Y,

IO DIERIZ Y A & F 2 VPRI RIZIR
5 §HMRARERIZ AT S DB 2 52 S W ek

e

I05%

EARELTWAS. fitoT, LEMEEE L1~L5
TOFREIY L3 FAE PN FEE HWTH
FEEE R O EEBEMED LA & AHR OFME
bR 2 1) ¥ & DRIRIZ DWW TR ARE & Hiix
TR HWTHET L2, ZO8HE, Ny IUEL Y
P52 X0 KRR & RN O CYPLAL %
YN EOFEBEMABA LN, oML 1 e
BGEECTHIHI SN2 2 EDSTERE S N7z, MAG %
VRZBIZOWTIE, RN VEL UESEEOSE
FFEN DO MAG ¥ > 737 EOFIULT DA 51,
TA eI L) EOBBUK T AMHIH S iz a8,
BEEMERN O MAG ¥ ¥ 787 & & AL B iR R0 47 5
HHRENO MBP % ¥ /37 BI2BWTIE, ¥ v/87
BRBOBETOLEIZASN b DD, HEED
o 7z, PRRAERSROMRERIEE DL 1%, iR
R O JE DSBS C b, BRI A 4T ) AR
MR CTH B, T, BEENIIAEROEIZ I L
THEMGZTIHELHH 205, gl
TR B O 1E 5 MEMESR | B 2 Pl 2 40 ) B
LEE RN TS, Fli 4 O AR O B
FHICRERS OB 2 S, BEREIZAEIR O F8E %
FALE b5 TBELTHRINT VLIV,
o T, WHETHA LN L BRI, T, T2
DOLUNE VS ZHRERERIE, Xy EL VI
LoTHIERI SN b ABMRAMED BLEE & [
2, AT F T VB L o TR O BB |
SEIENEETHLTREELEZOND. —
T TR MR O BB R, WA E->Twb 3
) B ) AL, MRS F MmE
TERL D20, WO LU % &4 OfifE
FERASH BB L ENTBY), WFholifhird
LEEARHOEETH L0 W KifgeTiE, N
YLy OFEMMER% CYPIAL # X7 BT
W LAk, A & i o il < 2 OfEH
ARSI, KM TIZZOFNMEIC L > THUBEA
FlEfRE SN2 & THROIREREIKT L,
REEMEAY A L 72T e DS 2 S 7z28, Witk
MREOPLFEICE T 2 HET CIXSHMIZENA SN
Zro 72 & S HARAHE L ) b KR DT A3
Ny TEL VLB EZITRTVWEEZ LN
L. ASROF )5 7 ERCATEIER TR, N
VYL Y OB L BRI EHAE SRR
2B R G2 2R 2 5N D H, ZOMEM
THACRRE XD b R ORI X 2 R REE



K & PR ISR T R E L v T A e O

77 Day 0 Night
- Day 0 Day

/] 2nd Week Night
[ J2nd Week Day
6th Week Night
'5?”5

>

30000, e

Sk * |

3
3

AN

N
3
=3
=

T

R A

777777
I
I

10000+

NAAANAANANNANNNR NN

Exercise Amount (Frequency)

Com-DW Ben-DW Ben- Ben-
3mg CNM 10mg CNM

|
W

LA L Lhu_Uﬂu

J m

|
,.,‘J. .r..ﬂu u..lz.h J‘

:‘-*...Il L

Exercise Amount (Frequency)

M_J ALMJJ

Tlme(h)

Fig. 1 Effects of benzo[a]pyrene and cinnamon administration in rat
locomotor activities.
A, The changes in the locomotor activity. B, Typical actograms
of Corn-DW, Ben-DW, and 3mg - 10mg Ben-CNM groups. a, b, ¢, d
are the respective statistical data and typical actograms after 4
weeks of administration of distilled water or cinnamon. Corn,
Corn-oil. DW, Distilled water. Ben, benzo[a]pyrene. CNM, cinna-
n. ", P <0.05.™, P <0.0l.™, P <0.00l. Mean = S.D. n=6.
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Fig. 2 Effects of benzola]pyrene and cinnamon administration on
sensory thresholds in rats.
Corn, Corn-oil. DW, Distilled water. Ben, benzo[a]pyrene.
CNM, cinnamon. *, P < 0.05. Mean £ S.D. n=6.

>

400 Sk
3501 40001 |
gm _:I.m; :
3 200, g
"] 3 20001 |
g
%5”' 1000{ |

O

-
-]

Oxldative Stress Ratlo
(Bap/d-ROMs)

Ben-
3ImgCNM 10mg CNM

Fig. 3 Effects of benzo[alpyrene and cinnamon administration on antioxidant and oxidative stress
in rats.
The mean levels of serum d-ROMs (A), BAP (B), and Oxidant/antioxidant balance (C).
Corn, Corn-oil. DW, Distilled water. Ben, benzo|[a]pyrene. CNM, cinnamon. d-ROMs,
Diacron reactive oxygen metabolites. BAP, Biological antioxidant potential. NS, no
significant. *, P < 0.05. ** P < 0.0L *™* P < 0.001. Mean * SE. n=6.
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Fig. 4 Effects of benzo[a]pyrene and cinnamon administration on CYP1A1l, MBP and MAG protein

expression in rat sciatic and spinal nerves.

The mean levels of CYP1A1 (A), MAG (B), and MBP (C) protein expression. Corn, Corn-oil. DW,
Distilled water. Ben, benzo[a]pyrene. CNM, cinnamon. CYP1A1, cytochrome P450 (P450) 1A1.
MBP, myelin basic protein. MAG, myelin-associated glycoprotein. NS, no significant. *, P <
0.05. *** P < 0.00l. Mean = SE. n=6.
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In Vitro Metabolism of Tetrachlorobiphenyls
by Chinese Hamster Liver Microsomes
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Osamu Kmvura® and Nobuyuki Kocal?
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1757 Ishikari—Tobetsu, Hokkaido 061-0293

Abstract

The n vitro metabolism of 2,2',5,5-tetrachlorobiphenyl (TCB) (CB52), 2,3",4’,5-TCB (CB70) and
3,3,4,4-TCB (CB77) with liver microsomes of Chinese (CH) hamsters was studied and compared
with those of Golden Syrian (GS) hamsters. It has been revealed that GS hamster liver microsomes
produces two hydroxy (OH)-metabolites each from three TCB isomers and that phenobarbital (PB)
pretreatment mainly increased 3-OH-metabolite of CB52 and CB70, whereas 3-methylcholanthrene
pretreatment preferentially increased 4-OH-metabolite of CB52, CB70 and CB77. In this study, CH
hamster liver microsomes produced only 4-OH-metabolite from both CB52 and CB70 and their
metabolic activities were increased to about 4-fold of untreated microsomes by PB pretreatment.
However, CH hamster liver microsomes had no activity for CB77. In addition, coumarin 7-hydroxylase
activity, a characteristic activity of CYP2A enzymes, was also markedly induced by PB pretreatment.
As with the report of Fukuhara and others, immunoblot analysis of CH hamster liver microsomes
using anti-CYP2A14 antiserum confirmed that CYP2A14 was constitutive and PB-inducible. From
these results, it was suggested that CH hamster is a unique animal different from GS hamster in terms
of the mode of TCB metabolism and that CYP2A14 plays a major role as a 4-hydroxylase for CB52 and
CB70 in CH hamster liver.

Corresponding author : Chiho OnTA
Faculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1 Befu, Johnan-ku, Fukuoka 814-0198, Japan
Tel : +81-92-851-5403 E-mail : chiho@nakamura-u.ac.jp
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CrEHE L. 2otk HO5IECHNARY —
5, F87% PB FEMED CYP 711 & Fs
L, REEFR (CYP2A14 & an%4) #5 CYP2A B R D
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THIERWLPIC LA,
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CB52, CB70, CB77, CB80 IZ2> &, GS/ VA A
y—FIruv—2n (Ms) 12X 2/ %R,

Cl cl Cl Cl Cl |
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()Y e K
/ 5
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Fig. 1 Chemical structures of CB52, CB70 and CB77 used in this study.
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CB52 3 X UFCB70 1%, PB #EM CYP2B B
12 & b 3-OH 1~, CB70, CB77 3 X U° CB&0 i1,
MC #FE D CYPIA2 B L NCYP2A8 12X - T
4-OH R~ R SN D 2 & 2 L7995,
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D GSNA Ay — L Ik#EE L7z (Fig. 1). CH
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PB B L Y MC THIWLH L 72T Ms % Hv 72,

X B F &
1. EE&M#
(1) TCB B XUt

CB52 & CB70 iE Hutzinger 5 ® /2% 125Ewy,

¥ 72, 4-OH-CB52 X BEHZY 12t v A L 72
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Iy NESSRER L 72, 3-OH-CB70 & 4-OH-
CB70 @ &1 (X BEH™ 1256\ 47 - 72, CBT7 13
Nakatsu 5427 12X ), 5-OH-CB77 B L O

4-OH-3,5,3 ,4-TCB (CB78) 1%, HEH® 126t

AR L7z

(2) ZOfloikEE

PB (Na#f) B & O° MC IZRIEAISERD (KFR) A
5HEA L7z, Glucose-6-phosphate (G-6-P) ¥ X
O'NADP IE 4 ) =2 ¥ VEEREIR (R3) & 0, &
7z,
coumarin, 7-hydroxycoumarin B X O, G-6-P i
Ik B33 Sigma Chemical Co. (St. Louis, USA)
KOBEALZ. MY AFIVIY L (TMS) {LHIO
N,0-Bis (trimethylsilyl) trifluoroacetamide (&
VoI AT ARI DAL £
AR L HOHED S D& 7z

(3) Hutk

$UCYP2A14 FLilif 3, RSP L (E L7
B REMER) o5 a7 L7 v b
CYP2A2 HUIMLi X, H—Ibrdm G0 » 5
AL7z %72, HiF v b CYPLAL Huiii 3 BEHY
WZPEvy, FHELL 72

(4) SEEREYY) DS Y LB

HEPED CH A2 Y — (KEH 20g) %2, Th
THARMILRE, PB IR B X OF MC miLBE AT
D3I, 1HE3ICE L7z, PB-NaiiidEH
BRI E L 80 me/kg/day D HET, —77,

7-ethoxyresorufin (7-ER), resorufin,
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MC 12— iz Ef# L 20 mg/kg/day O =T,
WIS 2 HEBEENICES L &#E5HO
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HEPES #&fffifi (pH7.4) & & HICEFE ImL & L
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Y o> TMS FFEARDRFFRERIZK D) ThH %
3-OH-CB52 (8.27 min), 4-OH-CB52 (8.67 min),
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3. Tt

JIFMs ®% Y7 EDERIL, Lowry HDJ
e T o7z, e, iy LNy HEL
TOYIMET VT I a2 72, #CYP
&&=, T-ER O-Fh—F VALiEH B & OF coumarin
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KEBB LY A yTuy T4 v T,
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Table 1 Effect of CYP inducers on liver microsomal monooxygenases in CH and GS hamsters

Total CYP content

CYP inducer .
(nmol/mg protein)

7-ER O-deethylase
(nmol/min/mg protein)

Coumarin 7-hydroxylase
(nmol/min/mg protein)

CH hamster®

Nome 0.486 = 0.027 0.063 = 0.009 0.385 = 0.047
(1.00) (1.00) (1.00)

- 1.459 *= 0.339* 0.124 + 0.024* 1.753 = 0.480°*
(3.00) (1.99) (4.55)

M 1.435 * 0.153* 0.572 + 0.185* 0.081 + 0.012*
(2.95) (9.13) (0.21)

GS hamster”

Nome 1.025 0.179 0.255
(1.00) (1.00) (1.00)

- 1.502 0.114 0.341
(1.47) (0.64) (1.34)
1.917 2.865 0.132

M (1.87) (16.00) 0.52)

*Significantly different from the control, p < 0.05.
4 Fach value represents the mean + S.D. of three CH hamsters and those in parentheses are the relative ratio

to the control.

b The data were cited from our previous reportza)

and each value represents mean of duplicate determinations

of pooled microsomes from ten GS hamsters. Coumarin 7-hydroxylase activity represents mean of duplicate

determination of pooled microsomes from three GS hamsters.

Guengerich 5 ® /%) ¢47 572, CYP ¥ v /%
7 ORIEGFBIZHVaA AL ATA Xy
MIa=7@roHA L.

X B B R

1. FFEYREEBRICNT 5 CYP FEHOZE
Table 1 121, CHB LGS N2 A% —HF Ms
Ho# CYP &#, 7-ER O-ii=F VLGB £
¥ coumarin 7-7KERAGIHEPEIC K9 5 CYP #HEHA]

DEEER Lz, TR CYP&&EIX, GS/HA R

% — i, PB AjALELCRMIE Ms @ 1.5 512,
MC RiALEECT 1.9 f51H L 7245, CH VA A
7 —TlE, PBBLUOMCOWTNIZL>THRE
WO 3 EFEITHIML 2. &KIZ, MC TH
HEN5H CYPIAL OB %2 EHTH 5 7-ER
O-BlrF MLEW L LT 5 &, GSNARY —
Tld MC AIALELIC X 1) KRB Ms @ 16 B 12880
L7275, CHNARAZ —TbEEEIZ, MCIZX -
TARME Ms @ 9.1 5B 28I L 72,
CYP2A B DU A 215 T % coumarin 7-
KEBALIEMZ, GS VA X % —Tlid PB RILEL T

251,

FIED 1.3f5TH o775, CHNL A =TI
PBIZX D) RMHED 4.6 fFIZHIML7Z. LaL,
MANLAE—EH12, MCHILEIZL Y, ZhE
NWARALEED 21% B £ U8 52% & ik L 72.

2. CHNLZXRZ—FF Ms (2L % CB52, CB70
B LU CB77 DR
CH /A A% —JF Ms |2 X 5 TCBA# % <,
GSNAAY —DiEF LI L 72, Fig 21213,
CH/MNA A% —JF Ms 12 & % CB52 f&# »GC-
ECD 7u~ b7 u%RL7. ZO/RR, KL
P, PBHIALEE B X O MC miLE » CH /N & A
= Ms I2BWTC, 1 KORHWE — 27 Hng
DR 8.67 min I SN, o —
7\& PBRIALERC X ) BHF 1IN L 72 BRdEAL &
DS, 3-OH & (fR¥#RER 8.27 min) Tl
%<, 4-OH kD TMS FHE M & SREFIFI A5 — 3
L7z, FkkIZ, TMS &FEfE L LT, CB70 @3-
OH 1k & 4-OH & (X R FFIFERH 8.78 min & 9.08
min (2, CB77 ® 5-OH f& & 4-OH &% 11.37 min
&£ 12.26 min I Sz DT, &Y — 7
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A) Untreated B) PB-treated C) MC-treated

CB52 CB52 CB52

/ & 7

| 4-OH

/ 4-0OH

}-OH @J\ /

T T r T T T T T
(1] 5 10 0 5 10 1] 5 10
Retention time (min) Retention time (min) Retention time (min)

Fig. 2 GC-ECD chromatograms of the trimethylsilylated derivatives of CB52
metabolite by liver microsomes from untreated (A), PB-treated (B) and
MC-treated (C) CH hamsters.

Table 2 Effects of CYP inducers on the metabolism of CB52, CB70 and CB77 by CH and GS hamster liver microsomes

Metabolite formed (pmol/min/mg protein)

CYP inducer CB52 CB70 CB77
3-OH 4-OH 3-OH 4-OH 5-OH 4-OH
CH hamster”
20.1 = 3.3 22.3+4.2
None N.D. (1.00) N.D. (1.00) N.D. N.D.
68.0 = 15.0* 83.0=25.1%
PB N.D. (3.38) N.D. (3.73) N.D. N.D.
25.1 2.8 18.2 0.4
MC N.D. (1.25) N.D. (0.82) N.D. N.D.

GS hamster”

6.3 0.5 5.6 0.3 59+1.4 46.8 £ 2.1
None (1.00) (1.00) (1.00) (1.00) ND. ND.
20.1 £0.2* 11.1 =0.3* 40.7 £ 2.1* 59.0 £ 2.3 .
B (3.19) (1.98) (6.90) (1.26) 0.9=0.7 ND.
3.6 04" 15.2 +=0.6* 96.4 +9.6™ . .
Me (0.57) (2.71) ND. (2.06) 0.4%0.1 3.620.7
*Significantly different from the control, p < 0.05. N.D., not detected.

2 Fach value represents the mean * S.D. of three CH hamsters and those in parentheses are the relative ratio to the control.
Y The data were cited from our previous reportssug) and each value represents the mean of triplicate determinations of

pooled microsomes from ten GS hamsters.
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B) Anti-rat CYP2A2
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MC
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C) Anti-rat CYP1A1

Con

PB

Fig. 3 Immunoblot analysis of liver microsomes from CYP inducers-treated CH hamsters with
antiserum against CYP2A14 (A), rat CYP2A2 (B) and rat CYP1A1 (C). Lanes Con, PB and MC
contain liver microsomes (10 ¢ g protein each) from untreated, PB-treated and MC-treated CH
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CEERRBLTVSERDNRS.
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ENhrote. F7o0, SOEMIL PBRTALERIC &
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Fig. 4 Postulated metabolic pathways of CB52, CB70 and CB77 by CYP isoforms in CH
and GS hamsters. N/A, not applicable.

A% —® CYP 5 1HilZ & 2 TCB £ MK
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Comparative Study on the in Vitro Metabolism of 2,2’,3,4’,5’,6-
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Abstract

The 1 vitro metabolism of 2,2',3,4",5,6-hexachlorobiphenyl (CB149) was examined using liver
microsomes of rats, hamsters, guinea pigs and humans. Three metabolites (M1, M2 and M3) were
produced common to animals and humans and M1 was a major metabolite in all microsomes used in
this study. Pretreatment of phenobarbital (PB) resulted in the marked increase of M1, M2 and M3 in all
animals. In PB-treated animals, M1 production increased 253, 11- and 2.4-fold of untreated in rats,
hamsters and guinea pigs, respectively. Moreover, the order of M1 production was rats >> hamsters
> guinea pigs (46 : 5 : 1). In 3-methylcholanthrene-treated animals, M1 production was the same or
less than that of untreated animals. GC-MS determined M1, M2 and M3 to be 5-hydroxy (OH)-, 4-OH-
and 4,5-diOH-CB149, respectively. Human liver microsomes prepared individually from fifteen
Caucasians exhibited quite similar metabolic patterns. However, there was about 6-fold inter-indi-
vidual variation in the amounts of total metabolites. When the correlation coefficients between the
amount of CB149 metabolites generated and the enzymatic activities of CYP isoforms were
determined, the production of 5-OH- and 4,5-diOH-CB149 was significantly correlated with both
activities of CYP2B6 and CYP3A4, and the production of 4-OH-CB149 was significantly correlated
with CYP2A6 activity. So, when we actually investigated the metabolic activity using twelve CYP
isoforms, CYP2B6 and CYP2AG6 catalyzed the formation of 5-OH- and 4-OH-CB149, respectively.
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However, CYP3A4 showed no activity. From these findings, it was suggested that CYP2B and CYP2A
enzymes play an important role in CB149 metabolism in animals and humans.

Key words : CB149, metabolism, cytochrome P450, rat, hamster, human
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1. EEM#

(1) CB149 DAk

CB149 it Cadogan D /i THB L7z, T4
B, 2,4 5-trichloroaniline 1.0 g B & 1,2,
4-trichlorobenznene 3.0 g % tetrachloroethylene
10 mL T&fF L, & 512 isopentyl nitrite 0.5 mL
Mz T, 110C T 24 KR BUS S E72. RUSYIE
TIVIF AT (100g Merck) BLOT A7
VI 2 (80 g, Merck) THEFFEH L 72 1%,
HPLC I2CTH# L 7. HPLC &MHXRkoE ) Th
. SYEUR A Z A, ODS 719 4 (250 X 20 mm i.
d, 5um, YMC#): 7L #1524, ODS 7L H T
2 (50 x 20 mm id., YMC #) ; B8, aceto-

nitrile : ¥k, 4mL/min : MHEHEE, 254nm. 7%

B, CBI149 OfbarfEEid GC-MS 12 X 1) esg L 72,

5N 72 CB149 O IX, 97.8% TH - 7.
CB149 : MS (EI) m/z (relative intensity, %) :
358 (100) [M*], 360 (181) [M*+ 2], 362 (155)

M+ 4], 364 (73) [M*+6], 366 (15) [M"+ 8],

323 (33) [M™-Cl], 288 (85) [M™—Clz].

(2) A DG

5-Methoxy (MeO)-CB149 i Cadogan @ J7
B2 oA L7, $4bb, 2,4, 5-trichloroani-
line 1.0 g %, 2,4,5-trichloroanisole (HE{LAL)
2.0g & & 412, tetrachloroethylene 10 mL T
it L, & 512 isopentyl nitrite 0.5 mL =Nz T,
110C T 24 B i 872, ZD 1%, chloroform
WCHIE L2 iz 7oy I+ 54 (100 g,
Merck) BX YU B vh 524 (80g, Merck)
THEAAER L 2%, 5 IUH HPLC 217\, 5
MeO-CB149 % 58 L 72, KIZ,
5-MeO-CB149 % i * F Wfbk L TH:7z. 5-MeO-
CB149 # dichloromethane T L, 17% =21k
FoF (AOEHEE) A THE L, =iRT5 K
B L 72, 2o, GC-MS 2 & b x5k
DIEREAT - 72

—7, 4-OH-CB149 & 113 Hutzinger 5 D)
B TiTo7:. $&b b, 2.4,5-trichloroani-
line 1.0 g Zi&IEFE CIRERIE & L /-1%, HAYEE
MUY ARFUKER 23 N L, 24U acetonit-
rile |Z¥%# L 7z 2,3, 5-trichlorophenol (EALAL)
2.0gxMz <, 110C, 2L S/ D

5-OH-CB149 4,

X H T

13205 %

%, chloroform (ZCHiIM L, #&IZ 2M KE&fLS- b
) ATHHI 24T, ERER CHEIRIE L L2,
O chloroform THiM L7z, iz 7w 3+
#1924 (100g, Merck) THEV MR L /2%, Eid
& [ B 7 4T HPLC % 17> T 4-OH-CB149 %
TEERSELL 72, F 72, GC-MS HZE#E i 4-MeO-
CB149 &, 4-OH-CB149 # diazomethane T X F
WEL THE7-.

5-MeO-CB149 : MS (EI) m/z (relative in-
tensity) 388 (100) [M'], 390 (191) [M'+ 2],
392 (158) [M"+ 4], 394 (47) [M"+6], 396 (16)
[M"+ 8], 373 (7) [M"-CHg3l, 345 (26) [M"
-COCHs], 338 (15) [M"-CHsCl], 275 (43) [M*
~COCH3Clo].

4-MeO-CB149 : MS (EI) m/z (relative in-
tensity) 388 (100) [M*], 390 (188) [M*+ 2],
392 (149) [M"+4], 394 (68) [M"+6], 396 (16)
[M" + 8], 373 (4) [M"-CHs], 345 (28) [M"
-COCH3], 275 (36) [M"-COCH3Clo].

4,5-diMeO-CB149 ® &R 1%, Haraguchi & ®
FEW \Z# L CTF o7 $4b 5, 4-aminover-
atrole %, isopentyl nitrite % Fi\>T1,2,4-trich-
lorobenzene & 7V v 7)) 7 L7z KRIZ,
veratrole IO N ¥ L BD 2,3,6 (i 2 EFL$
57280, 155 N7 =1#E L PCB veratrole A DR
EWE, SOIERETCHEERERE S MY Y AR
THFAL L7z, mEWIC, LRS5BT I 412 %
DB L 72

AEREmB L OHY O T8 GC-MS
2000 (EES4EpT) 2w, EIE— FTHEL
720 IHRMEROE) THAH. 1T L, DB-1
Ta—AFV)AFvyET)—H54 (30m X
0.25 mm i.d, 0.25 gm fEJE, J&W Scientific
) . 4 —7 YA, 70C (1.5min) - 20C/min -
230C (0.5min) - 4C/min - 280C (5min) ; A
mEE, 250C : ¥+ 7—4 A, He (1 mL/min).

(3) SzEREYY) DI YLBR

HEPED Wistar 27 v b (KEH) 260 g), Hart-
ley ZENVEY b (KEH 230 g), B LU Golden
Syrian RNA ALY — (KEKNg) &2, ThTh
RALFERE, PB ATALEERES L O° MC RiLHEEE D 3
TELZAF, 1#E4PEE L7-. PB-NaidfidAEB AR
KIZHERE L 80 mg/kg/day DHET, —Ji, MC &
I — R L 20 meg/keg/day OHET, W
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B 2 EBREW D720 OFeEF ] AT LIEML 7.

(4) e MFMsBXUe b CYP 5 T4

t MFMsiE, HABME9 % (HG32, HG74,
HH74, HH81, HG64, HGI18, HH37, HH715,
HH741) & X O"H A&tk 6 4 (HH77, HHIL,
HH101, HK37, HG3, HG43) 7> A AR 54 =
72H ® % BD Gentest 1 (Woburn, MA, USA)
LDEALZ. MERKEErENTIOICLE
M Ms D% CYP 5 FREOEERIE R, B
EHOTFT—F BMEH L. 72, b M) S3ERR
MM FEBLR O CYP 7014 10 41 (CYP1AL,
CYP1AZ2, CYP2A6, CYP2B6, CYP2C8, CYP2
C9, CYP2C19, CYP2D6, CYP2E1l, CYP3A4) B
FUORBHENF 20T 4V AF%D CYPIBL &£ CYP3
A5 1% BD Gentest £t (Woburn, MA, USA) 75
WAL

2. BFMs Ik 25

By Ms 12 & 5 CB149 Ot HHIBEHRS (2
LTiTo7. $7&b5, 40 uM CB149 # NADPH
HRGR (0.33 mM NADP, 5 mM glucose-6-pho-
sphate, glucose-6-phosphate dehydrogenase 1.0
unit), 6 mM MgCl B £ OB HF Ms (1 mg
protein) % 100 mM HEPES #& i (pH7.4) &
EHIZAFRFImL & LT, 37TCT205 M A ~F =
~N— Mg, % % chloroform-methanol (2: 1)

1 mL B X ¥ n-hexane 3 mL T 3 B[ OHIH L 7.

t MFMs OE121E, A7 — Va3 XTHmEs
LT, T4 vrFax—Ta VR %EZ 3050 E
LT, [kRICAT - 72, fllEEIZ diazomethane T
AF VAL#:, GC-ECD % 7213GC-MS 12 L 7-.

KA OERE, CBL49 OFE IV TF - 72,

GC-ECD O&MIRDMEY) TH 5. hrikds,
ECD ff HP5890 Series I # A7 u~< 75 7
(Hewlett-Packard #) : # 5 4, DB-1 72— X
FoUnFxET)—HF 24 (30m x 0.25mmi.
d., 0.25 pm R/, J&W Scientific #) ; 4+ —7~
M, 230C ;i ATmEE, 250°C ;5 e i
250C ; ¥+ U7 —HA, Ny (1 mL/min).

(43)
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3. b CYPAFEICK S

40 pM CB149, NADPH 4: & % (0.33 mM
NADP, 5 mM glucose-6-phosphate, glucose-6-
phosphate dehydrogenase 1.0 unit), 6 mM MgCls
BI e b CYP 4 7H (0.5 mg protein) % 100
mM Tris—3REEE#E & (pH7.4) & & HI24GF10.5
mL & LT, 37CT60min 1 > F 2X— Mg, £
#) % chloroform-methanol (2:1) 0.5mL B &
¥ n-hexane 1.5 mL T 3 |3 Dt L7z i
1% diazomethane T A 7 Vb, GC-ECD %7
X GC-MS I L7z, RE@oERIZ, CB149 D
Bz HWTiTo 72,

4. ZOfth

JFMs D% 372D %ERIL, Lowry D)
BN IT o 7. e, KEHEY VS HE L
T VIMETIVT I v &7z,

X BR & K

1. 7 M Ms (L& 2R & KB DILZEE

Fig. 1121%, 3MED T v MF Ms 12 & ) 4R
N7z CB149 fX# (* F)VigE k) »GC-ECD
s7uax NI AERRT. RLHET v M Ms T,
PRFFFERT 17.18 min (ZACHH M1 A% 1 FEEH O Ak
&7z, PBRILEE Ms T3, 3HEO B
AR SNz BRI ML & M3 (R FREER 19.58
min) ZHEEFEIIHEINL, S5 MLIZD2D & M2
A TdH 505 PREFRER 18,18 min 2R &
72, MC Rl Ms Tl M1 & M3 2%t &7z,

WIZ, CB149 W DAL % e 3 5 720,
PB BILEE T v kT Ms CHR S NHY (2
FIVEHER) % GC-MS 12t L7z, Z oS, M1
BLOM2OXAFIVFERLKE, wIhdorFE
8EETLHLIENDL, WEHELH OHKTHL S
&, T, M3DOAFIVHFERIIGTFREAS LA
5225, dOHKTH S Z EATRESI NS
(Table 1). Bl#A R L7z FHEMRHY L LKL 7
EZAH, YR, NATITAVT—varBh
OMREFIE 205, M1, M2 B X O M3 D X F)ViF
ERIZZFN 2N, 5-MeO-CB149, 4-MeO-CB149
B L U4,5-diMeO-CB149 & (ZIZ55 412 —5 L 7=,
Pl EosEREH,» S, M1 1 5-0OH &, M2 1% 4-OH 1%,
M3 1d 4,5-diOH A TH 5 Z &S 27 - 72,
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Fig. 1 GC-ECD chromatograms of the methylated derivatives of CB149 metabolites formed
by liver microsomes of untreated (A), PB-treated (B) and MC-treated (C) rats.

Table 1 GC-MS data and retention times of the methylated derivatives of three CB149 metabolites and their

synthetic compounds

Compound Mole'cular Mass spectral data (Relative abundance, %) :?Iiteﬂ(lri?;

weight [\ [M*-15] [MT-35) [MT43] [MT-50] [MY-70]  in GC-MS
CB149 358 100 - 32 - 74 11.95
M1 388 100 6 - 30 17 - 14.89
M2 388 100 2 - 33 - - 15.13
M3 418 100 29 - 22 - - 15.61
5-MeO-CB149 388 100 6 - 30 16 - 14.89
4-MeO-CB149 388 100 4 - 37 - - 15.13
4,5-diMeO-CB149 418 100 28 - 18 - - 15.61

-, not detected.
2. FFMs (&3 CB149 KD EVTEE ¥elZ, T v b TO 4,5-diOH R A g ML 452

Ty b, NLAAZ—BIPELVEY MF Ms 12
£ % CB149 {4l [t#g L 72 (Table2). fX#¥ o
EmlE CBl49 OM=E#ME W TITo 72, £k
R, KRB Ms TlE, 39 XToO#EH T 5-0H 1
DR ERTEE L /R S 2o 72 (6~15 pmol/
min/mg protein). &XIZ, PB AjALELAF Ms T,
7 v bO¥E, 5-OH KD A BRI RLIE Ms
D253 GEICHEFIHML 7z, £/, NARY—T
11512, BVEY PTIR 2.4 fEICHEm L 72
EH, TRTOFHYWTH /22 4-0HMKB LY
4,5-diOH (RO A BUEME D R o, SO S 1E
T RONLAY=>FE)EY FOIETH - 7.

-,

pmol/min/mg protein & &> 72, —7, MC Hi
ALIRAT Ms TlE, WINo#<d 5-0OH FH34
B E N7, FOWEMEIZ AR Ms & [F #2200,
HAEVIZHA L7z, T2, NAAY —TIIFHV %
5 b 4-OH A S 7z,

ZDXHI, TRTOFHWIZHB VT, PBHIL
HIZXD, CB149 3258 < fRAE S 7225, kIS,
— kAW D 5-OH-CB149 B & 1’14-OH-CB149
FEEELTHY, Ihsh5H4,5-di0OH-CB149
NOERE B L7 (Table 3). BEHRFEE LT
Z v MF Ms 2 w7z, RUAHE Ms TIlE5-0OH-
CBI49 226D A, e h s b4 5-diOH-CB149
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Table 2 In vitro metabolism of CB149 by liver microsomes of rats, hamsters and guinea pigs and the
effects of CYP inducers on CB149 metabolism

Metabolite formed (pmol/min/mg protein)

Treatment
5-OH (M1) 4-OH (M2) 4,5-diOH (M3)

Rat

Untreated 6.3%x2.6 (1.0) N.D. ND.

PB-treated 1596  * 116™(253) 36.3+2.9" 452 = 166*

MC-treated 10.3+4.2 (1.6) N.D. ND.
Hamster

Untreated 14.6 £ 1.4 (1.0) N.D. ND.

PB-treated 158 *23.1%(10.9) 11.4=2.9* 13.3 = 4.0*

MC-treated 9.8 +4.8 (0.7) 3.3+1.3% N.D.
Guinea pig

Untreated 14.5+4.6 (1.0) N.D. ND.

PB-treated 34.6 = 4.5%(2.4) 1.3+1.1 2.8+ 1.4%

MC-treated 6.1 1.6%(0.4) 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).

Table3 Production of 4,5-diOH-CB149 from 5-OH- and 4-OH-CB149
by rat liver microsomes

4,5-diOH-CB149 formed (pmol/min/mg protein)

Treatment

from 5-OH-CB149 from 4-OH-CB149
Untreated 45.5+11.7 ( 1.0) ND.
PB-treated 2236 * 216™ (49.1) 1125 = 242*
MC-treated N.D. N.D.

N.D., not detected.

Each value represents the mean = S.D. of four rats and those in

parentheses are the relative ratio of untreated rats.
*Significantly different from untreated rats (p < 0.05).

DARTEEABIE Sz RIZ, PB ATLEE Ms
Tld, 5-OH-B L " 4-OH-CB149 £ #Z 12 L 72
WA, TN 2,236 B LU 1,125 pmol/min/
mg protein DWW EEZ R L, CB149 Z A HIZ L
T2HEIHR, TNEN4IRBB L2584 T
Hotz. Yo L), 4,5-diOH-CB149 A1k
2B 5 EEE R4 1L, 5-OH-CB149 >4-0H-
CB149 > CB149 D& 72 o 7=, 7B, MC Rt

P Ms Tldwsho OH 425 b 4,5-diOH k1
R E N7z,

3. B MIF Ms (IC& BRH

HABMEI % &AL 6 HDOIF Ms & VT,
CB149 O 3 % M A BN FH <72, KIS id 37C,
60 71T > 72. CB149 OMEMEH, S, FHY
wiER L. TORE, Fig 21R7T L9112, ¢
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Fig. 2 Metabolism of CB149 by human liver microsomes prepared from fifteen individuals (nine

males and six females)

NTOe P TELKPRH; Ny = ZmLE §
bbb, FARBFWIES-OHAKTHY, KRWT
4-OH KB £ V4, 5-diOH K & vz, 72721,
WA E I IEAEZIRE L, —FEK HH715
(i) &—Fmv HH741 (B) TiE5.960
ERHoT 61T, BN L-E A,
5-OH kKo A plif ik, B2 & 12 2 pmol/
min/mg protein Fif2 CT& V), Fizk O AW I E) Py
D3IFD1ILTEEro7z Tz, KRB T
13 4-OH kB L OV 4,5-diOH A0S E Nz 0o
2ok L, b MTIEmAE L AR SR, T
21 0.6 BL V0.2 pmol/min/mg protein & &
Shiz. &b, 3HEHEHOMHMY O EBEE T VT
NLPLELFARECTEREE IR -7,

WA, 3FEFEH O CB149 L A BT % &
CYP 4 FRED BRI E & OMBRE Z & L7
(Table 4). ZofEE, 5-OH k& 4,5-diOH 45D
HEREYEADS CYP2B6 B & O CYP3A4 Oyt &
EERIEOMEERT &, 72 4-OH KA
TGS, CYP2A6 it A E L EOMHBEZRT 2
EDHL N o7 BB, T CYP 45+
HCIIAEELZMHBEIEE RO N2 o7,

4. £ b CYP BFREICK HH
bt MFMs 2 Hw7zian 5, CB149 R,
CYP2B6, CYP2A6 3 X U8 CYP3A4 D BY5-7% 5k

R EN, 22T, 12fEHOe b CYP 451
T %2 T, CBI49 & <7z, Utz 37C
T 60 7 MAT - 7245 F, Fig 3IZRT L1,
CYP2B6 7* 5-OH kD m\ A s 2 /R L7z (5
pmol/hr/pmol CYP). F 7z, CYP2A6 55\ 7%
Bob, 4S-OHEOERERZR L. LarLk
25, CYP2B6 12 & % 4,5-diOH ADEKIZH 5
Nhahof, 72, MiFEE 72 CYP3A4 213 U
0, ZOMD CYP 75T O A iid 4
CRONGZ o7

Z =

EFR % PCB Td A CB149 @ in vitro {XH#HZ
DONWTC, Iy b, EBNEY DL NARAY—BIN
v MIFMs # W CHEBME L7z 72, v b
CYPrFHaHWTHES L7z, TORER, X
TOEFIIZBNT, RAHRF Ms TIEFEAHD &
L T5-OH-CB149 O AR EAK Sz F
7z, PBHIALEE Ms Tld, 5-OH KD 284012
W, /-1 4,5-diOH-CB149 & 4-OH-CB149
DR S IS, 5-OHBoERIET v T
FULEE Ms D 253 f5, NAA Y —TIL 1R, &5
IZEVEY PTIR2HEICRES N, ZoLED
HEREHEE g4 5L, v b (1,59 pmol/min/
mg protein), /YA A% — (158 pmol), EILE Y b
(35pmol) DIETH o7z, TS DFEFIL, 3FH%H
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Table 4 Correlation coefficient between human liver microsomal CYP activities

and three CB149 metabolites produced by human liver microsomes of

fifteen individuals

Lo M1 M2 M3
sotorm (5-OH) (4-OH) (4.5-diOH)
Total P450 0.672* 0.270 0.659
CYP1A2 -0.007 -0.093 0.119
CYP2A6 0.577 0.856** 0.531
CYP2B6 0.803™* 0.475 0.776™*
CYP2C8 0.570 0.483 0.568
CYP2C9 0.489 0.406 0.318
CYP2C19 -0.115 -0.175 0.059
CYP2D6 -0.066 -0.063 -0.108
CYP2E1 0.397 0.309 0.166
CYP3A4 0.714* 0.593 0.841**
CYP4A11 0.017 0.086 -0.088
*p<0.01, **p<0.001.
10
~ _ :
] BMI
By g |
= BM2
=
£ 7 M3
g 6t
E N.D., not detected.
g
T 4|
g
&
x
= 2T
-
E N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
-~ 0 1 L | Y - L | i L
Control 1A1 1A2 1B1 2A6 2B6 208 209 2C19 2D6 2E1 3A4 3AS
Fig. 3 Metabolism of CB149 by human CYP isoforms

® CBI149 R A » 3 XCI2, PB#FEMED

CYPBBEENHG L TWAEIEERIEBLTWS

MC HiLEE Ms TlX, NA AT —TDH, #i:
% 4-OH-CB149 O AR 5Nz, ShE TIZ,
Tk 41X MC RITALEE N2 A % — A5, MC #FHEi:
D CYP2A8 ##E8 L, Th2°2,255-BL
2,3 .4 5-tetrachlorobiphenyl (CB52 B £ O
CB70) @ 4-7KFRALBUL % S0 12 il 9~ % = &
G LT KR ORSHIE, CBI49
REIZBIT D 4-OHKOAEKIZE, NAAY —

CYP2A8 G- L CWA Z EaRIBEL T 5,
RIFFETIE, 15 %40 MF2 S A G S
N7z Ms & vy, CB149 Y 3 Fl%H O A Bl 1%
122X, JFCYPIHMEE MBS, 20k
®, 5-OH 1K & 4,5-diOH KD A Wi iFH 1 ACYP2
B6 i ((S)-mephenytoin N-demethylase & 14)
B L O CYP3A4 i (testosterone 68-hydroxy-
lase i 14) &, — 7, 4-OH & @ A B iG 1% 28
CYP2A6 i (coumarin 7-hydroxylase i) &
BERIEOHEZRTIEDNHL NI R o7 2
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Fig. 4 Postulated metabolic pathways of CB149 in human liver

NS DOFEFIZ, v MFToO CB149 f#i2, CYP2
B6, CYP2A6 $ L U CYP3A4 H 5 LT3z
EERRBELTWS, F/2, B FFCYP&=EIZD
WTld, CYP3A (3A4 BXU3A5 # &) 548
CYP &8 D# 40%, CYP1A2 7% 18%, CYP2C
(2C8, 2C9, ZDfh%k &te) 7% 25% % &> T
Bk, E5I2FDMD CYP 55 FHiZ 5% LT
THoHIEPMESNTNE® 220, 12
fEE O b CYP 5 F xRNz 7z &
2%, CYP2B6 2 &% 5-OH A ERIEE L, §9
W AS b CYP2A6 12 & 5 4-OH 1Ko A4 5l i 1t
RRERRT A ENTEL. L LAA S, b M
IZBWT CYP &2 d %\ CYP3A4 Tl
CBI4O Rt R SN o7z, T 72,
CYP2B6 |2 & % 4,5-diOH A0 &b A5 %

Molz. INHEDEIZOWT, FOBBIIBEAR
<& b, Fig 412, & MFIZBIT 5 CB149 it
EACHE RS 2 R L7,

540 FFRFF—D9H 5, Huv CB149 1
EMEE R L7258 3 4 (HG64, HH74, HH741) 12

DWW, fRWFEDMEHREHR/IE S, HGH4 I,

R ASEEZE N T, ARTIC warfarin 2 L
TWw/-Z &, HH74 & HH741 (S IMERET, AT
W27 XA T Yy MRS cozaar B &
U4t ) 23 prozac #fHH L TWzZ £3bho
72, 2B,
LD 2~13FEVZ ERHLNIIR 72 I
SOHEENS, RIEIZL Y FE SN/ CYP2B6
A, CBIA9 Rz REL2bDEERHND.
2L, TNF T meta—para M HERHET 5

D3OI Ms @ CYP2B6 i 428

(48)

KFE % FrD 2,2,4,55pentachlorobiphenyl
(CBI01) I22WTC, v b, NAAY—BIUIENV
v MFMs 12X 2B ZHELT2Y. 20
B wdhosi®cd CBI01 @ E 44 H# ik
3-OHATdH by, PBEMLELIC X V) BEE SIS %
2k, F73-OHMEROAEREEDT v M >NAR
F—>F)NEY FPOIETH % HIL, KFZED
CBI49 R & L <Ll L Tw/z. —7J5, CBI0L 1%
HZBNT, 4-OH HROERIEEDTT X TOE D
FALFF Ms THRONS Z &, F72, MC BiL# T
i\ 2Bahns % i, CBl49 b &< B oz,
X512, PB HIALE Ms THER S 2B 0=
IR 2 &, CBI01 & ) EHFIEREA 1 2% 0»
CB149 @55, v b T 744, NAAY—TIE6
&, ELEY TR 2HEE T hoOBETHAHS
NRT W DL 72, ZOEAEIIHAED L 2
HARTH )5, W PCB OfbEMEx A5 &,
CBI101 £ 2,5~ K& ndi-ortho B PCB TH
HODOIZR L, CBI49 1% 2,36-=# F &
tri—ortho T PCB T, ortho fi~DOIFEFREHLHS 1 D
L, fERE LT, CBI49 I2BIT 5 2 niiHEE
37 2 ZVEBROZELE b 725 L, CYP2B B
F12 X B meta—para M.OIKBALAMEAE S 7z D H
b Lz,

%8 &
TN, NLAZ—=—BIUELVEY M Ms
24X % CBIAY itz i~/ 2 A, §XC

DEWZ BT, EAFHWIE 5-OH-CB149 T
HbHT L, KWT4,5-diOH-CB149 B L °

1.
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4-OH-CB149 2 &N b 2 &, PB AiALELC
L0 s 3D DA B T |
HEINL L, S5, ZNODEBIERDI
X, TV IO>NLRI—>FENEY bOIA
THAHIEDHL DI 72, MC RiLER T
X, WIoOEWITF Ms T34 5-OH-CB149 @
AT A L7228, NA A Y —JF Ms Tld,
4-OH-CB149 23 72128 L 7.

2. 5-OH-CB149 B £ 1V 4-OH-CB149 % & &
LTHw Zv MTF Ms 2 & 54,5-diOH-
CB149 A& & AN7-. Z RS, HEFR
1%, 5-OH & (2,236 pmol/min/mg protein)
> 4-OH 1k (1,125 pmol) > CB149 (452 pmol)
DINETH > 72,

3. B MFMs (BHI%, K64 2o, A
AR CBIAO iz b L 72 25, wih
b XSy — 2 ER L. ERAHEY
& LC5-OH-CB149 23R S 41, IR\WT4,5-

diOH-CB149 & 4-OH-CB149 DA K72,

F 70, BARHEHEICBWT, 5.9 B AE
Hol2h, BB O &G BV T
RO SN o7z,

4. Bk FIF Ms 12 X, CB149 ft#H o 4
BiE e & CYP 40 7R Ay Ze B S0 1 &
DME%F~7-8 25, 5-OH KB L 14,5~
diOH 1k o 4 B i % 1&, CYP2B6 B £ O

CYP3A4 OWjiE M & HEIZIEDOMB Z 7R L7z

72, 4-OH O ARIE L, CYP2A6 Tk &
BREICIEOHMEE R L7,

5. 12fi o b CYP 4 FHIZ X %5 CB149 X
FHEtL7z& 2 A, CYP2B6 13 5-OH-CB149
DEVAEREEE, £ 72, CYP2A6 134-OH-
CBl49 O EWEMEZ A L Twi &b,
CYP3A4 &%, ZOftiod CYP 134 < AFHTE
xRS HnroTz.

U Eo#EFE 25, CBI4AYRHIZBNT, v b%
SbwiFhocd, PBFHEMD CYP2B

FmOEELAHBERTH L 2 LARBRE N,

e B

A 22 IR A 5 B 1T B v S A S B i B 4
(BEMmOZ0 - e RIEEDIZEE3E, 21KA2003
KHEFHE) B X0 JSPS BHiffE: (JP20K12188 JE I

W—, JP21K12262 A1) OB % =T 72
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Maternal Exposure to 2,3,7,8-Tetrachlorodibenzo-p-dioxin
Results in Offspring Growth Retardation : Fetal Growth
Hormone Supplementation Can Restore Bone
Metabolism in Adulthood

Yukiko Harror?, Tomoki Takepal’, Hideyuki Yamapal and Yuji Isan!’?)

UL aboratory of Molecular Life Sciences, Graduate School of Pharmaceutical Sciences,
Kyushu University
2 Division of Pharmaceutical Cell Biology, Graduate School of Pharmaceutical Sciences,
Kyushu University

Abstract

The direct supplementation of growth hormone (GH) to the fetus was previously shown to restore
GH attenuations that result from maternal exposure to 2, 3,7, 8-tetrachlorodibenzo—p—dioxin (TCDD).
Furthermore, it also stimulates the expression of insulin-like growth factor-1, which is a major growth
factor that promotes systemic development, including body weight, body length, and learning memory.
In this study, a metabolomic analysis of serum in TCDD-exposed offspring reaching maturity was
conducted. Elevated levels of activated vitamin D3 were identified, and these were reduced to control
levels with GH supplementation on gestational day 20. Inorganic phosphorus in the blood was similarly
affected, but there was no change in calcium levels. The mRNA levels of cytochrome P450 (CYP)
isoforms, CYP27B1 and CYP24A1 which are involved in activated vitamin Ds production and
Inactivation, were not significantly changed. The results suggest that the TCDD-dependent elevation
of 1a, 25-(OH), vitamin D3 (1,25-(OH)>Ds3) in adulthood is due to factors other than the altered
expression of synthetic and metabolic enzymes in the kidney. Bone-derived alkaline phosphatase
(ALP) mRNA and serum ALP activity were significantly reduced by maternal TCDD exposure. Serum
ALP was significantly improved by GH supplementation. The decrease in mononucleate cells around
the osteoclasts in the tibia of male offspring after reaching maturity supported the results, and this
tended to improve with fetal GH supplementation. TCDD was thus found to trigger a decrease in fetal
GH levels and there were exceptionally high 1,25-(OH)2:Ds3 levels when reaching maturity, which
decreases the number of osteoblasts and suppresses bone formation.
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IR RER 7S, BRI ED 5 A 4 F 2 212
BHETDHI LI oT, HAERICHEEERCESR

L'_

BYTHRER SO hREREE 2 ERET Y,

71 A IYHE OB EF B ER AR 1A Tk — Mg
MHd, YAFFLUNe P ELDOEEICKIT
THEPBESNDD | BREOBEE - PO
DRz TV D, 2070128, ZOHEIEIIRE
WOMHPBLETH 5.

— I, FAFF T UEEICE, R RRERE
HFTdh 5 FHERERAKEZEMER (aryl hydro-
carbon receptor ; AHR) 2SEHEERBE A2 L5 2
AL PIZENTWAEY Y $abt, AHR
A FFT P EDFHEITLDVENICELTL,
cytochrome P450 (CYP) 1Al DA EE T D
i 5. 3 B 4H I8 2 AR #E 9 5 xenobiotic responsive
element ~OFEEE LT, IO DIEHEEZZE)
EED. EBHRETEIHOEEL HELDO,
INOEDPHEEMIIERICHFTTLEER LN T
5.

ARV T A+ F L v ORZEE2ZITH I LI
X0, HAERIEKSE - RGEYYY, EREE
HOETIW 7 EORRBIES, EIHBRE D%
'Y B L URRATERED Y 2 Do MRES
HELAZENHEENTHE. Zhs0HE DS
i, BEVEEA~DO YA+ F 2 Y BEFEIZL - T

KHLARW, H50ELE)OEHAEYET LY,

—F, BEPBEELLFATF L D#0.01-
0.1% 2 Ml x FEH L CIRIRICBIT T 2 108 & %
WA SRS A BEAVER T B, & 5 I
Nz ez, REMORETH > THREIRE
BICETHEL, RN HL. I
DEENPS, BEZIETH BRI RN 2
BHhG & &L o TREBRETHRA REBREED
EETAHZEDHEESINS. BPEIZBITAE
NDORFBWHEOFHEF L LT, UMNILE—3F Tk
L7274 SIESEERM SN T 5. IERES
LU0 AR E L/2BHREIC LY, BHE
DI F A & 2 R & HAEROKEI A D

MBZRT 2L, RORENOELE - o
BHE XN TR 2512, BEOHAD
= MHAE2LL D, THOBEMAERLMIEE) DK
Tk, BHOSHEHROMEL S A 4 F 2 VHIC
LDEIERIENZTERESRE ST W
W0 fEoT, FAFF Y UHICE B AR
FEHREEDOBREI & 223D RPSE O
X, REKOZ LD DEFBEEIERT 5 L TREDOR
HThH, LoLl, INooRIREEICELC
X, FEREZ 2B IEMICHEE S LT 2o s8Ik
Thb.

A FF T VIS L BRI E TR
L, —EEIChl> TEENEST H0ME
Thb, FELIIINFEFTO—EHDOFIEIZL - T,
2,3,7,8-tetrachlorodibenzo—p-dioxin (TCDD ; 1
pe/kg, FE) RS v MA~OFEED, HARR
DD luteinizing hormone (LH) O& 2K T &
&, IhEifEhe L CORERICKETEIDESE S
B ERFEIELTWEV F7- IRIRHIHRY
EFTAERINC M7 HERF O LH O & [F] R
12, RESVECZXOERBETT S EDHL M
(27 o 722920

bbb, HIE15 HHDS v F~® TCDD £
FZL Y, MBI T EMAICHB VT GH mRNA 7%
S5 A GH L ANV 2SR AE IR T 3
%% 2@ GHML NI & ) insulin-like growth
factor-1 (IGF-1) ZEHPET 52 L AHL ML
o2 KT T 5 GH &I EBRG L7
FEA, IR GD20 IZMKF L7z IGF-1 2818 L X
VETEEL, FHEROBAEITEMEN, Ky
EDIER LAV E T, KEROFELER
JIBEE b e 2R L 722, TCDD Rk 28
(&, WERERG VRN T MR IC B\ C GH M &
BRI S5 e SN E o7z T2,
COREIE, HRICE ) EEICED SR,
TCDD i3 fthB L ORI BV T—HBIYIZ T )V
FAATH Y LRVERT S GHIK T IZEHFST
A, UL, BMENOI2VF AT O UHRICE
DL 72, £7:, DNA XA 707 LAkt
I2&D, GHIR TN ZH8le LD A3 L 728



FAFFT N L BIERIRERIVE AR T AR BZOT~KITT HE

fz 7 £ L T death associated protein-like 1
(DAPL1) %5 722, DAPLI Fs8LIHIIC
AHLT, GHEHRKTOALZ ST, Mg uR
HEET THAH cyclin D2 B &£ U cyclin E2 D%
GBI AR T L7222 DL E oA
5, TCDD (&R T EEMARIZ BT DAPLL %83

I & > CHIREEIT & > 787 B 53L& HHI L,

GH A B L O GH A A IR T &€ 2 L w»
S — MO PH B IEHEA L & 722,

IR IR L ) i S 7 GH A, IEHEER LSRR
R AT & SR, FFRICER L CREELR R ER
F T 5 IGF-1 DFHEMHL, BRmMiEz 13l
WETHEFORERRET B9 o,
TCDD {KA7 /9 7 3638 0 GH ZHUE 13, IGF-1
LARVOKT 28 L CHRBICETEET kA

R ERE AR AW RREIRR S NG, T2,

Fiko k2, HRRBICBF aVFaRATO Y
KT, MEHERIZICB1 5 DAPLL KT O EE M
Gydp o 72292 TCDD #A SR X 5 GHLTF
OE L, BRI O GH #ift I & 2 SEEEHIE4
o T&EDbOD, GHOERIILIEIZH 5.
TCDD |2 & 2180 GH 8B oIl A A - 1%
E#BECTELZ LD L) LREREICHFST 20
WZOoWTIE, RZHDICHS IR 728 1EE A
R, 2T, KBTI, FRRoiERkE |
)& LC, TCDD ##MaEICHEH GH 2 fifh L
BAHIIC A Z RO 2 7 AL T2 To 7. &
52, TofEREZT, KA OBRHE~DOLE
&, KT % GH % 5 VEICIEHMG L7288 O
B OF R OUEEEH IOV THRET L 72

£ B F &

1. BEER

RIFFEIC BT 2 B ERRE, SN RFEY EER
TESB L OBEETHEZ ERLETASIILD
EERFTE OREE ZIF - ETEMBL . MHED
Wistar 527 v b & —BiRE L, #EABNICHT
WHER SN2 W8, TOHEMIRO HHE & L7z,
1A% 15 H B2, TCDD (1 pg/kg/2mL 2 — > i)

wHEE OG- L7z, RHIREEICIE, a— Yok
¥5- L7, 72, GH OfifIC X A2 2B L HX

72. GH ORI~ Hi# 1L GD20 (2B @ Y 47
W, HBRIC R S 7220 A 28 H (PND28)
BXO13EEBBICRE L2E8WIZ oW, JFiE,
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M, a2 THRE 2 1To 72, MiE2 &1
W HE L 72 RIS TR, RS TE S N
KR TV B RE COMM R E L. 7
B, HW7-8¥ ik GHHFHIC X Y, TCDD Bk
FBETIT Lz IGF-1 L~V IEH L)
IOHEL, FERERS b RS - 722

2. XAFROI Y XEWN

ML VKBLORAE 7 — I & > TR
I L7z0 5, ultra-performance liquid chro-
matography coupled to time-of-flight mass spec-
trometry (UPLC-TOF-MS) #i#& (Waters) (2
LTAZFRa—a@tiztro7z. A OMRE X
ORI BRI e - 7278 & — S I, £
B 4334T (principal component analysis ; PCA)
B L OERER 1 /N 5 (orthogonal par-
tial least squares ; OPLS) % H\ 7.

3. MHAEERE, MBF7INAVKRIT 74—
£ (ALP) EMHLUEED >, HILP I L
I=EDBIE

1% ALP it : TRACP & ALP Assay Kit (%
71 TN %) FHVTHlE L7z, Mg iE MilliQ 7K
12X D) 50 fEARRL 7z

MEH NV T LREE ANV TLE-TANY
I— (FEMEETSE) 2/, mFTERO
FMHEAHL.

MiGMREY) Vg ELFIATLATAF
IP-P (Bt 714 Vv2a) 2 HWCHIELZ. MFEE
MilliQ K2 & b 10 &ML 72. T % IP-P A
FAFIZHRML720%, 4 I 47 aEEs
MrEEE (874 0va) 2L, 650 nm QWG
&l L7z

4. mRNA LNIVOBEIE

VT NVE AL RT-PCRIE, BEHIZHE- TITo
f:22),

FH\ 72 primer OFEEH)1Z Table 1 12777,

JOt i, StepOnePlus ™ Real Time PCR Sys-
tem (Thermo-Fisher Scientific, Inc.) Z H\»T, 96
Wells, Quantitation-Comparative CT (AA CT),
Fast mode (2 CTf7- 7-.
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Table 1 Primers used for real-time RT-PCR.
Targets Forward pr.imer (5"—> 3:) Prirper Size of Accession
Reverse primer (5->3) region product (bp) No. ?
BALP CTGCAAGGACATCGCCTATC — 752-771 82 NM_013059
GTACATGTACTTCCGGCCAC 814-833
B-actn  CACCATGTACCCAGGCATCGC — 2791-2811 246 V01217
AGCCACCAATCCACACAGAG — 3017-3036
CYP27BI  GTCCAGAGCGCTGTAGTTTC — 313-332 101 NM_053763
GAGCCTCTGCCATTCTTCAC — 394-413
CYP24A1  AAAGCCTATCGCGACCACAG — 748-767 115 NM_201635
TGATCTCCACGGGCTTCATG — 843-862

& The GenBank accession number is shown.

5. BEORIEREBZIVEERT

13 AETOMET v F DI E 2RI L, parafor-
maldehyde (4% in 0.1 M PBS) ¥ 12 CizHEE %
L7z, ZIVvFE by 7 A@IZT, 4CT5 HBEBK
WM AT 72D 5, 5%HEET M) 7 AKEWIZ
TACT IR L 7z, MDY T 7 4 G,
#Y) B X O hematoxylin—eosin e, JULI K
AR E T ZERT Bl ICRGE L7z, gl
7R B RS OB 21T o 72
(f5== 0 x 100 B & U x 400).

o ES

1. RREAOGHERETICL>TELIRE
BOBEZICEIGIATFORR: A 24F-0—L4
& @ U 7B 2 O

KBEIORAY 7 =)V Xyl L 7z i otk

1§55 % UPLC-TOF-MS ##E(2ff L Tx &Ko —
LT AT o 72, T FITICIE, BT
(principal component analysis ; PCA) B & NEA
T 43 W B /s — 3 %= (orthogonal partial least
squares ; OPLS) % H\»7z. Score plot (2783 i
h, 3FMTT Ty FAEHET HEMASBIZE I
(Fig. 1A and B), JRYE#o TCDD B X OF GH L
HIZED, BMERICETHELR A Y RO —L%H
WL T A EVRHL IR o72, 51T, S
plot (Fig. 1C-F) 2B W THHBIRE 0.8 L EEFH
B, 0.8 LT AR A4 > & LTl
H L, Kyoto Encyclopedia of Genes and Genomes
B & U Human Metabolome Database % i \» 7=

T =5 N— ZEHA L CEBIL AW O E %
1To72. #0kE%, TCDD BHMERTE B X OWREL
OGHMMIZEY, 7IVE ¥ Iy Rb0N
FROVE ACHW) Z B B 66 15 (BN
25, A 1 41) BXOV6L By (AN 19, #wA
42) SOEBHMPRIE SN 5D b,
TCDD KFEH 2875 GH #ift I L Y e+ 5
Z EHEE SN & Table 2 12789, RLIER
EEIEREIZBI b 2 acetylcarnitine®?? %3 TCDD
WX DWMA L2725 GHEMICX Y IEL L
(Table 2). fit-> T, TCDD iZiEVEH > GH A
KT a#EAE L THRERIZ acetylcarnitine L X
VAT &, FHREESOMRIEEN BEE S
ZAHWEMESZEELZ. $72, la, 25-dihydro-
xycholecalciferol (1,25-(0OH)3D3) 7% TCDD 4&Af
B L, BIEO GHEMICX YL 72
(Table2). 1,25-(0OH)2D31E, Vv BIUH LY
T NBEEOREIR, O - HEFRHCEETH D,
CNOBRIREEIZE ALY Y A, ) VIE, B&
OB RE N BB gL T,
TCDD KA BN AR b 7z F BN o
A 4~ —#—"T&% pentosidine®*® %, GH #}
Mok B L7 (Table 2). IO DFEEDNS,
TCDD M58 > GH BUK T 2/ L C, ik
2% 1,25-(OH) D3 R # & L, BREK % FEE
T 5 & O 7z L AR A E S 7.
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A Score plot (+) O : control
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=
@
B 898
g £,
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a 801 . g .
-100 -50 0 50 100
Principal component 1
C S-plot (+)
(control vs. TCDD)
5 osi® s
K] Increased ion
8
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S
° Decreased ion
& 0.8 mpGe = 5
o : .
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Magnitude of contribution
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2 Increased ion
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Fig. 1 Principal component analysis for a change in serum metabolome of male adult rats (13
week-old) caused by exposing TCDD and GH at the fetal stage. The sera of male offspring
born from dams treated with TCDD at GD15 were collected at 13 week-old. The
metabolomic profile of the serum was analyzed using an UPLC-TOF-MS system. (A and
B) Score plot among control, TCDD and TCDD + GH (T + GH). (C and D) S-plot between
control and TCDD. (E and F) S-—plot between TCDD and T + GH. The plots show the
results analyzed by a positive ion mode (A, C and E) and a negative ion mode (B, D and F).

2. RR#HOMmS 1,25-(0H) D;, |V > 5
KDY ) LIBENDRE
Al A & R a— AT (Fig 1) 12X > TR
&7z 1,25-(0H) 2Ds DIENIZEH L, BN
HELOBEEICOWTHRE L. £, 29K
O — AENTOZ B EMGEES 5720, WEZRON
(13 /H#n) oI 1,25-(0H) 2D % L 7.
FOREE BIEMO TCDD #F#EIC X, 1,25-

(OH) 2Dz B 1A ZIZHIIN L 72%%, GH #if51C &
DIEFEL~VIcECEEEL (Fig 2), 24 Ko—
LR % LR T DR NEO N £ 2T,
1,25-(0H) D3 (2 & 0 EH AR S h 2 k)
YBIUHINT T AL NVADBEREL L /2.
ZORER, 1,25- (OH)D3 D& &E) & 53 L C,
TCDD KA1 2 SRS ) VIR ORIINE, GH #ifs
2 & D IEEKEICEE L7 (Fig. 3A). —7%, 1
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Table 2 Representative serum components in the male offspring reaching maturity the levels of which were altered

by maternal exposure to TCDD and direct supplementation of GH to fetuses.

Increased Decreased
Groups

by > 10 times by <10 times to < 1/10 level to=1/10 level

Pentosidine lar, 25-Dihydroxy- Acetylcarnitine 17a-Hydroxy-

Riboflavin cholecalciferol 3a,17B-Dihydro- pregnenolone

B-Carotene Histidine xyandrostane

Tyrosine Ubiquinol N-Formyl-

2-Oxoadipate kynurenine

L-Kynurenine

Control vs. 10-Formyl-THF
TCDD L

Cytidine

4-Pyridoxate

6-Keto-prosta-
glandin Fla

11-Dehydro-
thromboxane Bo

Acetylcarnitine Pentosidine lar, 25-Dihydroxy-

17a-Hydroxy- B-Carotene cholecalciferol
pregnenolone Tyrosine Riboflavin

3a, 175-Dihydro- Histidine Ubiquinol
xyandrostane 2-Oxoadipate

TCDD vs. N-Formyl- . L-Kynurenine
TCDD + GH kynurenine 10-Formyl-THF

Cytidine
4-Pyridoxate
6-Keto—prosta-
glandin Fla
11-Dehydro-
thromboxane B2

The components shown as red characters represent the potential markers for the dioxin—produced low-growth of

offspring. THF ; tetrahydrofolate.

AV AEEA~O TCDD 3 X U GH LH D
WEIIRRO b o7z (Fig 3B).

72, TCDD (2 X 5 1fiH 1,25-(OH)2D3 Hihno
WAEEIT D728, T OEMB L ORHIZBD 2 B
F O mRNA FEBAB) % @M L7z 1,25-(0H),
Ds (&, EH&IC%BIS 5 CYP27BL 12 & b #ibfk T
# % 25-hydroxycholecalciferol ® 1 fiZ? A
KEEAL SN THER L, 24 fiKBILER TH 5
CYP24A1 |2 & ) EFE O K\ 1a-hydroxy-
23-carboxy-24,25,26,27-tetranorvitamin Ds {2
RSN L. AMETTIE, A& KRu— ot %
7o 72 13 JAf & FEkIZ TCDD MRAFH 72 85 1) > Ii
FEDSFR® 5172 PND28 (Fig. 4A) DR OEK %
FAWT, CYP27B1 B LU CYP24A1 @ mRNA %

HEeMAr L7z, TOME wIhiiBwTh
TCDD ## 5 L U GH fiifg O E TR0 b e
o7z (Fig. 4B). - C, TCDD KA Fm% &
%o 1,25-(0H) 2Dz (REIE, EEIZBIT 5 G
B L OB OSEBAB DN O ZRNTHBZT 5
Z LRI N

3. BREDETHR~Y—H—DFE

W 72 1,25-(0H) D3 &, HIFEMIFL~DFEE
Lo THRR AT & 5%9% 22T, F3EM
JaCHEW E N A B~ — 5 —TdH 5 bone alka-
line phosphatase (BALP) #48fZ& L, HIEA
DB L, MEROEOKFIZBIT
BALP mRNA F 8 % i L 7286 %, B
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Serum 1,25-(OH),D4

* *%
1000 | '
3 800
g ™ I
5 |
g 600 - =
=]
i
§ 400 Fig. 2 Recovery by GH supplementation during the fetal period
c from TCDD-induced increase on serum levels of 1,25~
8 (OH)»D3in the male offspring after reaching maturity (13
200 - Week—old).
The serum concentration of 1,25- (OH), D3 was mea-
sured by ELISA. The bars represent the means = SE.M. of
0 11-13 rats. Significantly different between the pair
Fetus: Cont.  Cont indicated : *p < 0.05, **p < 0.01. 1,25- (OH)2D3; la,
Mother : Cont. TcDD 25-dihydroxycholecalciferol.
A Serum inorganic phosphorus B Serum calcium
30
e 1l
6 4
=3 o5
T 20 Ly
[=] o
E E 4
= =
§=] =]
g ;
g 5
3 3
0 0 .
Fetus : Cont. Cont. GH Fetus : Cont. Cont. GH
Mother : Cont. TCDD Mother :  Cont. TCDD
Fig. 3 Effect of maternal exposure to TCDD and direct supplementation of GH to

fetuses on the serum levels of inorganic phosphorus (A) and calcium (B) in
the male offspring after reaching maturity (13 week-old). The concentra-
tion of inorganic phosphorus and calcium in serum were measured by
commercial kits. The bars represent the means = S.E.M. of 6-10 rats.
Significantly different between the pair indicated : *p < 0.05, **p <
0.01.
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Serum
A . ; B CYP27B1 mRNA CYP24A1 mRNA
inorganic phosphorus
*
1.4

3.0 T
_ 20‘ ! : 1_2.
ﬁ l :_; 2.5
o)) = 1.0+
é 1 5_ “g 2 0 -
5 e 0.8
8 B 5l
£ 10 3 1 0.6
]
o <<
S g 10 0.4
(&) 5- £ £

0.5 0.2

0 0- - 0

Fetus: Cont. Cont. GH Fetus : Cont. Cont. GH Cont. Cont. GH
Mother : Cont. TCDD Mother : Cont.  TCDD Cont.  TCDD

Fig. 4 Effect of maternal exposure to TCDD and direct supplementation of GH to fetuses on
the serum levels of inorganic phosphorus (A) and the renal expression of mRNAs
coding for CYP27B1 and CYP24A1 (B) in the male offspring at PND28. (A) The
concentration of inorganic phosphorus in serum was measured by commercial kits. (B)
The renal expression of mRNASs coding for CYP27B1 and CYP24A1 were determined
by real-time RT-PCR, and normalized by B-actin mRNA. The bars represent the
means * SEM. of 4-11 rats. Significantly different between the pair indicated : *p <

0.05.
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Fig. 5 Effect of maternal exposure to TCDD and direct supplementation of GH to
fetuses on the tibial expression of BALP mRNA (A) and serum activity of
ALP (B) in the male offspring after reaching maturity (13 week-old). (A)
The relative level of BALP mRNA was determined by real-time RT-PCR,
and normalized by glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA. (B) The serum activity of ALP was measured using a commercial
kit. The bars represent the means = S.E.M. of 5-15 rats. Significantly
different between the pair indicated : *p < 0.05, **p < 0.01. BALP ;
bone alkaline phosphatase.
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Control

X 400

X 100

Fig. 6 Effect of maternal exposure to TCDD and direct supplementation of GH to fetuses on the
tibia in the male offspring after reaching maturity (13 week-old). The section of the tibia
fixed by 4% paraformaldehyde was stained by the solutions of hematoxylin and eosin, and
was analyzed using an optical microscope (X 100 and 400). Asterisks and black arrows
indicate the multinucleate cells (osteoclasts) and mononucleate cells (osteoblasts/osteoc-

ytes), respectively.
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Effect of maternal exposure to TCDD and direct supplementa-
tion of GH to fetuses on the number of mononucleate cells
around osteoclast in the tibia of male offspring after reaching
maturity (13 week-old). The number of mononucleate cells
present at 400 gm around the osteoclast was measured. The
bars represent the means = SE.M. of 5 osteoclasts. Significantly
different between the pair indicated : *p < 0.05.
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In Vitro Inhibitory Effects of Polymethoxyflavonoids Nobiletin
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Abstract

The present study investigated the effects of polymethoxyflavonoids nobiletin and tangeretin on
uridine diphosphate-glucuronosyltransferase (UGT) activity in the livers of dams exposed to
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Pregnant Wistar rats received TCDD (1 ¢ g/kg, p.o.) on
gestational day (GD) 15, and the hepatic UGT activity and its inducibility using TCDD were assessed at
GD20. UGT activity against p-nitrophenol, 4-methylumbelliferone, and SN-38 was significantly
induced in hepatic S9 of TCDD-treated rats. Therefore, UGT isoforms involved in the glucuronidation
of these substrates are considered TCDD-inducible in pregnant rats. Kinetic analyses were performed
for pooled S9 of rats maternally exposed to TCDD and for control rats for SN-38 glucuronidation. Their
K values were comparable, but the Vmax value in TCDD group was greater than that in the control
group. Considering the K, value, SN-38 concentration was fixed at 10 ¢ M, and the inhibitory effects of
nobiletin and tangeretin were studied. Nobiletin and tangeretin significantly inhibited SN-38
glucuronidation in pooled hepatic S9 in the control rats at 10 #M. Tangeretin also inhibited SN-38
glucuronidation in the TCDD-treated dams at 10 #M, whereas Nobiletin was inclined to inhibit it. At
100 M, nobiletin and tangeretin inhibited SN-38 glucuronidation in TCDD and control groups.
Although their inhibitory properties were similar, tangeretin was slightly stronger than nobiletin.
Thus, UGTs are involved in hormone homeostasis. Further analysis is required to determine whether
nobiletin and tangeretin reduce the adverse effects of maternal exposure to TCDD via their
modulation of TCDD-induced UGT activity.
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& U &

F A% & VEIERICT L TSR E T
ERITEBEFHEME CTH S, 1968 4£12V5 H A
THELH 2 IMMIER, T4 AT A IVOME
BIFO AR & L THW 5 L7z polychlorinated
biphenyl (PCB) BX O"ZFon#ic i U245

L'_

AAFY VHEPERWETHHEEZLNTEY,

ERBRIERIRE SE, BRikE R EohaEiER
DS NTY.

T A G XL VHEOZEOHTH IR % AL
DO EBFEN RN BT L > T, HAERISHL
TR E - RFEEY, FPREREY, 8T8
ETY Lo RRERE, %5 IR EE 0%
W, RRATHREES 4 L oMRBEHE Vo 72#
BAELS, &5, B MIBWTHHHOAS
Hsk D7 54 + F ¥ VOB KA D3

Bl L CHEERIZT I EHRBENTNEY.

TAF XL VHOEKLBNEDOL 1L, BERT
TH 5 EHRRAKEZEZEIR (aryl hydrocarbon
receptor, AhR) 1245 & L TE AW ¥ AhR nuc-
lear translocator & N7 H ¥ A4 v —%JEWK L, 1
WEIEF OmE 2 G L3562 L2 o TAEL

BY. Ak Y B GE, TRit
P, E7EESIRETH D & MBI B P

D10 BIE L 7o T OW = ki, Akt
LR EEL RIZTTEEZLONDG. Thb
DI EnD, FAFF T VHEOBEN ISR
T L BB~ OMKEHELDHZ E1L, WELRE
DIERFBI O FERESE L L L ICHETH L EE R

CI: : :O
Cl (0]

TCDD

Nobiletin
Fig. 1 Structure of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), Nobiletin and Tangeretin.
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55,
2,3,7,8Tetrachlorodibenzo-p-dioxin (TCDD)

(Fig. 1) W3mHEEE AT 54+ F2 0T, &
O THE TR ERES, FEE AEEEE 2PAR
BHAREDEEE %52 ENMOENTVWEY . ¥
A4 F 2 VYOS RRGBED %% 1T AR
FOFEIERNT2b008H5LEZ 5N, AR
%41 L7z cytochrome P450 1A1 (CYP1Al) @i
EHOMEIL, F44F Y rEEOBB L EE L

LTS HVSRTWARYY . 1 r 2y VD
£ 7% AhR V77 ¥ FOSFHET 2 BIZ 13 %1k
B, EWAHE—HEEE O P450 7217 T <,

B MRRICOEEE RIZL, Svru v
% H] % UDP-glucuronosyltransferase (UGT) ¥

FUTLEDNTHoTVEY v MIBWnT
&, human UGT1A6 B X N UGTIA9 %%, T v K

2B W TIE, rat UGTIA6 B X U8 UGT1A7 78
TCDD 2 X ) FEENL LHE SN TP,
UFFEETiE, TCDD kit & Hig &

L, #HiERS v v~® TCDD (1 pg/kg, p.o. ges-
tational day (GD) 15) #5-12 & 25 217> CT\»
217 g fBFEEO 2 E TOREIC &

D, HIREES v F~® TCDD B[RRI 512
Lo THAERTB L OHERLFRHTIC BV TR oI
HURIE AR OV E VR T2 sl o h, F 724
IR, I oMY 22 TCDD HIZ X % B4
FURIR AV E AEF & ZU2E ) ol L~
DIETFAHRE SN TS, TCDD I L2 EoH
KPR AV E 2 LRV ORI 1X TCDD 12 &

% UGT OFFENFHG 3 LW RMEAVRIZ SN TE

Tangeretin
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19200 = jix TCDD MR R IC & 5Bk
EO—HEEZH5NS. LaL, TCDD MLEL /2
THRERA 2 0P 5 & 5 % 45 TARSEM R SR O A BY
WZDWTIE, SRFFEEDEITHIZET GDIS B L Y
GD19 |2 BT % EIREHEIFNK UGT mRNA L ~X)v
BFARLNTWEDHOD, FEBOEEICTT 55
Wb REFLOESTORLTWARWY £
Z CTAWZETIX GD15 S v v~ TCDD (1 ¢
g/kg) #OF5- L, GD20 2B 2 BEIFE T
UGT {HMHDZE) % f#HT§5 2 &L TTCDD 12X 5
KRB~ 7V 71 Y RTE DG DoWT
ZEL, WNTUGT BHFEII T HERD
A HMET 5. 9 v MERRMAIZ TCDD K
HERE S EEOME T UGT OIEEOZS)
EENS DL B R O %17 72
SATHIZEIC L Y, 9 v b UGT 4 TR %1
IEMERHT L LG > TBY, 4-methy-
lumbelliferone (4-MU) %#F#E & 3550 FHE L
T, LB HFHRRAKFZIZELD ARR 24 L Tk

XN 2 UGTIA6, UGTIA7 AHIS T v,

F72, TNV E Y — VEFEEEO UGT2B1?,
E TN A NIZEREN %R UGT2B12%Y
b 4-MU Z#HEI23 5. 4-MU : UGT 128§ 5
RN EETHY, LG FHEZIT TR,
F v MIBWTUGTIAL 1A2, 1A3 &b &L
L#i 7 UGT & FRESHEE & 3 22, F 72,
HPLC 12X 2l E#E DL ENTWED p-

Nitrophenol (p-NP) Z7 VA ) HTHEGEEL,
FHAECE VBT L E 2RI L2 RED,

MEDES SHHIHENTERD . p-NP 0
B L R B RAUKEFELETH DL Z &N
FHmoNTBNT, oM 2RI BRI
#MEN, ¢cDNA 70— L& N72D D rat
UGT1A6 T& %% UGT2BI2 2 p-NP Ha &k
WD B 2 LD hoTnBE® . p-NP L, A
) URBEBETHLINT TV, AFNISTFF v
DAY TR L > TEL, KEFBEHDIEEIZH
WHENRBHMETH VT, Ty MizBWwTid
UGTIAG IZiEHED B W 2 E DM ST 52,
F72, p-NP DWW Td, HPLC IZ & AillE D
L ENTVED  MPAKITHEA Y /T 7
¥ O T 5 SN-38 1£F v P THEIC rat
UGTI1AlL, 1A7, 1A8IC LY 7 v o v iiass
2, ¥72, & MIZB W Tt human UGT1AL,
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1A7, 1A9, 1A8 THIAG &N Z s T
WL INHOREITHT S UGT i %285,
TCDD EHEZRZE RO TED L ) I2EH)
T HOMIERZHET SN2BE 7% <, RIFZETIE
INEWFERRE L7

FAFFT VBRI LT, LAXRT ha—),
INTIvRHREDEY 7z — VY 4
D7 IR A FEPZOHHERIBIENTH S &
WS TWVES ) HHEHEICE T B AN
POV ) TR LIIEENL I VLT
V30 g s u— VD 2 O TH B,
AWFZETIE, TCDD #HMEICH 3 2 Bs & LT
ffsns /L F v (NBL, 3.4.5.6,7,8hex-
amethoxyflavone) B X% 7 L+ (TNG,
4'5,6,7,8pentamethoxyflavone) % in vitro |2
B LIV (Fig 1). 7 ELF v IdHE
W, BRI =2 = =12 EENDH KR
ANFTTIRIARFO—FETHY), PLRAENE
FS93Y - Brananfe A0, Jhs AERA RO
PURGE Y 2 B OB AER 2R T Z & A3
LN Twab, TCDD HMICHE T 5 s T,
U937 b b~2 1 77— TTCDD |2 & »CTFHi
N7z human CYP1A1 2 mRNA L N )L T3]
WS 2 2 &M F 724582 Tt Luciferin &%
Bikx~—H—HHHE L L7 rat CYPIAL 1A2,
2C6 B LU 3A I T A IHEOHEIEH %2 s L
TWA® 2% UGT OIFHEIC RITTHEICET 5
BRITEZOMBEY Z L\, 77 LF b
BRIZ, HHEREY, SRy P2 VIZEEE
NLZR)ANFTTIRIARTHY, PLRIENE
FS) S HHE R E RS Bias ALERYT 7 & hsil
mENTWE, 7 LF i MRIBIRAT AR
BRtG & L7z invitro EER T, human CYP1A2 12
xf LBHE A RS 2 &% $7- TCDD #4EICB L
Tld Caco2 Milg T TCDD 2k o CFHEXI L
human CYP1A1l, CYPIA2 % mRNA L X)L T3¢
BHS 5 2 L aiiE ST w a1 5 UGT i
PO EIZET M IIELTOHMBIRY K727%
ENTWRn, Ko TRIFZETIE, MRREHMA I
94 TCDD A& FEIZ L 5K D UGT
WEDFHEEH % P, UGT i85+ %
JELFVBIXNY VLT SRR R TS
% Z & T, TCDD IREARFHEEICKHT§ 2 25K
ANXFTT IR A FOEEEHET L7
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X B F &

1. HE

4-Methylumbelliferon (4-MU) : Sigma-Aldrich
(R 5H0)

p-Nitrophenol (p-NP), 4-MU-glucuronide,
p—nitrophenyl-B-D-glucuronide, UDP-glucuronic
acid (UDPGA, trisodium salt), Brij-58 : +7# 7 1
TAZ ()

/ ¥ L ¥ INDOFINE Chemical Company @
bOETFIVENEEA L.

5 LF Y BET AV A Wako (R,

SN-38, SN-38-glucuronide : FR &4V 7 Lk

AL LG sz

2. EMHERR

KW BT 2 B FEERIL, TUHN RSB S5k
ZER X 2 FEFFEOKGEZ 272 ETHEL
7o, MEMED Wistar 27 v M & —BEsCHL L, 5
MER DR S N2 E, TOHZEREOH
H& L7 415 HHIZ, TCDD (1 pg/kg/2
mL corn oil) % H[EEECIHE L7z xfHEEEICIE,
Corn oil DA% ¥ 5 L7z 420 HH (GD20)
DGR EAE SR L, IO fENT 124
L7220, &7, BEOFEERL L, #kEkC
THFE L7z-ob, i T-80T I THARE L
7z,

3. SOYTIVEAR

GD20 PR 1 PB4 28720 1 g% 0.25 M A 7
O—A23mL CTHEVFA XL £20ODH,
9,000 x g, 4C T 20 rME-La#EL7z. Hoh
7o kiE (S9) A4 EL, T % F T-80TCIZ TR
L7z, 7oy gEEL, Lowry b EICHE
DWTATo 72 b, BEFY X7 HLELT
bovine serum albumin (BSA) %\, Wt
ZE121Z HITACHI U-1800 Spectrophotometer %
w7z,

4. UGT 5EMBIE

& LT 4-MU, SN-38, p-NP % vy, UGT
DIEERE 21T o 72, ARREEEO R X4 T
1% LTI % &9 s L7z, S9 > 7V & Brij-
58 (0.25 mg/mg of protein) & {RAT, 30 7K

K BB
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ETRIL 720 H I HIE IS L 72, UDPGA
% & buffer Nz 7%, 37C, 105714~
FaN—a L, BRI S ORMZLY
Bt L, 37C, 60434 v Fax—TarLi K
IV TNDOIEEIZH LTH 1 M TCA &%
100 gL i< 2 2 & Tk S 72, 30 ki
%, 13,000 rpm, 4C, 10 45#.0 L, ki&% HPLC
FEATICHE L 72 A CH AL 7V a = FOER
i, WIFNOEEIZBW T EADT V7 a=F
ZhEm e L7z a2 TfT o 72, HPLC &
FHELNIRT# D) T, BEH S X OE S
4-MU®), SN-38°V, p-NP®, Zh2ho#HEIC
xF LAEATIIZEI Tl SN &2 SZ10RE L
7z.

HPLC £ft

$% & : HITACHI Chromaster 5110 Pump, 5210
Auto sampler, 5440 FL Detector, 5420 UV-VIS
Detector, 5310 Column Oven

Column : Nova-Pak® C18 cartridge (4 pm, 8 X
100 nm : Waters) % RCM 8 x 10 Module (Wa-
ters) |ZFHE L 72d D%, Nova-Pak®Cl8 Guard
Column (60A, 4 gm, 3.9nm X 20 mm) |2 5845
LR L.

5. T— Ak

5 — ¥ EHTIZ1E Graphpad Prism™8.02 (Graph-
pad Software Inc., San Diego, CA) TiT-72. 4
TO2HEM OB DWW TIE, Student's ¢ test %
HWCTHNT L7z, AEAREITD <0.05 & L7
% 72, kinetics O &5 F 1% Michaelis-Menten 312
IR ATV, KT A —F —%HH L7

BFIHE 2 BT 5 ICs (half maximum inhibi-
tory concentration) OHEHIEILLF ORI LB TIEoH
TiT- 7.

(Top — Bottom)
Y=Bottom + (1 + 10 (1o (IC50) = log (X)) Hilislope) )

COHERIIBWT, BERHEEN) IEHER OR
BEX)E4DODNRFGA=F12L)RBEN5.
Top IZPHEAEE Y=0 » & & ORERIGEMEEFE L,
Bottom (& BHE#1 i FE S SRR D RE O 2 7R L
Twh. F7-, Hillslope DfEATK Z 21T & 1Cs
fHED 7 Z 7 OEEIEIHR 5.
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1. TCDD KEAERZBZEBMA TO UGT BRE

HZED

4-MU, p-NP, SN-38 # B & L, HEHE %
FEfE L7z S9Dy vy EE, 4-MU, SN-38 T
1250 xg /100 xL, p-NP (2%} LTl 200 g/100
ul & LTI 24T o 72, EEREITWIT ok
IR L C OB, SR Mo 2 HCllE %
FEREL, AT Km H% 2%12, 4-MU (3#%
HEEE 50 M - 200 £ M?%2  p-NP IZHGLEE 100 4
M - 1000 #M?, SN-38 13 #3830 M - 100 4
M 1Z3E L7z, Z0#55, Control BE X L
T TCDD #HTIEWIFNoREE I LT, Kig
FE - SRS TV 0y BRI AT B
whnL7: (Fig. 2). SN-38 1t & % 5 4 Control £
LD EOIEEE R L2270, KRR - ik TOR
FIEEICERA SNV LD, REFIZBN
T v MFS9 ® SN-38 @ Km fiti i3 30 uM £ b
SIEEMICH D Z L DR ENT.

2. JELF>, 2L FICK B in vitro
TO UGT EMICX§ 2RERE

WIZ, SN-38 ##EEL LT/ ELF VRS »
FLVF O UGT 123 % HER R 2 ME L 72
SN-38 O#IEEEX, BN/ zF AT 14 v 7 AN
F A—%— (Km, Vmax) (Table 1) %= #1210
uMIZRRE L7z, BHERE LTRIMLZZ ELF
VB IUY L F I SN-38 &R L < DMSO
ZVEIR L, #UEE 1~100 M O TS S
7o, R E LT, S5IEORT v Mg v T
WESEBRM L7 — IV FS9H v 7 a Hw,
BRERINT 52 TRIBEZRIBES S, il

N7z ICsofEIT VTN S KEMDORERETH S
100 kM K D KERfEE o7z RiER%E I,
JELVFUYBLIOY LT VERE 10 oM, 100
eMIZBITAHERABE L. 2 ELTF U B
L% L F b 1) I2 DMSO % [H= N
b &7z b L2, ¥4 4% 52k
L TwZ WiHEO IFiEH & 7' — v L 72 Con-
trol®S9 12, JELFUyBLYY U FLF Uit
10 uM THEZHEMREZRL, LoEREMO
100 kM 2B W T FARICHEEM 2R L 72
(Fig. 3). Z72, Control ® SO IZxf LT/ ¥ L F
I, PR XD SR CHE R AL 25
D - 7205, F 27 LT v TIRHMKIERE & ik
JEHCHRAEEOMEEH /R L. —J, TCDD
IR =8 L 72RO RO 7 — )V L 72 S9
ZBWTC, #7LF 310 uM THE R HE
YER &R L7225, JELF 10 pM Tid UGT i
WO EMICE EFE o7 T2, HiREMAICS
WTli, JELFUyBIUY XL F g, 13
FREOMEEHZR L. JELF Y BIOY »
FLF T IUIBWTh, RIEE IS TR
FECIEBHER R AREIZE o Tz, 20X
12, T v NIFS9 il & 7z in vitro TORRET
TE/ELFryBLY XL F 1285 UGT
FHERRAFER I Nz, 2 S OFHEEH IZED.
LTwdbon, 275 LVF OB/ LT
D LN, BHERPEAKRE o7z,
%z =

AKWFgEClE, TCDD MR H & &8 L 720k
7 v b OREO UGT {EMEZ#lE L, & 5IZSN-
B EEE L L7 UGT {HEICH T A2 /7L T > -
Y URLF U DEBIZOWTHRE LT, SIRER

Table 1 The kinetic parameters for UGT activity in rat liver S9 toward SN-38.

Enzyme source (S9) Km (¢ M) Vmax (pmol/min/mg protein)
Control 8.69 £ 2.62 6.52 £ 0.51
TCDD 9.42 £ 2.64 11.8 0.9

S9 samples were prepared from the liver homogenate of pregnant rats (GD20) orally

treated with TCDD (1 ux g/kg) or vehicle (corn oil). S9 samples of 5 rats were pooled and

subjected to the assay. Pooled S9 sample (50 ¢ g protein) was used for each assay. SN-38

concentrations were varied ranging from 1 to 100 # M. UDPGA concentration was fixed

at 2 mM. Each value represents the mean = SE.M. of triplicate assay.
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4-MU-glucuronide formed
(nmol/min/mg protein)

p-Nitrophenol-glucuronide formed
(nmol/min/mg protein)

SN-38-glucuronide formed
(pmol/min/mg protein)

ok RO EINTH

4-MU (50 pM) 4-MU (200 pM)
& ek 15+
=
o -
EE
34 ] g
2 g
=
2- 5 E
8.5
ZE
1 g
=2 E
= =
-+
a._
Control TCDD Control TCDD
p-Nitrophenol ( 100 pM ) p-Nitrophenol ( 1000 pM )
=
2.0 g 10~
*k :G:' - *ok
W oE s_
1.5 =32
E £
=S
g
1.0 = =]
s,
S E
i g3
0.5 28 ,]
=
g —
0.0- zZ 0~
Control TCDD = Control TCDD

SN-38 (30 uM) SN-38 (100 uM )
*

[
wn
]

10 104

SN-38-glucuronide formed
(pmol/min/mg protein)

Control TCDD Control TCDD

Effect of maternal exposure to TCDD (1 xg/kg at GD15) on the
hepatic glucuronidation activity in dams at GD20 toward 4-MU,
p-nitrophenol and SN-38.

Control group was treated with corn oil at GD15. S9 was prepared
from dam liver at GD20. Glucuronidation activities toward 4-MU,
p—nitrophenol and SN-38 were assayed at indicated concentrations.
UDPGA concentration was fixed at 2 mM. Each bar represents the
mean + SEM. of 5 rats. Significantly different from Control: *p <
0.05, **p < 0.01, ™ **p < 0.00L

(70)
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Fig. 3 Effect of nobiletin (NBL) and tangeretin (TNG) in vitro on the
glucuronidation activity in hepatic S9 of pregnant rats (GDZ20)
exposed to TCDD (1 xg/kg at GD15).

Control group was treated with corn oil at GD15. S9 samples of 5
rats of control group or TCDD-group were pooled and subjected to
the assay. NBL and TNG were added at indicated concentration.
For S9 without NBL and TNG, DMSO was added as a vehicle. Each
value represents the mean = S.D. of triplicate assays. Significantly
different from S9 without NBL or TNG : *™p < 0.01, ***p <
0.001. Significantly different between the pair indicated: T T p <

0.01, T T p<0.00L

L ORI OIBEE 2 Maxt R e L7z 4-MU,
p~NP B X UFSN-38 12xF 9 % UGT il O
RO WTNOEITH LT TCDD WHEED )
DEMEA = o 722 L A5 (Fig 2), TCDD £k
REIZLV NS OEHOWEIZEE T 5 UGT
SFEPFEIN-EEZLNS. TCDD IZ &
% rat UGT1A6, 1A7 DFEIZOWTIHIA LA
NTH YD ARREHEALE N L 72 X 7 = X 4
IZOVTHEENLZENTNEED W 72 4%

(71)

THFZEI2 BV TCDD R E R %2 L 5 FIE T
® rat UGT1A6/7 @ mRNA L NV DR 2547
Ty, BRIZBWEneEN, fHEizsny
TIEBEERFERA LN T VDY, EEB D
BROBAEETTICRIELZZHE IR VWD,
rUGTI1A7 %% p-NP $aE&10 M 2 7R 3 1 e PR L A
TERWA, p-NPHEFHEMEZ AT 5 rUGTLAG
T AR ZNLCHFESNL (B, LEFIIHH
EWET o TOherolziz, SREFRRILK
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FRICLVFEEINL UGT 4 THi% CYPIAL 12
fit> T, UGTIAL LB ENTWAE Z L2
T2UEIHH), LoT, p-NPIIKT 244
G TCDD MR #FTEIC L D FEIC LA L
ZriE, A E b UGTIAG AFE SN/ &
EpkEZONS. $72, SN-38¥uaiHtE A
$57v O UGT s FHd - 6 TCDD iFE %
Do TV 5 DI rUGTIAT Th 5%, fito
T, SN-38 1Zxt9 ¥ &K1AY TCDD K H &%
T VAZICER L2 L1E, rUGTIAT '35
BanfobkicksatEzon, HHA=ETGDI8
B LU GDI19 12 THEM & N7z B TR % 8
THRERE R 572 4-MU 3% ® UGT 41
WG EZITAEEZONLY, BHEHTOLRIKL
2L OT AT VFHESED rUGTIAG B L
rUGTIA7 TORBH 22T 5T EHFALNTW
¥ Zoz by, TCDD RAAREIC LY H
BENZINSGFREIZED 4-MU 123 538
BEUEDPEREICEA LD EEZLND.
TCDD 2 & ) #FE &7z rUGTIAT 1 HUIRMR &
VEYTHILFaFTr (T4) OHSIZHEE5T 5
TENHESNTEBYY, S BAICBIT B H
RBEARIVE LAV ORFAIZEGS L Tw5b &z
ENTWD. KO RS TCDD MK
MR L o TRAEIFIZBI1T 5 rUGTIAT OFF
EAVRIRE N2 &0 6, BHRIZB W THIRAR &
WE Y LAV FERROBECTIRT L, S upsi#
B RO BURBR ARV E o L NS 2 W e
V5.

KT, TCDD R =& L 7R AR 128
WTHESIN/- L E 2 515 rUGTIAT Offlil
BiEMEE LT SN-38 fuA G A RIEL L, 7—
WL72SOWHRTAH2HOR) XA MFT 7 TR
A4 FOMEEMEZEFM L 72 (Fig 3). #&%, /©
LF Y RO P LF U ET A+ F L LT
W W IO RMEIFI O 77—V L7z S9 128w
THE W L FEETHH 10 uM T UGT iE M
AEEICHELA 72, JELF I2iE 100
uMIZ B TIHENEHME 125 < 7% 2 #H [ 28
Hotzh, ¥ LF 2100 uM TiE, 10 M D
B & PHESRIZIZIZFMETH Y, HEEIZTLS
L2 X BEBNINE o7z, LT U DERE
B AHEERIL, o7 LTy B Ekdro
7z.

Iy MFIZEBLL TWA UGT 5 FfnH b,

ok B

(72)

I 7%

SN-38 ¥4 71X UGT1A7, 1A8, 1A1 DJEIZ
B L o sH 5 b 00, UGTIAT BL O
IAS (ZEHF B 2 FBE D, mRNA L)L T
IX UGTIAL ¥ R 1/10 (2372 2 W #ETH
b, ZD, TRNENZFOEFENREHEE %
B35 E MBS T Cld, SN-38 O AR
FIErUGTIAL TH D, FAFF IV FFEL T
e WEHARE D SO 12 BWwTlE, JELF RO
F ALV F VI EICEHEWNIZEH LTS
rUGTIAL ICK L CHEMEEZRL, /ELF ¥
XYy LFro)ineRe rtUGTIAL 26 5
FHERREAE N AR ENT. $72, Sk
TRV FREE rUGTIAL i 2 KT X85
EEZON. v MFEMEHE TS % HepG2
MBTREIYAPFYT7IR A4 FIZE5
hUGTI1Al #HEDEE % ELISA % v THi
AL T TEY), TOHR// ELTF»
TIZ hUGTIAL BB EICHEE RIZE ko2
Yoo, ¥4 LF 2 TIEhUGTIAL 388i& % b
&G EOIENH L | KR TIE, cell-
free DEER % A i vitro TOTIRIE % FH
TV, R & 28— d % RN
ETERWVLOO, EARMIZUGT IS 2K
ANFT T IR A FOBEROEELZRI-bDL
EZTRWESD . Z07-%0, BFEGEEZNES
BLEICY XL NUHEET 5 2 L3 EZD
Su, —%, SAFRFgE® Tix, ELISA #:% v
THXTBY, HHEEWEL 20 TIEARL
hUGTIAL D% v /87 e LTORBE ER L
TWHIEIhAD, HEtoT, MBLIZHEMLAY &~
7FUF U AERIC UGTIAL IZ X B384 WM&
DEINEBELIZODDRRLNT WL b TR
v, F72 MK AN TIR A R
DML Twb720, REOELENrERTE LWV E
12, BIETREZLH S ETHRER T2
WA 52 L REEND L. ABEZEIET v - FE
SO HWZbDTHDY, ZokfThizeide M
AR E HANTWD E VW) ENSEH LD, ¥ 7
LF Y9 b UGTIAL # HET 5 7217 T4 <
b b UGTIAL 12 QMO Z K IT 3 W HENE L
LETER., ZOXH, KIS, 707
LFHF v » UGTIAL IZ X % SN-38 #-& 15
RET SRR S Z LD Gh o7z,

%72 TCDD BHAZEE L7-8ET v PR S9 12
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X % SN-38 &G IC R L T, KiEED Y &~
FUFyTIEEEREEE TIER2 R S 228,
BEE ) U LF o CliAEmIcE T o7 F

PZEIRETIEEL 5 FELRGEHETIEIAZAS Y,
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