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Foreword

Masutaka Furue

Chuef of The Study Group for Yusho
(granted by The Ministry of Health, Labour and Welfare, Japan)
Professor, Faculty of Medical Sciences, Kyushu University

A mass poisoning, involving at least 1961 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
the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDFs),
polychlorinated quaterphenyls (PCQs) and others.

Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds. For
more than 40 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 polychlorinated quarterphenyls (PCQs) levels were then added to the
diagnostic criteria of Yusho as a relatively specific marker. Although the blood levels of dioxins were very
low, we recently developed a new method of determining the blood level of dioxins; this highly sensitive
method has allowed us to detect low levels of dioxins in 5 to 10 ml of blood. In 2001, we analyzed the level
of blood dioxins in patients in the Fukuoka area as a pilot study, and then expanded the screening of dioxin
levels to all Yusho patients from 2002. After the evaluation of validity, sensitivity and reproducibility of
the blood levels of dioxins, we added the blood levels of 2,34,7,8-penta-CDF in the new diagnostic criteria in
Sep. 29th, 2004.

The clinical and basic studies and follow—up of patients conducted by this study group are extremely
important not only for supporting patients' health but also for understanding the potential prolonged effects
of exposure to PCBs and dioxins in humans. From this point of view, a patient-consultation system for
Yusho has been established from 2002. The Yusho consultants 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. 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 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.

(1)
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ZITIE, FAFF v oL E LA SIS TZBIZOWT, BERLNE Lo
AR 2RI T S, BARTIE PCB ®#%fA %, 3,3,4,4, 5-pentachlorobiphenyl T& LiE
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Junichi Fukusar and Yukihide IwamoTo
Department of Orthopaedic Surgery, Graduate School of Medical Sciences, Kyushu University
Effects of Dioxin-Related Compounds on Bone Metabolism
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An Epidemiologic Examination on the Prevalence of the Periodontal
Diseases and Oral Pigmentation in Yusho Patients in 2010

Isamu Hasmcucnr?, Yoshito Yosumvime!), Hidefumi Maepal’, Yasuharu Goroul’,
Naohisa Wapal’, Shinsuke Fum!’, Atsushi Tomokrvol’, Kirie Sarrol,
Satoshi Monnoucar?, Kiyomi Kouno!, Hidehiko Oxumura? and Akifumi Axamme!

UDepartment of Endodontology and Operative Dentistry, Division of Oral Rehabilitation,
Faculty of Dental Science, Kyushu University, Fukuoka 812-8582
2Okumura Dental Clinic, Nagasak:

Abstract An epidemiologic examination was carried out to reveal the prevalence of the periodontal
diseases and oral pigmentation in patients with Yusho in 2010. The results obtained were as follows.
1) Yusho patients complained of tooth pain and periodontal diseases such as gingival swelling, but not of
oral pigmentation.

2) 104 patients out of 117 patients with Yusho, who were measured periodontal pocket depth according
to Ramfjord' methods, had at least one tooth with periodontal pocket deeper than 3 mm. Similarly, 314
teeth out of a total 551 examined teeth showed a periodontal pocket with more than 3 mm in depth.
However, it was determined that 57 teeth had a periodontal pocket deeper than 4 mm.

3) Oral pigmentation was observed in 63 patients out of 122 patients with Yusho. In this study,
gingival pigmentation was most predominant among oral pigmentation. The prevalence of oral
pigmentation in male patients seemed to be somewhat higher than that in female patients. In
addition, the prevalence of oral pigmentation tended to be higher in patients under seventy years old
than patients beyond the age of seventy.

These results indicated that PCB-related compounds may be responsible for the higher prevalence of
both periodontal diseases and oral pigmentation.

Key words : Yusho, Periodontal diseases, Oral pigmentation
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Impaired Mitogen-induced Lymphocyte Transformation
in Patients with Yusho

Hiroshi Tsur and Yasuo Ito

Department of Internal Medicine, Kitakyushu—Tsuvazaki Hospital, Fukuoka 811-3307, Japan

Abstract To investigate chronic immune effects of polychlorinated biphenyl (PCB) and polychlorin-
ated dibenzofuran (PCDF), in vitro lymphocyte transformation in response to phytohemagglutinin
(PHA) and concanavalin A (Con A) was studied in 139 patients with Yusho and 61 controls.
PHA-induced lymphocyte transformation was significantly lower in patients with Yusho than in
controls. PHA-induced lymphocyte transformation was inversely correlated with the concentrations
of PCB and 2,3,4,7, 8 pentachlorodibenzofuran (PeCDF)in the blood. Con A-induced lymphocyte
transformation showed similar inverse correlations with the concentrations of PCB and 2,3,4,7,
8-PeCDF. We conclude that impairment of mitogen-induced lymphocyte transformation in patients
with Yusho may be associated with PCB and 2,3,4,7,8-PeCDF in the blood.

Key words : Yusho, Mitogen-induced lymphocyte transformation, PCB, PCDF
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FRIUMN & WO S8 AR L 72 lsE T, R R 2347
MOMPEDFERWE & L CRYE/AY RV TS5

~ (PCDF) O#mMHEIRKEVWEEZ 5 pVY,

PCDF &, $k&ED ¥ A4+ F > v ThLHRIELY
N7 -UF* v (PCDD) BLXUa 77
F—=PCB & LB IZFAFFT VHERBSN,
NS OYE OB E N AFTES % T ERIK
bRFEZEHE (AhBEK) 2Nh3sLE26N

Tw2Y . Lal, 20O A7ZARHET
B 5. IMFEFEE LR 40 4 DL EASKE 8 LT 4 O fiE

RIFEP LT 295, BBEFIZBWTIHEAND
PCB gD 47 815 i PCB OARIZIE AR
B 22 /X8 — SRR S, 1B ICRAT
LCwa EEmsns?® 2001 4£5 & 1 &k

FIE—FRZICB W T A+ 32 VEOBIEDS
B SN, WEERE TIEBIEICB W T L RZ 120

B L LCIER R IVE AER R EELL, AR
PREDLE, EMEREOE, RIEROETE
Bl XM T WREMAYER ST BYY . JihiELS
B B RERERERS B D\ T, 1996 45 A i) I
HE— M2 12 B\ CIiLAR PCB & 25 E O
JERZ P A v a7 Y PURO NI & S
V2 REOHE BE 2 BT B SRIERBE DR EAEN <
N 7210 1997 45 O 1@ R L HAE — AR 12 B W
THREZT7Y) v Igh, 1gG, IgM OWTinl
SELLED ERE 40.0% 12, YUK % 45.6%

EEERIZERD, WMEICBWTHERIEDEE 5
ﬁﬁ:ﬁwé &ﬁﬁiéﬂfwém.%bf
2007 4F FEAE R L — 2 1o BT, I 2,3,

4,7 8-pentachlorodibenzofuran (PeCDF) & &
a7 Y Igh BE) Y FRT L O
WWHEBEOMMEZ, itk zid 2 3 4 7,
8-PeCDF i R L NERERICAERIZEH



32 it 1
FEZRR®, MHEIZ BT 2507 a 7)) v IgA B &
M) v FRHFoOER, RO EEIZ PCDF
DG L TV B REMEDE 2 b, PRSI
§ % PCDF D& MEH B 7R S /.

Al 4 1%, 2009 4R FEAR R U HHE — F R 12 B
WY Y SERBEREMIAT & L C phytohemaggluti-
nin (PHA) 3 & UF concanavalin A (Con A) ®
mitogen FIFIZ & % V) 2 BRGFEALRUS 2 llE L,
HER K Td 5 PCB B £ U PCDF Oiffifait
TN R S BRI B OV TG L 72,

HRBLVTE

2009 4 B4 B WLl iE — A O 75 202 Bl
7 —bMIEBf v 74— Farvky b %
Ehi L, PHA BX U Con A 12X 51 /SERIFE
AL DRIE IZ R AMS 5 47z 200 Bl &2 M55 &
L7,

WZONFITHERER, BEERE, RKIERE, ¥
MOFT R, BR, ARIERILREHEEE, RAY M,
Mg LA, WEL > N7 U B L W&
72z &L 0720, RIIETRIOZEIERICAT 2 >
72. PHA B X0 Con A I2 & %Y v /SERIEALIX
JSIEPH- 4 3 UV HUD SAAKBELS X 1 lE L7z
1) U RERIEA ) VIR A 5 Ficoll-Conray
B X Y EEtR, PBS I THES L 10% FCS N
RPMI1640 54512 T 5 x 10° cells/ml IZFH#& L 7.
1) Y NERZEW 0.2 ml % mitogen ZiRMIL 72 <
4707 L —MIGEL, 5% COBFRIZT
37C, 64 BeEEEEEIPH- 4 32> 0.25uCi &
Mz, 612 8RR, REMnz -
NAY —1ZCTHI, #ZEL~A A 707 L—h2 v
FlL—Yary - V3itvkrsrAHh7 5 — (Per-
kinElmer, Inc., TopCount NXT) |ZT%H ot
FEZME L7z, xR & L C mitogen BRI O
Bra il L7z

PCB Ol 5 |31 i U PRAEBRBERT FE AT, A& R T £
RESREEITZERT, AL T BRBERF R ZERT B L Ok
HMATERFE % —C, 2,3,4,7,8-PeCDF il
AL AR ] R PR BR BT SE AT TAT 2 o 72, IR
PCB 13 2009 4F B A b WL HAE — A2 12 B »
THIZE L 72 200 BloWEME 2 vy, I 2, 3,4, 7,
8-PeCDF 2 J5 1E 2009 4F £ 1@ [ IR 7iliE — A s
ZHR D VBRI E L 72 2002 4R 161, 2006
A 81 I, 2007 4EFE 19 B, 2008 4E 17 i,

(16)

it | R

2009 41 80 Bl D7 198 Bl WIEE % vy, PHA
BELUCon AlZL D) ¥ RERYFEALIL & DR
HIZOWTHGET L7z

Fi AR £ EHER 7 (mean = SD.) T#EL,
SEHHEO B DWW TIE t E % w7z,

o R

2009 4F- B4 Fi Ve — s & L, PHA
BEUCon AlZX B »RERIIEALRUS DM 5E
2RI EAYMS S A7z 200 1 (REsEEE 139 7, K2
SERE 61 B1) OWNFUZIME 115 61, Bk 85 #IT,
FIGERIL 60.8 £ 16.8 (4 — 92) M TH - 7.
I PCB i & AEMO M ZE DO IEDOME (=
0.537, P < 0.001) %, I 2,3,4,7,8PeCDF i
FE L FEWOMICAEEOIEDOHBE (r=0.327, P <
0.001) Z=F2D7-.

e ] FGHE — RS & 28 L 72 e R 2 B
139 51> PHA 3 X UF Con A 12X %) ¥ /SERS)#5
LR DWW CRREEEE 61 Bl 2 xR & L T
L7 (Tablel). PHA 12X %) Y RERGIEILK
S IHE B E 12 BT 36,416 * 14,368 cpm &
xR 42,841 = 15,748 cpm [ZHERNEHOMKT
w7z (P <0.01). Con AlZkBY »/ERY
AL RO X E B 12 B W T 28,376 = 12,023
cpm & &R 30,810 = 13,401 cpm (2 LKW
TEHIAIHFRD SN2 E T e o7z,
IO IR 2 2 AR 2o 72,

W25 200 B2 O\ CIfilH PCB &R L Y
YORERAEAL IS O B D TR L 7z
(Table 2). IfiH PCB &R & PHA (2L %) v ¥
EREALRE (r=— 0.341, P <0.001) (Fig. 1),
Con A 12X %) Y RERGAELRUS (r=- 0.233, P
< 0.001) OHICHZEDOEDOHE% B 7298
mitogen FERIMOX IR (r=— 0.134) & OFIZH
B % Ao 7z,

WAz, I PCB R 2.0 ppb Aiilf > 154 il %
PCB i, 1 PCB 5 2.0 ppb L Lo 46
Bl% PCB Bt & LC, WMo PHA BL O
Con A 2 X %) v SERIEAL BUS 12 DWW THRES
%477 > 7 (Table3). PCB i B Fg i
PCB i3 0.93 = 0.52 ppb, PCB it
Wl PCB /13 3.11 = 1.14 ppb Td - 7-.
PHA 12X %) ¥ /8BRGALIUG X PCB B e
1238\ 30,907 + 11,373 cpm & PCB fHj

I
X Rz

mitogen
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40,607 = 15,332 cpm IZHANREEOK T 28072
(P<0.001). 2L T, Con AIZX %) /38Ry
FHALBOR b PCB Mg R 128\ T 24,562
9,765 cpm & PCB i B #F 30,479 = 12, 895
cpm IZHREEOEKT 272D 7 (P <0.005).
F AR L PCB {2 EEHE 237 + 114 cpm, PCB &

JE#E 213 + 83 cpm & WHAEMICEZ AL Do 7.
2009 4 EEfR bR i — A 2 s L, ) v o8
ERIGHEACSOL DM R A S Loz 200
B, I 2, 3, 4, 7, 8-PeCDF JEEEANHIE S /-
198 B2 DT 2, 3, 4,7, 8PeCDF &£ & 1) /%
FRINEACOG DB 2DV CTHRES L 72 (Table 4).

Table 1 Mitogen-induced lymphocyte transformation in patients with Yusho and controls

Yusho Controls
No. 139 61
PHA-induced LT* (cpm) 36,416 = 14,3687 42,841 = 15,748
Con A-induced LT* (cpm) 28,376 = 12,023 30,810 = 13,401
Non-mitogen treated control (cpm) 230 = 106 234 = 113

*Lymphocyte transformation, ' P < 0.001 vs. controls.

Table 2 Correlation coefficients between mitogen-induced lymphocyte transformation and blood PCB concentration

r

PHA-induced LT*
Con A-induced LT*
Non-mitogen treated control

—0.3417
- 0.2337
-0.134

*Lymphocyte transformation, "P < 0.001.

Table 3 Mitogen-induced lymphocyte transformation in Yusho patients with high PCB concentration and subjects with

low PCB concentration

PCB concentration

= 2.0 ppb < 2.0 ppb
No. 46 154
PHA-induced LT* (cpm) 30,907 + 11,3737 40,607 + 15,332
Con A-induced LT* (cpm) 24 562 * 9,765% 30,479 + 12,895
Non-mitogen treated control (cpm) 213 £ 83 237 £ 114

*Lymphocyte transformation, TP <0.001 vs. PCB concentration < 2.0 ppb, #P <0.005 vs. PCB concentration < 2.0 ppb.

Table 4 Correlation coefficients between mitogen-induced lymphocyte transformation and 2, 3, 4, 7, 8-PeCDF

concentration in blood

r

PHA-induced LT*
Con A-induced LT*
Non-mitogen treated control

-0.1587
- 0.1477
0.02

*Lymphocyte transformation, "P < 0.05.

Table 5 Mitogen-induced lymphocyte transformation in Yusho patients with high 2,3,4,7,8-PeCDF concentration and

subjects with low 2,3,4,7,8-PeCDF concentration

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

= 30 pg/ g lipids

< 30 pg/g lipids

No. 82 116
PHA-induced LT* (cpm) 34,156 + 12,406 41,867 = 15,616
Con A-induced LT* (cpm) 26,603 = 10,361 % 31,325 = 13,172
Non-mitogen treated control (cpm) 236 = 111 229 = 106

*Lymphocyte transformation, TP <0.001 vs. 2,3,4,7,8-PeCDF concentration < 30 pg/g lipids, P <0.01vs. 2,3,4,7,8-PeCDF concentration <

30 pg/g lipids.
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Fig. 1 Correlation between PHA-induced lymphocyte transformation and blood

PCB concentration for each subject.

2,3,4,7,8-PeCDF i & PHA (2 X %) /8BRS
FALBUG (r=—0.158, P < 0.05), ConA 2L 5
) YORERIEALES (r=— 0.147, P <0.05) O
MICEZOBOMMEZ 07208, xR (r=0.020)
EORNZHRE & A b o 72

Wz, IR 2, 3, 4, 7, 8-PeCDF % 30 pg/g

lipids Aiif§ 116 Bl % 2,3, 4,7, 8-PeCDF {Rig £ HE,

30 pg/g lipids UL L@ 82 fl % 2, 3, 4, 7, 8-PeCDF
EEEREE L CHEO PHA BX U ConA LD

) BRI AL B IC DWW TR L 72 (Table 5).

2,3, 4,7, 8PeCDF g ERE O 2,3, 4, 7,
8-PeCDF B 13 13.40 = 7.29 pg/g lipids, ik
JERED TGN 2, 3, 4, 7, 8-PeCDF #1514 240.31
*+ 227.90 pg/glipids TH -7z, PHAIZ LAY ¥
INERINEAL S X 2, 3, 4, 7, 8-PeCDF S R
BWT 34,156 = 12,406 cpm & (K2 R 41, 867
+ 15,616 cpm IZHANAEOET 238072 (P <
0.001). Con A 2L %) ¥ 38kaFEA LIS 2, 3,
4,7, 8PeCDF & i E# 12 B T 26,603
10,361 cpm & R EERE 31,325 += 13,172 cpm (2
HREEOKT2ADZ (P <0.01). AR 2,
3,4,7,8-PeCDF iR 229 + 106 cpm, i fE
236 = 111 E AR A= E AR Do 7z,

Z #

HHEIZ B 2 IRBEREN DB IZ DOV Tid
PCB iR D S EOMERE ISP A a7
YPUEDO ML & WHHEEICRRD B 2 L ST

WA JHIESSIE 28 4E 12 1996 4E O HUIRR A AR
BIZBWT, HUREEARIVE » 120 PCB &R 3.0
ppb Pl_E® PCB & #E & 3.0 ppb Kiifio PCB
BEHEORIIZEDR R DN Lo 7208, b Ao
ra 7Y yPuk%E PCB EikER O 41 B 8 B4
(19.5%) EARiEREERED 40 I 161 (2.5%) 12k
NEHEE IR 7210 2 LT, 1997 4R B b IR
HE— I B W CRIERERAE L L g s
07 yBLOCHCHMAZEE L, WEREICE
WTHEZ T 7)) v IgA, IgG, IgM DWW § iy
1 m L Eo FR % 40.0% 12, HOEHEIZOW
TIZY < FHT% 8.9% 12, Hibik% 45.6%
ERIZED, WMEICBWCRMESEEL PO ET
2 IR ER IO S B R B ATRIE S Y.
T 72, RIEIMY ¥ XEREEMOMEIC BT
PCB DS Sl o e 38 TIREO BF 121
~ helper/inducer T #ifigd % 7~ 3 CD4 P A g
WIS S, HEBEEISEEEICALN DR
a7y EARLHOCHIEEHOREKE 725 T
WA HREMEDVRIB S N7z, S 512, 2008 4F AR
HE—FMZ 1B Wit 2, 3, 4, 7, 8-PeCDF
IREE & RAHIMY) > EREL, CD4 Ao iz
HEOIEDOMHE %, I PCB A EMED
MHE B E 12 B W TRAE D B 5 12 CD4 [
Fao¥ahnz, i 2, 3, 4, 7, 8-PeCDF £ A & il
DOIMIEBZ T B TR Y > 238k, CD4 Bt
fa o BN % 38 7212 JEBF ORI ) >
k%%, helper/inducer T Mifg % 7x 3 CD4 B 14
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7278, Con A W2 X A1) v INERY) B AL IS,

2,3,4,7, 8-PeCDF DRG-29RIz S

mitogen HERMO K PRI EMICELY AR 0o 72,

Z LC, M PCBigEE L PHA (2K %) ¥ /35kY)
FALROE, Con A& 2 ¥/ SERAEALIIS DO
ICHEOAOHMZ R0, I PCB mikEREIC
BOWTRRERICILNPHA BX U Con A2 L %
'J YNERIEALSUSOE BT 252072 &6

. IfiHr 2,3,4,7,8-PeCDF £ & PHA 12X %Y

//\fJKAjJt.ﬂﬁ)iTB Con A IZ X B VBRI HEAL
KItOMICEEOEAOMHE 2R, 2 3 4,7,

8-PeCDF BB BW TKEEREIZIEX PHA
BEIOCon AlZXD ) U SEREALIGEDE
DT %872, PHA, Con A 12 T #Miflg®
mitogen T® 5 7%, helper/inducer T ffZi< PHA
BLXWConAlZXY, suppressor/cytotoxic T
faid Con A2 & D ZEIL 5 2 LS N TV
219 - E B2 3 C Ut helper/inducer T
M) ¥ RERIDEALBUS2ME T LT b & 2
5NA. ZL T, helper/inducer T Mg 1) > /3
ERGE LRSI PCB i dH 5\ it 2, 3,4, 7,
8-PeCDF i L ADOMBE 2 /R L7, Il PCB
D D\ 2, 3,4, 7, 8-PeCDF i E AN E O
$iE B T UE helper/inducer T #ll g o Zh &AL SO
METF LT EEZ NS, i PCBIEED
B\ E 2, 3, 4,7, 8PeCDF 1 A3 fiE O e B &
T3 helper/inducer T #liffd 773 CD4 b4z
DRI E FBD B Z LA STV 2295, hel-
per/inducer T ffZ D LEAL KIS IZET L, hel-
per/inducer T MIAZ DV ¥ 7SEREREEIZALT L CTw
HEEZOLNS.

HHESSAE ISR 40 4R DL E2SR® L T 528, Il
FPCB D 5\ 1d 2, 3,4, 7, 8-PeCDF i EDYS
EDOHIELREIZBWTIZIPHA BL U Con A 12 &

%) ¥ NERGFEACSOR DT 2 528, helper/ind-
ucer T Mg ) ¥ SEREGEALSUGHET LT
BHEZEZHNE. WEREIZB W TR EEREIC
%19 % PCB B & U° PCDF D@8 AR &
nr.
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e L7z, e RE I B W T I 12X PHA
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The Temporal Change Rate of 2,3,4,7,8-PCDF Level among
Examinees of Annual Health Checkups of Yusho

Shoji Tokunaca

Medical Information Center, Kyushu University Hospital

Abstract

Background : Yusho is an incidence of food poisoning caused by rice bran oil in 1968. Its main causal
agent is considered as 2,34,7,8-penta-chlorodibenzofuran (PeCDF). The patients have been suffered
by the various symptoms, and their blood concentration of PeCDF is still higher than the general
population.

Objectives : The purpose of this study is to estimate the change rate of PeCDF concentration among
the examinees of annual health examination of Yusho patients.

Results and conclusions : PeCDF concentration of 118 men and 140 women who received the health
examination four times or more from 2001 to 2008 was statistically analyzed. The estimated annual
change rate of the PeCDF concentration was low; 1.43% reduction and 1.03% increase were observed,
respectively, for men and women who have low PeCDF concentration, and 3.6% and 3.7% reductions,
respectively, for men and women who have high concentration of PeCDF. The reduction rate was
associated with age and smoking habit in men, and drinking habit in women.

Key words : Yusho, 2,3,4,7,8 Polychlorinated dibenzofuran, Half-life, Non-linear regression model,
Weighted regression
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i)

U &I

2,3,4,7, 8Ly Ry 75 (2,3,4,8,
7-PCDF, LLF PeCDF & &9 ) 13{HIED EE %
R L B Shcna Y IR A 5% 40
FERE M L 72T T ME B E R oK NIC I
PeCDF % D ¥ A4 F % ¥ VHFHEVEKR PCB
DR E R O TR L T 52,
HHEFE A2 2 @ PeCDF IfiH i D ZEALIZ DT
ERALAFE 72U C & 7275, PeCDF ML i&E D%
LI I3~ 2 B & OFEDHER ST w
53 F 72 Afirf PeCDF I i 2 oo 5 251k
CEEED 123 REMTRERIETLDEDDH 5
CERFEENTVWLEY, LaL, 20150k
O —FITHEEAE R ZHE O BRI ER %2 12 &
LTV NREHEEZOND.

WZHE S N2 ERIEMRZ & 2 R RIZ, £ olfih
PeCDF I H i FE O RF 2L 2 iR 72, £ DR
2, EREUENOBEETIET 2528,
T A= —HEEDOBNZT ¥ ¥ LEB O % ZE
L7z, EHERISHEE L CWAHIET v 7L 4H)
DN EVELEERII—H LTIV, #EHE
WX BMETT ¥ ¥ AL L DANEDZE %
INEL TEDLEMFETE D, ZOMERLNT
PeCDF {22 b % I HE € 75 VI & 0 AT
L, PeCDF L OFHEICOWTHEE L2, &
SICZEREEITH) I LIZL D, PeCDF &%
(LRI L WRENE DD 5, i, RIRDIEIA,
BRI - B NE & PeCDF i 28 b as i o B3
fiAT L 72
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SENRAE B BIMRRSIE, THEERE Oy
CNBMHR L 7 o 72 B OREFEIRILR IR IR 2 TR T
% HEIT 1986 £ & ) BEFDIL TV EY. 2o
Iz X A WET LEVPAFENICSINL TiTb
N5, BEINITMELEZIT TR, ALEHE
HENREEE RS [RBEHR] b2 TH2 L
MNTEDL. WEMZ TIIHLEE > SIMEY ~ 7V

Fark=0
X A2

ZERRILL, My A 4% VREZGHT LTS,

My A4 F> VREOWEIEME - F&E
(2003) D H AT & 0 15 W RO BR B F 78 A TAT
bis=".

KIEAT DX RE IR ERE, RBELE DT
RE S LE LAB LT H AR L 72 2001 4E70 5 2008 4F % C
OEEWEMS2ZH T, 4R k1 + ¥
VIR ESME SN, o, BE, KE,

B - BEEE I OWTTERDP R ONTZETH .

72721, 35D HIE PeCDF FFfH 2 Bh 5ok} 5
BB RE Do 72D T, f#HT 5 Bryt
L7z,

%At N @ PeCDF Ifil H i BE o I ] 22 4L (%
PeCDF il A ik BE R FZ8 30 & 52 4R L2 LTIl
MEYE 2 ATV, TOMHE D OHEE L2, frA R E
W23 A & & 3 IR EE O R 2201 B L
TWLHPEHSINLTVDL DT, KEN TIE
PeCDF I H i BEZ AL BE &, 25 A\ o B 42 101 )
D1 PeCDF LV, 4R, RIRTIEIE, B2
TEENE, AGEEE & OB & AT L 72

EE N OB 0 PeCDF IfilH L )V 3 kS
BB OWEMBOPIGHETHELZZ. 1RED
HEED A% FHEE 55 L, FEH~OE
(regression to the mean) 12L& N /85 X =% —D
HeEAE DR 5 T REVEN S % 729 Td 5. PeCDF
MR OIF 2 L & PeCDF IfiH L X)L & R
HE DT OIEREET VIS TID 7.

b-level

y=cta-e

v 1% PeCDF I A& OREFIZEAL, level |ZEIZEHA
il H @ PeCDF il H i BExf 028 4 il 0“3 i T,
BT =% L0 % e, a bHHEESNT

S 512, PeCDF I o R 22L& 4 i,
IRIIEI G, BRI, SIEE & OBE 2 LU
DI L FEIJFETIVIC L Y RET L7z

1

7k

y=c+a- """ tdix,Fdaxatdsxstdaxs - N2

y, level, ¢, a, b1 ERMUTH5B. x1, %
xs, % \IMETTHKHHE, di, do, ds, dilZTN
ZTNORITH 2. FilIEBIZE T OFHMHEE v,
RIBIGE4 OHESE 1L Gallagher 5 D5 E:C & Y 3K
w78 —ETUKE, FE, BEAHRE Sh
7oA, RIERERR, F7o0%, BUERERSH D &L,
AR L LCTRAT L 72,

%3, PeCDF Mg ORHZLOHEEIZS
W, RRBIC XD EMREYEE T VANOBEEED
Rz oTwi, 22T, FHREET IV TOREIZ
P25 TUE, HEOFELRED ZFOMEL TEA
0¥ 2 17 o 72, #EH#E AT Stata MP version
11.1 (StataCorp, Texas) Z W TiT-o72. BE
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Relationship between Half-Lives of Blood Dioxins
and Possible Metabolic Mechanism

Shinya Matsumoro?, Manabu Axanane?, Yoshiyuki Kanacawal), Junboku Kajwara3),
Takashi Tobaxa®, Takahito Cusa®®), Fumiko Yasukawa®?, Hiroshi Ucm?),

Masutaka Furue?® and Tomoaki Imamura?

UDivision of Social Medicine, Graduate School of Medicine, The University of Tokyo
ZDepartment of Public Health, Health Management and Policy, Nara Medical
University School of Medicine
Y Fukuoka Institute of Health and Environmental Sciences
YDepartment of Dermatology, Graduate School of Medical Science, Kyushu University
% Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

Abstract Blood levels of dioxins in Yusho patients have been measured for 10 years. The purposes
of this study were to determine the half-lives of dioxins on the basis of the data obtained from Yusho
patients and to compare the half-lives of the compounds. Linear regression analysis was performed
using the binary logarithmic value of each dioxin level as the dependent variable and the year of
measurement as the independent variable. The linear coefficient obtained from this linear regression
analysis was the reciprocal number of the half-life. The relationship between the blood dioxin levels
estimated in 2004 and the reciprocal number of half-life was evaluated. Of the studied dioxins, the
concentrations of some compounds were strongly correlated with that of 2,34,7,8-PeCDF. For 2 such
compounds, the correlation coefficient of the reciprocal numbers of half-life were greater than the
correlation coefficient of the logarithmic values of the estimated concentrations. Of these 2
compounds, the concentration of 3,3,4,4,5,5-HxCB was at least 50 times less than that of the 2,3,4,7,
&-PeCDF in rice oil ; however, their current concentrations are equivalent. Patients with high levels
of 2,3,4,7,8-PeCDF also showed high levels of 3,3,4,4,5 5-HxCB. Yusho patients may have a
disease—specific mechanism to supply 3,3,4,4,5,5-HxCB.

Key words : Yusho, Dioxins, Half-life, 2,34,7,8-PeCDF, Metabolic mechanism
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Prevalence of Atopic Dermatitis and Serum
IgE of Yusho Patients Born before 1967

Hiroshi Ucur??, Fumiko Yasukawal and Masutaka Furue!??

YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka Japan
2 Department of Dermatology, Faculty of Medical Sciences,
Kyushu University, Fukuoka, Japan

Abstract Dioxins may have an impact on the human immunological system, which would increase
the risk to develop allergic diseases, such as atopic dermatitis. In order to determine the lifetime
prevalence of atopic dermatitis in Yusho patients, a questionnaire-based survey was conducted in
2008. One thousand and seventy-one out of 1430 certified yusho patients who were born before
Yusho accident answered the questionnaires, and the prevalence of atopic dermatitis in Yusho patients
was 5.5%. We also measured serum IgE in 515 Yusho patients who attended annual medical
check—ups from 2007 to 2009 and in 172 control subjects. Serum levels of IgE in Yusho patients were
250.7 = 663.4 IU/ml, whereas those in control subjects were 265.0 £ 602.0 IU/ml. There was no
significant difference in serum levels of IgE between Yusho patients and control subjects. In addition,
no significant correlation was observed between serum levels of IgE and blood levels of dioxins in
Yusho patients.

Key words : Yusho, Atopic dermatitis, IgE
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S RIOMES T, 1968 4F LRI AR L 72 e
FERBA L, SIS A FF Y VERROMIC
BRI L 72556 EREIR RN, & A\ TR
27 A X%y VHICBRE LA T, BRICE A
FEENLEHRLD EEZONDLDTH A,
SHMEREDE I hHb 5T, MEREH, S
WA L2 BoME 2179 2 &T, S51I28 44 %
UHOBEHEICHET A ER IS LR
b,

i

A FF T VHeERER L 2ERE T, W
ST N E— TR ARSI T2 &

WO T = F I3RS N o 7z ILiE IgE il & i
HEy A4y e OMBIIREO SN h o7z,
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Chemokine Profile of Yusho Patients

Hiroshi Ucur?, Fumiko Yasukawal) and Masutaka Furue!?

YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka Japan
2 Department of Dermatology, Faculty of Medical Sciences,
Kyushu University, Fukuoka, Japan

Abstract Dioxins may have an impact on the human immunological system, which would increase
the risk to develop allergic diseases, such as atopic dermatitis. In the present study, we measured
serum levels of Thl- and ThZ2-favored chemokines in 233 Yusho patients who attended annual medical
check-ups from 2006 to 2009 and in 97 control subjects. Serum levels of CCL5, CCL17, and CCL27 in
Yusho patients were significantly lower than those in control subjects. In addition, serum levels of
some chemokines have weak correlations with blood levels of dioxins in either Yusho patients or

control subjects.

Key words : Yusho, Dioxins, Chemokines

i U &I

A F XL VEOBEFBEO—D & L THIESR
NOERH T O, TEOT LIVF—ERED
BENE ¥ A & F T I X B BRETH Y & O
HEMINDZENH L. AWETIE, BHAETLE
WIILH & A & 3 BB 2 3 A IE S & 5t
%12, Thl, Th2RECEMELZRT 7TENA V%
HUCRFEE T, €0 A ViEEZIEL, ¥4 4
XY UVHEHOEBIZOWTHE L.

;] &

PR 18 ARFEA B 21 4F B AR M RIE AR S & 2
Z L, o 1967 £ LIRTIZ AR L 72 e o 233
% (132 %44, WM 101 44, FH4EH 65.8
13.0), HS D% 5 A F & 3 VIRTERED 2 W EkE

H 9T % (k65 %, W32 4, FI4EE 63.9
+ 11.3) I2OWTXXEIC L AAERET, WiEr

EAA ViR (MCP-1/CCL2, RANTES/CCL5,
TARC/CCL17, MDC/CCL22, CTACK/CCLZ7,

IL-8/CXCL8, Mig/CXCL9, IP10/CXCL10) %
ELISA B CTHIE L, IMH % A 4% > VHHRE (1,
2,3,4,5-pPCDD, 1,2,3,6,7,8-HCDD, 1,2,3,7,8,
9-HCDD, 2,3,4,6,7,8-HCDD, OCDD, 2,3,7,
8-TCDF, 2, 3,4, 7, 8PCDF, 1, 2, 3,4, 7,
8-HCDF, 1,2,3,6,7,8-HCDF, 3,3',4,4',5-PCB,
3,3,4,4,5,5-HCB, Total PCDDs TEQ, Total
PCDFs TEQ, Total Coplanar PCBs TEQ, Total
TEQ) & OB % MES L7z,

o £

HIEEEDIMT Y A 4% VHEERIX, BEdE
LDAEEICEMETH- /2. FMERZICBWT
DI Y A+ %3 VBB, Bl EE
WCEMETHo7z (1), MMETFEHLA VIRED
He#ETid CCL5, CCL17, CCL27 TyHEBE 3
WEL)AZIEMETH - 72, (CCL5 : 40803 =
22089 pg/ml vs 59282 + 31313 pg/ml, CCL17 :
304.5 + 205.7 pg/ml vs 384.9 + 278.0 pg/ml,
CCL27 : 387.8 + 122.6 pg/ml vs 443.1 = 155.0
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£1 RS L EEHOM 5 A 4% S RO L
i 7 2 ;;fp g = Lff (@=233) B @el0D)  &fE (0e132)  p (i vs fohb)
23478PCDF 168.5 = 249.7 78.1 = 107.6 237.6 = 300.8 6.80E-08
123478HCDF 49.5 = 87.9 20.7 £ 34.3 71.4 = 108.0 1.10E-06
123678HCDF 18.7 £ 25.2 10.7 £ 12.7 24.9 = 30.2 2.50E-06
total PCDF TEQ 91.6 = 135.7 42.7 £ 58.2 129.0 = 163.7 7.80E-08
total PCDD TEQ 18.3 £ 11.5 13.0 £6.2 22.4+12.9 8.80E-12
total CoPCB TEQ 9.1 £5.7 8.2x5.2 9.8 £6.1 0.04
total TEQ 118.9 + 146.9 63.9 £ 65.2 161.0 = 175.7 2.40E-08
W yg;:ﬁ/pid/ = Gfk (n297)  BME (n=32) KM (n=65)  p (5PEvs &)
23478PCDF 15.7 9.1 17.3 £ 8.7 17.7 £ 8.6 0.55
123478HCDF 4.1 3.0 3.5+2.3 4.3 +3.3 0.19
123678HCDF 4.5=+2.7 4.1+2.6 4.8+ 2.8 0.23
total PCDF TEQ 9.1 £5.1 8.6 4.8 9.3 5.2 0.5
total PCDD TEQ 13.2 £ 6.6 12.3 7.3 13.6 £6.3 0.4
total CoPCB TEQ 9.2+6.3 95x7.1 9.1 £6.0 0.77
total TEQ 31.5+16.4 30.5 = 17.8 32.0 £ 15.7 0.67
p (HE vs 1EH &) 23478PCDF 9.10E-18 6.20E-08 4.60E-14
123478HCDF 1.30E-13 2.30E-06 6.00E-10
123678HCDF 2.30E-15 2.70E-06 5.00E-12
total PCDF TEQ 1.30E-17 6.40E-08 6.40E-14
total PCDD TEQ 8.40E-07 0.64 1.40E-09
total CoPCB TEQ 0.85 0.34 0.47
total TEQ 8.80E-17 8.40E-06 6.50E-14
£2 EEE  REH O TS 4 RE (pg/ml) DHE
CCL2 CCL5 CCL17 CCL22
THE 405.4 = 493.5 40803 = 22090 304.5 £ 205.7 685.1 * 309.6
i 364.5 £ 275.2 59283 + 31314 384.9 = 228.0 705.9 = 282.3
p 0.34 4.70E-7 0.012 0.55
THE 20T 379.9 £ 402.7 44880 * 24294 302.2 £ 211.5 698.6 * 342.2
THE 53 1 438.8 = 592.2 35475 £ 17558 309.3 £ 199.4 667.4 * 261.5
D 0.73 0.001 0.85 0.63
fat 357.7 £ 298.4 59470 + 32484 352.5 £ 264.0 702.7 £ 306.2
T 5 378.3 £ 224.6 58902 + 29289 450.5 = 297.9 712.4 + 230.6
p 0.06 0.12 0.93 0.32
CCL27 CXCL8 CXCL9 CXCL10
YHIE 387.9 £ 122.6 1027.3 + 3324.0 152.3 £ 131.9 124.6 = 91.2
fa 443.1 = 155.0 554.8 £ 1111.0 159.5 = 139.0 121.5 = 124.1
p 0.002 0.054 0.67 0.83
THIE 20 380.6 £ 123.8 1190.7 + 4028.4 155.8 = 117.9 133.4 = 96.9
hIE 5 4 397.3 £120.9 805.4 = 2010.5 147.7 = 148.6 113.1 = 82.3
p 0.13 0.34 0.72 0.12
TRt i E L 419.3 = 129.7 460.3 = 914.5 149.2 = 134.2 118.1 = 113.0
fa 9 491.3 = 189.9 746.7 £ 230.6 180.3 = 148 .4 128.5 = 145.9
p 0.86 0.31 0.32 0.73

(40)
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R3 KFAFFTHEMET TN A VIR L OB

HIE
CXCL9 T Co-PCB TEQ Total TEQ 23478PCDF 12378PCDD 33445PCB T PCDF TEQ T PCDD TEQ 123678HCDF
CcC 0.27 0.26 0.26 0.26 0.26 0.25 0.25 0.22
CXCL10  33445PCB
cC 0.21
T
CCL2 334455HCB
0.23
CCL5 Total TEQ 123678HCDF T PCDD TEQ 12378PCDD 123789HCDDT Co-PCB TEQ 33445PCB T PCDF TEQ
-0.37 -0.36 -0.35 -0.34 -0.33 -0.32 -0.32 -0.31
123678HCDD  23478PCDF  334455HCB 123478HCDF  OCDD
-0.31 -0.3 -0.29 -0.28 -0.23
CCL17 33445PCB T Co-PCB TEQ Total TEQ 23478PCDF T PCDF TEQ 12378PCDD 334455HCB T PCDD TEQ
-0.33 -0.33 -0.32 -0.32 -0.32 -0.26 -0.25 -0.23
123478HCDF  123678HCDF
-0.22 -0.2
CCL22 33445PCB T Co- PCB TEQ
-0.21 -0.21
CXCL9  334455HCB  123678HCDD T PCDD TEQ 12378PCDD Total TEQ
0.32 0.26 0.25 0.25 0.22
CXCL10 OCDD 123678HCDD 123789HCDD
0.26 0.26 0.22

HABIRE DA A 0.2 Dl Ldp 5 b D&l L 72,

pg/ml). FMWHEIZL LB TIE, WEEZED
CCLE OARBUN LML) AEIKMETH - 72
(35474 + 17558 pg/ml vs 44879 + 24293 pg/ml)
(F£2)., FE&rEengs vgEELER YA+ T
VRS, MVEEIIRRAE, AL FRIRAE L O
MM L72& 2 A, MfE/RETIZ CXCLY,
CXCIO DA—EFRDF A F+ F 2 VL FHWIEDO
Mzl sz. —Ff#w# Tld CCL5 CCL17,
CCL22 L —HD ¥ A+ F 2 YHETHVADHE
#z, CCL2, CXCL9, CXCLI10 & g5 iEoHEE %
7z (FR3).

Z £

FA G F T VHEITERNICEIICD ) EE T
57280, FFEERCRMRANDEE, RIERNDE
B loBMEENESESIN TS, T ME—%
B ROFIEIZNE, ERWER & BRBEER O
DG LTw5 & &N, EEOFEZROEMIZ S
AFFT VEHEIILO LT 2REHEWEIES
LCWaET5bH 505, KRR OEZ 7
Vo TR A VRIREARIC X o TRE O HIMER

e S LEWE L ROV A M A T, T B
Y — Rz 46 % T3 CCL2, CCL5, CCL17,
CCL22, CCL27, CXCL8 o & % B, CXCL9,
CXCLI0 OEFEBFHE s TwaY ™Y —%
TCDD O BB ZEICLD 7 v PEEOD
RANTES ZHANETT 5 L\ 9 %, TCDD
BHIZE D~ AONhE, PUElZBF 5 CCL2 ©
HHDPHRT DL wOMmELR Y, ¥4+ FT 0
LD T DA ORBBEH S ND &) W
A EN YY),

Al D5 TlE CCL5, CCL17, CCL27 D fitiF
EEITHERE TS LV ARICKETH - 72
F7-MERE O CCLE I X BT L VAR
IR CTH o7z, METrEhA VIEELE YA F ¥
VMR L OMBITIE, fFF O CCLS HEEAS
ME L2 EToyrAF 5y YHEICET LEE L5
WHRBLLBEOMEERLE. W ED
CCLITIEEDL L DI A T F Y VHEHEAD
MEAR L7 L2 LiliES#FE O CCL5, CCL17
EFA TR HHERE L ORICHBIZEED R h o
72. —77, CXCL9, CXCLI10 i&Fidie s, 1
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W, BRESN 2 ®mEEY L E BRSNS ®&D
WRHHE L Cnb EEZLNLDIIRL, ER
BOMAP Y A 4 F 2 VHBEITEEORERE DB
BERMLCWLEEZOLNL, HEEE T,
MHEFSE I —#0> CCL5, CCL17 EEM A
A EE I N T L IRERH 5 EEZ 5
nb.

A T LLRIE B &R L O Tl IgE
FEAEIZ D ENEDONR NI LA RLTWEY,
FAFEY VHPT MY VRS R ORAE IR
A RIFLTVD LW REHEHET 57— 5135
b ESNaholz. SR, SREEGED D %
W2 ORI E O Ao 72 1968 4R LI ICAE T
ToEEE, B X OHEEZ OJRIZOWT L L
MR L, @ROMBEIZORIFTLIENLEEND

o Ei]
MIEEFTY M- ERICBES 57 €
1Y ORBEREIMIED SN eho7z.
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B& Rt HAE R R E DR RIIBEEZEE
—PCDDs & PCDFs—

DIINREFERE B R TR PR B TR IE &
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Time Serial Changes in the Concentrations of the
Etiological Agents of Fetal Yusho
— PCDDs and PCDFs —

Junya Nacavamal, Takashi Topaka?, Hironori Hirakawa®, Tsuguhide Horr®,
Jumboku Kajiwara® and Takesumi Yosuniura®)

DLaboratory of Environmental Molecular Epidemiology, School of Health Sciences,
Graduate School of Medical Sciences, Kyushu University
2 Department of Dermatology, Graduate School of Medical Sciences, Kyvushu University
Y Division of Food and Drug Hygiene, Department of Health Science,
Fukuoka Institute of Health and Environmental Science
YEukuoka Institute of Health and Environmental Science

Abstract We determined polychlorinated dibenzofurans (PCDFs) and polychlorinated diben-
zo—p-dioxins (PCDDs) in 6 preserved umbilical cords of fetal Yusho patients and in 11 preserved
umbilical cords of Yusho suspected persons who were born to mothers with Yusho from 1970 to 2002,
which were Yusho group. As a control, we also analyzed PCDFs and PCDDs in 15 preserved
umbilical cords of babies who were born to healthy mothers, which was healthy group, in the same
period of time. As a result, 2,34,7,8-pentachlorodibenzofuran and 1,2,3,4,7,8-hexachlorodibenzofuran,
true causal agents of fetal Yusho, were only determined in the umbilical cords of fetal Yusho patients,
except for one umbilical cords of Yusho suspected persons. Decreasing rate in concentrations of
PCDF's and PCDDs seemed to greater in Yusho group than in healthy group during this period of time.
Therefore, we considered due to high exposure to PCDFs some drug metabolizing enzymes such as
aryl hydrocarbon hydroxylase were induced and the excretion of PCDFs and PCDDs were enhanced
from the bodies of Yusho group. In order to clarify this hypothesis, further more detail researches are
required.

Key words : Fetal Yusho, Umbilical cords, PCDDs, PCDFs

G & I 722710 20 k) A EE RN O KE D

Bk IEE GHAE) O REPEIZRY) HLE
7x=)V (PCBs) &£#zbhTwiY. Lal,
ZOBROWIFRIZE Y, RYEITA RS TT
(PCDFs) 2"ENME CTH A L NHH I N

(43)

RO EVOIISEAE - HMERHEDZE L\ AF»
LIEROREHTH 5. EOWF TS, AR,
DF DRI Ny 2 7T Y FLAVORY) I
b5 A4 N -p-514 4%+~ (PCDDs), PCDFs
RFAF XY UK PCBs ICHEFZET 5 &, BIKTE
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—TERA—ERAICHEIED SN TV B,
MR Z LS, BBIBMEMEOEKYE b
PCDFs Th b EEZLNTWA, D0k
T, ZOZERIWPTHENTE LD o7 L
MPLRAS, AP &2 R 5 L) baE
BHEOBBIZLY, COZERIAWHTLIENT
x7-12,

Z OWFFETIE 1972 R4, 1986 4ERifR & 1997
SERTFRIIMIE D RS 2> & A L 72 B Ve e
ERFBEEB L OZN TN ORI EE 2 B 2
O A L 724w O RAEIB T 122w, PCDDs
L PCDF's i1 O RHI & % Lk - it 5
ZEIZXY, BRIBHEME IR S L E ok
R % R 5.

%R F &

1. REESCET 515H

1970 4F~1973 fE\ZHHE DR A & A L 721G
EMMERE (B4 EZME24) B X 01966
E~1975 AR\ ZRER 2 REBLA & AR L 7t (B
24 L 3%) OREETL, Ehehof
WEEHA 1972 £ TdH - 72 DT, 1972 SEDME
L7z F 7, 1981 4F~1992 4 HE O FEEL 2
SHAEL-RRESE (BH4BELE3LH) B
UF 1980 4F~1989 4F |2 flEHE 22 82> & HidE L 724
wHa Brent2s) ORfFERTIX, Th
ATV A 1986 4F T - 72D T, 1986 4F
Ok & L7z, & 512, 1995 4E~2002 48 |2 Il
DR S MAE L 72K ES (B4 BIO
1993 4F & 1996 4F (2 HE 70 TR A & A L 7 f
B (B2 %) oREENE, e o FIgn
JEAEAS 1998 4F & 1995 4ETH - 72D T, Wi % F
WL T1997 Stk e L7z, 2L T, &Ko
BARIZ OV TIEO A AL -7V —T %
WHEREE L, EELNErOMAE L7V —T%
L L7z

2. PCDDs & PCDFs OEIFE

A O KM L5 % 78 b Tk
B Btk FLERICTHUID E L7z, ShucBe 5
ANOVIERE L 7 17 W o 2,3,7, 8 i FEiE A
PCDDs & PCDFs NEBZ#E [ Jifh % ik nt4, 7+
RIS S SR8 1 = A Q= PU 3 0 Tk
(ASE) 12X Y, PCDDs & PCDFs % #liiti L 7.

£ oo ik

(44)

13205 %

Z O 2 TER LS, WERERS U IV T
ABLOEMR S T L TR L. SRS T A
DO 2 W5 (MVI VHES) & B - SE R
T s VIERL, BERAERKERENEAKE
(SCLV) %% L 7-@aERe GC/MS 12 & 1 g
L7 12) 13>'

3. BINAEE

AR BT HIMERE B X U B O PCDDs
& PCDFs [ BRI B O # =1 A 2% & Stu-
dent t BUEIZ LV, B L7z,

MABRBLVOEE

Table 1 |2 1966 4F~1975 4F, Table 2 12 1980
F~1992 4E% L C Table 3 (21d 1993 4F~2002 4F
VAR L 72iHERE B & MR O I ISR 5
PCDDs & PCDFs Otz /m.

Table 1 OVFEREIE VT 1 b JEVEPEME £ T
H5Y. NS 6LOBRBIHIERZ DS B 1,2,
3.7.8, - AL ANV S p-F A FF T
(HxCDD) A EN7z013 1 HOAT, ZDik
fE13 9.6 pg/g TH-72. OCDD IEEH TR
R TdH o 72, PCDDs JEE CIXM M A=
#\X o 72, PCDFs 3R IBMHHIE R E TD A
S, BEETIRE SN2 o7 L
G PEE B O, WO CTEEOREW 2,34,
7,.8-HIEILZ A X7 5 (PenCDF) & 1,2,
3.4,7,8- ALy A X7 5 (HxCDF) 25
BEORRE TRt Sz,

Table 2 134755 19 4F~31 4ERTIZHIE L 72K
IR EEEHE OB HIRE TH L. PCDDs O
IHAERIIRDO L ) THotz. THDORBEZD
)5, 1,2,3,4,6,7,8tiEfby 4 XV —p-5 A4
F ¥ ¥ (HpCDD) At & 7z0id 1 4D A
T, ZOWHEEIX 19pg/g ThH-o72. OCDD I1LAFE
EH T 2%, EHE 84 1 &4 TR R L
TTHY, HEHOIZIDV2A4EERETH 7.
1,2,3,6,7,8-HxCDD (35 & 8 &%+ 1 & THeih
N, FOWEEIX 15 pg/g THAH. PCDDs iEfE
EEEHOER L D b 3.8 b Eh o7 Wi
PCDFs O Tdh 5. PCDFs M &7z
DITEFR L IWERHZN TN 1 HTOTH o 72,
fEEHETIE 2 3 7 8- (fb ¥ A Ry T T
(TCDF) 73 &, #DiERE1X 13pg/g TH -



# PCDDs/DFs O R YI By 2510

7o F7UERE TR VAR B O b R
THo722,3,4,7,8PenCDF & 1,2,3,4,7,
8-HxCDF 2821211 13 pg/g, 9.1 pg/g Mt &
N7z, fFHRELT, WMERISEEHLIY L 265
L2572 FNUZ LT, Table 1 DM
WHER B E TN T10~24 £C, HIEERYE
T& % PCDFs ORFEH TOREDET I3AY
DLDTH 5.

Table 3 1£ 9 FFE~18 EFTICA TN/ KRFUEH 4
Y EEER 2 OB ThiRETH S, PCDDs T
ERFREHZ D 1 A TOCDD Al &, ik
El1x 33 pg/g ChHotz. Tz, BEEHEDIATY
1,2,3,4,6,7,8-HpCDD & OCDD »* ettt &, #
DEFEIZZFNENG.2pg/g & 17 pg/g TH o 7.
fEak & LC, PCDDs I3 #C 13 pg/g, M
JEREC 8.1 pg/g &% V), EFHNL.6 551
725D ®, Table 1 X Table 2 DN & BT 5
&L 90D 1 ~45D 1M LTw/z. PCDFs
FHFET, WM ORGRE D Bl S hkro7z.

WIZ, Table 1, Table 2 8 & UF Table 3 D4#TF
KT R RE LRI oW, FEER) - b
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WHEIMZERFITRLTCASL. T4bb, Figl
121%, 1,2,3.4,6,7,8- HpCDD, OCDD & PCDDs
», LT Fig 21213 2,3,4,7,8-PenCDF, 1,2,
3,4,7,8-HxCDF & PCDFs @ A% 1 21k
ARENTVE., IRODOKTIHER L, HH4E
ROZEEDPEAEROFHFEFETERENT NS,
1972 sE D ¥ 4, 1,2,3,4,6,7, 8HpCDD,
OCDD B & U PCDDs TIIHIERE, EEH L b2
FIZRBEORETH L. LaL, 2,3,.4.7,
8-PenCDF, 1,2,3,4,7,8-HxCDF B & OF PCDFs
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Mo ThbD. LHL, To@FEETSH PCDFs X
M S zeh o7z 2,3,7,8-TCDF ki &1
OERHOREHETH -7 1,2,3,4,6,7,
8-HpCDD & OCDD »SHiftFETd o 72 H & 14,

Table 1 Concentrations of PCDD and PCDF congeners in the preserved umbilical cords of healthy babies and babies with

fetal Yusho born in 1966 to 1975

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby with Fetal Yusho (B) B/A
PCDDs
2,3,7,8- ND ND -
1,2,3,7,8- ND ND -
1,2,3,4,7,8- ND ND -
1,2,3,6,7,8- ND 9.2+8.3 -
1,2,3,7.8,9- ND 1.6 3.9 -
1,2,3,4,6,7,8- 11.5+8.6 16.6 £ 12.2 1.4
OCDD 106 £ 115 96.3 = 82.4 0.9
Total 117 £ 122 124 = 88 1.1
PCDFs
2,3,7,8 ND 7.3 9.9 -
1,2,3,7,8- ND ND -
2,3,4,7,8- ND 27.4+12.0 -
1,2,3,4,7,8- ND 29.4 = 13.0 -
1,2,3,6,7,8- ND 2.2*3.6 -
2,3,4,6,7,8 ND ND -
1,2,3,7,8,9- ND ND -
1,2,3,4,6,7,8- ND 6.3 7.2 -
1,2,3,4,7,8,9- ND ND -
OCDF ND ND -
Total ND 73 £ 28 -
*: Mean = SD

ND : Less than the detection limit (0.02 pg/g dry weight)
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Table 2 Concentrations of PCDD and PCDF congeners in the preserved umbilical cords of healthy babies and babies born
to mothers with Yusho born in 1980 to 1992

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby born to Mother with Yusho (B) B/A
PCDDs
2,3,7,8 ND ND -
1,2,3,7,8- ND ND -
1,2,3,4,7.8- ND ND -
1,2,3,6,7,8- 1.9+5.3 ND -
1,2,3,7,8,9- ND ND -
1,2,3,4,6,7,8 48.1 = 108 2.7x7.2 0.06
OCDD 70.2 = 83.2 28.9 £40.1 0.41
Total 120 = 194 31.6 = 47.0 0.26
PCDFs
2,3,7,8 1.6 4.5 ND -
1,2,3,7,8- ND ND -
2,3,4,7,8- ND 1.9+x5.1 -
1,2,3,4,7,8- ND 1.3+£34 -
1,2,3,6,7,8- ND ND -
2,3,4,6,7,8 ND ND -
1,2,3,7,8,9- ND ND -
1,2,3,4,6,7,8- ND ND -
1,2,3,4,7,8,9- ND ND -
OCDF ND ND -
Total 1.6 £4.5 3.2*8.5 2.0
*: Mean = SD

ND : Less than the detection limit (0.02 pg/g dry weight)

Table 3 Concentrations of PCDD and PCDF congeners in the preserved umbilical cords of healthy babies and babies born
to mothers with Yusho born in 1993 to 2002

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby born to Mother with Yusho (B) B/A
PCDDs

2,3,7,8 ND ND -
1,2,3,7,8- ND ND -
1,2,3,4,7,8- ND ND -
1,2,3,6,7,8- ND ND -
1,2,3,7.8,9- ND ND -
1,2,3,4,6,7,8- 4.1+5.8 ND -

OCDD 8.6 £ 12 8.1 16 0.94

Total 13 £ 18 8.1+16 0.62

PCDFs
2,3,7,8 ND ND -
1,2,3,7,8- ND ND -
2,3,4,7,8- ND ND -
1,2,3,4,7,8- ND ND -
1,2,3,6,7,8- ND ND -
2,3,4,6,7,8 ND ND -
1,2,3,7,8,9- ND ND -
1,2,3,4,6,7,8- ND ND -
1,2,3,4,7,8,9- ND ND -
OCDF ND ND -
Total ND ND -
*: Mean = SD

ND : Less than the detection limit (0.02 pg/g dry weight)



I PCDDs/DFs O A5 1y B 254k

2D 2,3,7,8MELY A XV —p-F A F
¥ >~ (TCDD) #% (TEQ) WEEbE L, 4.7
pg-TEQ/g THh o 7z, HEHZH O TILEHE 1
pg-TEQ/g UL EIZ7 A Z L1372 T, JRIEHIC
25 22 RT3 - 7 FEE DRI S G, L

NL, COERFIERED L NEZHRWTDY, 1,2,
100
90 1
80
70 4
60 1
w
: 4
E % ¥
=
01
&
2 30
20 B 1?
-—‘—T
10 4 3 4
0 l—T_|
0
1972 1986 1997
120
160
140
. 120 106
%h 100 4 26
E
g 80 70
on
& g A
40 4 29
207 I B 19
0
1972 1986 1997
200
130 -
160
140 -
- 124 117 120
3 120
o
E 100
=
= ,
A
2 6o
40 32
20 82 1B
0
1972 1986 1997
Fig.1 Time serial changes in concentrations of 1,2,3,4,6,
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Fig. 2 Time serial changes in concentrations of 2, 3, 4, 7,
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Time Serial Changes in the Concentrations of the
Related Agents to Fetal Yusho
— Dioxin-like PCBs and PCBs —

Junya Nacavamal, Takashi Topaka?, Hironori Hirakawa®, Tsuguhide Horr®,
Jumboku Kajiwara® and Takesumi Yosuniura®)
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Fukuoka Institute of Health and Environmental Science
YEukuoka Institute of Health and Environmental Science

Abstract We determined dioxin-like polychlorinated biphenyls (PCBs) and PCBs in 6 preserved
umbilical cords of fetal Yusho patients and in 11 preserved umbilical cords of Yusho suspected persons
who were born to mothers with Yusho from 1970 to 2002, which were Yusho group. As a control, we
also analyzed dioxin-like PCBs and PCBs in 15 preserved umbilical cords of babies who were born to
healthy mothers, which was healthy group, in the same period of time. As a result, concentrations of
three dioxin-like PCBs, that is, #156, #157 and #189 which were 6 to 20 times higher in fetal Yusho
patients than in healthy babies were still 4 to 6 times greater in Yusho group than in healthy group
about 20 years after the outbreak of Yusho, but could not recognize this characteristic anymore about
30 years after the outbreak. Decreasing rate in concentrations of dioxin—like PCBs and PCBs seemed
to higher in Yusho group than in healthy group during this period of time. Therefore, we considered
due to heavy exposure to PCDFs some drug metabolizing enzymes such as aryl hydrocarbon
hydroxylase were induced and excretion of the related agents to fetal Yusho were enhanced from the
bodies of Yusho group. In order to clarify this hypothesis, further more detail studies are needed.

Key words : Fetal Yusho, Umbilical cords, Dioxin-like PCBs, PCBs
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Table 1 Concentrations of dioxin-like PCB congeners and PCBs in the preserved umbilical cords of healthy babies and

babies with fetal Yusho born in 1966 to 1975

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby with Fetal Yusho (B) B/A
Dioxin-like PCBs
3.3.4,4-(#77) 8.7*19.5 32.3+36.5 3.7
3.4.4,5-(#81) 197 + 237 499 = 490 2.5
3,344 ,5-(#126) ND ND -
3,3.4,4.5,5-(#169) ND ND -
2,3.3,4,4-(#105) 528 + 357 1110 = 722 2.1
2,3.4,4 5-(#114) 43.4 = 24.6 161 = 70700006 3.7
2,3.,4,4 5-(#118) 1032 = 611 1949 = 1152 1.9
2.3,4,4 5 (#123) 29.3 + 18.2 42.0 % 30.0 1.4
2.3,3.4,4,5-(#156) 101 = 62.2 642 = 302070-0% 6.4
2,3,3.4,4,5-(#157) 23.2+13.4 344 = 444p70-1 15
2,3.4,4.5,5-(#167) 39.0 = 28.4 103 = 43.6770-02 2.6
2.3,3.4,4,5 5-(#189) 3.1+1.8 60.6 * 32.0770-007 20
Total 2004 = 1270 4944 + 2710 2.5
PCBs 53176 * 26276 100628 + 49025°7°-%9 1.9
*: Mean £ SD

ND : Less than the detection limit (0.02 pg/g dry weight)
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Table 2 Concentrations of dioxin-like PCB congeners and PCBs in the preserved umbilical cords of healthy babies and
babies born to mothers with Yusho born in 1980 to 1992

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby born to Mother with Yusho (B) B/A
Dioxin-like PCBs

3,3 .4,4-(#77) 2.2+6.3 ND -
3.4,4 5-(#81) 36.3 = 103 5.5 % 14.6 0.15

3,3,4,4',5-(#126) ND ND -

3,3.,4,4,5,5-(#169) ND ND -
2,3,3,4,4-(#105) 110 + 111 89.2 = 110 0.81
2.3.4,4 5-(#114) 11.1 +14.4 24.3 = 31.1 2.2

2.3 .44 5-(#118) 234 + 213 301 = 140 1.3
2.3.4,4 5-(#123) 6.8+7.8 6.8+7.5 1.0
2.3,3.4,4,5-(#156) 34.0 = 23.0 158 = 1757011 4.6
2.3,3.4.,4,5-(#157) 8.5+7.0 49.5 + 58 8012 5.8
2.3.4,4.5,5-(#167) 16.3 = 11.5 16.7 + 14.6 1.0
2.3,3.4,4,5,5-(#189) 4.6*1.8 19.0 = 17.5°70-97 4.1
Total 463 + 489 671 + 620 1.4
PCBs 15571 + 23983 14145 + 19820 0.91

*: Mean £ SD
ND : Less than the detection limit (0.02 pg/g dry weight)

Table 3 Concentrations of dioxin-like PCB congeners and PCBs in the preserved umbilical cords of healthy babies and
babies born to mothers with Yusho born in 1993 to 2002

Concentration®, pg/g dry weight

Compound Healthy Baby (A) Baby born to Mother with Yusho (B) B/A
Dioxin-like PCBs
3,3,4,4-(#77) ND 9.9 %20 -
3.4,4,5-(#81) ND ND -
3,3.4,4,5-(#126) ND ND -
3,3,4,4,5,5-(#169) ND ND -
2,3,3,4,4-(#105) 56 * 3.8 33+ 21 0.59
2,3,4,4,5-(#114) 10+£7.1 6.0*6.9 0.60
2,3,4,4,5-(#118) 170 += 16 74 =55 0.44
2,3,4,4,5-(#123) 3.4%+0.8 3.0x2.0 0.88
2.3,3,4,4,5-(#156) 46 = 14 34 =30 0.74
2,3,3.,4,4,5-(#157) 16 £ 17 9.5=11 0.59
2,3,4,4,5,5-(#167) 20 6.6 54=%27 0.27
2,3,3,4,4,5,5-(#189) 14 = 8.0 9.3 11 0.66
Total 335 = 42 184 + 104 0.55
PCBs 9691 + 1676 22904 + 38726 2.4

*: Mean £ SD
ND : Less than the detection limit (0.02 pg/g dry weight)
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Promotive Excretion of Causative Agents of Yusho by Fermented
Brown Rice with Aspergillus oryze in Yusho Patients

Junya Nacavamal, Takashi Topaka?’, Hironori Hirakawa®, Jumboku Kajwara®,
Takao Iiba?®, Satoko Sumata®, Hiroshi Tsun® and Teruaki Iwasakr”

DLaboratory of Environmental Molecular Epidemiology, School of Health Sciences,
Graduate School of Medical Sciences, Kyushu University
2 Department of Dermatology, Graduate School of Medical Sciences, Kyushu University
Y Division of Food and Drug Hygiene, Department of Health Science,
Fukuoka Institute of Health and Environmental Science
YKitakyushu Life Science Center
% Division of Dermatology, Kitakyushu Municipal Medical Center
9 Division of Internal Medicine, Kitakyushu-Tsuyazaki Hospital
2 Genmaikouso Corp.

Abstract Forty two years have passed since the outbreak of Kanemi rice oil poisoning, namely,
Yusho in the western Japan. However, even now the Yusho patients have been still suffering from
several objective and subjective symptoms. In order to improve or, if possible, to cure such
symptoms, the most important therapeutic treatment is considered to actively excrete the causative
agents, that is, polychlorinated dibenzofurans (PCDFs) from the bodies of the patients and to reduce
their body burdens. In rats, chlorophyll and dietary fiber have been shown to promote the fecal
excretion of PCDF's and polychlorinated dibenzo-p-dioxins (PCDDs) and to reduce their levels in rats.
In this study, we have examined whether such kinds of effect are also observed by fermented brown
rice with Aspergillus oryzae (FBRA) containing 5% spirulina, which is so—called spirulina HI- GENKI,
the health food and relatively rich with chlorophyll and dietary fiber, in eighteen Yusho patients.
They were divided into two groups, namely group A, ten patients (3 males and 7 females) with the
mean age of 67.7 years old and group B, eight patients (4 males and 4 females) with the mean age of 64.1
years old. Among the patients of group A, three patients were especially highly contaminated with
PCDF's and we classified them into group A (High). Respective mean concentrations of PCDF's in the
blood just before initiating this study were as follows; group A : 145 pg/g lipid, group A (High) : 371
pg/g lipid and group B : 52.1 pg/g lipid. Contamination levels of PCDFs, PCDDs and dioxin-like
polychlorinated biphenyls (PCBs) in group A (High) were 1.7 to 2.6 times higher than those in group A
and 24 to 7.1 times higher than those in group B. Accordingly, concentrations of dioxins (PCDFs +
PCDDs + dioxin-like PCBs) in the blood of groups A, A (High) and B were, respectively, 194, 458 and 85

(57)
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pg-TEQ/g lipid. Concentrations of PCBs were also the highest in group A (High) : 1399 ng/g lipid, in
group A : 748 ng/g lipid and the lowest in group B : 456 ng/g lipid.

Groups A and A (High) took around 7.0 g of spirulina HI- GENKI after each meal and three times a
day for the first one year and for the second one year, they did not take spirulina HI- GENKI anymore.
Group B took spirulina HI- GENKI with the same manner as the group A only for the second one year.
The concentrations of PCDF's, PCDDs, dioxin-like PCBs and PCBs in the blood were also measured at
the end of the first and second year, respectively. Assuming the body fat is also contaminated with
these compounds at their concentrations on lipid weight basis in the blood and the content of body fat is
20% of 60 kg body weight, we computed the average amounts in their net excretion from the body of
the patients due to spirulina HI-GENKI in the three groups. As a result, in group A (High), 341
ng-TEQ/patient of dioxins was excreted from the body, which was 3.4 times greater than that in
group A and 12 times higher than that in group B. Therefore, promotive excretions of causative
agents of Yusho were the most effective in group A (High) and we consider spirulina HI-GENKI is
more effective from the therapeutic point of view in more highly contaminated Yusho patients.

Key words : Promotive excretion, PCDDs, PCDFs, Fermented brown rice, Yusho
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Table1 Effects of Spirulina HI- GENKI on changes in concentrations of PCDF's, PCDDs and dioxin-like PCBs in the blood of

Yusho patients

Concentration (Mean = SD), pg-TEQ/g lipid weight

Compound Initial End of 1st year End of 2nd year
PCDFs
Group : A 145 = 203 142 * 198 144 = 202
A (High) 371 * 272 356 + 273°=0-% 361 + 284
B 52.1 = 40.6 53.5 + 41.7 53.1 £ 42.3
PCDDs
Group : A 31.0 +22.8 30.5 +21.4 31.2+22.4
A (High) 56.7 = 28.8 53.6 = 28.177°0-03 55.4 = 29 707007
B 19.9 5.4 19.9 = 4.3 19.7 = 4.3
Dioxin-like PCBs
Group : A 17.6 + 12.2 17.9 + 11.6 19.4 + 13,4707
A (High) 30.3 = 16.7 30.0 = 16.4 33.3 £ 18.7
B 12.7 4.4 13.3 = 3.8 13.5 £ 5.0

Table 2 Effects of Spirulina HI-GENKI on changes in concentrations of dioxins and PCBs in the blood of Yusho patients

Concentration (Mean = SD)

Compound Initial End of 1st year End of 2nd year

Dioxins * (pg-TEQ/g lipid weight)

Group : A 194 + 237 190 + 230 195 + 237
A (High) 458 + 317 439 + 3170706 449 *+ 332
B 84.7 + 42.8 86.7 = 45.8 86.3 = 47.1

PCBs (ng/g lipid weight)

Group : A 748 + 595 766 = 578 857 + 648°0-006.»70.02
A (High) 1399 = 779 1389 = 778 1548 + 826¢=0-08.470.01
B 456 + 118 497 + 98.6°70-% 513 + 118°0-0%

*: PCDFs + PCDDs + Dioxin-like PCBs

(60)
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Table 3 Effects of Spirulina HI-GENKI on changes in body burdens of PCDFs, PCDDs and dioxin-like PCBs in Yusho

patients
Body Burden, ng-TEQ/60kg body weight
Compound Initial End of 1st year End of 2nd year
PCDFs
Group : A 1739 1700 1732
A (High) 4447 4268 4329
B 625 643 637
PCDDs
Group : A 372 366 374
A (High) 681 643 664
B 239 238 236
Dioxin-like PCBs
Group : A 211 214 233
A (High) 363 360 400
B 152 159 162

Table 4 Effects of Spirulina HI-GENKI on changes in body burdens of dioxins and PCBs in Yusho patients

Body Burden

Compound Initial End of 1st year End of 2nd year
Dioxins (ng-TEQ/60kg body weight)
Group : A 2322 2281 2338
A (High) 5491 5272 5393
B 1016 1040 1036
PCBs (ug /60kg body weight)
Group : A 8972 9192 10279
A (High) 16787 16668 18581
B 5466 5960 6162
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Differences in the Bone Mineral Density in Patients with
Kanemi Yusho Treated before and after the Age of 18 Years

Toshiro Yosamural), Ryoko Kawasakr?), Jiro Nakano, Tomoko Masupa?, Masahiro Tokupa?),
Ruka Nakata?, Hideki KataokaV, Akira Sacarr® and Minoru Oxkiral)

DUnit of Rehabilitation Sciences, Graduate School of Medical Sciences, Nagasaki University
2Unit of Translational medicine, Graduate School of Medical Sciences, Nagasaki University
YHealth Sciences, Graduate School of Medical Sciences, Nagasaki University

Abstract This study examined patients with Kanemi Yusho. The patients' height, weight, and bone
mineral density were measured. The density of the distal end of the radius was measured using dual
energy X-ray absorptiometry and the calcaneum was measured with ultrasound. We also measured
urine levels of cross-linked N-telopeptides of type I collagen, serum tartrate-resistant acid
phosphatase 5b, serum bone-specific alkaline phosphatase, serum Ca, serum P and blood PCB level.
The patient group that took PCBs when they were 0 to 18 years old (such patients were 42 to 60 years
old at the time of the study) showed no correlation between the bone density of the radius and
calcaneum in spite of treatment received when they were over 18 years of age (> 60 years of age at
the time of the study). The bone mineral density in Kanemi Yusho was not different from the control
group. The levels of only serum bone-specific alkaline phosphatase were correlated with the bone
mineral density of the radius and calcaneum in patients treated when they were over 18 years of age
(currently over 60 years old). PCBs might have had an effect on bone density and bone metabolism.

Key words : Kanemi Yusho, Bone mineral density, NTX, TRACP-5b, PCB
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Blood PCB Concentrations and their Tendencies Examined
in Fukuoka 2007-2010 Annual Inspections for Yusho

Tsuguhide Horr', Daisuke Yasurake?, Yuki Asurzural), Koji Taxamasar?, Jumboku Kajiwara®),
Teruaki Hiratal’, Hiroshi Uca?’®) and Masutaka Furug??

D Eukuoka Institute of Health and Environmental Sciences, Fukuoka, Japan
Z Department of Dermatology, Faculty of Medical Sciences,
Kyushu University, Fukuoka, Japan
Y Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka, Japan

Abstract We performed PCB congener specific analysis using HRGC/HRMS and determined their
concentrations and blood chromatogram classifications in 275 individual blood samples collected
during annual Yusho examinations between 2007 and 2010. When both blood total PCB
concentrations and blood chromatogram classifications were compared among eleven Yusho patients
undergoing examinations between 2007 and 2010, the longitudinal concentrations and classifications in
the respective individuals hardly changed over these years. In a subset of persons suspected of
Yusho, it was found that the mean total blood concentrations of three index congeners, thatis, 2,3',4,4',
5-pentaCB (PCB118), 2,2, 4,4',5, 5-hexaCB (PCB153), 2, 3,3',4,4", 5-hexaCB (PCB156) and mean
blood total PCB concentrations gradually decreased between 2007 and 2010. Mean concentration of
PCBI118 in blood from persons suspected of Yusho was calculated as 0.035 ng/g in the 2010
examination, which was 36 % lower than the mean value of 0.054 ng/g in the 2007 examination : the
concentration of PCB118 showed the highest degree of decrease among the three index congeners.
Among persons suspected of Yusho, occupational rates of persons with blood PCB concentrations
below one ppb in the entire population increased from approx. 50% in 2007 to approx. 70% in 2010.
The lowest concentration of PCB156 in blood of persons suspected of Yusho in 2010 was 043 pg/g,
which was almost equivalent to the limit of the determination value on HRGC/HRMS, S/N = 10.

Key words : Polychlorinated biphenyls (PCB), Blood, Yusho, Fukuoka
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Wr DI H PCB #1238 W T 3 LW il 2 i
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ZWYNIEY AN, BRIEMEEOm LIZET S 2
ENEIND. FOBICEOITEEDR LD AL
53 F 0 PCB AR & ot b 5310
BTRETHBY.

FA1T 2004 FENPSFXYET ) —H T L% %
HE LSRR Ay a~ N5 7 - SRR
=R (HRGC/HRMS) % H\WwC, I+ PCB
OBRMEARFIERERE TV, HERRERE L
72V% Lol RO R T 2007 SRR S
2010 fFFED 4 HAEOFER FIMERES 12 BT, il
JERBELE & RREZ A HETOR25 ZOHE
MRDEONT. ZOMRE D SIIMERS S
HOMEH PCBIEEOIIRL @M F L0, 4
R OIE PCB 0T IC BT 5 ik % £5 /2.

7 BATCH [ PCB g RE | &1, JFICER
DENR Y, M O EF 7% PCB FRMAE O E
ZHFIL7z [Total PCB g #4857,

ES

1. SFEF
2007 4FFEA 5 2010 47 FE D AARBEICFE M S 7z

b VI — TS 121, DR 796 &4h3xis L7e.

MEOREBEEZRONITZFZEHED ) H, OR25%
(2O A PCB ll5E & 206 L 72, X3 BRI
&, RIS B iR 10 £ S $R
SN EHFET ORA L THL, M
PCB DMK (V35 — M) (2 L 7.
I H PCB ORI A0 BRI & BB 12 527 2 35
B TAL REBEXHITERWEE [Cl, 2ok
M54 7% B 7213 [BC) 4L 72Y. &
LB HEOEML, SHEEO 4] 1 BB H
A CIRHTIC W72,

2. MrKE

SHEIFPEHY A0 L 0% HH L 10mL
BAIKA K Y VIR 1.5 g % IEMEICE D HL
D, BC TINLE Iz PCB NEE#EE (3
~10 S 21 fEHH, /> R 2 &LEW
122 & 200 pg MBI B & ) IEREICTINL 72,
KIZ 15N AKEERALH ) 7 A/T % ) — ViR 3mL
2MA, RVFy 72 ZAIFF—2HOTILRSE
L7z, A¥y v FIIEGEE 2 B £,
#90C KK T 1 RN EGERT L TT IV A1)
SRR To T2 TV ) S REOBEHI AT

(69)
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2mL ZIMZTERL, IFH—THEL THH
L7z, ##8% 2500 rpm C 10 Zr.O 0L, |k
JEONFY UERDAE Y VEIZSRL, 0
HHREZ DR L7z, AbELAFTVE ()
4ml) %7K 1 mL T2 E3EE L2k, MK
BT b)) g 2550720 T A% EB I
BEL7-. RICHEMEEEET AKRTH 2 mL 12
bHETEML, 70)VNH T ATHERLLZ.
7)) VOVEEERIZIE, ADtHERO 7o) Pv
PR%AZ/NAY =) H T AI205 gL TERL
ZHOXIEEEOA—F) vy T H T A (HA
7 — % — X% Sep-Pak Vac RC (500 mg)) # fii
FI L7z, Sefmiicy ) v v asg 2 & LTC
-2,3,3',5,5-pentaCB (**C-PCB111) #ifi% 100
pg L EHRIML, @2/ 40 uL ISR L7295
D1yl zBSBET A< N T T - B
Bt B & 4 W (HRGC/HRMS, Agilent
6890/Micromass AutoSpec Ultima) (Z7EA L Cilll
52 L7z, R SAL& Y o PCB [ kR4 68 fiifH
(3~10FEFALY) 3 O BB S 13 g Y
EREETH - 7.

KBEHBERRUEE

D275 DI PCB EE A HlE L /Sy —
VIRAT R FERE L7z REROME % Table 1 127”7,
FUERBE IOV TIZ 2007 4EEELZ 48 4D HT %
1, DIBEIZSAE 1 O 21T 72, 2007 4B
IZB 2 RERBEDOIMBE AT OKE, 9B A
INF— N2, 135D BSY — 12, 5D BC /Y
=2, 21 %W C Ny = I E N
2007 4705 2002 4EEE TO S AEM Z > TA S
L, BEBREBERBZDH L1 43P CEDL 10
DZBEEAH L TWI2h, ZOMId 5 EM 0434
WM ZZ B 2o, 20 11 Zolifdh
PCB g & /3% — CHIEM RO FEWRIMER (2002
F~2009 4£) % Table 2 (2 F L o7, 2007 4E LA
M DOIRGAERITMIEZ W T — ¥y N—ZA X DG IHL
TIEH L7z, B No.l Tld/8% — 2 HIER R
C~BC~B B TZER L T\Ww7z2%, 2007 4E1E DL X
WINH CNy = Tholz, F7-8E No3 T
3% — U3 C~BCHTER L T/, Zofh
DY TIEINY — HERRIERITFRO 5T
PCBEE L IZITFZED L N)VTHER L Tz,
HERREPZLLZHNE LT, SiZEEDMmE
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Table 1 The number of blood PCB samples analyzed in 2007-2010 annual inspections and classification results

Classification® Blood PCB 2007 2008 2009 2010 Total

pattern

Yusho patient A 9 1 1 1 12
B 13 0 0 0 13
BC 5 0 0 0 5
C 21 0 0 0 21
Subtotal 48 1 1 1 51

Yusho-suspected A 0 0 2 2 4

person B 5 2 4 5 16
BC 0 2 2 0 4
C 47 50 54 49 200
Subtotal 52 54 62 56 224

Total number of inspected samples 100 55 63 57 275

in this study/in Fukuoka prefecture /201 /212 /202 /181 /796

*These classifications were made according to those at the time for each person.
**These four samples were attriburted to three persons. The two of them have been registered to Yusho patient by May, 2011.

Table 2 Time trend of total PCB concentrations and blood pattern classifications in eleven Yusho patients.

Total PCB concentration (ppb)/Pattern clasification

No. Gender 2002 2003 2004 2005 2006 2007 2008 2009
(H14) (H15) (H16) (H17) (H18) (H19) (H20) (H21)
1 F 0.84 0.58 0.38 0.75 0.91 0.49 0.45 0.39
C C BC BC B C C C
2 F 1.6 1.4 0.93 1.6 1.5 1.0 1.2 0.99
C C C C C C C C
3 F 0.25 0.16 0.12 0.17 0.21 0.20 - -
C C BC BC C C
4 F 13 11 5.8 12 6.0 6.0 5.7 6.3
A A A A A A A A
5 M 1.2 - - - - 0.55 2.0 -
C C C
6 M 2.2 - - - - 1.8 - 2.2
B B B
7 F 9.2 - - - - 6.8 - 6.4
A A A
8 M - 2.2 - - - 2.2 - -
C C
9 M 1.6 1.5 - - - 0.98 - -
B B B
10 M 1.2 - - - - 0.90 0.94 1.1
B B B B
11 F 1.8 - - - - 1.5 1.4 -
B B B
*PCB analysis and blood pattern analysis were performed in this study.
i PCB OIERAHELEOBRIIE CHERR  WEASH 4O SRS 4PN LED
DEBITRZ ) R$ VW &, M (ERKLR) BOEEDPEGIN, FHIIHTHLD, 20D
Z & OFFERHERI O ENFEDOEK I E 2 b 524132011 FO5 HETIZEEIZHE SN T

5. 2007 FEEE 5 2010 SFFEIZ BT B REDEE O
M 5AT TlE, 2006 4F & 2007 4FEEIZ A 23y — >

Wh, mEEOMEmE LT, RREEEEOH
90%7% C /3% — ¥ EHFE SN TWIZ.
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2p o

2007~2010 4 BE 2 B F B R FEE & O ML
PCB gD HiFe % Table 312 F &L D7z WHES
W8y — HEICH B 3 D OFERMER,

mhH 2,344 5-pentaCB (PCB118), 2,2',4,4',

5,5-hexaCB (PCB153) % 1*2,3,3,4,4' 5-hex-
aCB (PCB156) if U2 Total PCB D £ D3
i, FeRfE, S/MEZRL7:. FEEIWITND
BREMIIETLTRBY, ZomEmz#EHS O#H
EO L —FH LT\ 2010 EEORBEZIIBIT
% PCB118 V313 0.035 ng/g TH Y, Ih
13 2007 4E £ 0.054 ng/g 12T 36% KT L,
SHAMAOHR ROV TENE 272 T2
Total PCB £ 1& 2007~2010 4F &£ @ [ 12 %9 25%
DT A RS b7z, TFEORBEEM 4~ NIl
i PCB oIk 0% — ) o % A5 L 2L
FIEEAEBD LN VR ZBELEEDOTY
PCB i 3 E A3 DA 3 B AR H 7z,
Fig. 1 3z % % L& REEH O IMEH
PCB g% 6 DOEEIZHHL, &R0 5
NBOEEZFEEZEICHB LD THS. &
T 2007 SEEORRERED NFOA &R LTz
COMD»PLWE % X, IiEH PCBigED
BNZZEOEEGELBINL T D, Mg
PCB 72 1 ppb Kiili 0 Ki2EZZ & HA X 2007
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ERFICH 50% T, (31T 2007 SEEDERER &
FREDEE TH o 7275, Ha IR L 2010 455
3K 70% F THINL T/, — T, HERAE R
DE 1.5 ppb PL Lo KFRESZEIX, A,
Bl L Twz,

ZHHE D OB SN D PCB B IR @) %
Wli5 T B 75, Table 312779 X 9 12 PCB156 (&
3D PCB iRIEE A OH TR L IKBEZETH
D, 2010 SEERZIC BT B RAKOMHIEEE 120,43
pg/g (M#EHF No.10116) TH o 72, M4
¥ HRGC/HRMS 7 u~ k75 4 (GERHTE
=¥ =A%) ROE CHIESESET T PCB156
EH#ESOZO< b7 A% 4E&bETFig 2 125
L7z, Mo RnZshze—2 (K )
(&, PCB156 #E#E i & PRIFIER 25 —3 L, 2D
BHEZY —A F L I2BIFT A Y — 27 L OHERKILD
KRR & —3 L 722 & T PCB156 & [ S
72, ESICNEEEYE 0 ¥ — 7 Tl & oMK
o E R 0.43 pg/g ANE ATz I E AR
0.43pg/g #EHE SO PCBHIE 7T b a5
WHTLE, GHHEER 1.5 g HEREOK
#fi e 40 uL, HRGC/HRMS ~0iF A+ 1 uL &
D, FEEFEARELTI6fgIZH LW, X
LT, PCB #Ei#f; (1 ng/mL) % HRGC/HRMS

= HA

Table 3 Concentration trends of PCB118, PCB153, PCB156 and Total PCB in 2007-2010.

(ng/g, whole blood weight basis)

Yusho suspected person

Yusho patient

2007 2008 2009 2010 2007
(n=52) (n=54) (n=62) (n=56) (n=48)
PCB118 Mean 0.054 0.045 0.039 0.035 0.037
(peak No.1) Max. 0.19 0.16 0.15 0.15 0.10
Min. 0.0034 0.0026  0.0033 0.0027 0.0040
PCB153 Mean 0.21 0.19 0.18 0.16 0.24
(peak No.2) Max. 0.69 0.74 0.42 0.41 1.2
Min. 0.010 0.010 0.010  0.0094 0.034
PCB156 Mean 0.021 0.019 0.016 0.016 0.054
(peak No.5) Max. 0.087 0.096 0.038 0.041 0.061
Min. 0.00083 0.00067 0.00073 0.00043 0.0029
Total PCB Mean 1.0 0.89 0.80 0.75 1.3
Max. 3.3 3.3 2.1 1.9 6.8
Min. 0.051 0.050 0.048 0.048 0.20
Age Mean 57.4 54.6 57.1 55.7 58.0
Max. 39 90 90 91 39
Min. 9 7 11 9 34

(71)
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Fig. 1 Change in the distribution of blood total PCB concentrations in Yusho
suspected persons through inspections.

(x10)

Blood No. 10116

1400000
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R L

1 PCB167 PCB156 —
IOOOOOOT (1 pg injection )

PCB standard solution

PCBI157

T
204 214

UL

T
224

Retention time (min)

Fig. 2 HRGC/HRMS SIM chromatograms of hexaCBs in extracts from blood
sample No.10116 and in standard stock solution.

*

. This peak was identified as PCBI156 and its concentration

corresponded to 0.43 pg/g as whole blood weight basis.

WA L CRO 72 BEOR/MMHIEE L, MR
FUEDTRIE L 70 5 S/N=3 T 6fg, E=RFED H
LTaAHS/N=10 T 20 fg L ZNETNHE B SN
ThbLTBEOMBE 2Ot s, HERKS
(A &7z PCB156 O ITITHEEER RIS
FLWHTH -2, B2 E oM+ PCB i
RSB b L, EREMET LSS —
VHEDORE I\ CHER RIS RMED D 5. WE
PCB Ml fEFEICHEMT 5720121, 2D LX) %

MED PCB B#UAZ WPICHEIZERT 00
HETH5.

Fig. 313 2007 4EFE 2> 5 2010 4EE D 4 24EICB
WTC/Ny — Y EHIE SN2 ED M
PCBgRE L Fln L OEZRL72DDTH 5.
4 AE OISR O GBI H 5 22 I,
PCB i, e I FHMEEZHEM L ORLZ.
EHy L &b 2 PCB i 355 B Sany 1o 1
KEMZERL, ZHEEICEFRBOHEW L
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Fig. 3 Relationship between age and total PCB
concentrations in blood classification of type C.
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e &
2007 4F A & 4 W FENE L 72 i PCB JIE D

FER AR O MU P R E W AN
THolz. WMIEZHIZBITA PCB /Sy — Dk

SEIZIE, 3HEE O PCB #&%fk (PCB118, PCB153,

PCB156) ZIFHEICERTE 5 Z LD TH 5.
I @ PCB i FEAME < 218 DR H B 12 i 72
ZWaid, S5 % HEOMESML T2b
B S POHBREDOEE 2 LU LS 5. i ER
EOWRIIRMEDR SN TV L 72OBENT%
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The Difference between Male and Female Dioxin Concentrations
in the Blood of Yusho Patients

Jumboku Kajmwaral), Takashi Topaka?’, Hironori Hirakawal, Tsuguhide Hort?,
Daisuke Onozukal’, Yoshiko Takao!’, Teruaki Hiratal’, Takao Iipa3,
Hiroshi Ucu®% and Masutaka Furue?4

U EFukuoka Institute of Health and Environmental Sciences
39 Mukaizano, Dazaifu, Fukuoka 818-0135
ZDepartment of Dermatology, Graduate School of Medical Science, Kyushu University
Maidasht 3-1-1, Higashi-ku, Fukuoka 812-8582
YK, itakyusyu Life Science Center 1-4 Nakabaru-Shin-cho, Tobata-ku, Kitakyusyu 804-0003
YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital
Muaidashi 3-1-1, Higashi-ku, Fukuoka 812-8582

Abstract In 1968, the contamination of cooking oil by heat-degraded polychlorinated biphenyls
(PCBs) caused a case of mass poisoning, the so—called Yusho incident. The cause of Yusho disease is
thought to be ingested toxic substances, including not only PCBs but polychlorinated dibenzofuran
(PCDFs) in Kanemi rice oil. Extensive studies have been performed since 1995 by the Yusho study
group involving follow—up surveys of human blood concentrations of the casual compounds in Yusho
patients as well as clinical trials of the acceleration of the excretion of these compounds in Yusho
patients. We have previously measured dioxin concentrations in the blood of 649 Yusho patients in
annual medical examinations from 2001 to 2009. We determined that the concentrations of 2,3,4,7,

8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in the blood of
Yusho patients were more than twice as high levels to as those of normal controls.

In this study, we compared the concentrations of 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,
8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in the blood of male Yusho patients with those of female

Yusho patients. As a result, it was found that the mean concentrations of 2,3,4,7,8-PeCDF 1,2,3,4,
7,8-HxCDF 1,2,3,6,7,8-HxCDF, and 3,3',4,4',5,5-HxCB (#169) in female Yusho patients were 2.9,

3.7, 24, and 1.3 times higher, respectively, than those of male Yusho patients.

Key words : Yusho, Dioxin, Blood, PCDFs
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AR EETHE A2 21T T8 h, \E
72~300 % DIMFERREBEE OB ¥ 1 4+ F 2 »
FHIRRE 2 I8 L 72, lE — M2 T 2001 4FE 20 5
2009 4EF TO QEMICIMIE R 5 A 4 F 2 R
2 5 L 72 9ioiE R SE B OBk Bid 1,678 1
Thl), FRIAIHTH 72, T D 649 Z D
SERRERBE DM & A 4 & > v HIEE % 2004
ARV IREE & L CEREL L 72 4B P 0 60 7% DLk
D127 % DO— W NDIEH 7 A 4 F 2 VHHRE L
L, MHERERE DM 5 1 4 % 2 vk
FEDRF A MR, 10 WA F B BN SRAT L 72
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1. 9

EENHEE — A CIME Y & A 4 % 3 2 FHo T
WEBEN LX) VA BZERINE % F IR =
FHLL, &4 FF 2 HEEE T CHEREL
7z, 2001 4EFEA> & 2009 4FE F T 9 4F M M
& A X2 HIERE % AT L 72 RRE B O
MBI 1,678 450 Tdh 5 S22 L 72

IERRERENHAET 5720 FEHT 649 B TH o7,

PIFRIZ S 312 44, ZctE 337 £ TdH V), 2009 4EHF
HTOFIFENL 67.0 % (32-98 %) TH o 7.
Mg & A 4 & 2 VR, P2z T L
P2l I AEHETIRIZEA B otV D
T, 1ELPAZEL TWARWEAIZZDREE,
BERHE LT B I3 i 1l E L7z i B
(RFTDOUREE) % 2 OIMAERRE B HZ DI+ 5 A
TR BEE L, MW, 10 EEOERREDIC
L7z,

2. F4AXI EBANAE

AT XL VEBEIIRYIEL RS A F
¥ (PCDD) 7H#, RIS TFY
(PCDF) 107, />4 )Y PCB 4 f® 21 Hik
RIZOWTHIE L7z, 0 IS BE R o g 47
L4 % VESHEY VI Lo T4
bh, MK Sg & FAEME L 72, WA 3
L Eaamitds (ASE) TF A 4+ VA
L7z 512, ERLE L 7o, RERSRT ) A

PNV T AR OTEEER S T A %A L TR /2.

AT XY VS EEMEL, BERIESENE
AZETE (SCLV) % %75 L7z ma0fiEe GC/MS Tl
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A F T UHoOFEEEME (TEQ) DRI
& WHO 2% 1998 412 58 55 L 72 35 M 5 i 4% %4
(TEF : WHO-98) JZ O 2005 4E 12583 L 7 4%
fiife %% (TEF : WHO-05) & HHWCEHEL, il
BRELLLT O BRI BRFED 1 7 2 % Z D
L LCEME L7

(fHHRTE A~ DO BLRE)

MiEh 74 4 % VHEOBEL, AANOFRED
BONZEDOARERRE Lz, HIEREDREEIC
B L CIGRETAY IS S 7z R o A E v, A
ANEFRFETE S &) RERIFEL v, T/,
AWFZEIL [ B VR DR BRI 78 i 2 T 5 i B3
BREASEM] RO X, FEYZIIEKRIN
bOTHDL (M FHEZH 21-3 5 (1) FH 22 4£ 5
H 10 HAGZ).

KBRHEREBE

1. HERTCREOMEBERFI A XL EHOBEL
AiRE

2001 420 5434, SENHE—F IS THEE O
Mg A4 4 %2 VHBELE LS LTS
72978 Z oM, FAEICHE L 2IERERE O
Total TEQ (WHO-98) @ *F# 1 1z 61 — 180
pg-TEQ/g lipid TH VY, S mfEHT L 72 2001 4 2>
5 2009 - \HE —FRZ & s L 72 R e R
# 649 % ® Total TEQ (WHO-98) @ F-3I51H (1%
100 pg-TEQ/g lipid, TEF (WHO-05) T#MEL
7z Total TEQ (WHO-05) @ *F 35 ff i& 79
pg-TEQ/g lipid T - 7z. 2001 4E7*5 2009 4E D
%4EO Total TEQ (WHO-98) OillsEfEIZxT L
2001 4F-2> & 2009 4F OhiiE R e B E & 5 L TRE
# L7 Total TEQ (WHO-98) (Z1Z1F 9 4EH DT
BEERL, SHEOHEME2HRE BRI 2 D
DTIE Do 7. F 112 2001 455 2009 46 127
SE—HMRZ % %2 L7 iERE B E 649 7 K O
2004 4F 248 Fi U CFE 0 L 72— E R o B 2 31 ifn
Wb 5 A 4% VHREEZR L. IEREES
(B, k) @ Total TEQ (WHO-05) 3%
2 51, 100pg/g lipid TH - 72. xfFEEED —
MR (B, &) o Total TEQ (WHO-05)
IZFNZFN 34, 36pg/glipid TH VY, JHAERZER
D Total TEQ (WHO-05) 1&—fEfER X ) Bk
TR L5 /EL, TN 2.9 Ero72. %
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£ MEREEE RO REROB LRI & 1 4 ¥ 2 FilkeE
HERRE D (2001-2009 4F) —HeER (2004 4F)
Bk (N=312) Ik (N=337) B (N=51) #E (N=76)
Congeners Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max
2,3,7,8-TCDD 1.4 0.8 ND 4.4 1.8 1.1 ND 8.6 1.8 0.9 ND 4.0 2.0 0.8 ND 4.3
1,2,3,7,8-PeCDD 8.0 4.0 ND 22 12 6.5 1.2 43 8.4 3.4 3.2 19 9.3 3.3 3.3 20
1,2,3,4,7,8-HxCDD 2.6 1.7 ND 12 3.2 2.0 ND 15 3.3 1.7 ND 7.6 3.7 2.1 ND 13
1,2,3,6,7,8-HxCDD 33 23.9 3.9 150 54 4.3 6.5 310 26 10.1 7.3 47 29 11.4 13 70
1,2,3,7,8,9-HxCDD 4.0 2.7 ND 24 5.3 3.8 ND 31 3.7 2.0 ND 9.1 5.1 3.1 ND 16
1,2,3,4,6,7,8-HpCDD 49 32.9 ND 290 52 32.7 ND 320 65 35.9 17.6 170 88 63.8 22 470
OCDD 710 424.9 150 3900 810 615.2 180.9 7900 1100 676.1 181.2 3300 1300 1066.8 370 7600
Total PCDD 810  466.9 180 4300 940  658.3  244.0 8300 1200 724.3 214.4 3600 1500 1139.4 430 8200
2,3,7,8-TCDF 1.7 3.2 ND 48 2.3 2.2 ND 14 1.1 0.9 ND 4.5 0.8 0.6 ND 2.9
1,2,3,7,8-PeCDF 1.1 1.9 ND 27 1.2 1.2 ND 7.6 0.8 0.7 ND 4.6 0.6 0.4 ND 2.7
2,3.4,7,8-PeCDF 68 93.7 3.0 560 200 251.0 2.9 1800 16 6.5 6.0 36 18 6.5 7.5 37
1,2,3,4,7,8-HxCDF 15 25.4 ND 200 57 89.4 ND 580 4.7 2.3 ND 13 5.2 3.0 ND 20
1,2,3,6,7,8-HxCDF 8.9 9.5 ND 7 21 26.3 ND 180 5.6 2.6 ND 14 5.7 2.6 ND 16
2,3,4,6,7,8-HxCDF 1.2 0.7 ND 8.0 1.2 0.9 ND 9.8 1.4 0.9 ND 5.2 1.2 0.6 ND 4.9
1,2,3,7,8,9-HxCDF ND ND ND ND
1,2,3,4,6,7,8-HpCDF 2.4 2.7 ND 26 3.8 15.4 ND 280 2.4 2.4 ND 13 2.0 1.8 ND 14
1,2,3,4,7,8,9-HpCDF ND 1.0 0.2 ND 3.7 ND ND
OCDF ND 2.5 7.6 ND 140 ND 2.2 1.8 ND 18
Total PCDF 100 127.1 12 800 300.0  364.0 13.0 2600 36 13.8 15 86 38 13.3 18 82
3,4,4',5-TCB(#81) 5.8 3.9 ND 37 5.3 1.8 ND 24 5.8 3.0 ND 24 5.4 1.7 ND 14
3,3,4,4-TCB(#77) 9.0 18.6 ND 290 7.8 10.4 ND 150 8.6 5.4 ND 31 8.3 4.4 ND 21
3,3'.4,4',5-PeCB (#126) 95 88.7 ND 590 90  61.7 ND 430 120 83.6 17 360 110 78.9 26 520
3,3,4,4',5,5-HxCB(#169) 140 100.8 10.4 640 180  140.7 12 1100 69 27.4 32 160 60 26.3 16 190
Total Non-ortho PCBs 250  175.7 27.2 1100 280  165.5 36 1200 200 108.4 59 520 190 104.5 64 740
Total 1200 613.6 313 4500 1500 865.4 400 8600 1400 796.1 290 3900 1700 1175.6 550 8500
& [WHO-98] &
T PCDDs-TEQ 14 6.9 2.7 37 20 11.6 3.0 80 14 5.6 5.0 29 16 5.7 6.0 34
T PCDFs-TEQ 37 50.1 2.0 300 110 136.5 1.9 970 9.5 3.8 3.5 22 10 3.7 4.7 21
T Non-ortho PCBs-TEQ 11 9.5 0.6 62 11 6.6 1.2 44 12 8.5 2.0 38 12 8.1 2.9 54
Total TEQ(WHO-98) 62 58.0 5.8 330 140  147.8 6.4 36 16.5 12 83 38 15.5 15 100
& [WHO-05] &
T PCDDs-05-TEQ 14 6.9 2.8 38 20 11.7 3.1 80 14 5.7 5.1 30 16 5.8 6.2 35
T PCDFs-05-TEQ 23 31.3 1.4 190 69 86.3 1.4 610 6.2 2.5 2.3 14 6.8 2.4 3.1 14
T Non-ortho PCBs-05-TEQ 14 10.9 0.9 67 14 8.1 1.8 46 14 8.9 2.6 40 13 8.5 3.5 58
Total ~“TEQ (WHO-05) 51 41.4 5.5 240 100 100.1 6.2 730 34 159 11 80 36 15.0 14 98
Lipid (%) 0.33 0.05 0.20 0.53 0.34 0.05 0.23 0.64 0.32  0.05 0.22 0.49 0.33 0.05 0.24 0.47
Age (years) 65.9 14.7 32 95 67.9 13.6 37 98 68.1 5.0 60 79 68.0 5.7 60 86
(pg/g lipid)

CB : chlorinated biphenyl ; CDD : chlorinated dibenzo-p-dioxins ; CDF

: chlorinated dibenzofurans ; Hx : hexa ; Hp : hepta ; ND : less than the determination limit ; OCDD : octachlorodibenzo-p-dioxin ; OCDF :

octachlorodibenzofurans ; PCB : polychlorinated biphenyl ; PCDD : polychlorinated dibenzo-p-dioxin ; PCDF : polychlorinated dibenzofuran ; Pe : penta ; TCB : tetrachlorobipheny ; TCDD : tetrachlorodibenzo-p-dioxin ;

TCDF : tetrachlorodivenzofuran ; TEQ : toxic equivalent quantity.
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2,3,4,7,8-PeCDF

2tk (n=337) Bt (n=312)
A# Mean SD Min Max A¥ Mean SD Min Max
39 HELAT 4 22 21 11 53 9 7.2 3.8 3.0 13
40 1A% 39 21 21 2.9 110 47 16 13 3.8 85
50 AR 55 120 158 6.1 900 54 41 53 3.4 280
60 &AL 65 200 254 9.7 1400 57 60 82 5.5 510
70 AR 97 270 258 9.2 1800 79 110 120 6.5 560
80 FELL L 77 280 293 16 1200 66 93 100 7.6 520
&t 337 150 122 16 53 312 68 94 3.0 560
(pe/g lipid)
1,2,3,4,7,8-HxCDF
et (n=337) it (0=312)
A#  Mean  SD Min Max A#  Mean  SD Min Max
39 LU 4 7.4 5.1 3.2 14 9 1.7 1.0 ND 3.2
40 &A% 39 4.9 4.6 ND 25 47 4.1 4.0 ND 20
50 AR 55 25 41 ND 260 54 9.7 15 ND 93
60 &A% 65 54 93 2.1 550 57 13 17 ND 100
70 97 80 97 ND 580 79 25 38 ND 200
80 kLI E 7 83 107 3.4 480 66 21 24 ND 130
At 337 42 47 ND 580 312 12 14 ND 200
(pg/g lipid)
1.2,3.6.7.8-HxCDF
2tk (n=337) Bk (n=312)
A% Mean SD Min Max A Mean SD Min Max
39 LT 4 6.8 3.8 3.6 12 9 2.0 1.0 ND 3.5
40 AR 39 3.9 2.2 ND 13 47 3.8 1.9 ND 10
50 1At 55 11 13 ND 80 54 7.0 7.5 ND 48
60 AL 65 21 28 2.2 180 57 7.9 6.7 ND 38
70 et 97 28 28 2.2 170 79 13 13 ND 7
80 A LA E 7 29 31 4.7 130 66 11 8.8 ND 46
AR 337 17 13 ND 180 312 7.4 4.6 ND 77
(pg/g lipid)
3,3.4.4.5,5-HxCB(#169)
Zetk (n=337) B (n=312)
AN#  Mean SD Min Max A% Mean SD Min Max
39 LT 4 46 18 34 73 9 27 12 10 43
40 et 39 52 29 12 130 47 64 53 20 360
50 &A% 55 140 117 21 620 54 130 80 24 440
60 et 65 180 122 37 520 57 140 97 24 420
70 &A% 97 220 155 33 1100 79 190 111 36 540
80 HELLE 77 220 141 47 770 66 170 94 36 640
Gt 337 180 141 12 1100 312 140 101 10 640
(pg/g lipid)
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The Rapid Analysis of Polychlorinated Quaterphenyls in Blood Using
Different Diameter Capillary Column with the High-Resolution
Gas Chromatograph High-Resolution Mass Spectrometer

Daisuke Yasurakel), Yuki Asurzukal’, Tsuguhide Horr', Youichi Kurokawal),

Jumboku Kajmwaral), Teruaki Hiratal), Yasuhisa Ismcuro?, Takao Imna?),
Hiroshi Ucar®% and Masutaka Furug34)

DFukuoka Institute of Health and Environmental Sciences, Fukuoka, Japan
2 Kitakyushu Life Science Center, Fukuoka, Japan
Y Department of Dermatology, Faculty of Medical Scicence,
Kyusyu University, Fukuoka, Japan
YResearch and Clinical Center for Yusho and Dioxin, Kyvusyu University Hospital, Fukuoka, Japan

Abstract The polychlorinated quaterphenyl (PCQ) concentrations in blood are important discrimina-
tive parameters in yusho patient.

In this study, a rapid analytical method for PCQ using different diameter capillary column
(rapid-Rtx65TG) with high-resolution gas chromatograph high-resolution mass spectrometer
(HRGC/HRMYS) instead of the gas chromatograph electron capture detector (ECD/GC) was developed.
Using different diameter capillary columns, the analysis time of the HRGC/HRMS was drastically
shortened, and the detection sensitivity was improved.

In the rapid-Rtx65TG column, a small-bore capillary column (length 1m, I.D. 0.1mm) was connected
with the inlet side of the GC, and behind that column, a large-bore capillary column (length 15mm, I.D.
0.53mm) for octadecachloroquaterphenyl (ODCQ) analysis was connected. In the HRGC/HRMS
measurement of ODCQ by the rapid-Rtx65TG column, the minimum limit of detection for the
apparatus was 04 pg, and the minimum limit of determination for the blood was 0.008 ppb.

On ECD/GC in the conventional method and HRGC/HRMS in this study, the PCQ concentration in
blood including yusho patients and yusho suspected persons was almost equivalent.

Key words : Yusho, PCQ, Blood, HRGC/HRMS
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Table 1 Measurement condition of the gas chromatograph in ECD/GC and HRGC/HRMS

ECD/GC

HRGC/HRMS

Quadrex 007-65HT
Column type

Injector temperature
Injection method
Injection volume

He Head Pressure 25 psi

Column temperature 80T (Imin)— 30C /min — 320C (45min)

1st : Deactivated Silica Column
(Length Im, I.D.0.1mm)
2nd : Restek Rtx65TG

(Length 25m, I.D. 0.25mm, Thickness 0.1um) (Length 15m, I.D.0.53mm, Thickness 0.1um)

3rd : Deactivated Silica Column
(Length 1m, I.D.0.32mm)

300 C
Splitless
4 ul
Flow rate 1.5ml/min
130C (1min)— 120C /min — 360C (12.08min)

Table 2 The measurement condition of the mass spectrometer for OCDQ

Tonization Mode EI
Electron Energy 35eV
Ton Source Temperature 270 C
Tonization Current 650 pA
Transfer Temperature 280 C
Resolution 5000
Selected Ton Monitoring by Quantification 925.4275
Lockmass Mode Confirmation 927.4246

Sample (blood:2g)
|

Saponificate in 1.5SN KOH for 1h under reflux

|

Extract with hexane(2mlx2)
|

Wash with water (3mlx1)
|

Dry overanhyd. Na2S04(1.5g)

l

Florisil column chromatography(0.5g)

Elute with 5% diethylether/n-hexane(7ml)

|
Concentrate to 2ml

|

Wash with 10% fuming sulfuric acid (1ml)
|

Evaporate to dryness
|
Perchlorinate with antimony pentachloride for 3h at 200°C
|
Dissolve in chloroform (2ml)
|
Wash with 20% hydrochloric acid (2.5mlx1,2.0mlx2), water (2ml), 5% tartaric
acid soln. (2ml), 5% sodium bicarbonate soln. (2ml), and water (2ml)

Dry over anhyd. Na,SO,(1.5g)
|

Evaporate to dryness
|
Alumina column chromatography
|
Elute with 2% dichloromethane/n-hexane (6ml)
|
Evaporate to dryness
| 1
Dissolve in n-hexane(200ul) Dissolve in n-nonane(25ul)

ECD/GC analysis HRGC/HRMS analysis

Fig. 1 Flow diagram for the determination of
polychlorinated quaterphenyl (PCQ) in
blood
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Table 3 List of evaluated capillary columns

Inner Film

Temperature

giﬁ;lrlj;y Length Diameter Thickness Stationary phase limit Manufacturer
DB1 30m 0.32mm  0.lum 100% Dimethylpolysiloxane 340C Agilent

DB5 15m 0.32mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.25mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.32mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.25mm  0.25um  (5%-Phenyl)-methylpolysiloxane 325C Agilent
ENV5MS  30m 0.25mm  0.lum (5%-Phenyl)-methylpolysiloxane 360C Kanto

VEFbht 30m 0.25mm  0.lpm (5%-Phenyl)-methylpolysiloxane 370C Varian
SLB5MS  30m 0.25mm  0.lpm (5%-Phenyl)-methylpolysiloxane 340C Supelco
007-65ht  25m 0.25mm  0.lpm (65%-phenyl)-methyl polysiloxane 400TC Quadrex
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Fig. 2 Mass chromatogram of six types of ODCQs on nine different capillary columns
Peakl : 2,2-0DCQ, Peak2 : 2,3-0DCQ, Peak3 : 2,4'-0DCQ, Peak4 : 4,4'-0DCQ, Peak5 : 3,3-0DCQ,

Peak6 : 3,4-0DCQ.
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Fig. 4 The HRGC/HRMS chromatogram and the ECD/GC chromatogram of six types of octadecachloro-

gtaterphenyls (ODCQs)

Peakl : 2,2-0DCQ, Peak? : 2,3-0ODCQ, Peak3 : 2,4'-ODCQ, Peak4 : 4,4-0ODCQ, Peak5 : 3,3-0DCQ,
Peak6 : 3, 4-0ODCQ. A) The HRGC/HRMS chromatogram with the OCDQ rapid-Rtx65TG capillary
column ; B) The ECD/GC chromatogram with the Quadrex 007-65ht capillary column
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Measurement Method for Hydroxylated Polychlorinated Biphenyls
in the Blood of Yusho Patients by Liquid
Chromatography-Electrospray Tandem Mass Spectrometry
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Abstract Hydroxylated polychlorinated biphenyls (OH-PCBs) are formed as major metabolites of
PCBs by cytochrome P450 enzyme-mediated oxidation. It has been reported that their total
concentration in serum samples of Yusho patients ranged from 390 to 1300 pg/g.

We developed a measurement method for OH-PCBs in blood samples by LC/MS/MS. This method is
effective at determining the concentrations of PCDDs, PCDFs, Co-PCBs and OH-PCBs from the same
sample without special treatment of the sample.

The concentration of OH-PCBs in the blood of Yusho patients was examined using this method. The
major OH-PCB metabolites were 4-OH-CBI187 (54-906 pg/g-wet), 4-OH-CB146 + 3-OH-CBI153
(32-527 pg/g-wet), 4-OH-CB109 (ND-229 pg/g-wet) and 4-OH-CB172 (ND-143 pg/g-wet). The
total OH-PCBs ranged from 95 to 1740 pg/g-wet.

Key words : Yusho, Blood, OH-PCB, LC/MS/MS

Introduction

Polychlorinated biphenyls (PCBs) are one of the
persistent and bioaccumulative chemicals. Hyd-
roxylated polychlorinated biphenyls (OH-PCBs)
are well known as metabolites of PCBs formed by
the cytochrome P450 enzyme-mediated oxidation
of PCBs. Enomoto et al! investigated the
concentrations of OH-PCBs in the Japanese
human blood plasma reporting that the major
congeners and levels were 4-OH-CB109 10-230
pg/g-wet, 4-OH-CB146 13-340 pg/g-wet and
4-OH-CB187 12-110 pg/g-wet. Linderholm et
al? reported that the highest OH-PCB metabolite
in serum samples from 9 Yusho patients was
4-OH-CB187 followed by 4-OH-CB146,

(87)

4-OH-CB109 and 4'-OH-CB120; further, that the
total of 6 OH-PCB metabolites ranged between
390 and 1300 pg/g serum with a mean value of 780
pg/g serum.

Sakiyama et al.? reported that OH-PCBs were
derivatized with dimethyl sulfate, and the
methoxylated PCBs were determined using
HRGC/HRMS. Matsumoto et al.? reported that
methylation by trimethylsilyldiazomethane was
an effective derivatization method. On the other
hand, R.J. Letcher et al.” determined the concen-
trations of OH-PCBs in the plasma of Canadian
polar bears using a liquid chromatography
tandem mass spectrometry (LC/MS/MS) techni-
que.

We previously developed an analytical method
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for measuring the concentrations of PCDDs,
PCDFs and Co-PCBs in human blood samples®.
Here, we modify this method for determination of
OH-PCBs in human blood samples using LC/MS/
MS with an electrospray ionization interface in a
negative ion and selective reaction monitoring
mode. This method is effective at determining
the concentrations of PCDDs, PCDFs, Co-PCBs
and OH-PCBs from the same sample, and does
not need a special treatment such as derivatiza-
tion.

Materials and Methods

1. Chemicals and reagents

OH-PCBs standards were purchased from
Wellington Laboratories, Inc. (ON, Canada) and
Cambridge Isotope Laboratories, Inc. (MA, US).
These OH-PCBs standards are listed in Table 1.
Each 1 mg/L standard solution was prepared by
dilution with acetonitrile. Labeled standards of
OH-['3C,2]-PCBs, as internal standards, are listed
in Table 2. Acetonitrile, methanol, formic acid
and ultra pure water of LC/MS grade were
purchased from Wako Pure Chemical Industries
(Japan). A cartridge of Envi-18 (500mg / 6mL

Table 1 OH-PCBs standards

Compounds

Abbreviations

4-OH-2,2',4',6,6'-PeCB 4'-OH-CB104 4H104
4-OH-2,3,3',4',5-PeCB 4-OH-CB109 4H109
3-OH-2,2',3,4,4',5-HxCB 3-OH-CB138 3H133
4-OH-2,2',3,4',5,5'-HxCB 4-OH-CB146 4H146
4-OH-2,2',3,3,4',5,5-HpCB 4'-OH-CB172 4H172
4-OH-2,2',3,4',5,5,6-HpCB  4-OH-CB187 4H187

Table 2 OH-['3C1,]-PCBs for internal standards

Compounds

Abbreviations

4-0OH-2,3,3',4',5-PeCB 4-OH-CB109 M4H109
4-0OH-2',3,4',5,5-PeCB 4-OH-CB120 M4H120
3-0OH-2,2',3,4,4',5-HxCB 3-OH-CB138 M3H138
4-OH-2,2',3,4',5,5-HxCB 4-OH-CB146 M4H146
4-OH-2',3,3,4',5,5-HxCB 4-OH-CB159 M4H159
4-OH-2,2',3,3',4',5,5-HpCB  4'-OH-CB172 M4HI172
4-0OH-2,2',3,4',5,5',6-HpCB  4-OH-CB187 M4H187

K. Tobiishi et al.

tube) was purchased from Sigma-Aldrich, Inc.
(MO, US).

2. Sample preparation

The blood samples examined in this study were
collected from 27 Yusho patients from whom
informed consent was obtained. Each 5g blood
sample was loaded into an extraction cell filled
with Isolute. After freeze-drying, OH- [13 Ci2]
~PCBs, [°C12]-PCDDs, ['*C12]-PCDF's and [**C12]
-Co-PCBs were added as internal standards.
Acetone : n-hexane (1 : 4, v/v) was used as the
extraction solvent for an accelerated solvent
extractor. After the extract was evaporated to
near dryness, it was dissolved in n-hexane and
treated with sulfuric acid overnight. The sepa-
rated hexane layer was applied to a silver nitrate
/ silica gel column. The first fraction containing
PCDDs, PCDFs and Co-PCBs was eluted with
15mL of n-hexane. OH-PCBs were eluted with
156mL of 50% dichloromethane / n-hexane as the
second fraction. The eluate was concentrated to
near dryness with a multiple sample concentrator,
After the

methanol solution was loaded onto an Envi-18

and dissolved in 2mL of methanol.

cartridge with 4mL of methanol, the eluate was
concentrated under nitrogen flow and transferred
to an LC injection vial with 0.2mL of methanol. A

flow chart of this method is shown in Fig. 1.

3. LC/MS/MS Measurement

All LC/MS/MS analysis was performed using
an Alliance 2695 series high-performance Liquid
Chromatograph Separations Module (Waters, US)
equipped with Quattro micro API mass spectro-
meter (Waters, US). An analytical column,
CAPCELL PAK C18 MG IIL, 2.1 mm X 150 mm, 5
um (SHISEIDO, Japan) was used under a linear
gradient solvent condition with the flow rate set
at 0.2mL/min. The initial mobile phase was 40 :
60 methanol / 0.1% formic acid in ultra pure
water. The injection volume was 10 uL. Detec-
tion was performed on a quadrupole analyzer
operated in negative electrospray ionization



Measurement Method for OH-PCBs by LC/MS 155

Table 3 Analytical conditions for the LC/MS/MS measurement | Blood Sample |
Flow Rate 0.2 mL/min. | o IS 20uL (4ng)
Injection Volume 10 uL -
. | ASE Extraction |
Column Temperature 40 C
Mobile Phase 0.1% Formic acid : Methanol = |
60 : 40 — 10 : 90 linear gradient | H,S0, digestion |
Temperature ; Source 120 C |
Desolvation 350 C | Concentration |
Gas Flow ; Cone Nitrogen, 50 L/hr |
Desolvation Nitrogen, 600 L/hr — ool
Voltage ; Cone 30-50 V | Silica gel column |
Capillary 2.0kV I |
Collision Argon, 15 eV Fr. 1 Fr.2
Tonization ESI-Negative n-Hexane chhlororethane
| Concentration ‘
Table4 Mass method for the LC/MS/MS measurement \
Precursor ion — product ion For PCB’.DIO.XIH |
Compounds Determination o
m/z | nvi-18 column ‘
12c 340.87 — 340.87 |
OH-PeCBs 13
C 352.91 — 352.91 | 0.2mL MeOH ‘
OILI<CE e 374.83 — 374.83 |
-HxCBs
3¢ 386.87 — 386.87
i2C 108.79 — 408.79 LC/MS/MS-SRM
OH-HpCBs 3 : ) ESI-Negative
C 420.83 — 420.83

(ESI-) and in selected reaction monitoring acquisi-
tion mode (SRM). Nitrogen was used as the cone
and desolvation gas. The potential applied onto
the capillary was 2.0 kV. Cone and collision
potentials were optimized for each molecule.
Argon was used as the collision gas. Other
analytical conditions for the LC/MS/MS measure-

ments are summarized in Table 3.
Results and Discussion

1. LC/MS/MS measurements

Fig. 2 shows the calibration curve of
4-OH-CB187, which ranged from 0.1 to 2.0
ng/mL. Fig. 3,4 and 5 illustrate the LC/MS/MS
chromatograms of hydroxylated penta- through
hepta—chlorinated biphenyls in SRM mode. The
standard solution contains all OH-PCB congeners
as shown in Table 1 and 2. [M-H] ions were

Fig. 1 Flow chart of the measurement
method for OH-PCBs in blood
samples

Compound name: HpCB187-40H

Correlation coefficient: r = 0.999005, r*2 = 0.998012

Calibration curve: 1034.09 * x+ 10.969

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: No

2000

1500

Response
-
o
o
o

500
O+ ng/mL
0.00 0.50 1.00 1.50 2.00

Fig. 2 Calibration curve of 4-OH-CB187
(0.1~2.0ng/mL)
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Fig. 3 LC/MS/MS chromatograms of 8 ng/mL OH-PeCB
standards
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Fig. 4 LC/MS/MS chromatograms of 8 ng/mL OH-HxCB
standards
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Fig.5 LC/MS/MS chromatograms of 8 ng/mL OH-HpCB
standards

observed from each OH-PCBs standard solution
in the negative ion mode. Precursor ion and
product ion were set with m,/z : 340.87 = m/z :
340.87 and m/z : 352.91 = m/z . 352.91 for the
native and *C-labelled ions, respectively. Other
mass methods for the LC/MS/MS measurement

are summarized in Table 4.

2. Analysis of OH-PCBs in blood samples

Fig. 6, 7 and 8 show the LC/MS/MS chromato-
grams of OH-PCBs in one of the blood samples
collected. Peaks of 4-OH-CB109, 4-OH-CB146
+ 3-OH-CB153, 4-OH-CB187 and 4-OH-CB172
detected, but 4-OH-CB146 and
3-OH-CB153 could not be separated in these
analytical conditions, while 3-OH-CB138 could

were

PCBOHd84 MRM of 13 Channels ES-

. 11.97 340.87 > 340.87

100 4.12e4
E 4H109 ’

O L e B E B S
0.00 5.00 10.00 15.00 20.00
PCBOHd84 MRM of 13 Channels ES-

. 12.46 352.91 > 352.91
100 1.98e5
PIE M4H109 M4H120 ’

0 RN BURE T Time
0.00 5.00 10.00 15.00 20.00

Fig. 6 LC/MS/MS chromatograms of OH-PeCBs in the
blood of Yusho patient

PCBOHd84 MRM of 13 Channels ES-
1004 12.73 374.83 > 374.83
4H146 1.14e5
0\07
01— UV
0.00 5.00 10.00 15.00 20.00
PCBOHd84 MRM of 13 Channels ES-
. 14.33 386.87 > 386.87
100 4.04e5
mse M4H146 M4H159 Hee
01— T T Time
0.00 5.00 10.00 15.00 20.00

Fig. 7 LC/MS/MS chromatograms of OH-HxCBs in the
blood of Yusho patient

PCBOHd84 MRM of 13 Channels ES-
1004 14.06 408.79 > 408.79
4H187 4H172 1.26e5
| R
O T e
0.00 5.00 10.00 15.00 20.00
PCBOHd84 MRM of 13 Channels ES-
1004 14.71 420.83 > 420.83
MA4H187 | |M4H172 1.66e5
x4
O e e e e Time
0.00 5.00 10.00 15.00 20.00

Fig. 8 LC/MS/MS chromatograms of OH-HpCBs in the
blood of Yusho patient

not be observed because of low recovery. We
suspected that 3-OH-CB138 degrades under
sulfuric acid treatment. Concentrations of
OH-PCBs in the blood of the 27 Yusho patients
are summarized in Table 5. The major OH-PCB
metabolite (range) was 4-OH-CBI187 (54-906
pg/g-wet) followed by 4-OH-CB146 +
3-OH-CB153 (32-527 pg/g-wet), 4-OH-CB109
(ND-229 pg/g-wet) and 4-OH-CB172 (ND-143
The total of 4 OH-PCBs ranged
between 95 and 1740 pg/g-wet with a mean value

pg/g-wet).
of 687 pg/g-wet. These results were in good
agreement with those reported by Linderholm et
al.

In conclusion, we developed measurement
method for OH-PCBs in blood by LC/MS/MS.



Measurement Method for OH-PCBs by LC/MS

Table 5 Concentrations of OH-PCBs in blood of Yusho

patients (pg/g-wet, n = 27)

Congeners Mean Median Min. Max. SD CV
4-OH-CB109 86 86 ND 229 55.0 0.642
4-OH-CB146
+ 3-OH-CB153 215 211 32 527 101 0.470
4-OH-CB187 326 326 54 906 172 0.527
4-0OH-CB172 60 50 ND 143 39.9 0.661
Total OH-PCBs 687 602 95 1740 332 0.483

ND : Not detected, SD : Standard deviation, CV :

Coefficient of variation

Developed method was effective at determining
the concentrations of PCDDs, PCDFs, Co-PCBs
and OH-PCBs from a single blood sample without

special treatment.
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A A RY, BB B2 SE I AAY, O mr D, B R D,
OH MR BRY, BR O BE MES, N fE 2 oy 7T 8y DY

KEEALR ) LY 7 = =)V (OH-PCBs) &, AMEWNIZBIT S PCB OFERHITH 5.
OH-PCBs |ZMANTHF F 7 10— 2 P450 BELFHEIZ L 1) PCB 20 H AR S, IERLE B E O &
5 390-1300pg/g DEE T E N7 HiEDVH 5.

OH-PCBs OWIEFEIZE L, 1EROGHETIIHEM AL 2 L2 L LTz, HIEE I
LC/MS/MS i\ 5 Z & T, HILHOMIEILZ ZR L7z, REOFSIX, 7Ek2rHMEEZIT-> T
WA T AT XL VST OGRS, OH-PCBs % 77 8i$ 5 2 & T, OH-PCBs O Hrd 7=
DN 72 1 MR 2 MR 5 LES N L TH 5.

WERREBFEOMBE EZ VT, KFEIZEDSWTHMI LR FE % PCB oR#WwiL,
4-OH-CB187 (54-906 pg/g-wet), 4-OH-CB146 + 3-OH-CBI153 (32-527 pg/g-wet),
4-OH-CB109 (ND-229 pg/g-wet), 4-OH-CB172 (ND-143 pg/g-wet) TdH O, = O &7
95-1740 pg/g-wet TH o 7-.
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FUNREEREE BRI e e o ¥R 3820
iU AR, B, ERSERAL, W E B2, A Ak I H E 2

The Effect of Maternal Exposure to Dioxin on Fetal
Steroidogenesis in the Steroidogenic Organs
Tomoki Takepa, Junki Taura, Misaki Fuji, Takayuki Koca, Yuji Isun and Hideyuki Y amapa

Graduate School of Pharmaceutical Sciences, Kyushu University

Abstract 2,3,7,8 Tetrachlorodibenzo-p-dioxin (TCDD) exposed to pregnant or lactational mother
impairs the reproduction and development of the pups. The defect is a serious problem, because it is
caused by TCDD at much lower doses than that needed for acute toxicity in the mother. However,
the toxic mechanism underlying the defect remains to be obscure. We have previously revealed that
maternal exposure to TCDD (1 ng/kg) causes a reduction in luteinizing hormone in the fetal pituitary,
leading to the reduced expression of testicular steroidogenic proteins such as steroidogenic
acute-regulatory protein (StAR) and cytochrome P450 (CYP) 17. In addition, we have provided
evidence that such a reduction imprints defects in sexual behaviors at adulthood. In this study, we
investigated TCDD effect on fetal steroidogenesis in the extra-gonadal tissues. Even when pregnant
Wistar rats at gestational day (GD) 15 were orally treated with TCDD (0.25, 1 or 3 ng/kg), neither
expression of StAR nor CYP17 mRNA was affected in the adrenal gland, placenta and hypothalamus of
male fetuses (GD20). However, TCDD induced placental StAR (3 ug/kg) and adrenal CYP17 mRNAs
(0.25 ng/kg) in female fetuses. Therefore, our study suggests that while TCDD gives damage to male
fetal steroidogenesis in a testis—specific manner, the dioxin enhances the steroidogenesis of the fetal
adrenal gland and placenta in females. Thus, the mechanism whereby TCDD exerts its
endocrine-disrupting properties is considered to differ, at least partially, between male and female
fetuses.

Key words : 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD), Cytochrome P450 17, Fetus ster-
oidogenesis, Steroidogenic acute-regulatory protein

HEDRE V. Ty, ARG

(U (N
&) ‘lé}:ﬂifbfi NIEHEOBREICLVER TS
2, 3, 7, 8Tetrachlorodibenzo-p-dioxin Ln?, BRSPS LR ORI T E NG,
(TCDD) IZfRFEEINL &1+ F ¥ VHHIE, AR INFTOLLOWENLS, A4+ F T VHEITN

SRREBELERTLIENMONTVESE, Ih IA e EHEAETA I EDHREESNTED,
S5, BHEBRZEICI VBRI H N (HFE, TN B RBREO— R EHEE SN

A TOE—Y a MDD VIEFEEL L) TwaY 10 Bkpyiciz, AN SYLET
&, IR S 5\ i&%LﬁHOD!:%M R = Y= T F VKT BEAEESYY 22 o
DT 2 Z TG BICB W TR b b #EME FULe Ty —ORBUETYY zax bursbs
(LEFHAE, %%i%ﬁlé, Az &) 1TRplsh B MR T BT 2 o /mﬁwﬁ@ &
VY EiE BN ERERECL TR MO SETH 7 LhL, IS OOk

RO FEAELIZSC WEBRDbNSD, HEITFHBICE DHFEGIF L CHFEIN TN\,
THLBRBEDOVREBIORMIAANFEEL KITT Lre= T, s OB~ B
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L, v bW ziToCT&72. ThET
2, IR v b~ TCDD BEEIZ LY, BRIBET
TEfRIZ BV T luteinizing hormone (LH) OFEIHAH
BKTL, IhzEiEE L THED steroidogenic
acute-regulatory protein (StAR) DA 571 A
REHGRY 237 BOFBMRT 56 2 & 2RI
WL TwaP 2512, TCDD BEEIEIC
LH Z#fi#a ¥ 5 2 & THREROMATEIR EHMTIT
WHEINDLZ b, KEEDTZ2ZERNDIEE
RN LHOETIZH S 2 E S FEIEL TW
2 L, HADPINETITHE L TVDE
AT A FEBGANDOZEL, TR ToMET
THY), MONELFAT$ 2 BIEFMICHET L T
WU,

MR LIS D A2 70 4 REAEERO—D2 & LTI,

WHaNF a4 N, EaVFaf FB X UEF
Ty Ry s EEATLEIENRD L. BIFIEEE
ORFEDVERR L FH—TdH Y, KIEBIIIZEAT O

£ FEBRERRT 22 Mo TV,

7, BEMOREILH 2B RE2 8By &
2510 JRIEHIC BT S LH 0TI, BIEICE
FARATHOA FEBRICOEET LR D E 2
5n. FREMICBWCE, RELEELAT O
A FEEEaR L ESF SN, e hOWE, i
RGN B T A bu sy v ARSI 5
Ja#EICZ b L, BRBERED BT OE®E 2 A7 0
A FEBEORHICEE R EEZH L TWa DY)
B0 L s, RO T v MIIBWTHF
T DHPE»IEHEIZEN TR W, L,
5 v ME# Y progesterone EAfEX A LY,
StARFEDAT O A FEHGRY /37 ED5BL L
TWB I e Fy Naflkb 2704 N
Aligdr & L COMRRE R T 5 2 LAVRE STV
5.

AT 04 FRIVE CHENC B 5 EE0REIC
IHEZEAAET B T REMEATE . JRIET v b oul
B3 LH T 208 EAMESTH » 2% M
70 A FEAREDSHEICIE L Tld 2 2010w, L
2L, BREEIICBITAHRT A MAT0 =120
RELGHEZIZD SNV F72 JRIEER L
HOMWATTOA FARIVE Y LARIVIZHED 55 W
DR L, BT I B W TR REE 3R 30

5N, ZOLNVIEMOREIMT LNV EITITE
FCH 22, ZNLOFELS, MIEE IS

KOH oM R

13205 %

BENLCEELEA T a4 PO SN D —T
MR IR X VR T o A AR sz
DHLIERIMICE 2 ESEZ 5 b. Zhude b
THESNRTWLEETH L, 7 ML
KRR AR B LT AT O A FHEICEST 2
bOLHEING.

VAR, BMTERENDL AT T4 FRIVE DI
WRICHG T LI EPPLNLER)ODOHL. 2
i, BWNICH StAR R ED AT a4 FERRY
YN DOFEDFED S, BN TIE A
THA FLNUAREIMF O L~V XD s
MR THETES 5 S O IR 12D (2B
BRI O BRI BT miREOMA T o4
RARWVECDFIEL, ZN0 OREIZHEEIIAFLE
LW EDED R ENTw52. fki, MK
WO AT O A FRVE VRl E ST 7%
WEEHRBEEEZ SN TWZRTH 303 2
HBEDLLREENZELTETWAS, 5T,
faYe st - Mok, FRCHERR Y B v T
DRI THE L DATOA FERHIFTbI S fE
Y3 5 .

Al o#E Yy, i E THA L TCDD DfFlEAE
FERRODO AT O A4 FERICKITT BT &2 4T
T&7z. LaL, EEBREDAO R T a4 FA
RN D RE D TCDD OREEMEIZH S5 5 1l etk
ITHETE V. 22 TABIE TR, BEATO
A FEEARZRE L TlRE SN TV LEIE, Hiks
UM (BURTER) 1245 B L, TCDD BHEEEF I
IH 2704 FEHSRY » 7327 8D mRNA 583
ZE B & AT L7z

KB A&

1. EEHH

TCDD %, AccuStandard #1: (New Haven, CT,
USA) X 0i#gEAL7. Cornoil l&, FROFMNE
fOWNWmEEA L7z, 2OMORIEL, FEERIZ
W7D S DR ML 7.

2. BEER

TCDD (& 40 pg/mL acetone AW & FH8L L, fii
HF T-30C I2B-FF L 7. A IZ LB corn oil
ERM L7720, acetone #EBHET A TEEL,
TCDD #%0.125, 0.5 8L 1.5ug/mL &% % &
DR 7.
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Wistar AT v b (78 B X OHE®ET v
N (10 i) &, SuBitkaatt (BERT) XU EE
AL7z. WeEEHEZ v b E2—BRCEI L, FHEANIC
BTSN Ee, MIROHHEE L7z iR
15 HHIZ, TCDD (0.25, 1& %\ 3 ng/kg/2

mL cornoil) ##I0#% 5 L7z, TCDD 0513,

BIRED ZNE TORRP LIRIEHERIZB T
StAR Z DI T AR I N TWA 1 ng/kg & L
ELTRE L £72, BB corn oil (2
mL/kg) %5 L7 4 20 H HIZHEE % fiFH

L, MR, B, Iefgds X UBR FER 23R L 7.

fliesld, WAREE 32 CAMEHH; L, #iH £ T-80T
WZERAF L 7.

3. U724 L RT-PCR

By > 8780 mRNA EHEL, VT V5
A A reverse transcription-polymerase chain
reaction (RT-PCR) %% F\> TN L7252, 4
HliEes £ U, RNeasy Mini Kit (QTAGEN GmbH,
Hilden, Germany) % T, total RNA # i L
7z. Total RNA (%, DNase I ¥ (Life Techno-
logies, Carlsbad, CA, USA) #4177/ & DNA %
% 1L 7-D%H, PrimeScript RT reagent kit (¥ %
TN RS, WETT) T cDNA &
B L7, ) 7 V¥ A A PCR IZ, Fast SYBR

Green Master Mix (Life Technologies) % L,
BOBZH1E [95T, 20 sec. - 40 cycle (95T, 3 sec.

-60C,30sec.)] & L7, ZORBDODEL, bR
FEW O NE B R MRS S 729 12 melting curve
[95C, 15 sec. - 60T, 1 min. - 60 to 95C (0.3T
TOLA, % 15sec)] ZER L7z FHLZT
7 4 ~—I% Table 1 IZ/”F. fEHNTIZIX compara-

tive threshold cycle method (AACT i) % Hw /.

I bH, f-actin = WIEHEYE & L, HHEG
T-@ threshold cycle (Ct) fi% f-actin @ Ct fHH>
HAELFIWTACT #8H L, SHICKHOACT
ERPEEEED ACT D7 (AACT) %3RO 7zD B3R
FELZH 9 AR & LT L7z,

i R

F9, BHMARICHLEE L 72 TCDD A IEIEICBATL
TWAB I ERERT L2012, ¥1FF2 VIR
WX BEICHEEESNDL 2 EDH STV S EE
TTHAH CYPIAL ® mRNA 8 % i L 7-.
ZOMER, WTNOEERICB VT HEKE 2
SEHFE RO LN, BRI L 72 TCDD 134
WoOBIGR R EITT 5 Z LD FERR S Lz
(F—=FKIBI). 22T, HEATEA FEBARIC
XA EEEMRET A0, KHERICIBITS
StAR 3 £ OFCYP17 @ mRNA FSHIZS8) % AT L
72, StAR X, A7 104 FERLVECVDOFERTH 5
ILATO— VAR bay FY THNERT S Y
YNTETHY, ATUA REVEZEROHH
B\REELTHSNTWEY® . F7:CYPI7 1, %
AT RFERVEYORERICLELREETD
23 W20, TCDD (1 ng/kg) FHKBETEIC
X AR H StAR B X O°CYPL7 OFBIZH L
BEE CTEMT L 72, 2 o, B & FAE 1
ng/kg TCDD ORI G VEKE 3 O mRNA
FHAAFRIET €7 (Fig. 1).

TCDD FHABESE % ICEIE, MhiEs X IR T
@ StAR mRNA DFEBIZAE) % MG L 7zAh R, M
JRIETIZ0.25 1 B L3 ug/kg DWFho &
WCBWTHAELRLEHIZRD SN h o7 (Fig
2). —7, MIRETL, RIBLBRTH Cld 3/
OHETHELRELIIBIR SN o720, Mk

Table 1 The design of primer sequence for real-time PCR

Target Forward (5'—> 3) Product  Accession
mRNA Reverse (5'—> 3) size (bp) No.2
StAR ACACTTTGGGGAGATGCCTG 109 U76419
CGTGAGTTTGGTCTTTGAGG
CYP1A1l CCATGACCAGGAACTATGGG 99 NM_012540
ATGACCTTCTCACTCAGGTG
CYP17 GCACAATCCTGAGGTGAAGA 135 M31681
CTGATACGCAGCACTTCTCG
f-actin CACCATGTACCCAGGCATCGC 122 V01217
AGCCACCAATCCACACAGAG

AGenbank accession No. is shown.
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TIE 3 ug/kg WMEZ L 1) 2 AR OFED RO
517z (Fig. 3). CYP17 mRNA OB Z B2
LCH BRI 21T o728 2 A, HEBETIEW
TNOMEZFHFICBNTLRENRO LN o7
(Fig. 4). L2 L, HRBREORIE ClIREHED
0.25 ug/kg TOAFEDEE SN /- (Fig.h). i
BB I OHKRTEHICBW TR HETZED SN
7o 72 (Fig. 5).
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Fig. 1 Reduction in the testicular
expression of StAR and
CYP17 mRNAs in fetal rats
by maternal exposure to
TCDD. TCDD was given to
pregnant rats (GD15) at a
dose of 1 pg/kg (p.o.), and
fetal expression of mRNAs
indicated was analyzed at
GD20. Each bar represents
the mean = S . E.M. of 6
fetuses which were removed
from 6 different dams. Signi-
ficantly different from con-
trol : *p < 0.05, **p < 0.001.
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Fig. 2 Absence of the TCDD effect on the expression of
StAR mRNA in the non-gonadal steroidogenic
tissues of male fetuses. Each bar represents the
mean * SEM. of 3-6 fetuses which were removed
from 3-6 different dams.
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Fig.3 Effect of TCDD on the expression of StAR mRNA in
the non-gonadal steroidogenic tissues of female
fetuses. Each bar represents the mean + SE.M. of
3-6 fetuses which were removed from 3-6 different
dams. Significantly different from control : *p < 0.05.
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Fig. 4 Absence of the TCDD effect on the expression of
CYP17 mRNA in the non-gonadal steroidogenic
tissues of male fetuses. Each bar represents the
mean * SEM. of 3-6 fetuses which were removed
from 3-6 different dams.

=) *
i
9 I
S 3.04
e
<
&
£ 20
G
©
3
< 104 ﬂ
=
: |I|
9]
o
0
TCDD (pg/kg): 0 025 1 3 0 025 1 3 0 025 1 3
Adrenal(2) Placenta (2) Hypothalamus (2)

Fig.5 Effect of TCDD on the expression of CYP17 mRNA
in the non-gonadal steroidogenic tissues of female
fetuses. Each bar represents the mean £ SE.M. of
3-5 fetuses which were removed from 3-5 different
dams. Significantly different from control : *p < 0.05.
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JEJE D StAR & CYP17 mRNA OFEfESEH KM
xSRI R & L7z 3 sas Tk L 7o R %
Table 2 (2779, REIE CILMERE & D12 StAR (31t
DliEZF I L CE Wb oo, CYPI7 O%3HI
FEEIEL, REHIZBW T AT O FiEE
IRV e EE S 2. — T, REIcBW
TIEMEET & B ITHED 5 ~10% FEE O 5B
RO SN, FFICHETIE, BRBICB A EBED
MOfE A2 T % & EfEE R L7z

Z %=

AWFZETIE, MBSO AT 1 4 AR T
HLEE FEBIUCHEIKRTIHICER L T,
TCDD RHMAIEZIC L AR EAT O A FEBSR Y
YR BOFEBEE LN L. T OMR, G
WBTIEWTNOMEZFICE L TOREIZBWTBIE
S5 StAR B £ U CYP17 mRNA OFBUL T iE
HOLNLEo7: (Figs.1,2and4). #H-7T, J&
O StAR IFFFEME RO b (Fig 2). 2
D Lrs, TCDD FHABEEIC & 2 MR IEA T 0
4 FARVEVERGRETIX, HBEFRNZBERT
HhHZENREBESNT.
0.25 ng/kg IZBWTHEIE CYP17, 3 ug/kg 128
W StAR OB B BB FESBE SN
(Figs. 3and 5). SOOI &nbH, A70A4 FERK
FAZK 9% TCDD OB L Tl
TAH5LDEEZ LN BEIFIZBITS CYPI7T ©
FHERTE LTI BBEREEMEM ALY E S
(ACTH), 7vF+ 573 v 1, &5\ corti-
cotropin-releasing hormone (CRH) D EFHAEH 7
EAHE SN TV BB oM RIS
BWwWTi, KiEE® TCDD (0.1 pM) 12L& D
ACTH O/ /g stk L% $72 TCDD

—7J7, WERRIBIZEIL T,

DORFEEMBREZE IR ¥t T oY ISR
BIGEMEEO LI EPRESNTWSY . &
512, ¥V Tl TCDD BE#FIZ & ) CRH O ZE3i08
FEINDEZHIY Zhbnd s, ACTH &
TrF¥FEFT Y INICELTIE, StAR ZEHMHT
HTELTHERETHLIEDPHOLNTWVEL0,
INhH% CYPI7T FF R L ZFOZER L 55 DI
WY TIE b Livzwv, Lo L, CRHICH
L ClZ CYP17 $¢ R 1yse B %2 3§ 2 K1 O 1] g
Whid ), Sk, FEMRRRE 21T ) LEESH 5.
JG#z D StAR OZEBUHIENIZ B L CIEls A 1512
RIEARW % 5H% L, -, TCDD 12 & % firik
StAR O¥Ind 2 OMIIAHTH L. A704
NEBCR OB % Gl 2 85 K F OfEH L H) X
AR TR S 2 EAHE SN TE O o
MBI % BB O BF 2 &0 THHRORE
EEZLNL. T AT F T HHITHING W A
5§ %5 EHERAKFEZEHE (ARR) ISREE L,
% O#IET LWMICHFET 5 3 v v AR
[xenobiotic responsive element (XRE) ] ~O#5E &
AL TCENL OB TFREIALE 25 3RS
34 StAR 3 £ ' CYP17 ®5#{zF L3 10,000
base pair 2 B L T XRE ®» 2 7 B %l
(5-CACGC-3) #MFE L7z 24, StARIZ3 »
it (-2,615, -3,260 B X 0" -6,295), CYP17 211
813121 ¥ I OFAEDIER SNz - T,
TCDD iz b DEH A2/ L CTHEBEXFEL /2
TEEMEDEZEZ oD, MR ZE O JFEK IR
LTRAHTH A0S, v MEIZBWTIIBEERICE
VT % WERED BT ZEBURIL 2 & ISR EN I3E W
NHHIELRTTIHEMENTE Y, MEDT
DHLT IO —FHPRETH 5.
KHFZETIE, StAR 3 X O CYP17 O RS H &

Table 2 Sex and organ differences in the expression of StAR and CYP17 mRNAs in the steroidogenic tissues of fetal rats.

Relative level of mRNAs*

mRNA Gonad™ Adrenal Placenta Hypothalamus
[Male]

StAR 1.00 = 0.09 23.8 £4.85 0.098 = 0.028 0.0022 = 0.0008
CYP17 1.00£0.14 0.00054 = 0.00021 0.093 = 0.023 0.000015 = 0.000007
[Female]

StAR 0.0079 = 0.0007 13.8 £ 3.93 0.046 = 0.012 0.0049 = 0.0011
CYP17 0.0017 = 0.0004 0.00027 = 0.00019 0.049 = 0.015 0.000018 = 0.000005

*Each level of mRNA was normalized by f-actin mRNA, and expressed as the relative value to that of the testis (target mRNA/ f-actin = 1.00).

“*Testis (male) and ovary (female) were analyzed.

Each value represents the mean + SE.M. of 3-6 fetal rats removed from untreated different dams (gestational day 20).
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DOl %5 L b 17 > 72 (Table 2). EI'E Tig,
StAR OB IZE VL ODOMEATF a4 FEIZH
b5 CYPI7T OFBILENICEKMETHY, T v b
IR T S BB I3 S VT o A FAGE

(CHEZECEIEZH) bo LHEES Nz —T),

JRlE TR T & b B S WKRETHEIL L
TBY, HETITHEHED 10%, METIE5 % FRED%
BLTw I<RE, BESRTH AT
A FREEAlERE L CEELEEHZHL S & Ot
BEEINTVLEY, LarL, #KTHTO
StAR & CYP17 mRNA O FHIIFEE D 0.2% LL
TThY, FIIEEOEIIREKBEETSH S
(Table 2). 2 ® X 952, R IZB I 3
StAR/CYP17 O SEHULEIEF R R THB & ok L
THS2IZE L, TIULIREEAE SRR & L2 EE
RMEATOAL FEERG CTHD L E2LFFT 5.
JE#IZ BT, TCDD (2 & % StAR D5 HE
ARG S [HECIEIE A MECIT A B HE
(3 ug/kg) ], H5HE StAR L 3 Z Lo Jila A<
Hotz. TNEREL, RiE4HETIE TCDD
FHEBREZEAIRIB DT A b A7 0 VK KIFTHE
BAAT L7z, ZO#%, REBEDOT AN AT
0 &8E TCDD 12X o THIBD 5 BFLEEIC F
THF I T 525, Mg O Z O 60%
BEFTICLMET Lakdo7: CREERT—%).
OB E LT, Lo - Kig# o TCDD
EROENDEEG T W EEESH L. 2F ), 1
BOTANAT O VEERKT A CoMEA R
MT—#FMmshsr-btdbELOND. 1277,
FHROWMA 704 FEEGRIZ TCDD 1 pg/kg T
EINDOIC, BEBEAGBEAOFTIITL)EH

= MREDT—2%) AT AHREL-TED,

FRLHEE OMERRD 729120 X 0 B 7 AT =
.

&

TCDD AR I L 2 HERIEA T 0 4 RER
AREEL BESENICELDL ZEPHL N E
otz —H, BROBIBERBEEIIBVWTY
TCDD D28 (GBI v L2 o) 238
SN2 ehn, BEESLZOEBIIERICL T
B L0 geMEdvRg SNz, T2, REATOA
FEBAND TCOD fERICIEMEDH B 2 & b
R E T,

B

KOH oM R
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In Vivo Metabolism of 2,2',3,4,4',5'-Hexachlorobiphenyl
(CB138) in Guinea Pigs
Chiho Oura?, Koichi Haracucu?’, Yoshihisa Kato®, Tetsuya Expo* and Nobuyuki Kogal

DFaculty of Nutritional Sciences, Nakamura Gakuen University,
5-7-1 Befu, Johnan-ku, Fukuoka 814-0198
ZDaiichi College of Pharmaceutical Sciences, 221
Tamagawa—cho, Minami—ku, Fukuoka 815-8511
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University, 1314-1 Shido, Sanuki, Kagawa 769-2193
YFaculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,
1757 Ishikari—-Tobetsu, Hokkaido 061-0293

Abstract Our preceding studies reported using animal liver microsomes that 2, 2', 3, 4, 4',
5'-hexachlorobiphenyl (hexaCB) (CB138), a worldwide and persistent organohalogen pollutant, was
metabolized to two major hydroxy (OH)-metabolites, 3-OH-CB138 (M-3) and 2-0OH-2,3,3',4,4,
5-hexaCB (M-4), and two dechlorinated OH-metabolites (M-1 and M-2) in guinea pigs at much faster
rate than in rats and hamsters. In this study, the distribution of four CB138 metabolites to the serum
and liver 4 days after exposure and their fecal excretion were studied in guinea pigs administered with
CB138 intraperitoneally. 3-OH-CB138 (M-3) was a major metabolite in the liver, serum and feces.
M-1 was observed as a minor metabolite in guinea pig feces. In contrast, trace amount of M-2 was
present in guinea pig serum. However, 2-OH-2, 3,4, 3,4, 5-hexaCB (M-4) which was a major
metabolite in the iz vitro system using guinea pig liver microsomes was not found in all tissues and
feces tested in this study. On the other hand, the exact chemical structures of M-1 and M-2 were
determined to be 6-0OH-2, 3, 3', 4, 4-pentaCB and 4-OH-2, 2', 3, 4, 5'-pentaCB, respectively, by
comparison of the retention time and mass fragmentation of the synthetic authentic samples in
GC-MS. From these results, it is suggested that the metabolism of CB138 in guinea pigs may
proceed by three pathways, a direct hydroxylation at 3'-position, and also the formation of 2',3'- or 3',
4'-epoxide and subsequent dechlorination and that three metabolites show the different mode of
distribution and excretion.

Key words : CB138, Metabolism, Guinea pig, PCB
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(hexaCB) (CB138) 1%, 2,2',4,4',5,5-hexaCB
(CB153) ® 2, 2, 3, 4, 4', 5, 5-heptachlor-
obiphenyl (heptaCB) (CB180) & & d 12, Ak~
DFREVENIEF 128\ PCB &Mk LTas i
TV 5, Bl ZAE, R FLE) Y o IR R0 g 5 Al
Y e PRAYY, e MMiEB & Ok MR
w7V TIE, CBIB3 ISRV TEIRE THRIBE N
L. —7J7, b M T, 2 s o PCB Bk
& & 312, 4-hydroxy (OH)-2,2',3,4',5,5,
6-heptaCB (CB187), 4-OH-2,2',3,4',5,5-hex-
aCB (CB146), 4-OH-2,3,3'.4',5-pentachlor-
obiphenyl (pentaCB) (CB107) 7 & PCB /K
AbARAS LR R BE TR S T B 1071,

CB138 o # 1 1%, 3, 3, 4, 4-tetrachlor-
obiphenyl (CB77), 3.3'.4,4',5-pentaCB (CB126)
B L13,3,4,4,5 5-hexaCB (CB168) 7%= & D%
AFFL V8 (3759 —PCB) I~ AHIC
gz, HEFRLRERER (WHO) 2544 4%~
HOBMEO S KD T 72DIIE L T b HM%
SEMRBIIRE SN T AW L Laedss,
CB138 (%, CB153 & FIHkIZF b7 14 P50 % &
o 8 (Bt EE 32 D 3R\ phenobarbital (PB) %Y
FEAEETHIENDY S A OEEEEN
fehE s,

INE TIZCBIBREICHT 2Hi5IXIZE A
Ero 2, CBI38 ol E b b
3-OH-CBI38 #°& M2 sl Eh 2
ICE WD pa L R#METIT LI LS
HHI L7z, £72, & MFTIE 3-OH-CB138 A%4¥
RPICHBEETHALTWAEZ L HmESIN
721 —J5, Mgz T, CB138 OBIMAF I 7
O =225 5 invitro 2, 1) v b
T 1FE NAZAY—TIR3FEEBIOEL
Ey PTEAEEORBY ARSI NS Z &,
2) =09 bEMRHIWIE 3-OH-CBI38 B &
2-OH-2,3,3,4,4',5-hexaCB (CB157) T&5%Z
£, 3) EVEY MROEWRENEHELTET S
Zk, 4) 2fEHo—IEZEIL OH /& (OH-pen-
taCB) b Ehs 2k, 512, 5) ThbHD
ARUE PBRILEIC L D FE L S35 2 &2 W
LML, 22T, KFETIR, THETR
BHCTd - 72 2 3D OH-pentaCB DLk 1E %
BHS 2235 & & 412, CB138 fLilthy o ARk &
LI T 5720, BHEED R D EV-E L

X H T
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3044

Ev MICBI38 ##4- L, #%5% 4 HBOMRGH
YOMEB L O~ 5H & 4 HE O~ DHE
2 7

KB A&

1. EERMH

(1)CB138 & & UMt

CB138 14 Cadogan D HiE™ THH L7z £,
1,2, 3-trichlorobenzene B & OF 2,4, 5-trichlor-
oaniline % tetrachloroethylene T&EF L, S 512
isoamyl nitrite # 12 C, 110C T 24 M s &
w7z e 7 v 47 4 (100 g, Merck)
BLOT) BTNV A T L (65g, Merck) THbski
7ot mEiks o~ ~75 74— (HPLC)
(2fF L7z, HPLC &Ik OBY Th b, #1174,
ODS # 7 & (250 X 20 mm id., 5 pm, YMC
) 7VH I, ODS 7L T4 (20mmid %
50 mm, YMC #) ; #&jfH, acetonitrile ; it %,
4ml/min ; BtPEER, 254nm. 7% 3B, CB138 O
BRI E RIS A A 7 u< b7 T 7 4 —
(GC-ECD) 12 X ZMaf#s A, A% hIZ 94.0% LA
ETHot.

CB138 : MS (EI) m/z (relative intensity) 358
(100) [M™], 360 (193) [M*+ 2], 362 (157) [M"
+4], 364 (63) [M"+6], 366 (16) [M"+8], 323
(32) [M™-CI], 288 (89) [M"—Clz].

2) R oA

M-1 (X F VbR o F BB & L T,
6-Methoxy (MeO) -2, 3, 3', 4, 4-pentaCB
(CB105) % &H.$ 54, 2,3, 4-trichloroaniline
& 3,4-dichloroanisole % & JE A & L TH W,
Cadogan D /%) TFi-72. %3, 3,4-dichlor-
oanisole |&, 3,4-dichlorophenol % 7 )V 7 1 P45
F, dimethyl sulfate DRI L ) X F L L
b 0x . —F, M-2 (A F VLK) oF
FRHY & LT, 5-MeO-CB105 # A3 554,
2,3, 4~trichloroaniline & 2,3-dichloroanisole %,
¥ 72 5-Me0-2,2',3,4,4-pentaCB (CB85) % &
W9 A4, 2,3, 4-trichloroaniline & 2,4~dich-
loroanisole %, & 512 4-Me0-2,2',3,4,5-pen-
taCB (CB&7) & &M T %4, 2,3, 4-trichlor-
oaniline & 2,5-dichloroanisole %, ARJER & L
THw/. B oh7z MeO 1£1% CB138 & [FEkIZ,
TIVIFHTHESY ATV T L% TR
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FE#LL 7-1%, HPLC IZ TR L 7-.

6-MeO-CB105 : MS(EI) m/z (relative intensi-
ty) 354 (100) [M'], 356 (152) [M"+ 2], 358
(100) [M*+4], 360(34) [M"+6], 362(6) [M"+
8], 304(97) [M™-CHsCl], 241(39) [M*-COCHj;
Cla].

5-MeO-CB105 : MS(EI) m/z (relative intensi-
ty) 354(100) [M"], 356(148) [M"+ 2], 358(96)
[M*+ 4], 360(33) [M*+6], 362(4) [M"+ 8],
304 (5) [M*-CHsCl], 311(31) [M"-COCHSs],
241(41) [M"-COCH3Cl2].

5-MeO-CB85 : MS (EI) m/z (relative intensi-
ty) 354 (100) [M"], 356 (154) [M*+ 2], 358
(107) [M"+4], 360(32) [M"+6], 362(6) [M"+

8], 339(16) [M'-CHsl, 311(29) [M"-COCHs],

304(7) [M"-CHsCl], 241(37) [M"-COCHs5Cl2].

4'-MeO-CB87 : MS (EI) m/z (relative intensi-
ty) 354 (100) [M'], 356 (138) [M"+ 2], 358
(118) [M"+4], 360(34) [M"+6], 362(4) [M"+
8],
241(46) [M"-COCH3Cl2].

2. BIOEHNIE

R EER X, Hartley RHEMEELEY b (KE
#7300~350g) % 5VLHWVTATo 72, FEERHIHE A
&, REE R — PICTREBNCETE L, FE RC4
(FV Ty VEERE) %2, ke & DIZHBHICER
SH7e FEEREIL, W 23.0 £ 0.5C, ©EF 60
+ 5% IR L, MU 12 B o B B4
A7)V (BB#H : 7:00~19:00) & L7-. CBI138 &
I— UVICERL, ELVEY M 1IEH2D 10 mg
EIERENICEG Lz, 5%, #Ex2HB I LI
BRIT 5 & EH12, 4 HEIZITEHEIRE Y 21iE
RN 5 LIk B L7z M 55 HE
HOCRBFE) CRE L, miEE LB EFo
FrizERsmiE b Icmt L, AR CHER L2
%, ST ECTBOCIIHRE L. 2B, ThH0H)
WFEBRI I BN EBRI M AT B R O KRR E 15
72 BT, TN ZRRS: (ST (2B
5 EBFEY O 720 OS] ZEsF LERL 2.

3. KEMOHmE
(1) Frp AR

X 60C T48 izl tz, a—v— I NV TH

339(17) [M"-CHsl, 311(35) [M*-COCHs],
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L7z SIRFEOREK 10 g (S HEYE & L
T2,2,3,3,4,5,5,6,6-nonachlorobiphenyl
(CB208) #* ¥nMlf%, acetone-n-hexane (2:1,
v/v) TL16 B[, v v 7 A L —Jli g5 Cli i
L7z, RIZREWEZ AT VLT H720, Boi/:
W % chloroform (2R L 72, WIZ, 2@ 20
D1 Y, 2M AKERAL ) v LJKERE 2.5 ml
T L7214, dimethyl sulfate # 0.5 mliRhn L,
100C T 60 4 [H&it L 7z. Z D%, chloroform T
T L, U8 L 72, n-hexane IR L7720 0%
GCH 7Lz

(2) M A

I3 0.5 ml 12 CB208 Z#shn L, 0.5M #ihz 0.
25 ml @ 0 L C Bk % 12 L 72 1%, chlor-
oform-methanol (2:1, v/v) 1 ml 3B & " n-hex-
ane 3 ml DIREHEHET 3 M L7z £72, Hhil
Y% diazomethane T X F )WL L 7-.

(3) A

i 1 g 12 CB208 % ¥ L C, Potter-Elveh-
jem FE T F A Y —% T acetone-n-hexane
(2:1, v/v) 15ml THREYFA XL 72 &S, Bl
KT 570, RiFdmEEF )74 (12¢)
22T 72 F 725%iE 1L n-hexane 10 ml T 2 [A] &
BT FA XL R LM%, RIBOMEEST M) Y
LH T AT RS 7z i i di-
azomethane T X F )WL L 7-.

4. Sftkds

CB138 & =D o 5#71E, GC-ECD B X
CEESHEMT GC (GC-MS) 12L& DV AiTo 7. %
B, IhboE=E, CBI38 OM=EME T
GC-ECD 2 & 017> 72. GC-ECD O &M kD
H) ThbL. HoirEss, ECD £ HP5890 Series 11
HA < b7 77 (Hewlett-Packard #) ; 7 7
L, DB-172—ARI U AFYET) =T L
(30m % 0.25 mm id, 0.25 um EJE, J&W
Scientific #) 1 4 — 7 YA, 230TC : i ATREE,
250C ; Wi, 250C » ¥ U7 —H A, Ny
(I mV/min). —7, fE#WOHFEIL, GC-MS
2010 (EEHfERTL) 2 HwC, EIE— FCHlE
L7z, GC-MS & thigko@l) Thb. 7T
L, DB-172—ARI U AFXYET) =N T4
(30 m x 0.25 mm id, 0.25 uym RE, J&W
Scientific #) ; 4 — 7 Y&, 70C (1.5 min) -
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20T /min- 230C (0.5 min) - 4C/min- 280C (5
min) ; EACRE, 250C ; MH#siEE, 280C ;
F 1) 7—4A, He (1 ml/min).

REHER

1. IMpREYDRTE

CBI8# 5% 4 HEDENE Y MILHF D
CBI8 B X Uz o R#HW (X F Vi) ©
GC-ECD 7 u~ b7 7 L% Fig 1A ITRT. RE
1Ltk CB138 LAtIZ, 2 RORHM Y — 2728,
IENERERRER] 15,1 B L OV 18.9 /i &
oo SRHDE— 2%, B ORHY O B
MEoltiE»s, 2 OH-pentaCB (M-2)
B LU 3-0OH-CB138 (M-3) & X F VLK TH %
C LRSI T,

KIZ, ThHolhiREzERE L7z (Table 1),
EmIZIX CBI38 OMEME 72, T DORER,
FEALKOMAFEEIE, 0.25 = 0.05 nmol/ml
serum TH o7z, ZTHIH L, ERHHWO M-3
OIHEEEE, 0.18 £ 0.07 nmol/ml serum T
D, KRB EFEBES RSN —TF, M-2
OIMFEEIE, 0.04 = 0.01 nmol/ml serum & 2*
DKo 72,

(A) Serum (B) Liver (C) Feces
<~ CBI38
I“ CB138
CBI38 i .
o
T M3
3 b V4
|
|/ # o e oo
| M-2§ I i i 1 i 1
i ¢ 1 1 ] il n | i
wdY A UL O | I
Tt il TN T g S e
1o 20 30 0" 20 30 10 20 30

Retention time (min) Retention time Retention time

Fig. 1 Gas chromatograms of CB138 and the methylated
derivatives of CB138 metabolites detected in the
serum (A), liver (B) and feces (C) of guinea pigs
injected CB138 intraperitoneally.

IS, internal standard (CB208).

Table 1 Distribution of CB138 and its metabolites to the
serum and liver 4 days after CB138 injection to
guinea pigs

Serum Liver
Compound (nmol/ml serum) (nmol/g wet wt.)
CB138 0.25 =0.05 1.87 £ 0.05
M-1 N.D. N.D.
M-2 0.04 =0.01 N.D.
M-3 0.18 = 0.07 1.26 £ 0.09
M-4 N.D. N.D.

N.D., not detected.
Each value represents the mean + S.D. of five guinea pigs.
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2. B O%RE

CBI8 %5 #4HHoEVEY NiFh®D
CBI8 B X 'z #W (X F Vit o
GC-ECD 7 u < k 7 5 A % Fig 1B 12K 7.
CB138 LiAb iz, @™ & L T 3-OH-CBI138
(M-3) O XFIULED ARSI/, 22T,
FroOREIAEBL O M-3DEE KA E S
5, FFHREEIXENEN1.87 £0.35 BLU1.26
+ 0.09 nmol/g wet wt. TH ), HFiZ2BWTh
M-3 I ERZEAARICICH T % 12 & DO EWRE THA
LCw7: (Table1). %#B, ELEY F5LDOF
BWIHEEE N 17g LTMETLE, 4HH
DIFIo A BRZELE L M-3 DfEEIZENE
520 0.12% & 0.08% A% LT 7z,

3. EhRBYDIRE

Fig. 1C 12, CB138#%5-%% 2 HM O FE D R%
{bikB L O (27 1bfk) @ GC-ECD 7 1
YNNI ARRT. REEE &I 2HEOMA
W E— 705, PRI 14.9 0B L OV 18.9 431
M Enz B, bk GC HRER A 5
e, B o OH-pentaCB (M-1) B L O
3-OH-CB138 (M-3) ® A F ALtk & e Sz,
W2, 4 HEcHEPA LS 72 REE B &
O#Y (M-1 & M-3) #Em L, #5%2HMH
BIU3~4 OMTclEL7 (Fig 2).

T4, REMEOERA~OBRIEME L, 5%
2 H T 76.8 nmol, 3~ 4 HHT31.6 nmol T
ol L, M-3 ORI, 5%
2 A< 20.8nmol, 3~4 HIHT10.0 nmol T

Hotz. 72, M-1 OPElE X, $55%2 0 H

100

3 B 1-2 days T

S 80 H

= 0O 3-4 days

8

=3

= 60

=]

£

£

< 40

=

=]

=

<

-

=

2

20
Ojﬂ‘ N.D. .—\ N.D.
M-1

M-2 M-3 M-4 CB138

Fig. 2 Fecal excretion of CB138 and its metabolites in
guinea pigs injected CB138 intraperitoneally.
N.D., not detected.
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T11.3nmol, 3~4 HMTY 11.3 nmol %D
Seirol, ZoLHil, R#Em M-3BLY
M-1) OHRltE L, REEOFXGUT TH - 7.
B, mMAHYO 4 HHOERPYEER 355D
ZAD0.19% TH o7z (77— 7 KBiK).

4. KB M-1 & M-2 DRETE

4Al CBI38 i & LC, M-1 BX O M-2 28
WER2 s, ZhendEhE L CIh s S5l s
nz. 22T, INLOGTEXHEIO L0,
ZAE OB E GC-MS I2HF L7z, Z DfE 5,
Table 2 1278 T £ 912, M-1 BEUOM-2 D A F )
LRI N DT E3AEHET LI s, BE
W L AR, YA 1 EBEE L 72 MeO-pen-
taCB Tdh 5 Z &SRR S L7z, kI, PR
WaeEsL, WAHYOREZH M7

4, M-1 (AF UK D AAXRYZ FLE
ALY, T A MAF Y [M-50] H35k M
Hah72ens, M-1 (A FIUBE) 12 22) 6%
2, 5 Wik 6(6) L2 MeO %% F 3 5
pentaCB?V & e Sz, #2C¢, FAafkHE L
L T 6-Me0O-2,3,4,4',5-hexaCB (CB105) %&
L, GC-MS TOMEIB LY AT 7 2
yr—arik M-1 (AF VK &L 78
B wIndwEell—3; L7 DLEoEErs,
M-1 1% 6-OH-CB105 T % & P S 7.

—F., M-2 (A F VLK) O~ A A~RYZ ML T
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&, W I I 75X Ay [MT-15] £k
TIT A MGy [MT-43] MR < R
SNz ent, 3@)dH B\ i 5(5) iz MeO
A5 5 pentaCB?Y LHfisg Sz, 22T, F
A & L CHl& 5-MeO-CB105 B £ Y
5-MeO-CB85 # & L, GC PRHFIEM % it L 7.
L Lens, wihd M-2 (A F U bEk) &R
RS L e h o 72, RIZ, 4-MeO-CB87
FAMLEEL72E A, GC-MS T4
BLORAZRT FUSM-2 (A F VLK) &3
FReIl—% L7 DEOHKE»S, M-2 1
4-OH-CB87 TH A Z L VHL N o7z,

Z 2

ENEY MIED CBIS8 O AN L S
A, I ray—nEHWT i vitro R &
) REDLRENY =V ERTEFHS L
otz Thbb, invitroKERTIE 4D
R AERL SN2, S, i vivo HEHHRT
ZZ20H Lo 3fEES B SN ERBWIE
3-OH-CB138 (M-3) T& v, I, IFB8 L U0ED
FTRTCOLBH SNz MBI, METIED D25
213D OH-pentaCB (M-1, M-2) 23 Ei
#EpLrh 2 st S e

AFFE T, RS2 fi%H o OH-pentaCB DAL
FREEDSH S oo, FHEAB Z SR L,
GC-MS Tlt#g L7222 A, M-1& M-2ix%h

Table 2 GC-MS data of CB138 metabolites and synthetic authentic samples

Molecular Mass spectral data Retention
Compound weight [M™] [M*™-15] [M*-43] [M*-50] time (min)
Serum
M-2 354 100 18 39 - 13.81
M-3 388 100 7 38 10 15.08
Liver
M-3 388 100 5 34 8 15.08
Feces
M-1 354 100 - 84 13.75
M-3 388 100 33 7 15.08
Standards
6-MeO-CB105 354 100 - - 97 13.75
5-MeO-CB105 354 100 - 31 5 15.17
5-MeO-CB85 354 100 16 29 7 13.58
4'-MeO-CB87 354 100 17 35 - 13.81
3'-MeO-CB138 (M-3)* 388 100 8 40 - 15.08
2'-MeO-CB157 (M-4)* 388 100 - - 155 15.23

19)

-, not detected. *cited from the reference

CBS85 (2,2',3,4,4'-pentaCB) ; CB87 (2,2',3,4,5-pentaCB) ; CB105 (2,3,3',4,4-pentaCB) ; CB138 (2,2',3,4,4',5-hexaCB) ;

CB157 (2,3,3,4,4',5-hexaCB).
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21 6-OH-CB105 & 4-OH-CB87 TH» 5 Z L8
REENT. ZOHEFENS, ELVEY PTIE3D
DIKBAKERE DS FIREIZHEAT L T B 2 EAVRIZ S
N7z, Fig 3I2EFILVEY MIBIT5H CBL38 0t
ERHERE R L. 745 3-OH-CB138 &
Fe LTI MMoEEAKRRMAIZEY, 7

6-OH-CB105 (M-1) & 4'-OH-CB87 (M-2) (%2,

3-epxide & 3',4-epoxide % ik L L2220,
EHIIBEFREE o THEK SN D EFE 2
Y

AR S T STEFEONBW T ENTNEL 55
fizmRL7z. CBI38#x5-1%4 HHTIE, FAHD
» 3-OH-CB138 (M-3) 1%, Il T b a7z
2%, FFCHRICEIRESM LTz, ZoRERIE,
Guvenius 5 D& MFOHE & X < —B L7278,

AP REFICER LT ORIEIAWTH .

X512, 2 ¥ o OH-pentaCB @ 9 b,

4'-OH-CB87 (M-2) 13ft& s S i~ & 537 L,

—7, 6-OH-CB105 (M-1) Z&Z & h~ L HE
MENLZERHLNE R ST, TNETILFIZ
R LT PCB RGEIL, il L T 4-0OH-3,
5-dichlorobenzene DHiEZ A L TH Y, M+ D
FURIR RV E V454 % 737 transthyretin & &
WEHMMEE R T IS S AT WD,
4'-0H-CB87 (M-2) 1%, ZoO& %L Twab
Z £ H 5, transthyretin [RG5S LI ~ERE L C
WLLDEHEESIND. B, EVEY MFIS
0 — A% 72 in vitro SR IZB W CEAH
WMo 1>CTHho72 2-OH-CB157 (M-4) 1%, 4l
D in vivo LR TIE, L BEEINLH -7
COHHIIAHTH 255, SRIFRME, B
FUOHEDIHNIFRWIAML T 200 Ltk
V. B, A RE ST EREAELTSE
D, B Eh o700 d Litkwv., T
IS ROWERETH 5.

Ll JERENTES- S 7z CBI38 LMK, AF720F

Tz, ERCbmRETRB SN JHED
LEADOPMEIRIE, 220FZ N5, 1213,

JEREN 26, I, BF, S SIIET 24 LT3
~NHEE SN DR TH L. T OYE, CB13S 12hF
BHD BN &2 5/ T CBIS DIE L A L2
BRI EE8bns. 9 120%, MLk
ML S OHETH 5. FA WL, A % 2
WMEDELERAWED 1 >TH S 2,3,4,7,

X H T
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[2.3-epoxide] [3' 4"-cpoxide]

Fig. 3 Postulated metabolic pathways of CB138 in
guinea pigs.

8-pentachlorodibenzofuran (pentaCDF) 7%, (% &
ALREENEZ L%, BHMETIED 57,
A A A S, Ty MNEEENICHEES LS
TrEWELTWA. B, MG R A
ETDHEIVAR=F—DOPHESY VIS Y
(MDR1) 75%& % O3 oMyt~ HE % 18 -5
TWB I ENFMSLNTHE Y, ik pentaCDF
LAWZED CB138 & MDR1 O#EZIZ7 > T b
Db Lz,

il X 912, b M Tk PCB £k & &
b1z, RE O 4-OH-CB187 % 4-OH-CB146 #°
M &N Twab, 4-OH-CB146 (X hifnf T2
FHIZZWPCB R TH 525, & L CBI38 AT
BRI ST, 4,5-epoxide HfEZ AR L, X5
4o FEHSSAMICNIH M 5 L
4-OH-CBl46 DK SN B 2 X122 5% L
L7%723540, CB138 #%5-E )V E v b DI,
BILUOEOWTNADL S 4-OH-CB146 (L &
NaholzZ &Ehb, 4-OH-CB146 (& CB138 2
SIFAER I N WT EAURE S L7z,

8 &

1. CBI38 #ENVE Y MIEMENES L4 HE
> CB138 L O M & FF~ D534 B & V3
e 7z 3EEEHOMHY (M-1, M-2,
M-3) A & 1, T ® 95 b, M3
(3-OH-CB138) &I, #FB L V#EHDOWT
NTHikd L it s,

2. CBI385-ENE Y Mt s, RE{ILEB
LU 3-0OH-CB138 & & & I2fE D M-2 i
SNz R TIERE LR L 3-OH-CB138 #°
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EREE TR S 7.

3. CBI38# 5% 4 HMDOEIVEY FNEFRNL,
F2ALIKRB L U 3-OH-CBI38 & & 12w D
M-1 25t S 7z,

4. M-1 BX U M2 o FHEAHD % AL,
GC-MSIZX LA, M-1& M2
&, #1FN 6-0OH-CB105 & 4-OH-CB87 T
HHZEPHLRIZ R T.

U EDOKEREPSEILVEY b TOH CBL38 DR H
X3 ANOEEKBPETHLZ L, T2, —
FIZ kD 2", 3-epxide & 3',4'-epoxide % #%
L CHERLIS A28, 512, Thoo
AW, Mg~ B L CEADPEMAZ
NENRR D Z EAUREE S L.

| B

RIFFEIZE A S @R A R B & (AmO%
U - RETERHEAERT S, H22- A M-8 E-001
HHEE¥) B L O HRFARE SR 4 B
& (FEAERTZE (B), No. 20404006 JE 15— : FEAZHF
72(C), No. 20510070 fEHEA) (Z—HEH b D
Thb ZZIRELTHELTERLET.
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