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Foreword

Masutaka Furue

Chief of The Study Group for Yusho
(granted by The Ministry of Health, Labour and Welfare, Japan)
Professor, Faculty of Medical Sciences, Kyushu University
Director, Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

A mass poisoning, involving at least 2200 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
more than 45 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, five years after the
outbreak of Yusho. The blood 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 (PeCDF) 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.

Patients with Yusho still complain various subjective and objective symptoms. Although definitive
therapy for Yusho has not been proposed yet, basic and clinical researches by us and others have revealed
that various phytochemicals and some Japanese Kampo drugs are potential candidates for treatments by
modulating aryl hydrocarbon receptors. Finally, we very much appreciate the contribution and
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participation of the patients in health examinations for follow—up of Yusho each year. I also deeply thank all
of the members of the study group and the Japanese 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.
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FRIMAIZTL DT RICL2EEN TR WzDIZ, TOEEIIHEEZRIRI T L7225, BFFEHEN T o8l
WRIZE D DL nEE CHBEDOH 2 54 4 F 2 VHEUENSREL D), 2001 4F CFR 13 4F) 13147 [ I
DT84 1y MIZHEIE Z 1TV, 2002 4F PR 14 4F) DI &E o2 CllE2MmLE L. 2
SOT— % B - KEE - BEUZ EOMMP ST LE Lz, 2o/%, M 2,3,4,7,8-pentach-
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Metabolism of 2,2’,3,4,4’,5,6’-Heptachlorobiphenyl (CB182)
by Rat, Guinea Pig and Human Liver Microsomes

Chiho Onra?, Yukiko Fun?, Koichi Haracucni?), Yoshihisa Kato®,
Osamu Kmvura?, Tetsuya Exno® and Nobuyuki Kocal)

1)Faculty of Nutritional Sciences, Nakamura Gakuen University,

5-7-1, Befu, Johnan—ku, Fukuoka 814-0198

Y Daiichi College of Pharmaceutical Sciences, 22-1
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1314-1 Shido, Sanuki, Kagawa 769-2193
DY Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,

1757 Ishikari—Tobetsu, Hokkaido 061-0293

Abstract

The n vitro metabolism of 2,2",3,4,4",5,6-heptachlorobiphenyl (CB182) by rat, guinea pig and
human liver microsomes was compared and the effects of cytochrome P450 (CYP) inducers,
phenobarbital (PB) and 3-methylcholanthrene (MC), on CB182 metabolism were examined. Only one
metabolite was produced by rat, guinea pig and human liver microsomes and the order of the activity
was rat (PB-treated)> > guinea pig (PB-treated)> guinea pig (untreated, MC-treated) > human >
rat (untreated). Pretreatment of PB resulted in the remarkable increase of the metabolite in rats (1,370
pmol/hr/mg protein) and a slight increase in guinea pigs (27 pmol/hr/mg protein). In contrast, MC
treatment to rats and guinea pigs decreased M-1. By comparison of GC-MS data of the methylated
M-1 with a synthesized authentic sample, M-1 was determined to be 3'-hydroxy (OH)-CB182. These
results suggest that 3-OH-CB182 is a major metabolite formed by PB-inducible CYPZ2B enzymes in
both animals and rat CYP2B enzymes possess much higher activity to hydroxylate CB182 than guinea
pig and human CYP2B enzymes.

Key words : PCB, metabolism, rat, guinea pig, cytochrome P450
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Polychlorinated biphenyls (PCBs) 1%, fit# & Y
R BEERDE L LTHIONTWADS, &
WIgAETED 720, bR IZ LS OB O
I, RS & ORI B CBRE L T
5V, Zm728, PCBs & 2001 D Z v 7 F )L
LEMITBWT, REM L FREMARRE J Y
(POPs) ®1 2L LTHHRESNT%. PCBs ®
mTh, WEHD 6 MU LT, 2.4, 5-=1EFEER
NyErdHbHvid2,3,4,5-IUEFEBER NS LU
AELTWL L0, Bz 2,2,4,4,5 5-hex-
achlorobiphenyl (hexaCB) (CB153), 2,23,
4,4 ,5-hexaCB (CBI138) B & 12,2, 3,4, 4,

(

5,5-heptachlorobiphenyl (heptaCB) (CB180) i,

R M I IRERE L Twa27Y $72 i
FE A FELE 4 37 4F % fl L 72 Ve A8 o0 I v
PCB £ % i ~<72 458, fizko CB153, CB138
X Y CBI80 12\ T, 2,2.,3,4,5,5,6-heptaCB
(CB187), 2,2.3,3,4,4,5-heptaCB (CB170),
2,2,3,4,5,5-hexaCB (CB146) »°%\2 &, &
5|2 CB180, CB170 3 X 18 2,3,3,4,4",5-hex-
aCB (CB156) %%, fl##&HD 2.2~3.9 fE D mikkEE
ThHHIEDBHLPI o727,
FRE PCB #MAEMIIE L A ERBEESRTIC
RRICERREENTWA T L, /2, WEEEDN
NSO PCB R EAREZEFELNS CEMLS
ERIRIELTND.

—f%12, PCBs @9 &, BHIERHA5 MHELT
DHDRRAIALEINTANZKTE 2 DN EHR S/
bk, WARKICEES 27 7 8 4 P450
(CYP) 12k 5T, RIS ITKERILE L, FIZ
JHi % 4 L CEp e PR S Y. —7%, PCB

R D 4-hydroxy (OH)-CB187, 4-OH-CB146,

4-OH-2,3,3,4’,5-pentachlorobiphenyl (pen-
taCB) (CB107) B & 1" 3-OH-CBI153 7 & & I

A & HBE I B THRH S TV 52709,

COHMEIE, T PCB KB LIRSS, ke L
TEWREREZEL TV A oA IS n
WhorEEbD.

LZAT, AW 2,2,3,4,4,5,6-heptaCB
(CB182) &, GC-MS |2 & % PCB Rtk —7 45
W (GC I u&LTEE60m D DB-5 %)
D, CBI187 LIRFFRFM S ERIZE R LT L, &

IID DRI,

X H T

(4)

13206 %

7z, MHEFE KM O & EI1E CB187 L &4bhbETh
PCB &1AD 0. 1% LT & A2 L ST
W0 R CBI82 Atk MLk SR S
EOMBEIIRYS R, ZOFEFEI,
CBI182 2SI 5 I3 S LRy~ & R &
NTWVLZEXRLTWLDONE LW, L
LA 5, CB1821%, 2,4, 6-=iFEHR~N £
& 2,34, 5-IEFREBRNR L H L HMHET
HDHZEPLIFFITARH I NIV EE DN S,
IHFTRINIOVTIZA L HED RV,

Z 2 CAWIZETIX, CBI82 A & v s &
ZHEPIZT B2, Ty b, ENVEY MBIV
L rFIzaY—24 (Ms) 1245 invitro ftil %
FRFe F, REBHCEET A CYP &5 FHE % B
L2 T %720, CYP #5EA]D phenobarbital
(PB) B & UF 3-methylcholanthrene (MC) THij4L
LTy FBIOELVEY MF Ms 7 VT
FRIZHRET L 72,

£ B F &

1. EERA#

(1) 3RZE

2,4, 6-trichloroaniline, 2,4,6-trichloroanisole,
2.,3,4,5-tetrachloroaniline, 1,2,3,4-tetrachlor-
obenzene, tetrachloroethylene 3 X U isoamyl
nitrite (&, WHEALKTHE OER) X HEEA L.
¥ 72, NADP, glucose-6-phosphate (G-6-P),
phenobarbital (PB), 3-methylcholanthrene
(MC), G-6-P BikFEEEH (G-6-PD) B LU 2-
[4- (2-hydroxyethyl)-1-piperazine] ethanesulfo-
nic acid (HEPES) (ZHDEMZE T OB & 0 B
AL7. 612, 7 ME7 V7 3 »idSigma-
Aldrich 2~ 5B A L 72

(2) CB182 O

CB182 1t Cadogan O JE"Y THB L7z, §7%
D5, 2,4, 6-trichloroaniline 1.0 g 3 £ U'1,2,3,
4-tetrachlorobenzene 1.2g % tetrachloroethy-
lene 10 ml T&EME L, & 512 isopentyl nitrite 0.5
ml 2Nz T, 110C T 24 RS &7z S
Wix7 v+ H o4 (100g, Merck #) BLOYY
VATV T 55 (65g, Merck #) CTHFEE L
721%, 57 HUH HPLC THEEL L 72, CB182 1%, fifF
K] 40.0 min I2/EH S 7z, 65172 CB182 O



CB182 ? in vitro

FEEIE, 97.4% CTHof 22 1% 13.8 mg TH -
7z, 57HUH HPLC O&EMFIERO#E) THSH. 7
7 ., ODS # 7 4 (250 X 20 mm id., 5 gm,
YMC#) ; 7L# 54, ODS 7L AT 24 (50 x

20mmid., YMC #) ; #8j#H, acetonitrile ; i,

4ml/min ; #H#ERE, 254nm. %3, CB182 Dk
AL GC-MS I X W g L7z,

CB182: MS (ED) m/z (relative intensity, %) :
392 (100) [M"], 394 (202) [M"+ 2], 396 (198)

[M*+4], 398 (115) [M"+6], 400 (34) [M"+ 8],

357 (33) [M"-Cl], 322 (101) [M* - Cl].

(3) MW DG

CBI&2 ofX# & LC, 3-OH k% MwEL, £
D ATV ikEMA 3-Methoxy (MeO)-CB182 04
W %, Cadogan ® 7V Ciio7z. bbb,
2,3,4,5-tetrachloroaniline 0.5 g 8 & 82,4, 6-
trichloroanisole 0.5 g % tetrachloroethylene 10
ml THM L, 512 isoamyl nitrite 0.5 ml % il
ZC, 110 C T 24 R fUL S 72, BUBRIZZEZE
WL R, n-ANFYCTHEBL, TNVIT AT L

(50g, Merck#) BLXUOY U7X Va5 4 (B50g,

Merck #) THSRE L, HPLC IS THHE L 7.
o N TRIEWDsHTIE, GC-ECD B LU
GC-MS (2 T{T»72. GC-ECD D &AM13 kD@ b
Thb. oirkEss, ECD 1 HP5890 Series I /7' A
sa< b 2757 (Hewlett-Packard #) ; 71 5 4,
DB-1 7a—XFIUAFxET)—=HF 2 (30
m X 0.25 mm id, 0.25 um EE, J&W Scien-
tific #) ; 4 — 7 Vi, 230 T ; FEALRE, 250
T BHgsEE, 250C: Fx ) 7—HA, Ny (1
ml/min). 55 17z 3-MeO-CB182 O i 13,
99.4% CTHRAL 2 INE 1L 1.60mg TH - /2.

3-MeO-CB182 : MS (EI) m/z (relative in-
tensity) 422 (100) [M"], 424 (228) [M'+ 2],
426 (218) [M*+ 4], 428 (115) [M*"+ 6], 430
(36) [M"+8], 407 (46) [M"— CHsl, 379 (28)
[M* - COCHa3J, 372 (18) [M*— CH3Cll, 309
(64) [M*— COCHsCl].

(4) SzBrEhYy & S

HEVED Wistar 27 v b ((KER 200g) BLO
Hartley R ENVEY b ((FEH 320g) %, 1%
NAALERRE, PB AL B L O° MC AL EE O

53

ST, 13 L7z, PB-NaffizAHA
B IZ#E L 80 mg/kg/day ® H& T, — 7,
MC 12— iz Ef# L 20 meg/kg/day O =T,
WLy 3 HMBERERICH S L. RERS-HO
BHICERESYZBA LT, e L, i
IO Ms B L7 2B, N6 OBWER
T F R ERBI R B S & DR AR E
72 LT, THRZRERY: (&0 EIRSE) B
FERICBAT 28] 28T LFEM L 72,

(5) & M Ms

v M Ms (&, 20 %O ABED IR S FH 3
EN7zb %, BD Gentest #: (Woburn, MA,
USA) 7»BiEA L7z

2. FFMs (kK BH

Fv b, ELVEY FPBIOTEMFMsIZLS
CB182 ORI IR 12HE L THTFo 72, $hb
5, 40 uM CB182 # NADPH 4% (0.33 mM
NADP, 5mM G-6-P, G-6-PD 1.0 unit), 6 mM
MgCly B X OF Ms (1 mg protein) % 100 mM
HEPES #&ffiifi (pH7.4) £ & bIZAR0.5ml &
LT, 37CT60 min 1 ¥ F 22— M&, UGS
|2 chloroform-methanol (2 :1) 0.5 ml & n-hex-
ane 1.5ml ZMZRIVT v 7 ATKE HHH L7,
fHE 3 BTV, HHRRE % A b TR, di-
azomethane TXF)WALL, —#% GC-ECD % 7z
& GC-MS IfF L7z, KA@M oERIL, CB182 ©
MEH T VTt 72,

3. ZOfth

FMs D% 7 EDEEL, Lowry DN
BN IT o2 b, ElEY Sy EEL
TYYIMFET VT I v 2 W,

AL 72 CB182 B L "2 o FHMRH Y 0 51
w=%, GC-MS2000 (BE# epril) % HwC, EI
EF— FTHIEL 7. GC-MS M 413k i@ Y
Thb. HFh DB-172—XFIUHh*yt
=592 (30m % 0.25mmid, 0.25 pm &
JZ, J&W Scientific #) ; *+—7 »i&E, 70T
(1.5 min) — 20 C /min — 230°C (0.5 min) — 4
C/min-280C (5 min) ; & A FREE, 250 T
Fx1)7—HA, He (1 ml/min).
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1. Zv b, ELEYMBELTVE MFMs IC&
3

CB182 #, NADPH 7 F, Mf&AMIZT v b,
ELVEY bHDLVITE MFMs & &b, 37T,
60 min FUS &7z, Fig. 1121&, v MF Ms 12
LY AR S CB182 iy (2 FIVFHEMg) @
HAZBX N T N%RS. KWL Ms & PB i
WHE Ms O¥ph, REALELDANC 1 FEEOAH Y
(LT, M-1 &9 %) 2YRFERERH 19.50 min (2R
s,
PB AL B L Y MC BILE OV o Ms TH
M-1 DADPER SN/, EH12, B MFMs Td
AR,

F72, BTy POBGEIZIE, FULE

M-1 OADER E Nz (F— 5 KB

13206 %

W2, BB Ms BL Ok MIFMs 124& 1)
R &Nz M-1 OE®RE%Z{T- 72 (Table1). M-1
DEREIX CBI&2 OfiEME HWTITo72. 2D
KR 7 v bodgs, M-1IZRLEITF Ms Tl3E
PRAERE LR S e 2o 7278, PB AALEE Ms
Tl 1,370 pmol/hr/mg protein <~ & FHZ (2N
L7z, 73, MC R Ms Tld M-1 134 K
ENmhol. WIZ, BIVEY FOBE, K
Ms T B E W M-1 A0S AL TB Y,
Z OEYEZ 18.7 pmol/hr/mg protein T& - 7.
T/, PBEILEI Ms 12L& D, AETIERVLEOD
LARRZHINL 72, &8, MC R Ms Tk
IR Ms & FMREEOEE LR L. —F, & MF
Ms @ M-1 A BUEEIZRLIEE IV E v M Ms O
T6%FEFE &Ko 7.

A) Untreated B) PB-treated C) MC-treated
CB182 CB182 CB182
i i 1
M-1
r'd

_

L

T T - 1 1 T_l—l—l
10 20 30 10 20 30 10 20 30

Retention time (min)

Retention time (min)

Retention time (min)

Fig. 1 GC-ECD chromatograms of the methylated derivative of a CB182
metabolite formed by liver microsomes of untreated (A), PB-treated (B)

and MC-treated (C) rats

Table1 Metabolism of CB182 by liver microsomes of rats, guinea pigs
and humans and effects of CYP inducers on CB182 metabolism

M-1 formed (pmol/hr/mg protein)

Animal

Untreated PB-treated MC-treated
Rat B.D. 1,370 £ 162 N.D.
Guinea pig 18.7 £ 12.6 26.7 £ 11.7 17.7 = 11.1
Human® 14.3+ 2.0 - -
N.D, not detected. B.D., below detection limit. -, not done.

Each value represents the mean £ S.D. of four animals.

*The value represents the mean £ S.D. of triplicate determination.

(6)
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2. M-1 Oft#iEE XU MFIZE Y, CB182 DA #H s —FlidE A Bl
M-1 Ofb¥ RS % e T 5 720, PB RjLE S, GC-MS ToOME#iA, 3-OHAEKTH S Z
v MF Ms % H\WT 100 5D A 7 — )b (100 ml) EWHS I o7z, Fig 2 ICEWIFIZBIT S
TR USE ATV, AR S A % il 4 2 CB182 it E bk ™y, F72, TOENE
FbLL, Tz GC-MS it L7z, ZofEE, &7 v~ (PBATLE) >>E)NLVEY b (PBHIAL
M-1 O X FIVEFEERIL 7 TF= 422 ThH D, H)>E)LEY b CGRAE, MCHILE) > b >
CBI2 D51 &L mz30%ho7. ZOMRE 7w b CRALEE, MC R OIETHE 2L, &
725, M-1 I3 OHRTH B Z LWL o7 512, ZOARIE PBEILEE S v MZB W THRIC
(Table2). & 512, M-1 O X FIVFEETIE, 7 SHE T 5 2 L QS IR o 7
G A M F Y [MT-15] (m/z 407) 120 2, 4], CB182 o FACH 3-OH & A Bl 1%
[(M*"-43] (m/z 379) 2SI L < i s 7. (&, PBEILEL S v MIF Ms T, 1,370 pmol/hr/
CORERRBHMOT— I L EZHDbEDL L, mg protein TH - 7245, ZOIEMEDHR X132,4,5-
M-11x A%, $74bb 3 (3) fudbnix5 (5) SHEBEBEANC 2 AT 5 CBIS0 O £ HW
P2, OH#EZET A EDMEERINL. RIS, 3-OH-CB180 ® A= Bk iE 4 73 pmol/hr/mg protein
M-1 @ X FIVEEEARD GC 2B 2 PREERR & (PB BILERE VE » MIF Ms) ™™ 12k, 195D
YAANRY NV, /\m Tunkl‘lﬁitf:t Z A, Bz, MW, 2.4,6-=HEERANC Y2 H
3-MeO-CB182 & 1ZIF—F L7z, Ml Lok 3% CBI82 1%, KELEnIZ{ vwEEZ LN
5, M-11%, 3-OH-CBI82 TH 5 Z & HURIE S A, FHICK LT, 2.4, 5-=iFERAY B2
nr. BTH5050L0, E520IKBLsheTvwa &
2 s SNk -72. F72, CBIS2 LA, 2.4,6-
- SHEBBRANC YR AT L PCB LT,
KIFFeCld, 2,4,6-=1aEBBAN VYU 2 HT CB148 (2,2,3.4,5,6-hexaCB), CB154 (2,2,
% CB182 @ in vitro Uil 2 F~7-. AR L 4,45 6-HexaCB), CB168 (2',3,4,4",5,6-hex-
LT, CYP #FE# D PB L " MC HijMLE L 7= aCB), CB184 (2,2',3,4,4',6,6-heptaCB) B L 1"

Fy MBXUTEVEY MFMs, 25128 MiF CB188 (2,2',3,4',5,6,6-heptaCB) %% % %5, \»
Ms #Hw/z. ZO#E%K, v b, ELVEY MBS FTNhb e MEF 2 S IZE ARSI TV,

Table 2 Mass spectral data and retention times of the methylated derivative of a CB182 metabolite and its synthetic

compound
Molecular Mass spectral data (Relative abundance, %) Reteﬂti‘?n
Compound ioh time (min)
welght M1 [M*15] [M*-35] [M*43] [M*50] [M"70] p GC-MS
CB182 392 100 - 33 - - 101 13.34
M-1 422 100 47 - 27 14 - 15.53
3-CH30-CB182 422 100 45 - 29 18 - 15.53

-, not detected.

CYPZB
Q :

CB182 M-1

Fig. 2 Postulated metabolic pathway of CB182 in animal liver
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COFEEE, Ty bEF b MTLESHIAH
SN, SN ZEEZRLTWLO08 LNk
e

—f%1Z, PCB KERILO RUSHRE & LTI, HEE
IKERAL CHEST S B354 &, epoxide H A % #2H
LCHEATTIHED2ONEZLLNTWVLY.
CBI180 % CB153 ® 3-/KEALD¥4, WKL
ek L 2 5519 —J CB187 % CB138
DR TIE, HFEET O NIH gxi R BAL A FiiE
TR ENL Z L s, 2ED epoxide H1H
BEREHL TV EEZ 5NV F72 #ing
HHZ I, HESIEPB AT A X Ms %
W 2,2 .4,4,6,6-hexaCB (CB155) Ot % i
N, ZOFER, 3-OHALSMZ, NIH Lo EY
L BbN b 4-0H-2,2,3,4,6,6-pentaCB 3 L OF
4-OH-2,2',4,6,6-hexaCB 23l & h 5 2 & %
W L7z, ZoOREIE, 4228V, EEK
MRALRERE 7217 Tld 7 <, epoxide HKZ /- L 72
IKEBALRERE O /7 CHAT L T B T L ZRIEL T
WY KB T Y b, ELEY FBLUE b
JiF Ms 12 & % CB182 OfLH# Tld, EEIKERILHE
WBTHET LWL D LEbins.

4[], CB182 ft##% PB HiALEE ClEE X 5 =
Lan, fREi#EE LT, 9y F CYP2BIZVB X
PELEY b CYPZBISY AEICHE L TWw5 D
EHIRIEE NI, —T, PCBAAEHICBES- T4 b
CYP 4 FHfi& LCiE, 2hF Iz, CYP2BEX®)
B LU CYP2A6MP) s ST\ 5. CYP2
B6 ¥, CBI153 ® 3-/kEEft%2.2,3,4,5 5-hex-
aCB (CB146) ® 3-/KE:{b %, % 72 CYP2A6 1
2,2.5,5-tetraCB (CB72) % 2,2.4,5,5-pen-
taCB (CB101) @ 4-7KPRAb % i< %. CB182 X
#WTIE, IKEBALAHEIT L 722 &0 n, CYP2B6

OGP RKENVEZZ SNLDY, TOEIEEHED
HETH 5.
%5 15

1. CBI& X5 v b, ELEY PBLUE MF
MsIZ&->T, wihd 3-OH-CB182 ~ &K
Hans. zoEtEomsix, 7y b (PBHI
LER) >>FE)VE v b (PBREILE) >ENVE v
b (GRALEE MC APLER) > s >F v b (GRAL
H, MC HiLEE) ONETH -7z,

2. 3-OH-CBI182 O A Hix, FAMET v MZBW

X H T

3. D Lofikrs,

13206 %

CTEBREECTH - 7225, PBRILEIZXY, Z
DEBEIZE L <ML 7 (1,370 pmol/hr/
mg protein). —Ji, FEILE Y b ORMUHE Ms
B L O MC mi AL # Ms o A4 B ab i, 18
pmol/hr/mg protein BE THo7-. %5, PB
BIALERIC LD, BETIEZWD, KROLHO 1.4
Rz L7z,

CB182 &, TN THEFL
T &7z heptaCB O TR ESH ICRH SN D
Z&, F7z, PBFHENMD CYP2BEEHRIZL -
TSNS 2 L AVRIB E 7z,

EH B

KRR LG @R AR B & (RRo%
EEREEMFE S, H27- AN -15E-017 i
f538) B X U H Ry IR B 2 Rl 2 F 78 2 4l B &
(FLMERTFZE (C), No. 26340043 INiEE A FLAEmf
72 (C), No. 16K00565 BEH-HIAT) OB % 2 1F
2bDTHhL, ZZIRLTHELTERLEYT. £
7o, KW AR ERT AI2H70, REWOSHTIC
Tz 2 v BIRIE N & AV L E 9.

£ X #

HEEE, KHFHE  &S5EE M PCB of# & A
B o HVIEERE, ARIERE S IHHIEZ,
AT WERT 9 T —iG % & BFSE O Sl
W—, pp. 200-218, JuMKZFEE, 2010.
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SHERRYE 2,3,4,7,8-Pentachlorodibenzofuran (2 & % E{EHY
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DRI R SIS 5T W o B
2) kf_ SEr 2
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o HfE =D, RO Y, BORE W2, = TR,
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Possible Mechanism of 2,3,4,7,8-Pentachlorodibenzofuran-induced
Oxidative Stress : Enhanced Production of Hydrogen Peroxide
and the Liver Injury

Ken-ichi Yamapal), Tomoki Takepal’, Hiroaki Kuroki?), Chikage Miroma®,
Hiroshi Ucur?, Masutaka Furve®#, Hideyuki Yamapal)
and Yuji Isur?

Y Graduate School of Pharmaceutical Sciences, Kyushu Univerisity, Fukuoka, Japan
ZDaiichi Univerisity of Pharmacy, Fukuoka, Japan
Y Research and Clinical Center for Yusho Dioxin, Kyushu University Hospital, Fukuoka, Japan
YDepartment of Dermatology, Graduate School of Medical Sciences, Kyushu University,
Fukuoka, Japan.

Abstract

The mechanism of oxidative stress which is one of the major toxicities observed in 2,3,4,7,8-pen-
tachlorodibenzofuran (PenCDF)-treated mice was studied. Previously, we evaluated the dose-re-
sponse relationship on the wasting syndrome and oxidative stress elicited with PenCDF (0.3, 1.0, 5.0
and 10 mg/kg, once, p.o.). Of PenCDF doses examined, the wasting syndrome and oxidative stress
were most marked in 5 mg/kg. In disagreement with this, the hepatic ethoxyresorufin-O-deethylase
(EROD) activity which is a marker of aryl hydrocarbon receptor-dependent induction of cytochrome
P450 1al (Cyplal) was most significantly elevated at 0.3 mg/kg. To clarify this discripancy, in this
study, we determined the contents of Cyplal and 1la2 protein. The content of Cyplal was well
correlated with the EROD activity up to the PenCDF dose 1.0 mg/kg while the induction profile of
Cypla2 was not correlated with it. Although, at the PenCDF 5.0 mg/kg, the contents of Cyplal and
la2 protein were induced consistently, the EROD activity declined to the level far smaller than the
PenCDF dose 1.0 mg/kg. Further, the NADPH consumption was comparable among the PenCDF
dose examined. Instead, the hydrogen peroxide production was elevated in S9 fraction most markedly
by PenCDF dose 5.0 mg/kg. In agreement with this, the marker of hepatic injury, the serum AST and
ALT activities were also most elevated at the same dose. Therefore, it is possible that PenCDF elicits
oxidative stress and hepatic injury through the production of hydrogen peroxide via the mechanism
involving uncoupling of the P450s.

Corresponding author : Yuji Isun

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

E-mail : ishii@phar kyushu-u.ac.jp
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Liver injury

& U &

(

1968 4F, T4 HAR—7 12584 L 72399, THE T,

R RER R IR AT 2 1R & 3 5 22 b 7
BEEINFE L, FAERE 49 400 Bk L 723E
buB, ZLOBENELATHS. JWERKY)
Hix, A4 24 AN OMES AR OB L LT
Fi\» 5172 polychlorinated biphenyl (PCB) 3 &
CZDmMmBAZ L0 £ U EEKNERY TH S 5
I FFLVHTHDLEEZLNTWAY,
2,3,4,7,8pentachlorodibenzofuran (PenCDF)
&, WERZEOERNTOS A+ F L VHELTO
HmHIRIE TH H TEQ [Toxicity Equivalency
Quantity : 2,3,7,8 tetrachlorodibenzo-p-dioxin
(TCDD) & % &, TEF (Toxicity Equivalency
Factor) &fifidm & OFE] RO 70% & &b
E{, BENOFGPROEVERDELEEZS
NTwaYY EYERTIE, EHEOY A X
VVBEIC X o T, REEIEEIEH 2 R 5
M#EHE (wasting syndrome), FFEKEB X O
RO Z T EORFEDSH SN TV BY,

T4 F T VEOFHMEIZIE, aryl hydrocarbon
receptor (AhR) 25B85-94 2 &5, AhR / v 7
7Y b AEHWZEIZES SRS LT Wn
299 A4 F XL UHHIE O ARR IS A
AL, AhR IIFEWICEIT L7205, AhR nuclear

translocator AL, NT O Y A ¥ — 2 IERIE,

T E = IS FFAE 9 A xenobiotic responsive ele-
ment I[ZFEET S, NI E D, BEIEELLS
M, cytochrome P450 (CYP) 1Al Z#f &%
SEEFAMENFELINLY. FAFF Y M
XL HNHEEERT 2, PCOELIA ML R
REWLHBUO—2TH2YY. ¥4 +%v V5

WX DEREI A b L AR SN A8 & LT,

BRHOZERPZEZ 5N E. BIFREOEITHIZET
&, ¥4+ F 2 VHO—FTH 5 coplanar PCB
i, WM E N Z R TdH S Se-dependent gluta-
thione peroxidase (GPx) < catalase % #iill 3 %
CEICE DAL A ML AZTLES S Z L AUR
e STV 5O —J5 EEERE R R O T
ARETLHmELH L. BlzIE EWOMmIZE

HTd,

(11)

b5 P450 1L, A= 3—FF T P74 Rk
fLkFEOERK S i3 1%, Zhix, NADPH-
P450 RICEER 2 6 P40 ~MtRE S 2B 148, 3
WO AE DAL TN IHPERFEE D A B HEHELZ
SN b ¥E TH A (uncoupling K IE).
TCDD LB X D FE & 7z Cyplal 1&, DI
IBANOFEGHREVEEZ LN TWEY . Zh
PI#MiZ 3, xanthine oxidase % NADPH-oxidase
GEDOFELBHRILMA N L ATTEICEHES T
WL sz, FAFEY VHICK
HEALIA b L AERIZIE, HHERERE ISR OB
HE & AR DTLHED B 1), PenCDF Tl & E 528
BEENMIES P TIE R,

HH S OHATHZICB VT, PenCDF O#MED
HEKFE:%, C57BL/6] ~ ™7 A 12T PenCDF H
#0.3, 1.0, 5.0 BX1°10.0 mg/kg (p.o.) 12 TH
LR E Cyplal OFEDIRIE L 22 5,
ethoxyresorufin-O-deethylase (EROD) 41,
PenCDF 0.3 mg/kg Tt b B IZFHE s n7-o
—7i, 7 ANZE LRE AR, Moz
i % £F o 72 wasting syndrome % &2 5 HE 12,
CNEEHLNIZEZL > TEBY, PenCDF 5
mg/kg DEHABETROBEE TH- 7219, $7-,
INEFUH=EIZBWT, REARILOTRETH
% thiobarbituric acid reactive substances
(TBARS) d# L EH&E2Y. s+ Fv
i CROREMED TCDD 13, M7 v MiZBWT
wasting syndrome % 5| & 2§25, ZTIIIPIEE
{L#]® butylated hydroxyanisol THHIT % 217
[@ k12 PenCDF 12 X A wasting syndrome (235
ThH, B b L 2O BT 5§
HAREMEIZMIRICE R S5 L. L, PenCDF
I2 & % EROD {5 MEDFFED HEARL LAY, wast-
ing syndrome ML A b L 2D EREH O Z
NEITHL TR 2HAIIAS 2 TlE v,

TCDD T#HE S 4172 Cyplal 2 EE{LAY A b L
ZADEFRIZEG TSI LD, Cypla2 / v 277w
MY R EMoRETTHLMICEN TS, F
B, TCDD 2 & 5 TBARS @ _FH12, BpARI
L Cypla2 /v 7 7% h< I ATEVY WD,
—J, HFEH O OLEATH % T, PenCDFO0.3
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mg/kg THL L Cyplal BNFEINTWDL LD
DAL A P L A DERIZEENTH > 7219,
it > T, PenCDF Oo¥&121%, AhR # 4L 72
Cyplal OFE 217 Tl, BLWA ML A% +4
IR TE kb b,

INELZHRTLIHEOH L. ThbH, KH=E
@ TCDD (15 ug/kg, ip.) x5 L72HET v &
ORI 7 v — AT, HELKFEOAIZT
LARMBEEX ) EIZ 5N TWwW5BAS, TCDD 0
Zoar AbiAbkFE%E 2.5 M BINT 5 2 L1
X0 BEEILKFEOERAMT 2 5. 2
D L5, TCDD MLEET v b AT & HEE L 7
I7av—AI12E, &E5ICHEKT 5 TCDD &7
BN CYPIAL 2SEEN TS 00, bin
5 2.5pM ® TCDD ## L %13 4ud CYP1AL
EERILKFZEDOERICIZE A LS LanwZ &
G5,

AHFFeClE, Cypla2 @ PenCDF %19 5 HiAl
PEWCAEH L7z, UHEI2BI 5075 T,
PenCDF 755 v b @ CYPIA2 128 WEAIME %2 7R
oW ERTWREY, 2%,
PenCDF 13 H 55 L 7z Cypla2 IZfEE& L CTHS
DHFWPEIR S NIV FEE SO
SEATIFZES DB L P CE 25 L, PenCDF
X FNHEHHDFHE L 72 Cypla2 IR LES
PenCDF £ F Tl L wHHIEE S, 20
F XU T4 —%HBz /L X2, wasting syn-
drome O & 9 HFE L WEESHIEERI SN D &
HEESINS.

ZZC, KW TIlE, CORMEBREET L,
HEHOORITHETE LAY 2 H VT
PenCDF #%45-& & EROD iM%, Cyplal BL O

Cypla2 # » 78327 H L NV OBRIZO W TR,

ZD#ER, PenCDF 5mg/kg Tld, Cyplal B &
Wla2 ¥ Y237 BoOFEEIZIZE A EZ LL T
ZWIZH 5T, EROD HEAME T35 2 &%
Moizizd, E512, NADPHHEEEIZOWTD
fat L, P450 @ uncoupling St D JLHEIZ DWW T
R T WEEOY—57—Td 5K
aspartate transaminase (AST) B X UF alanine
transaminase (ALT) OiFMEIZOWT Y~/
X 512, PenCDF ALHE < w7 2 o JFFlis Ak o0 8 i
LKkFE=E D P CTER L, PenCDF #HEHIH~D
FRALIIZ b L ZADFGIZOWTELE L 7.

e HoE —

(12)
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1. PenCDF LIBE)HDEF

% 0%, BEHRICC C57BL/6] ¥ 7 A % A
PenCDF HEMKfFEO#ET % 0.3, 1.0, 5.0 B &
°10.0 mg/kg (po.) OHEIZTIF-7219. KW
7212 B1F 5 PenCDF LB O StEHE, RO
CTCEELPFABL L0 HW &b,
PenCDF ZBEHUZHEV &1 L2, PenCDF 0#%
& E AR LR L7z BiERRIX, X
TIVUNRSF BN TR G IR B X OKREZH TT-
7z. PenCDF HEAKGIEICEE T 5 EEBuZ, JuK
SRR B &SI BV T T 72, ¥ RIXH
KL T7TWEVEAL, —AMOB oD SR
L7z, A4 F2 VI L CEBMED AR
A RBIT 5~ A (C57BL/6] H#kk) % fHif L 7=,
7 384 © C57BL/6] & MiPE~ 7 A 12 PenCDF
(0.3, 1.0, 5.0 3 £ 0710 mg/kg/5 mL = — i)
HORECOHRG Lz, HIEECE, o— Y lae
C#5- L7z, 357 HIRIARE L W% L 720 Bl
PR 72,

= &

2. EROD ;&40 BRIFE

i L7-FE~x 3R5E 0 1.156% KCLIZTAE
VFAAXLI ThE 9,000xg T 20 43O
GrEEL 7z BB e BiE (S9) i A b,
Burke 5 D Jii125E - T%, 7-ethoxyresorufin
D O-FiF VMALRISIZ & ) A L % resorufin @
O WE L7z (Bhkeot, 544 nm : #Ml5EE, 590

nm).

3. FFiEE#P DAL KRDAIE

Pierce® Quantitative Peroxide Assay Kits
(Thermo-Fisher Scientific) % Fv»CTilll%E L 7.
SOy TNy Ny HiRE (2mg/mL) k7%
5 E9121.15% KClL THML, D 100 pl. %38
MAbkFEm I ZHH L7 15 M= TA >~
Fax—=FL72DBL, 560 nm OWOILE % ll%E L
7z MR I 20 C~25 CO#EHIZH
0, EEOWEICITBERILKE (Z-ALFT3E)
(30%, 8.8M) % milli Q K TAML TIERK L 72
TR 2 R L7z, BRIk iR EE 0.031
M~0.244 M O#iFH CTlE BIF 2 EMESH D, 3
RTOF v FViE, ZOHPENTER L.
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4. NADPH & EMHIE

De Matteis 5 0 J5 %) 12# U CTI7 - 72, B-
NADPH i#h1# @ 340 nm OWSLE D 2L % 37
T2 T U-3210 TR HFL/HWLEEET (HITACHD %
HWT55MAFr > L7/ NADPH® IV -EIL
AT T 5 6.2°4 % T NADPH 4% #
R L7

5. ALT XU AST ;EHDAIE

TANGEUVBT I/ N TV AT T—EFy
N TIFZEZTI/NTIARATT—EFY b
NG UATIF—ECIO-T AT a— (AGH
ETHEM) 2 HWT, MmiEzlE L7z ALT I3,
FEARMIZ 10 fEAFUZ THISE L 727%, control 1
W DMEA o 72720, 5 AR B = T
WsE L7z, F72, AST IZ, control #EDAJEIE T
H5E L7z, 555 nm (2B WG % UG 1 K
LA E L 7z

6. SDS-Polyacrylamide gel electrophoresis
(SDS-PAGE) # &1 Western blotting

SDS-PAGE (¥ Laemmli ® /5% 124E > T
7o 72, SDS-PAGE # T 12D 7 )V % Fv>, Tow-
bin 5 )20 12# U C PVDF B2 8 > /87 &
¥R G L7z, —WRPUIKIZ, rabbit anti-rat P450
1A1 antibody®”, Z¥k#ifkI2, horseradish pero-
xidase-donkey anti-rabbit IgG (GE Healthcare
#) % H vy, Clarity™ Western ECL Substrate
(BioRad #1) (2 & ) ChemiDoc MP (BioRad #)
MW T Cyplal B XM 1a2 O3> F&ALFEG
BT L 72

= R

PenCDF MLEE~ 7 A JFfik © S9 43 ] O A xf )
Cyplal BE U 1a2 ¥ v /37 B & &% Fig 1 1275
9. Cyplal i&, 0.3mg/kg |2 Tl < FHE S I,
PenCDF &% FIFCL FHEnin X (L FEEE T
& - 72. —7, Cypla2 ix, PenCDF 0.3 mg/kg
TIXFHEMEM AR S5, 1mg/kg PLETHEE R
FENEIE SN PenCDF AlEx LIJCHEE
BOBSIZFARBETH -2, HESOERTHRED
[#Y L) 7F— % 2L, PenCDF #4545 &
EROD i, 6 %12 Cyplal 3 £ U8 Cypla2 & &
DEAL OB AR M % Fig. 2 1278 9. PenCDF 1
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mg/kg ¥ TOHETIX, EROD it & Cyplal &
ORI —3 L 7. PenCDF 1mg/kg T
1, Cypla2 28 { FHE I N T2 b DD, EROD
EEDOZE)X Cyplal BROELE THHTE S Z
725, EROD iiEE~® Cypla2 ODEG AN E W
e b5 Mh” 5. —F, PenCDF 5mg/kg T i,
Cyplal BEX W 1a2 oEF=IFIT L A EZLL T
WIZH 5T, EROD AT LT, BE
MTHR7 L S 12 PenCDF 5mg/kg T it
TBARS O LW EADHEZ 5T b L) HEE
225, P450 @ uncoupling UG 2STCH#E L 722 & i
TaE2Zz6Nns. b L, £9ThbRHIE
EROD itk & AHIS 7% NADPH {HE = O KA
FHENG.

Fig 3 12 PenCDF WLE < 7 Z i SO 47 1 O
EROD iEMEA2Rd. Z 20T 2 EBTIT,
K% OEFENOT 7 (S9 45H) %E&EET D7 —
VL, FEEEEE 4 pM & LT NADPH % &l
9 & [T EROD {14 2 ik L 72, FRE R
20 nM T® EROD itk (SeITifscoHESR)©
DA E RIS, 4 uM 2B W T D PenCDF 0.3
mg/kg WLEEHE T b G E o 72 (Fig 3).
PenCDF 0.3 mg/kg B E1Z, Cyplal BHEH]
T& A a-naphthoflavone 12 X 1), #ERE 1.2 mM
BLU2mM TENLEN 0% B L 9I7%MHE S
N7 (F—rRBE). CoZ s, TOFEMEIC
IZ Cyplal BEIZFGLTWDE I EATRE SN
Fig. 4 121 4 uM ethoxyresorufin f1E F T S9
@ NADPH {H# &= % /~"3. NADPH HZE&EIZ K
WFge T ~<7- L @ PenCDF 58Ty A& b
Ao 57z, LaL, EROD HH0E & L i
—%LTB57, EROD iHFME LA K& %
A 72 PenCDF 5mg/kg T%, EROD {ifi %7K
b & 7 o 72 PenCDF 0.3mg/kg & A 2 & @
NADPH "{HE S /z. 72, mEkiED
PenCDF 10 mg/kg #%5-# 125\, NADPH {H
B AN WEMIZH o 72 b DD, PenCDF ALELHE
MCTHERET R 7.

Fig. 512, PenCDF ALFE< 7 Z g S9 451 12
GENDHBEMILKEDE %R T. PenCDF 5
mg/kg BGHIZB W THEIRILKE L XV L
K EHLTWBZENRHLNIZR 7. 10
mg/kg FEIE RABEM AR L7275, L OR
F 72713 PenCDF 5mg/kg &% G FHDO AL L &
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¥ 5 72. PenCDF 5mg/kg O WER{LAKFEL N
ik, o EoHE &G LI D D EEICE
Moz, AST BLOTALT 1, FERIEARHE S
72E X2t iciRi T A0 T, IS oiEd
TOWEML, WEE - —E L THWAZ EN
T&5. Fig 5B8X0°6 12, IMiFtho AST, ALT
1%&;%MDF%&&¢%@%$T.EMA$?
io‘ X OV ALT {5 1x PenCDF 1 mg/kg ML ETH
IZHI L, EHH S 0L T ISRk E
m&wm TBARS D A FIZ 5 mg/kg 12T

bEBEPKED T
(A)
150+
k] *odk
£5 - =
]
=N 1004
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cont 0.3 1 5 10
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Fig. 1 Effect of 2,3,4,7,8-PenCDF on the
Cyplal and 1laZ2 level in the liver of
C57BL/6] mice
Mice were given an oral dose of PenCDF
(0.3, 1.0, 5.0 or 10 mg/kg). Each value
represents the mean = S.D. of 5 mice.
Protein expression levels of Cyplal and
la2 in S9 of liver were determined by
western blotting. Cyplal (A) content
represents the relative Cyplal content
in S9 of PenCDF 0.3 mg/kg group mice
(=100). Cypla2 (B) content represents
the relative Cypla2 content in S9 of
control mice (= 1.0). Significantly diffe-
rent from control (*, p < 0.05; ™, p <
0.01; ™, p <0.001).

Fig.
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Fig. 3

== EROD activity
=9~ Cyp1al
Cyp1a2

10 100 1000 10000
PenCDF dose (ug/kg body weight)
Induction of EROD activity, Cyplal and Cypla2 by

PenCDF

EROD activity is shown as a percentage to that of
0.3 mg/kg PenCDF-treated group which exhibited
the maximal value. Hepatic EROD activity
(pmol/min/mg protein; mean £ SE)in 0.3 mg/kg
PenCDF group was 32.6 = 5.6. Similarly, the
contents of Cyplal and CyplaZ are expressed as the
percentage to the maximal values in PenCDF (0.3
mg/kg) and PenCDF (1.0 mg/kg) groups, respec-

tively. Data were taken from Fig. 3 of Yamada et
al'® and Fig. 1.

60+

40-

Cont. 0.3 1 5 10

PenCDF (mg/kg) (p.o.)

Effect of 2,3,4,7,8-PenCDF on hepatic EROD
activity of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). EROD activity in the
pooled S9 fraction was used as the index of the
induction of Cyplal. Each value represents the
mean of triplicated assays. EROD activity in the
S9 was measured under the conditions in which
the final concentrations of NADPH and ethoxy-
resorufin were set at 130 #M and 4 ¢M, respec-
tively.
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Cont. 0.3 1 6 10

PenCDF (mg/kg) (p.o.)

Comparison of NADPH consumption in the
hepatic S9 fraction of C57BL/6] mice treated
with PenCDF

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). Total NADPH consump-
tion is shown. NADPH consumption was deter-
mined by comparing the change of absorbance
at 340 nm in the presence and absence of 175
uM NADPH. Ethoxyresorfin (4 £M) was used as
a substrate. Each value represents the mean +
S. E. of 5 mice. Significantly different from
control (*, p < 0.05; ™ p < 0.001).

0.3 1 5 10

Cont.

PenCDF (mg/kg) (p.o.)

Fig. 5 Effect of 2,3,4,7,8-PenCDF on H>0O, pro-

duction in C57BL/6] mice

Mice were orally administered with
PenCDF once at a dose indicated. After 7
days, liver was removed and homogenized in
1.15% KCI. The S9 fraction was stored at
-80 C until use. The sample was thawed
and an aliquot containing (200 g protein)
was subjected to the assay at room tempera-
ture. The content of hydrogen peroxide was
determined by a commercial kit (Pierce
Quantitative Peroxide Assay : Aqueous
compatible formation). Each value repre-
sents the mean = SE. of 5 mice. Significant-
ly different from control (***, p < 0.001).
Significantly different from PenCDF 5.0
mg/kg group (7171, p <0.001).
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Cont.

Fig. 6 Effectof 2,3,4,7,8-PenCDF on AST activity in

ALT (IUL)

1000+

800+

4004

200+

serum of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). AST activity in serum
was used as the index of liver injury. Each value
represents the mean = S.E. of 5 mice. Signifi-
cantly different from control (*, p < 0.05 ;" p <
0.01 ;" p <0.001).

600+ **

0.3 1 5 10

PenCDF (mg/kg) (p.o.)

Cont.

Fig. 7 Effectof 2,3,4,7,83-PenCDF on ALT activity in

serum of C57BL/6] mice

Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg). ALT activity in serum
was used as the index of liver injury. Each value
represents the mean = S.E. of 5 mice. Signifi-
cantly different from control (*, p < 0.05 ;™ p <
0.01 ;™ p <0.001).



64
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AWFgeClx, C57BL/6]Jcl R~ 7 2B W
T, #HO¥5 L7 PenCDF 2SHfLIY A b L A %
RS AEEEZHS 22T 572012, EROD iEHHE
L NADPH HE=EOMIREZRANL & & b IZ,
PenCDF MLE < 7 2 O #LKkIZ TR AF 3 % fk 1t
KEZERLE. FAEY A — ML 0HE2S9 %
BX, & 24FEMICE D BIKR 7 ) —F—I2RAF L
T2, PenCDF 5mg/kg B2 B\ Cid, #fk
HFIZE L BB LNV OBBRILKE 235 2
L TE72 (Fig 5). ZOBIZHBWTIE, Cyplal
& LU NADPH {H# &1, PenCDF 1 mg/kg
HLFEBETHLIZO 2 b 5T, EROD iFthid
ARSI 2 572 (Fig 3). 2O &b,
ethoxyresorufin ®EE{LLIAZ NADPH 257H # &
N7z 2 EAURIEE I, P450 KUG @ uncoupling 2%
K20, EERILKESREIER L 722 E2URIE
SNz, ZOBIIBWTIE, IREERBILO ZkE
& @ malondialdehyde % 1812 & 4% TBARS
BELLEATHILEZFEBTSDTATIIZETRL
THNY, ZOWHOZUMEEZFFL 0D, —
75, PenCDF 5 mg/kg B2 IE_IUUTE N Do,
PenCDF 10 mg/kg #:12 %, TBARS flZH &2
w70 7219 PenCDF 10 mg/kg ¥ 5 mg/kg D
MM T, Cyplal, la2 oL\l AR LT
TH 4 (Fig. 1), PenCDF5mg/kg D HI1Ztr L
2B\ wasting syndrome 3B AL S LT 519,
Zhid, TBARS Offik LML TV 5. fit-
T, N6 H#EH O wasting syndrome D5l & D
ENZE, BLA N L ADBENDOFG ORI W
EEZDLDIIRNBTHD.

F 9, PenCDF #°0.3mg/kg TIxERILIY A b
LAEDHLIT N THLDIZ, % 5mg/kgllio
THhLEFELLTET L2ODICONWTERT L. 2
&, Cypla2 %% PenCDF (2t L TRV A1 %
IR T EERICHHTE S, Fig 2123380,
PenCDF 1 mg/kg & 5mg/kg TiZ, Cyplal B &
N2 ogEM3IZRELETHSH. LrL, EROD
1% PenCDF 5 mg/kg THALLFIZ 7% o T
5. Z i, PenCDF 1mg/kg T &, ¥ 72
Cypla2 & PenCDF O#E &2l L T 7z9
LEZDHIENTEL, BHICENZE, Cypla2
1%, electronsink &£z 51 TEY, Cyplal 706

e HoE —

(16)
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DETEZWMHMEET L EeNTER®. Zh
%H|2# 2 b L, PenCDF 1 mg/kg Tlx, Cypla2
75 Cyplal 225 D&ET %2 T - T, ENHSEEE
LREEBAEDND D ZFH TV B REND
%. —J, PenCDF ®H&7E < 7% 72 5mg/kg
T, Cypla2 #° PenCDF TH A1 L 72728,

Cyplal 5 OE T2 WY HET 2R %Ko

TLEohbE2L2ENTEAE KHE
TCDD CULE LT v PO 70— 24
@ CYPIAL IZ, in vitro T#FE = TCDD % &
ML7z& 2BBALKFELERT ST L0995 h>T
w3t T, Cypla2 7 PenCDF THafl L7
PenCDF 5mg/kg BHED SO I2BWTH, TN EH
PL7RADEL 72D DEEZ LI EINTE S,

PenCDF 5mg/kg & 10 mg/kg D#EWIZ DWW T,
L) —DRlOEELYEZLLENSH L. TN,

Cypla2 & OEEDEM L 722 D 434557 PenCDF
DEGTH L, LBoOEEO LI, B %
PenCDF 78 Cyplal & & b 12 @B LK FZA w2 B
A5 EDRBEINDL 00, AR L 7 8ER L
KFIZ L > T, Cyplal 3—FAEHALILTL
T o/ HREM. TH S, 3,3,4,4-tetrachlor-
obiphenyl (PCB77) # NADPH f £ F I
CYPIAL ¢t ERFM IS S ¥ 5 &, CYPIAL A4
EMALT 5 2 ST w52 PCBTT It
CYPIAl ® uncoupling 5| &3 & & B 12,

AR L 72 RAEIK 325 CYPLAL & AN A ISR
HEHALL TPA20 12T 5 EDREBENLT WD,

AWfFED PenCDF 10 mg/kg JLEEET D [FED =
ENRI 5> TVDO SNV, KiFZETIE
western blotting 12 £ V) Cyplal & 1a2 % jll % |2
Ewm L TBYY, PenCDF 5mg/kg # & 10 mg/kg
HTIHVWITNOREETH- 2. Stk SOHOD
P450 %Wl L THiT 5 2 £ %, Cyplal ¥
la2 ORFRFER T HC-FHERR, H50Id5EH
SUZ PenCDF Z RIS A 7% & L THGET A W%
Bob, b, BRERTIE, ZLoMmre
€73, PenCDF IZ X D5k SN AHERILIA T

L A & wasting syndrome O B4R % SiHH H 3k 5 )
RETEDSDH 5 .

A FF L HICL BRI A P L ADERIC
i, ShUAD X I =X n b EEEND. TD—
221, I ha Y FY 7o Cyplbl 7°% 5%, &
WF7ECTix, EROD iM%, NADPH {H&=, F /-8
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ALK Z DM EIZIE SO 2l & vz, SOk 3 b
IR TORAEEHITCHEL TS OO0,
TBARS QI Z T > 7-DIZFRET A — MIIXT L

TTHOYVI Iy FYTHHELEATHS, T2,

I by N T CEE S N ERRILK A E
W SR, SO THEIIZE TN TS EED
N5, AWZET SO 7z i S - @bk
LNV EAO—HH», I ba > F)T7ToO
Cyplbl ICHIR T LW HEMEIETBETE 22\,

F 72, PenCDF MLEl~ 7 Z O K& S9 T it
NADPH {HE &AL 7225, Z OWIIfE=RII,
EROD (it 1,000 f5 L - Ch o7z, iz, i
NZDF F P450 KIE® uncoupling S
72D THIUE, PenCDF 0.3 mg/kg HEIZBWTD
# L\ TBARS @ LA O LNz ), A2
WAL FEDOEE LRV H > T LDERETH
L. GEoT, S9 &ffo 728812, P450 U LAk
I2H NADPH BMHE SN TWAH I L L EET 5
VEHNH S, PenCDF &, 1 M IVEETH S
NADPH : quinone oxidoreductase 1 (NQO1) # %
WYL ERHISNTWEY £72 TCDD 7%,
WRALKF DA S 595 NADPH-oxidase
DHTIL=y bO—DOEFET L EPHE SN
T\ Xanthine dehydrogenase (%, SH 3£
WALIISESY & 5uvid, I b3y FY 7 7OF
7 — I X B ES MRS 12 X ) xanthine
oxidase £ 72 5 Z &EDMHIH T\ 5%, Xanthine
oxidase b WAL K FZ DA WIZHF G T 5 25,
TCDD 7° xanthine oxidase % #H#E 3 % Z & b 4l
ShTwa® fHL, ZoOKJEICIE NADPH 1
VE VA, RBH#IC NADH 234K T 5. &5
2, A FF D VHEITHEEREEERICO B
FKlTFT Z &Aoo TEY, Se-dependent GPx
OS2 NADPH AL ETH L. iU, ¥4
F ¥V THH SN S DT, NADPH =L
Btp B IINCE IOV F 7z, bk ED
SRICBES-§ % catalase B35 A 4 X ¥ Y EHO—
DT&H % PCBI26 THLAHHIESNLEZ LD, K
BEOHLATHED HRE SN T WA PenCDF
FHEREEIC L 2 BEBRIKEOFHEENERIZ,
IS OWESESIICES L Tw» A IRENIEE
D72\,

(17)
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s ®

HE R KN E PenCDF 12 & % @ ER LK 35 A4 %
JiE, BRALAYA b L AR E ZU X B HFREEO
BRI DWW TR L 72,

1. #E#%5- L7z PenCDF 2SER LU A b L 2 % &
B EEEZ IS 22T 572012, EROD i
P& NADPH HEEOMRERA~NSL & & I,
PenCDF LB~ 7 2 O JFFHMK I FRAE T 5 # R
bkE % & L72. PenCDF 5 mg/kg #F1H.
B 5-~ 7 A O JFHeALAR H >R S9 4318 12 B v
T, @@L NIVOBRILKE R S 7.

2. Cyplal @i (X, PenCDF 1.0 mg/kg ¥ Tl
EROD {HME L MBI L7225, 2N &) Wik T
ML o7, F72, Cypla2 ®FE I
EROD ifith & 3B L 2o 72,

3. EROD {#EM:1L, PenCDF 0.3 mg/kg 12T b
EEAE - 72, NADPH W E®EIX, Wil
@ PenCDF MLHHETH A EICHE <, EROD i
O 5mg/kg HETDH, EHEDOEH 0.3
mg/kg BEE K& o 72,

4. PenCDF 5 mg/kg #LFEHETlX, EROD {H X
NADPH #HE= & LA ->TB 5T, uncou-
pling |2 & 2 @ILKFZEOERASIRE 5722 &
VIR STz,

AWFFETld, PenCDF @ Cypla2 ~D4FEAY %
WAL 2HMER, 72, ZOF ¥y 80T 14—
% %2 72 PenCDF & CT® Cyplal ® uncou-
pling S8 ERILK TR, BRILIA ML AERED
F72BERTHLH EHEL TS, 2O RO
SIS B 720120E, SO S DD Bk
LK FE D EB I3 4, Cyplal BHE# <,
xanthine oxidase PHZ# 0 f28E5E & B I2MET L C
W EDH D, KR DOMEDS, S 1ROMHER
HOFEWBRIZ 4R35 2 L 2 MfFT 5.

EH B

AWIFED—#BI%, ST B E R AR TR A B G
(R D2l - R A PRAEE DT 2R F03%) (GRAE
5 L H2A-f - 1R9E-014 B & U H27- A dn-Hi 58
-017) 12k o7z
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The Effect of 2,3,7,8-Tetrafluorodibenzo-p-dioxin on Pubertal
Rats : An Analysis Focusing on the Dioxin-like Acute Toxicity

Masaya Hrromr, Tomoki Takepa, Hideyuki Yamapa and Yuji Isun

Graduate School of Pharmaceutical Sciences, Kyushu University

Abstract

It has long been believed that dioxins cause a number of acute toxicity such as body weight loss,
hepatotoxicity and immunosuppression due to binding to the aryl hydrocarbon receptor (AHR). To
propose provisions for these toxic effects, many researchers have challenged to identify the substances
which are antagonistic to the AHR action. As the results, several compounds including polyphenols
have been suggested to inhibit activation of AHR to ameliorate dioxin toxicity. However, none of them
dramatically show protective effects on the living body. Therefore, developing revolutionary agents
targeting the AHR remain to require for protecting our health from dioxin exposure. To address this
issue, we newly synthesized 2,3,7, 8-tetrafluorodibenzo-p—dioxin (TFDD), the product which chlorine
atoms of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) are replaced with fluorine atoms. Unlike with
TCDD, a single oral administration of TEDD (1-1,000 pg/kg) to male pubertal rats hardly altered the
hepatic activity of cytochrome P450 1A1 which is induced by AHR activation both one and seven days
after treatment. In accordance with this, the suppression of body weight gain, hepatomegaly and
thymic atrophy were not observed by TFDD treatment. However, TFDD slightly increased the
weights of the lung and spleen, while the heart and kidney weights were slightly decreased by the
treatment. These results suggest that an oral administration of TEFDD does not have any dioxin-like
acute toxicity, although some of tissues are influenced by TFDD at the higher doses.

Key words : Aryl hydrocarbon receptor (AHR), Dioxin-like acute toxicity, Pubertal rat, 2,3,7,8-Tet-
rafluorodibenzo—-p-dioxin (TFDD), 2,3,7,8-Tetrachlorodibenzo—p-dioxin (TCDD)
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Fig. 2 Effect of TFDD and TCDD on the activity of hepatic CYP1A1l
of male pubertal rats. Male pubertal rats at 5 weeks old were
orally treated with TFDD (1-1,000 zg/kg) or TCDD (60 pg/kg),
and their livers were collected 1 day or 7 days after the treatment.
The hepatic activity of CYP1A1 was analyzed by an ethoxyresor-
ufin-O-deethylase assay. Bars are the means = SE.M. of 3 rats.
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Fig. 3 Little effect on body weight gain and weights of liver and thymus of male
pubertal rats one day (A) and seven days (B) after TFDD treatment. Male
pubertal rats at 5 weeks old were treated with TFDD (1-1,000 pg/kg) or vehicle
alone, and their livers and thymus were weighed 1 day or 7 days after the
treatment. Each plot/bar represents the mean = S.E.M. of 3 rats.
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Effects of Benzo [a] pyrene on Conduction Velocity of the Rat Dorsal
Root and Synaptic Transmission in Substantia Gelatinosa (SG)
Neurons of the Rat Spinal Dorsal Horn

Min-Chul Suw! and Megumu Y osumvura?’

UKumamoto Health Science University
2 Nogatanakamura Hospital

Abstract

In the present study, we analyzed the effects of benzo[a]pyrene on conduction velocity (CV) of action
potentials (APs) generated by electrical stimuli applied to the dorsal root in acutely isolated rat dorsal
root ganglion (DRG) preparations using intracellular recordings. We also measured the effects of benzo
[a] pyrene on spontaneous excitatory and inhibitory synaptic responses (sEPSC and sIPSC) and
excitatory synaptic responses evoked by dorsal root stimuli in substantia gelatinosa (SG) neurons of the
spinal dorsal horn, which receive inputs predominantly from A 0 and C afferent fibers, using
patch—clamp recordings. In the present results, benzo [a] pyrene did not affect on resting membrane
potentials of AB, Ad and C neurons. In addition, benzo [a] pyrene did not exhibit any effect on
conduction velocities of Ad and C fibers, but that of A fiber was significantly decreased. The
amplitude and frequency of both SEPSC and sIPSC in SG neurons of the spinal dorsal horn were not
affected. In addition, the synaptic responses elicited by stimulation of AB, A0 and C afferents were not
changed by benzo [a] pyrene. From the present results, benzo [a] pyrene causes a change in the
conduction velocity of A but not Ad and C afferent fibers, suggesting that this change causes
paresthesia, such as numbness and loss of sensation. However, benzo [a] pyrene does not affect the
synaptic transmission in SG of the spinal dorsal horn.

Key words : benzo [a] pyrene, nerve conduction velocity, synaptic response, dorsal root ganglion
(DRG), substantia gelatinosa (SG) neuron
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R oW 5 | AR E L 72, EHT >~
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Instruments, Foster City, CA) IZX>TTF T4 v
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Fig. 1 Three types of DRG neurons classified by conduction velocity and
stimulus intensity
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A, Schematic representation of the intracellular recording. B, Typical traces
of action potentials elicited in AB - type neurons (B). C, Typical traces of
action potentials elicited in A d type neurons. D, Typical traces of action

potentials elicited in C type neurons.

(6~8 M) * L&y (ERENIEES 1 1.2~1.5
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AEEL L7z BIREN LERE S L SA121,
—lO L5 OFMWEFER L, MOFIRPLHERE £T
PIBR L, FolfFL-RIROFMERE 7 EEE
BRI 2 B s L 727212, T2 S 49 650 pm Ok A 5
A ABEBE L 72, TR T A AERZ FHREEICE
ELRFHT 2 =D F A0 Ay ad
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(156~20ml/43) L7z, T2oHHAT A AILE
WA YT L, ERBEMEE T I8V CHRRA
DBRE LB N Y P LTHED BT R
Tholz. COBKE—2—0 IZ7F314 V8-
K=t - Ny F 75y TdEEAL CEEG
rELERL 72, 28y FEMBAEOME (mM) 122
WO, BUEMY ST A%E (EPSC) % 5Ldkd %

(29)

B 121X K-gluconate 135, KC1 5, CaCly 0.5,
MgCl, 2, EGTA 5, HEPES5, Mg-ATP5 (pH=
7.2) %, WS T ARER (IPSC) % iiékd
5 B2 1% Cs—sulfate 110, CaCly 0.5, MgCly 2,
EGTA 5, HEPES5, TEA 5, Mg-ATP5 (pH=
7.2) #H\WTiTo72. EPSC (Z-70 mV (Cl-F ¥
AIVEIO SRR <) ORFFEEA T IPSC
DRLFREN L VEH T TIT o7z, —75, IPSC I3 0
mV (EPSC O #izfEN T <) 28T EPSC 5L
FRENLWEMLT TITo 72, BRIRFIBGED
EPSC % il#kd A1, WolEME HATT A
VL =% — %S LRI E 2 O Fifi R 0.1 ms
DIFRW OB E 5- 272, W L 5
IPSC itk d AEEICIE, EPSCO 70y 1 —T
»H%H CNQX (10 pM) fF7E T ICRLERTEM DI <
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To7z. TNHORBITFENOS &% E 0.2
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YZabElL =% —THMWE T HAEICHEZEL
(Fig. 2).
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Fig. 2 Schematic representation of the patch clamp recording in substantia
gelatinosa (SG) neurons of the spinal dorsal horn

A, Spontaneous excitatory and inhibitory synaptic responses (SEPSC and sIPSC)
in SG neurons. Aa, SEPSC. Ab, sIPSC. B, Excitatory synaptic responses evoked
by dorsal root stimuli in SG neurons of the spinal dorsal horn. The synaptic
responses elicited by stimulation of Ad (Ba), C (Bb) and Ad, C (Bc) afferents.
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Fig. 3 The effects of benzo [a] pyrene on bodyweight

Sham Con, Sham Control ; Benzo, benzo [a] pyrene

Table 1 Comparison of electrophysiological properties between DRG neurons obtained
from Sham control and benzo [a] pyrene treated rats

RMP (mV) CV (m/s)
Sham Control
AB neuron (n = 20) -68+1.7mV 20.9x0.6m/s
Ad neuron (n = 15) -65+3.0mV 8.84+0.8m/s
C neuron (1 = 10) -71£3.7mV 0.8%+0.8m/s
Benzo |a] pyrene
AB neuron (n = 13) -66+2.6mV 15.8+1.0m/s*
0.3mg/kg
Benzo Ad neuron (1 = 14) -69£1.0mV 8.3£0.6m/s
C neuron (n = 11) -68+1.4mV 0.8%+0.4m/s
AB neuron (n = 15) -67£0.6mV 13.3+0.1m/s"
30mg/kg
Benzo Ad neuron (n = 16) -71£3.7mV 8.4%0.6m/s
Cneuron (7 = 9) -69+2.2mV 0.9£0.4m/s

RMP, resting membrane potential ; CV, conduction velocity ; Mean £ SE.;* » <0.05

YEGRETIZ0.9 £ 0.4m/s THEZRZALIZFR
HHN%h o7z (Table. 1).

) NVELUEEPBEEHED B HEM
EPSC (sEPSC) & IPSC (sIPSC) ¥+ 7 X
REICRIFTEE

FREAAIZB W CUMT 2 2 T 2 (L3 L

TWAhEMRE L7z, EWT v MEREME? S
FLER A AT\, FEEREFEN-70 mV T sEPSC O#HEE
CIEMEZ 30 mg/kg NV VL v FE5 TSy b OE
o EBRE L2, FELREZTIRROONE
o7z WIZEEEAL OmV T sIPSC @ Lg%

(31)

To7z2%, RIES L OHEICITERELEIR SN
oz (Fig 4).

4) NXJELCBEPBIRBEY F 7 ARE
ICRIZFT &

H SIS E N 2 TR X - Cafiie s
5 WEEINEORBEY Tz 3TEHEOBIES
e F T RASEORBETIIIER T v ME, X
VE L EGHEL QICRBEICEEREIR SN
irotz (Fig 5). 7z, HREO Ay e M
O C MAERBIZ X - THiE S b EPSC % Bk
EHIfE 2 HRiER L, ENENOIRIFIZ OV TG
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Fig. 4 The effects of benzo [a] pyrene on SEPSC and sIPSC

Sham Con, Sham Control ; Benzo, benzo [a] pyrene ; Freq,
Frequency ; Amp, Amplitude ; ns, no significance ; Mean +

SE.
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Fig. 5 The effects of benzo [a] pyrene on synaptic responses elicited
by stimulation of AB, Ad and C afferents

Sham Con, Sham Control ; Benzo, benzo [a] pyrene ; Mean + SE.
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Table 2 The effects of benzo [a] pyrene on EPSC amplitude elicited by
stimulation of AB, Ad, and C afferents

Sham control

Benzo [a] pyrene

APB neuron 53pA
A0 neuron

C neuron

n= 1)
50+46pA (n = 30)
39+35pA (n = 21)

43pA n= 1)
49+31pA (n = 18)
42+32pA (n = 18)

WEEINTWE, I BEOIMEH R )Y
T = )R F A T X B A
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Inter-Laboratory Cross—-Comparison Study of Dioxins and
PCBs Analyses in Human Blood Samples (Part 2)
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Abstract

We developed an analytical method for accurately determining the concentrations of dioxins and
polychlorinated biphenyls (PCBs) in a blood volume of 5 g. Inter-laboratory cross—comparison is
available for maintaining the quality of dioxins and PCBs analyses. We carried out the cross—
comparison of dioxin and PCBs analyses in the blood with domestic analysis organizations. Two
cross—comparison studies each of dioxins and PCBs analyses were carried out from 2012 through 2015.
As a result, the findings of our analysis accorded well with the analyses of the other organizations. It
was found that our analytical method is sufficiently reliable.

Key words : cross-comparison, dioxins, PCB, blood
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Analysis of Polychlorinated Quaterphenyl in Yusho Diagnosis
from 2014 to 2016
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Abstract

Concentration of polychlorinated quaterphenyl (PCQ) in blood is an important chemical diagnostic
standard in Yusho. In this study, we examined improvement of analytical method, and blood analysis
was performed using this method. New method made it possible to analyze more quickly than our
usual method. During the period of 2014 to 2016, a total of 143 bloods PCQ were analyzed. As a result,
PCQ was detected from a total of 19 persons, and the range of PCQ concentrations were 0.02-6.15
ppb. From the time course of the PCQ concentration determined in blood of Yusho patients, PCQ is
found not to be eliminated than PCB. The concentration of PCQ is an important knowledge for
diagnosis of Yusho—-disease and it is thought that it's necessary to continuously analyze in the future.

Key words : Yusho, PCQ, Blood
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2,4-PCQ
Fig. 1 Six basic skeletons of PCQ

EN7z. PCQ I, IMEH .S 0.1 ppb MLEDY;
Al TEFICEVIEE] 0.03-0.09 ppb 2% 557
FEISERE |, 0.02 ppb LUT 7S [HlH RS2k |
EENENXGENTWD,

PCQ X PCB A &M L L -ffEx LTHED
AT OE N 6 HEOERTELD S
(Fig. 1). &512, BT 2EROKLMEDE
WIZ XD BT &) BEARAETET B 2 LAY

ENTBY, MHICERET LI LIATNETHS.

PCQ O/ IZRIH 512 X ) PCQ %554zt
LBERORL L 6 MEOLT Y ¥ Fhruuay 7
V7 =)V (ODCQ) & L THETF-HiERMR
X7 2ru< 777 (ECD/GC) TEST L)
EoE s cwaY 7 SHSEFYES
) —H T AERCIERESTEERELY, B
BOHIIMEHT 5 IR oA it & Ao Rk % #Hit
ELTW2Y, MFITIRINS OMELBEIC
PCQ D %47 > TV 55, EBBENE L, f#
M % B ovkE 7 SBAEDS O TAIZ D B %
TL, B0 - 7.
ARSI, BAEBEOL R E, 2014-2016 45
(AT O NHE—F M2 2B 1T 5 PCQ DTl
BIZOWTHIET 5.

X B F &

1. &=

2014-2016 4F AT DN TME—F 212 BT 5,

PCQ OHllE G 87 %4 (HEX 143 44) DI

95
DWTHIEZ Fht L 72,

2. H¥E-HE

ANF¥Hy, =), VI FNT—T), T
runa Xy y, WIKELERS N ) v A XBI AL
DI IR ER - PCB WlBH % H\va 72, Z8%0K
(ANFH i) ZBIRIL A O R R
MRz KEEEA ) 4, EAET M) w7 A
ZRAM, REEAKREE T MU T AR O
a7z, 7okl A FADERESER O R
3 - PCB 200, WelRIZ R oF E4 08 54,
20% JEIR X ML BLOAFE AT H &2 72, S8R
Bz 25% (R 13% ¥ FLFEROREH % Fv7z,
/ F >~ & CALEDON # @ Distilled in Grass 7
L—FEHWA HIEL7 v FEVETIVEY
FHO PCB WA /2. 701 Y VIEADE
MBEHMOH S 7O NTFT T4 —HTHY,
5% Y TFNVIT—T )/ NFH 2z BEWHET
20 ZrfE Pk L, 130 C T 3MRIEMHAL L 72b 0 %
7z &7V 90 (BE) (& MERCK #
Td v, 130 C T 3 KRl HAbiz, HEKZ 2%
AILCEELEZDDEH W,

7T AL BRHII R LR ¥+ F 2 7
) —F =72 (778, KKD-45F #) < 450C,
4 R OSBRI L 72 O % Fv 7z, IR
AEOTIVH ) GIRIIET KNV Ty 7 EOER
P lH% (DRN420DB #) % w7z,

3. ERARBRUBESRMS
FEFARSER OVl E S % Table 11ZR L7z

4. BiE

¥—Ab L7 i s BHY 2 ¢ % 10 mL o $fe i
BB ISR L7, 1.5N OKEELS ) 7 4/
¥ ) —)VIEH 3.5mL #A & IRE LA,
CITHRE LA —T VAN, BIETT VY
SIREL7Z. WIS, ~NFH Y 2mL 22 IRE O H
L, 3,000 rpm T 145 0orHEL 72, ~F 4
YEERO10mL ERAY Yy vEICE L, EiEIC
BEAFT Y 2mL 23RS ) b, w0 o0
LAFHUEZEINLZ. oMz A5 3 H
ol HOIAITH VBIZHEGK2mL 2Nz
YRR L, 3,000 rpm T 1 75 O 8E L 72,
ANFH VIR N v A (1.5g) *TiE
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Table 1 Measurement conditions of ECD/GC

Instrument
Capillary column

Column temp.
300C
350 C

Inlet temp.
Detector temp.
Carrier gas
Nitrogen

4 uL

Make up gas
Injection volume

Helium, 16 psi

Agilent 7890B (63Ni-ECD)

Quadrex 007-65HT
0.25 mm ILD.X 25 m, Film thicknessO.1 gm

80C (5min) -30 C/min-320 C

L7282 — ¥Ry MIBELTHAL, ~NF9
Y 1mL T2 EEVIAAZE ~NFH VERITER
SOt FRZE L, ANF 2 1mL THEMR L.
WT, M L7 a) U (0.5g), MEKWGEE
FhUTA (0.2g) #RELIZSAY—)LERY
MCEML, 5% Y ZF VI —F b/ ~NFH 1
mL T3MEPFEVIAAZZE, SH5I124mL THIEL
7o, WA SRS TEZEL, ~NFH¥ > 2mL
RS 72 IRICIEIRER T 10% AR L 7258
W% 1mL iz, & <IEFL, 3,000 rpm T 1
Sy O EE L 7e. IR A L) PR X, [k
O T % FIERGER B S B 7 A & C 3 I FEEE R

DKLz, AT UEETS ABOSEICEL,
AFH 2 0.5mL T3P VIAAT. HRERULE L

FoNFH R ERAG VEZE L, L TR T
HefE L7z RIS, AMEALT o FE % 0.5mL N
Z, BE L 200C T 3 ERRINE L e etk
fbL7:. RiRFTHHA L% BE LK THA
L&dS, 7aak)va 2mL 212 T < E#E
L7z, &512, BHT 20%HERE 0.5 mL %02 3%
L, EH1220%35EM 2mL Nz CTX L
72. 3,000 rpm T 1 7R OBt L, HREkRE % I
DB E, [FBRIZ 20% 35k 2 mL T 2 [lyEE L 72,
FIREDEEMET, 2K 2mL, 5% A ERKIAET 2
mL, 5%EEAKFEF M)A 2mL, K 2mL
DIETH 1O L. Bohzrzoafki
LB KRR b A (1.56g) Z#FHEL 728
A= ERy MI#ELTHAL, ~FH 1
mL T2 [{EVIAA R, E5IEAFH Y 4mL
THEM L, A SR TEZE L, ~FH
Y 1mL ISR SR COBBREGEEILL:T
V3 (0.25g), HEAKHEET M) A (0.2g) &
FEBL7SZAY — VXY NMCARL, 2% 7

OO Ay »/ANFH 2 1mL T2 HEPEEVIAA T,
4mL THEH L7z, I 10 mL OB A E
VEILE), BRA[MTEBELLZ 272 0.2

mL 2R THIEL, REMEE L7z (Fig 2).
RBRERRUEER

1. HMEDOHE, FNEYEERRVUEE TR
&

SHTEIEZR S OB E b L 128 574 5 EHEL
A, fEELEIT) ETIRES, T
fRICEH L7z, TNFEFTHWTE TV 50
VLI SR R R S A i 2 N BGRR $ A Tk
ThHAHH, GHELTHVL2O—FIZUHTE 2
HEPRSNE Z &, T2, MBvhizgEmrsk s
DTV EOMENDH -7z, T LT,
SIIMMEH PCB OGHTIZ BT 5 T IV ) 55D
MR L, 30 CTHEEIT IR T VA ) 5
fRER S L TWaY . 22T, PCQ OIFICH
W HIR T OV 71 ) R ANEIS AT R & R T
30C, I TTIVA ) 5IR%EAT - 728 £,
ECD/GC @27 u~ b7 7 NIZT VA Y 5 fEIRE
DEVIZ L BRSNS, RIRT VH ) 5R
ENHEISTRETH D I L DR TE, ZNFEFTO
DL L oM % RIS 2 2 EATHEE %2 o
7. RS 2R EREKEREE T M) Y A A A
X7 —F =T e TmBLEY 5 Z
(2 & D ZRE ORI B RE ] 2 KIE I JEAE S 5
ZEINTE o, INFE THRAERIEIZAN T
VI E LCEDS, ORI X DR R
BENb7o, 1 HICHET 22 HIBEL T
7z, 2T, WA E S A ) F U
TR L, REHOERSISTREIRE L2, €
DFEER, BIEOENZ L D EEMHEIEVIZR SN
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Blood (2 g)

|
Alkaline decomposition (1.5 N KOH/EtOH, Over Night)

Extract with Hexane (2 mL X 3)

|
Wash with Distilled water (2 mL X 1)

Dry over anhydrous Naz2SO4 (1.5 g)

Concentrate under Nitrogen flow

Florisil column chromatography (0.5 g)
Elute with 5% Diethylether/Hexane (7 mL)
|

Concentrate under Nitrogen flow

Dissolve in 1 mL of Hexane

Wash with 10% Fuming sulfuric acid (a few times)

Concentrate under Nitrogen flow

Chlorinate with antimony pentachloride (200 C, 3 hrs)

Dissolve in 2 mL of Chloroform

|
Wash with 20% HCI aq. (2.5 mL X 1.2 mL X2),
Water (2 mL), 5% Tartaric acid aq. (2 mL),
5% NaHCO3 aq. (2 mL), and water (2 mL)
|

Dry over anhydrous Na2SO4 (1.5 g)

Concentrate under Nitrogen flow

Activated Alumina column chromatography
Elute with 2% Dichloromethane/Hexane

Concentrate under Nitrogen flow

Dissolve in n-Nonane (0.2 mL)

|
ECD/GC analysis

Fig. 2 Analysis procedure of PCQ

¥, RO SN C D BRI X bR
EReEN o7, INHLDOWB%EITH) 2 & T,
BAEOEEKN LM SE5 2 LA TE/.
WIS, GATEOREE 2 MRS 5720, PCQ 3
SN TW e WRAEIE (< 0.02 ppb) % HWT
IIMEGRER 2 47 o 72, NN ER C 13w bR

(2 & o T DTSR R D 2 L 2R LT,

3HALOMEIZH L, MmEHiEEL0.02ng/g & 7%

(Hz)
315 1
310 A
305 A
300
295 A
290 T T T T T

19.3 20.3 21.3 22.3 23.3 24.3
(min)
(Total Peak area)
1,400
0'.
1,200
1,000 Ry y=1,301.x + 18.77
. R*=0.999
800
K
600
400
-'...
200 et
0
0 0.2 0.4 0.6 0.8 1 12

(ppb)

Fig. 3 ECD/GC chromatogram of PCQ standard of
quantitation lower limit (0.2 ppb) and calibration
curve (0.1-1.0 ppb, 5 points).

% £ 912 PCQ M & 7 n L sl 2 920t L 72
Z OfER N IZF 110.8% (100.1-127.2%)
T, RIFaiEErfosni:.

WEEMEZIC BT 5 PCQ MIEIZB W TIEA 7% <
&4 0.2ppb (M HREIRE T 0.02 ppb) %%
B CXDIBEPLEL D, 22T, E= FEE
R ORERE R 2 4 0 R LIE L, e R A
fEx JfES 572, TORR, 9% EEXHE LT
F L - HEE R BR A 1 0.026 ppb (i
FEHAET 0.0026 ppb) TH V), {HIEHRZITKD 5
NoERFRMEIET5ICmz L Twb EEZ LN
72. F 72, ECD/GC T#ll5€ L 72 0.2 ppb iZ#e7
(M i LT 0.02 ppb) DY 7 F IV id+45
RIEE (S/N > 10) ML TBY), HEsid
0.1-1.0ppb O #IPH T EAIF 72 BAR M E R L 72
(Fig. 3).

2. PCQBIESRR
2014-2016 4F B 12 FE i S 72 iE— R Tl
874 (ME~X143%) O PCQ oM EFEML7-. +
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DOFTPCQ M ENz0I1x 11 4 GRERE1
%, KREFH10%) TH Y, M O EHIPA L
FAERHE T 5.49-6.15 ppb, RFEHT0.02-0.07
ppb TH - 7z,

WIZ, ZHHEDIMGEF PCQ % PCB /8% —
VRN 24T o 72, PCB /XY — ik 4 D125
HEINTBY, ARXY— I IMgEIZETIA, C /3
= E—NEFEMETHY, BNy —id A S
y—k C/8%—>rDhf, BC/S¥ — L B/S
y—r bk CNy— o (—A & DXFIHH
) a3 Twb, FEEIZBITSH PCB /XY —
VROPCQEEDT L O % Table 2 I2/R L 72,
AT =D 14 (X3 EREGE) TF
Vrq47aryira— i LTEFENEERTo T
HAERBTH Y, MiEH PCQ iEEIZTF5.78
ppb (5.49-6.15ppb) kLM CTEIEE TH - /2.
B/$% —YR BC/\¥ —r0%HHET124% (&
N 18 mHIE) T, 9B 2% (EX4MHIE) 75
PCQ 2t & L7z, M igEIEe TR LT
0.02 ppb THo7z. C/NF —>DZHHIX T4 4
(E~ 122 [|lE) T, 95 8% (KE 12 [Eill%E)
75 PCQ 25kt S 7z, I il B 135735 0.03
ppb (0.02-0.07 ppb) T& - 7.

INHOFERNS, WA MERE TS D

I
iz

BECPCQIRESHINEI NG Z EaVRE T
—HT, PCBAB/Y =D L) —fFEALiZ
R B8y — 2 2R THaTH PCQ A S
mwEolE, B SN THIIRETH 5 HF1HNZ
EAETHo7:. F72, PCBHBC/NF =2 Th
HI2HED S, PCQREEA 0.07 ppb & HEHY
FEWVIRE TR SN HH S Ao,

3. PCQ DIBERMMAEIEDEL

ECD/GC TPCQ #METH L 5ROE— 7|2
GEES TSNS (Figd). Ihb 5480
Y — 7Oz, JHRT A A4 A v 5
L72PCQ A% ¥ —F&l@m» ot L7zd 0
ETCELRLZENMUNELOMAE L THELNTWY
H. Tbb, PCQAY ¥ —FOY— 7 HA
ERIBLZ, 2,2-PCQ:2,3-PCQ:2,4-PCQ :
3,3-PCQ:3,4-PCQ=1:2:1:1:1THBHDIZ
LT, M PCQ TldB Lk #1:2:1:1:2¢&
o TBY, 3,4-PCQ DILENSHAIZE <,
Z OfENE PCQ 23 S 72 & T OIME TREo
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LIz, COX)ICHENREL LIERN Y ELRT S
I RT, b6 EEETHOERO PCQ %
Ty MIROES- L, ZOIEWEIREIZ OV THS
LTw3Y, Z2ofT, Zh2ho PCQITHs
%, A - e iR T iiAE (AUC) & i
S (MRT) (3 Table 3 IR THRTHY, &
HOENI L) EYBREIRE RL LMY E
T3,

% 72, Mochiike SIIIHIERN T 4 A+ 1 VD
ST ZATV, 6 EOBKEORE LR S PCQ O Felk
&l 425, 2,2-PCQ :2,3-PCQ + 2,4-PCQ :
4,4-PCQ :3,3-PCQ:3,4-PCQ = 9.2:57.8:
0.6:16.2:16.2 TH Y, 4,4-PCQ D HHEAML
CEERHELTVWEY,

INSOHEHNS, 3,4-PCQ IFEREMMH I
BN < e En, MoORESESREME & i LIENIC
I E 3 <, MEFICECE T 2HELF-
TWwWh EEZLN, 2o, I F Tl
3,4-PCQ OENENE <, WERRKT A A+ 1)V
AHEHL, AAIZPCQ LY AAFNFT R & L
THENZRbDZEEZ N, — /T, 4,4~
PCQ i3 AUC, MRT 3125 b il 0> i i 3 Sk
KTHo7270, BINT A AL A VO EHmEIME
W7z, I sz weEEZz SR,

4. PCBEE & PCQIBEDHT

RYF 14 7aryba— e L TEENEZIT-
TWAHIERREEE (14) @ PCB KU PCQ i
£ DRAEHER % Fig 5128 L7, PCBiEEIX%&
NS DO B D DR RAME % 7R L
LD 40 SER TH 80% DA AR Sz Ly
LS 10 £/ TiRIFIE—2ETH Y, wAEI
RoN o7z, PCQIEEEIZOWTIZHEMD 30
SRR TR 30% DI AR S 7z Ahs, PCB & g
LIk BREDR 2R D EW EDRHLNE o7,
F 72, EAE 20 FFEHTIRIT & A &I EI DI S
NZhroiz.

WHEE R 4 A4+ 4 VIZIZ PCB £ ) 4 PCQ
DFn30.89-3.46 5L < EHLTBY, WESEE
ZPCQEZLLEBRL TV EDRDHo>TW
5Y. =T, WEEMZ O RS T TIE %
COE PCBIRBEDH N PCQIEELD b+
EERETH L I EWghoTndb. T, 7
A2 PCB % PCQ % #EE#% G- L 72 EB& TN



WERFZ 2 BT 5 I PCQ D43 HT 99
Table 2 Relationship between PCB pattern and PCQ concentration.
PCB Pattern
PCQ Conc. 2014 2015 2016
(ppb) A B BC C!{!A B B C!A B B C
0.1< 1 1 1
0.02-0.1 1 3 2 3 1 6
ND (0.02 <) 2 2 50 | 3 1 34 1 26
Table 3 AUC and MRT parameter of PCQ congener38>.
AUC (g - hr/mL) MRT (hr)
4,4-PCQ 1.24 1,760
3,.4-PCQ 0.111 159
3,3-PCQ 0.015 84.7
2.4-PCQ 0.022 52.8
2,3-PCQ 0.007 92.9
2,2-PCQ 0.041 64.0
A B
(Hz) (Hz) s
440 - 2.3-0DCQ 1850 2,3-0DCQ  2,4-0DCQ 3,4-0DCQ
1650
420
2,4-0DCQ 1450 1 3,3-0DCQ
100 | , 250
2,2-0DCQ 3,3-0DCQ 1050 { 2,2-0DCQ
| 3|,4’-ODCQ 850 A
650
450
: : : : : : 250 : : ,
21 22 23 24 25 26 27 28 29 21 22 23 24 25 26 27 28 29
(min) (min)

Fig. 4 ECD/GC chromatograms of PCQ standard (A) and PCQ in blood (B).

(ppb)
40 1 +PCB

35 - B PCQ

2

30 . o
25 1 o *
20 1 .
15 -

® 00® o
* o

m
T L mnl ¢
T
¥ mgg : 004000, gt
m

0 T T T T
1974 1984 1994 2004 2014

(year)

Fig. 5 Time course of PCB and PCQ concentration in positive control blood.
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Table 4 Time course of concentration ratio of PCB and PCQ in patient.

PCB Conc. PCQ Conc. . .

Year (bpb) (opb) PCB : PCQ Ratio
1985 26 8.3 100 : 32
1986 25 8.1 100 : 32
1987 31 8.5 100 @ 27
1988 32 9.4 100 : 29
1991 17.5 7.4 100 : 43
1992 19.3 7.7 100 : 40
1993 25.9 7.3 100 : 28
1994 24 7.2 100 : 30
1996 13.5 6.4 100 : 47
1997 9.0 9.0 100 : 100
1999 13.3 5.7 100 : 43
2000 13.8 5.3 100 : 38
2001 11.4 5.1 100 : 45
2004 5.8 4.2 100 : 72
2011 6.9 3.9 100 : 57
2013 7.9 5.4 100 : 68
2014 5.8 5.7 100 : 99
2015 5.9 5.5 100 : 93
2016 6.0 6.2 100 : 102

Conc. : concentration

Table 5 Concentration ratio of PCB and PCQ in ten of Yusho-suspected persons.

PCB PCB Conc. P ne. .

Age Patfem C(DIS;; c Cgp%’ ¢ PCB:PCQ Ratio
A 16 C 0.31 0.02 100 6.5
B 55 C 0.25 0.07 100 : 28
C 57 B 0.46 0.02 100 : 4.4
D 57 C 1.2 0.05 100 : 4.2
B 59 C 1.0 0.05 100 : 4.8
F 62 C 0.65 0.02 100 : 3.1
G 7 C 0.88 0.03 100 : 3.4
i 73 C 1.0 0.02 100 : 2.0
T 76 C 0.54 0.03 100 : 5.5
7 89 B 2.4 0.02 100 : 0.85
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Development of Solvent-Cut Large-Volume Injection System using
Deans Switch Type SilFlow for Dioxin Determinations in Blood

Daisuke Yasurake!), Kazuhiro Tosusur!’, Hironori Hirakawal, Yoriko Sumvrani?,

Toshitaka Kocso!’, Tsuguhide Hori?, Jumboku Kajyiwaral’, Susumu Karsuki!,
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DFukuoka Institute of Health and Environmental Sciences, Fukuoka, Japan
2 Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan
Y Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka, Japan

Abstract

We developed solvent-cut large-volume injection system (SCLV) using Deans switch type SilFlow in
dioxins measurement of human blood. The SilFlow worked in the same mechanism as the conventional
SCLYV for dioxins measurement, showed high reproducibility in dioxins measurement of the standard
solution and the control sample. Since the SilFlow has very small dead volume as compared with the
conventional method, the influence of contamination is small, and the handling is easy. In this study, we

proved that SilFlow is available for an alternative to SCLV in blood dioxins analysis.

Key words : Yusho, Dioxin, SCLV, SliFlow
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Back side

Fig. 1 Deans switch type SilFlow
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Table 1 Condition of LVI, SilFlow, and GC/MS

PTV conditons

105

PTV LVI-S200 (AiSTI science Co. Ltd.)
Purge time 1 min
Vent flow 300 mL/min
Programmemed temperature Rate Temperature Hold
Ist 120C 1 min
120 C/min 290 C 20.3 min
GC conditions
Gas chromatograph Model 7890A (Agilent Technologies Ltd.)
Pre-column BPX-5 (SGE Ltd.)
(7m x 0.25 mm ILD. X ¢ 0.25 mm)
Analytical column BPX-DIOXIN-I (SGE Ltd.)
B30m X 0.15 mm LD)
Carrier gas He
Oven temperature Rate (C /min) Temperature (C) Hold (min)
160 4.5
Ist 20 300 12
2nd 70 195 0.5
3rd 3.5 300 1.5
Inlet pressure Rate (kPa/min) Pressure (kPa) Hold (min)
469 4.5
1st 302 620 18.5
2nd 112 508 1
3rd 3.73 620 1.5
Auxiliary pressure #1 Rate (kPa/min) Pressure (kPa) Hold (min)
445 4.5
Ist 333 610 18.5
2nd 128 482 1
3rd 4.25 690.5 1.5
Auxiliary pressure #2 Rate (kPa/min) Pressure (kPa) Hold (min)
443.5 4.5
Ist 333 610 18.5
2nd 128 482 1
3rd 4.27 610
MS conditions
Mass Spectrometer AutoSpec Premier (Waters Co. Ltd.)
Ton source temperature 280C
Tonization voltage 28 eV
ionization current 750 pA
Tonization mode EI +
Accelerating voltage 8 kV
Resolution > 100000
Native Labeled
TeCDDs 319.8965 321.8936 331.9368 333.9339
PeCDDs 353.8576 355.8546 365.8978 367.8949
HxCDDs 387.8186 389.8156 399.8589 401.8559
HpCDDs 423.7767 425.7737 435.8169 437.814
OCDD 457 .7377 459.7348 469.778 471.775
Monitor ion TeCDFs 303.9016 305.8987 315.9419 317.9389
(m/z) PeCDFs 339.8597 341.8568 351.9 353.897
HxCDFs 373.8207 375.8178 385.861 387.858
HpCDFs 407.7818 409.7788 419.822 421.8191
OCDF 441.7428 443.7398 453.783 455.7801
TeCBs 289.9224 291.9194 301.9626 303.9597
PeCB 323.8834 325.8804 335.9237 337.9207
HxCB 357.8444 359.8415 369.8847 371.8817

(57)



106 7 ®OK W I3, 9%
1.2 1.2
| PCB&1 PCB77 | PCB&81 PCB77
0 0.8 0 0.8
g 0.6 g 06
=Y =Y
§ 0.4 E 0.4
0.2 0.2
0 0
34 34.5 35 35.5 36 35 35.5 36 36.5 37
Retention time (min) Retention time (min)
SilFlow TeCBs (m/z =291.9194) SCLV TeCBs (m/z=291.9194)
1.2
1,2,3,7,8'P6CDF 2:3:4>778-P6CDF 1,2,3,7’8-PCCDF 2,3,4,7,8'P€CDF
0 0.8 9 0.8
§0.6 éo,(,
é 0.4 &‘3 0.4
0.2 0.2
0 s A
41 41.5 42 425 43 425 43 435 44 445
Retention time (min) Retention time (min)
SilFlow PeCDFs (m/z =339.8597) SCLV PeCDFs (m/z=339.8597)
1.2 1.2
| OCDF | OCDF
Q 0.8 ) 0.8
£ 0.6 g 06
=Y =Y
&‘904 é 0.4
0.2 0.2
et . . e
52 52.5 53 53.5 54 55.4 559 56.4 56.9 57.4

Retention time (min)
SilFlow OCDF  (m/z = 443.7398)

Retention time (min)
SCLV OCDF (m/z =443.7398)

Fig. 3 Mass chromatograms of TeCBs, PeCDFs, and OCDF
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Thyroid Function in Patients with Yusho
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2 Nishinihon Research Institute of Medical Science, Wakasugi Hospital
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Abstract

To investigate chronic effects of polychlorinated biphenyls (PCBs) and polychlorinated dibenzofur-
ans (PCDFs) on thyroid functions, serum concentrations of thyroid stimulating hormone (TSH),
triiodothyronine (T3), thyroxine (T4) and free T4 were studied in serum of 197 patients with Yusho and
42 control subjects in 2015. Serum levels of T3 were decreased in patients with Yusho compared with
controls. A significant relationship between concentrations of PCB in the blood and serum levels of T3
was observed, while there was no correlation between blood PCB concentrations and TSH, T4 or free
T4 levels. Serum levels of T3 were significantly decreased in the subjects with high PCB concentrations
compared with those with low PCB concentrations. Furthermore, serum levels of Ts were significantly
decreased in the subjects with high 2,3,4,7,8-pentachlorodibenzofuran (PeCDF) concentrations
compared with those with low 2,3,4,7,8-PeCDF concentrations. We conclude that serum T3 levels
decrease in patients with Yusho, and it may be associated with PCBs and 2,3,4,7,8-PeCDF in the
blood.

Key words : Yusho, thyroid function, PCB, PCDF
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B LTR)EILY R 75 (PCDF) O#
MEEIREVEE 2 552 PCDF I, 5k
KDOTAFF LV THLRVEILTI R S-8F -
U**v ¥ (PCDD) 3L 0’275+ —PCB & &
DA F L VHERHEN, TNHLOWED
B AR T 5 HH R IRALKFE R

(Ah ZHEK) 2hT5EE26NTWEY . JE
FEA LR 40 4R DL A3 LIS 4 OFERIZHEEP L
TV, FREHICBVCTILEN O PCB A
L7 B M PCB DA T R 72 149 B 72
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PR, MRS OS5, RIEREBORTH L5 X
SRR S L Tw YY) iR E S
B 5 HFIRIREERE I oW CTIIIHEESS 4 16 £ D
1984 4F- FEAR it \RAHE — AR 12 BV O B 1S
IS B N = = S O o (= e S ))
FRAEEDD ZEFBESNTNEY. &5,
1996 4F FE A ] WRLiUE — A AR5 CTld i PCB i EE
AEEDHESEEZ BT A v ru 7Y Vit
EHAEHEICRD SN Y. Hfirrorary
Y PURIZIE M H IR %R Graves 72 O H LR
FEERIRIRREBICERICHEHAT 22 L L), JHE
B TIEH RIS RE O #808 2 VEEE < B T 5 4
kb EEZ LN

A1, 2015 AF BEAR R WLIE — AR 12 B W Tl
FiE V2 BT 5 HARBRBERE O #508 % B 2 720 12 H
R R A 2 AT\, WHERH KW E TH %5 PCB
B X O 2,3,4,7 8pentachlorodibenzofuran
(PeCDF) o HURBRERFEIIRT 9 18 VER 222D
WTHRRS L 72,

HRBLVFE

2015 4F FEAR B BEHE — AR O 2o % 245 1l
W7o —hMNIEAAf v T7r—2Fartr b %
Fihti L, HWIRBRFRBERAT IZ MR AME & 7z 239 f
RS Lz BRI TR ORI AT - 72,
HFORPRPEREM A & L CHIRBE R B A L £ v
(TSH), by a—F¥Afua=r (Ty), H1aF
v (Ty) BIOWEEY 1 Ox v (Free Ty 1IE
ZAbFEI ezl %E  (Electrochemiluminescence
Immunoassay : ECLIA) & (=7 )V — 3 A8
TSH, =7 )V— 3 Al3E T3, L7 )b— 3 Al
TAAIBLPZ I V=Y AR FT, Uiz ¥4
TTI)AT A7 A IZEDVEYV 2T =T
747 AEI70 (HYNA 727 /0y =) 12T
s L7z

PCB o ifil 7 {315 [ VORI BRI S0, 13 Bt 11 Ok
fRBREERTZEAT, AU TR R A ZERT B L Otk
JNAERS: Y » & —C, 2,3,4,7,8-PeCDF O
) 72 AR B U PR R BE B ZE T TAT o 72, I
PCB i EE1E 2015 45 BEAR M WL liE — M 12 B W»
THIE L7z 239 BloWMEMEZ vy, 12,3,4,7,
8-PeCDF 1% 2015 4F & 1 b Uy e — A2
(28 b VR L 72 2012 4FEE 21 %1, 2013
ARREE 73 61, 2014 4FEE 69 5, 2015 4F-FE 76 Bl ET

239 Bl EM % vy, TSH, T3, T4B & U Free
T, & OBEIZ DO WTIRE L 72,
FERIT I £ MRS (mean = SD.) THFEL,
PHEOLEIZOWTIE tRET, BEEO R
BRI O Hel I3 % Mg TFT o 72

] R

2015 4F FEAR B BHE — 2 2 s L, WK
HREM A 12 [ HME S 7z 239 Bl o ERIE ik
132 B, B 107 B, “F¥4EH 1L 63.4 = 14.9
(8-96) W Td V), HAELE 172 B, JHAEFELE 11
WHHERE L FEE L, 7 A I8EE O, PCB &EH
AL T 7z B0 Kean il a B L 72 e B
(FEEE) 25 61, KiZEEHE 41 6, Bigs 16
Td o7z, I PCBigEE & Rl O MIZAEEDIE
DB (r=0.5479, P < 0.001) %, I+2,3,
4,7,8-PeCDF £ L F O MIZH B OIEOHH
(r=0.3524, P <0.001) %#D72.

[l & RNk % OIhdiE B3 197 Bl D W CRlg S
et RAEEE 42 0% eE & LT TSH, Ts,
Ty3 & U Free T4®EHE O HBUHE 2OV T
FF L7z, TSHED EFITHIEERE 1361 (6.6%),
HEE 5 H (11.9%) 12, & TFIZMAESRE 4 71
(2.0%), xtiaE 260 (4.7%) 12, T3HO LA
WERE 26 (1.0%), *AEH3HE (7.1%) 12,
BT AE B E 6 B (3.0%), X HE & 2 Bl
(4.8%) 27, WInd HBEBEHEIZEE AL
Motz TyEO EFITMESRSE, NEEE LI
AN o7z Ty BT % e B 19 6
(9.6%) & bD L RO, MEEH 2 F
(4.8%) & HMIHHEIZEE Ao 72, Free Ty
fE D IS MAERE 16 (0.5%), xF5& 14
(2.4%) 12, ETIXHIERZ 5B (2.5%), xR
H 1B (2.4%) (2288, WD B ICE
ATpiro7z. TSH, Ts, T4d 5\ Free Ty O
W 1 IHE DL EOREHEZ 7RO 72 b DIZIHE
B 36 (17.8%), kEE 116 (26.2%) TH
N, MBUEEICEZ AL o7, £ LT, TSHHE
D EFHB LU Free Ty EOT % 786 5 HUKPRAR
BB T AE I YMAE B E 12 4 6] (2.0%), RHEEIC1
B (2.4%) 5RO LNHBIBHE IC ST AL o7z,
F7:, TSHIEDOM T B L OF Free T4 5D EH %
S0 5 HUIRPRAEAE TR I X HE R E 1213 A S e
XIEED 1B (2.4%) 12580 STz,
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Table 1 TSH, T3 T4 and Free T4 levels in patients with Yusho and in controls

No. Yusho Controls
197 42
TSH (¢IU/ml) 2.56+1.76 7.32%£31.66
Ts (ng/ml) 1.09+0.18" 1.21£ 0.34
T, (pg/dl) 7.71+1.28 7.99+ 1.54
Free T4 (ng/dl) 1.21+0.16 1.21£ 0.25

*P < 0.05 compared with controls.

Table 2 Correlation coefficients between TSH or thyroid hormone

levels and PCB concentration in blood

TSH 0.053

Ts - 0.206"

Ty - 0.065

Free Ty - 0.108
*P < 0.005.

Table 3 TSH and thyroid hormone levels in subjects with high and low PCB

concentrations
PCB concentration
No. =1.0ppb < 1.0 ppb
95 144
TSH (xIU/ml) 4.79+21.05 2.47+1.91
Ts (ng/ml) 1.06%+0.16° 1.15£0.25
T, (pg/dl) 7.81+1.22 7.73£1.40
Free T4 (ng/dl) 1.19£0.18 1.22£0.19

*P < 0.001 vs. blood PCB concentration < 1.0 ppb.

HHE B 197 BB X ORI 42 6o FUIR A%
REIC DWW TGS L7z (Tablel). TSH 1H (X 7E &
HIZBWT2.56+1.76 IU/ml & xtiE#E 7.32+
31.66 pIU/ml {2 e ~EE ] % 5280 72 A HEH]
WEE Aol TaEITMERE BT
1.09£0.18 ng/ml & &% 1.214+0.34 ng/ml |2
HAREEOKT 2D (P <0.05). Tyl
JERE 7.7111.28 pg/dl, *FERH 7.99+1.54 1
g/dl Td 1), Free T4 fHILIMIERFE 1.21£0.16
ng/dl, ®E#E 1.22+0.25ng/dl TH Y, & i
I EZ RO R o7z,

2015 4F- BEAR B VLIAE — A RS o 239 Bil12
DWW PCB g & FARBRERERE OB 12D
THES L7z (Table 2). I PCB & & TSH H

EDOMICHBEIZALNT (r=0.053), TsfHE D
BICHEORADOMBE 2RO (r=— 0.206, P <
0.005). I PCB iR & T4fE (r=— 0.065),
Free T4fli (r=- 0.108) & OMIZAHE % & 7%
o7z

I PCB iR 1.0 ppb L Lo 95 %1% PCB &
JEEETE, I PCB #ERE 1.0 ppb A 144 %
PCB R EERE & L CHly e o HEARBEFE AR 12D W
THET L7z (Table3). PCB S #E o Fil
PCB £/ 1X 1.72+£0.87 ppb , PCB KREREDF-
i PCB i I1E 0.52 = 0.26 ppb T » 7.
TSH X PCB SigERFIZBWT 479£21.05
IU/ml, PCBIRBEEMHICBWT2.47£1.91¢u
1U/ml & MERIZEE Rk o72. T3 fEiE PCB
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Table 4 TSH and thyroid hormones levels in subjects with high and low PCB
concentrations, born in or before 1968

PCB concentration

= 1.0 ppb < 1.0 ppb

95 117
TSH (1IU/ml) 4.79421.05 2.64+1.93
Ts (ng/ml) 1.06% 0.16° 1.11+0.19
Ty (ng/dl) 7.81% 1.22 7.73+1.36
Free Ty (ng/dl) 1.19+ 0.18 1.20£0.17

*P < 0.05 vs. blood PCB concentration < 1.0 ppb.

Table 5 TSH and thyroid hormone levels in subjects with high and low

2.3,4,7,8-PeCDF concentrations

2,3,4,7,8-PeCDF concentration

No. = 30 pg/g lipids < 30 pg/g lipids
95 144

TSH (xIU/ml) 2.62%+1.80 3.90£17.16

Ts (ng/ml) 1.07%+0.16" 1.14£0.25

T, (pg/dl) 7.62+1.26 7.86%£1.37

Free T4 (ng/dl) 1.21+0.17 1.20£0.19

*P < 0.005 vs. blood PCB concentration < 30

EEERICBWT 1.0620.16 ng/ml & PCB i
FE#E1.1520.25 ng/ml I IEREEOKT 72 580
72 (P <0.001). T4fiiiZ PCB EigE#Ic BT
7.81%£1.22 pg/dl, PCB KRR I BT 7.73%
1.40 ug/dl, Free T4fH|x PCB EiEEHIZB T
1.19+0.18 ng/dl, PCBKEEEHFIZB VT 1.22+
0.19ng/dl TH Y, &HIZMBEEMIZEL AN >
7z, F LT, {MIEDSSEE L7z 1968 4E B X OV LA
(ZFEAE L 72 2015 45 BEAR R W HHE — A 023
& 212 Bz oWt PCB i 1.0 ppb UL ED
95 Bl % PCB i EE#E, 1 PCB #28 1.0 ppb £
o> 117 Bl % PCBARREERE & L T o IR
BRBEREIZ DWW CHRET L 72 (Table4). PCB SR
HEO NIt PCB /13 1.72+0.87 ppb, PCB
IR RO M PCB 213 0.591+0.24 ppb
TdH o7, TSHAHIZ PCB EEERHIZB VT
4.79£21.05 pIU/ml, PCB KEEHIZB W T
2.64£1.93 plU/ml & WEERIZEEY AL h o7z,
Tsfii i PCB B EFICB W T 1.06£0.16
ng/ml & PCB EERE 1.11£0.19 ng/ml (2 X
BEOKT %2307 (P <0.05). T4fliiZ PCB
EEEREIC B \WT 7.811£1.22 pug/dl, PCB i

FEFEIZBWTC 7.73£1.36 pg/dl, Free T4fH I
PCB EiBEEHICHBWT 1.19£0.18 ng/dl, PCB
IR ERICBWT 1.2020.17ng/dl TH Y, & B
[T HERIC 22 % AT Hr o 72

2015 4 BEAR B BHHE — AR 2 239 Bl
DWTINH 2,3,4,7,8-PeCDF & & HURPRAHE
DOEEIZDOWTHE L& ImH2,3,4,7,8
PeCDF i & TSHAE (r=- 0.009), TsfH (r=
—0.078), T4+fE (r=-0.007), Free T4+ ff (r=
- 0.066) & DOMIAHHEE A Do 7z,

1mH 2,3,4,7,8-PeCDF & 30 pg/g lipids LA
Lo 95 Hl %I 2,3,4,7,8-PeCDF &k #E,
30 pg/g lipids A:fii > 144 B Z REERHE & LTl
FER O FHIRBRARBRIC O \WCHRET L 72 (Table 5).
M 2,3,4,7,8-PeCDF & i 1 # o “F 35 1fi v
2,3.4,7,8-PeCDF i J¥ 1% 192.8 £ 212 9pg/g
lipids, fRiEERED Vg1t 2,3,4,7,8-PeCDF i
fElE 13.6+£6.9 pg/g lipids Td - 7z, TSH i i
2,3,4,7,8-PeCDF &g EREIZ B W T 2.62+£1.80
©IU/ml, 2,3,4,7,8-PeCDF KIEERIZB W T
3.90£17.16 u1U/ml & 2,3,4,7,8-PeCDF &g
FEREIZ B W ETA) 2GR - ST IS 2 2 A e o
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72, TsfHiX 2,3,4,7,8-PeCDF EiEEHIZB W
T1.07£0.16ng/ml & 2,3,4,7,8-PeCDF K&
ERE1.14+£0.25 ng/ml ICHREEORT = il
72 (P <0.005). T4ftix 2,3,4,7,8-PeCDF &
BEREICBWT7.6211.26 pg/dl, 2,3,4,7,8-
PeCDF HRiEEHICB\WT 7.86+1.37 ng/dl,
Free T4 1% 2,3,4,7,8-PeCDF EiEERICB W
T1.21£0.17ng/dl, 2,3,4,7,8-PeCDF K&
FEICBWT1.202£0.19ng/dl TH Y, & HIZHH
M Ao 72,

Z =

HUIRARAERE~ D PCB D225\ T PCB %
P55 L 72 FEERE Y 12 FURBR PR R AR T <0 FUIRBRAE A
HRHNDL I ENREENTWAS,. PCB (Aroclor
1254) %#¥%5- L7295 v MIP-T 2 %59 5 & hf
A2 FU 2 T-Ty AT R A SRR L, v
NN R B G0 A B -+ o o o by el I W
OPEMAEEMT 2 2 L BRE SN TV B, £
LT, PCB #5512 & 1A Ty EOME T IE TR
O TSH iz {2 L, id TSHAED EAIZ XD
HURIRE R OO 5N D 2 LG SN T
W2 X512, PCB %245 L7-9 v b* mar-
moset monkey (23 T HURIE A Ha Mg o JiE K,
IR, HAREE A R o/ 7 & O L
WEENTB YWY i TSHEO EFIZ L 5
borEzoNSL. LarL, PCBOHKSGIZLLH
TR BE BT X0 HUIRIR O Mk 2 9 22 A LI T 51 7
LDOTHY, FH5PIFIZX VELET 5 2 &5
ENTWBY  PCB #5012 & 5 HFIRIR OB BRI
T B L USHBESEZIZ, PCB of5-H 1Rz X b
WETLEMD L VITH AR BIEREEZ SN
5. 72, PCBIC X 2 HIRBRERBIR T O & L
T PCB %X° PCDF O KERALfK & Ty & O EFHD
PEIC L2 Ty BEEAENOKENHES NS Z
LS E N TW A,

HIE R 12 BT 2 FURBRRRE (R 2 18 MR 52
BIZOWT, MEFA 16 50 1984 4F FE AR [ I
THE — TR 12 3B\ CHE 55 124 61 & o i
43 % e LY E RS 12 T B L O T4 fEDH
BOLRZROL ZENHESRTNEY, 2
LT, {MSEFSE 28 4E 14 1996 4F A8 R UL Il AE —
FREZIZ BV CUE B 81 Bl % 5k 5 12 IR PR i
REA AT L, TSHEOM T2 261 (2.5%) 12, -

(67)
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A% 7 (8.6%) 12, T3 fEDKT% 16 (1.2%)
12, TAEOMET A 16 (1.2%) 12, kA% 140
(1.2%) 127721V it PCB % 3.0 ppb
K ouEBEZ 40 B & 3.0 ppb LD 41 Bl H
RIEFERER T B X OHUIRIR B Chuik o B %
WE L TSHAH, TsfEds & O Ty HIZIZAEZ A%
Ho72H3, I PCB JEEE2S 3.0 ppb UL O iE
BRICAEBICEHEOTY A uru 7)) ko
W ZR0. st sara 7)) HkEtEE o
I TSH BB 12 _E <, Jfi TSH o
ERAEBD LI A a7 SRS T
JELZE PR IR AR AR BRI T E LS R 2 B AT W & it
EAH SN B i PCB i o MiE B F
BV A a7 a 7)) YHUR % BRI
IZFRO 5 X0, HUIRBAFEFEORM % FEEE <
BT AZLERHLEEZ SN ZLTC, ME
FEH: 34 4ER 0 2002 4F BEAR I R HE — RS 12 B
W CIHE B 115 Bl & R G HUR IR s AT BT L
AR L, TSHfE, TsfEid 5\ i Ty fEOWVTI
P1EHBUEORFEZED D OE 20 #
(17.4%) THY, TSHEDKT % 6 (5.2%)
12, BAZ 1360 (11.3%) L wmd % ko, Tyl
DA% 16 (0.9%) 12387, TSHED 5
%R0z 13 BITITEB] T3 EB £ O Ty HIZIEHR
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The Progress of Excretion Rate of Dioxin-Like-Compounds in Yusho
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Abstract

Yusho, the mass food poisoning, occurred in western Japan in 1968. PCBs and dioxin like compounds
such as PCDDs and PCDFs were detected as causal chemicals of Yusho. The Yusho Study Group has
conducted annual check-ups for Yusho victims for more than 45 years. Measurement of blood
concentration of dioxins became possible on 2002. In this paper, we report the latest findings of the
Yusho study regarding the half-lives of dioxins, and discuss the prospects for study of dioxin half-lives
in Yuhso victims.
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Equation to estimate the rate of

rate (shortened PeCDF half-life) F-value change (x indicates an item) p value R squared

1 Increased red blood cell cournt 6.607 0.1577034-0.0004599 - x 0.01232 0.08738
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Second-order (equivalent to minus change

Concentration

in apparent elimination rate in 2006)

First-order (equivalent to minus apparent
elimination rate)

range (pg/g lipid)

coefficient p-value coefficient p-value
0-10 -0.000596 0.599665 -0.004032 0.165814
10-20 0.000464 0.463854 -0.000462 0.786707
20-50 0.000643 0.182574 0.001669 0.229181
50-100 0.002124 7.99 x 107 -0.005452 0.000216
> 100 0.001436 9.68 x 107 -0.008294 <2x1071°
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Therapeutic Strategies for yusho
—History and Outlook for the Future—
Chikage Mrroma

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

Abstract

The Yusho incident is an unprecedented mass food poisoning that occurred in the western area of
Japan in 1968. The causal rice bran oil contained a various dioxins and dioxins-like compounds
(dioxins). No less than 2,000 people took orally the oil, and have suffered from characteristic
mucocutaneous manifestations associated with non-specific systemic, respiratory, and neurological
symptoms since its onset. Nowadays, the severe symptoms seen in the acute phase had faded in the
majority of the patients ; however, there are the patients who have still suffered from various
symptoms probably caused by dioxins retaining in the body. The Yusho Group has been researching
effective treatments for Yusho patients. Several clinical trials that could accelerate the excretion of
dioxins from the body had failed to relieve symptoms of yusko. Dioxins-induced toxicity is considered
to be induced by activation of aryl hydrocarbon receptor (AHR) signaling pathway. It has been
revealed that a variety of phytochemicals and herbal extracts possess biological activities that
suppress AHR activation, which suggests that these chemicals might be promising candidates of
therapy for Yusho patients. We here describe the history of therapeutic strategies for Yusho patients
and discuss prospects for treatments.

Key words : yusho, kampo, aryl hydrocarbon receptor, keishibukuryogan
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