VOIdIIN VIOV VO0NMNA

€10z 14dY ¥ 'ON #0T TOA

A9 1L 5 45 =M 21 Vol. 104 No. 4 CODEN : FKIZA4
NN /. TRAT
SER254E 4 H25H (48 A 25 H %647) April 2013 ISSN  0016-254X

fi ] [ =7 HE

FUKUOKA ACTA MEDICA

%104 % 4 5 (1099
PR 25 4F 4 H 25 H

7K

djo

HHiE E PCBIR UMY A o & o » BEALEY)

WF 78 W & ® 24 &

BEmEE W L # &

The Twenty-four Reports of the Study on Yusho
—PCBs and Dioxin—Related Compounds—

Guest Editor Masutaka Furue

17 @ E &

| Fukuoka Acta Med.




MEE PCB RUA A F % CEEEYICEET 2%
wEE 524 &
(fER R MERE 55 104 %% 45 “FH254E4 1)
=| R
BOE
HHE N2 351 5 4 BRI OB

pAN

it LR

MHEBA B 2 574 A % 2 R T & ORER T & OV AR OURFE & P o B #7

WA sk - R - ST -
W s dERE -
WHEBZICBITAMNET 71 B4 VIEEIZET 558 % s -
WHEREBZICBIT 5 IL-21, TGF- 4 okt
#ax KN K - EAK ORZE -
ERERAIIBIT S, 6l T ML 4 b4 >~ IL-10, IL-35 ORET
VANV IIEN NI -7 S IR |- 7, N 1/
R IR A A I WEMRS 3 O I PR R HR OB N T
HIFRE—ER - [ Rl -
HAE BB 2 BT 5 HBEE IS BE 9 5 R AR JIs  FER - 5E R
MiEH 5 A +F> v, PCBEHEENEDZOAF Ly s
PRJE i - o B SR AL -
7 K- w2 A fk -
S MR - N fHs -
WHE B MR 74 4 5> VESHICBIT A8 LW KEFEALZEOKE (3530)
=1 N S SR T - AR ERE -
2004 4E 5 2010 SE QAR BT HIMFEREMIE T 74 + F 2 VEIEEOHER (3ER)
A By s
e ET - RIE ERE -

PR
A

W gk
R OET
WL

i

L

N Al

CRANEE: 18

LC/MS/MS % H W7z It s o K ERL AR ) i1k ¥ 7 = =)V (OH-PCBs) HIEHEOSE ()

7L 1 NI 7 NI AR S TR S O [T 410
PRIE ERE - CPH O OMERE - AR BEME - N R

2010 4F BEE 2 B i o kB bR ) kY 7 = =)V (OH-PCBs) & (3£30)

R AR - &A% AR B CEID fEAD -
PeR il - CPH MM - AR BERE - N TSR -

FAF T UREREIC L DRIBEIE AT O A REECRANOZE & 1E

KEH g - RIS -
JERS - ot phk

FH

B
il

L

ba o wiiE
L

BRI TR

- 3z

b

i

73

‘\...88

91

104

110

118

128

136

143



i PCB S Ak BEDHTIZ BV 2 7 v 71 ) 53 i L ORRET
WEOOBRSE - A BOR - AR - SR Rk
PRI ERE - CPHD OMERE - N D dT ME--152

2,2',3,4',5,5'-AHEHELL 7 = =)L (CBI46) O in vitro {C# OBy
KE TR RO - Ul A R T i EEE161



The Twenty-four Reports of the Study on Yusho
—PCBs and Dioxin-Related Compounds—
(FUKUOKA ACTA MEDICA Vol. 104, No. 4, 2013)

CONTENTS

Foreword M. Furue--

Antibodies to Specific Nuclear Antigens in Patients with Yusho H. Tsuji--

Relationships between Concentrations of Dioxin Isomers and Symptoms, and among
Concentrations and Half-Lives of Dioxin Isomers, in Patients with Yusho Disease
S. Matsumoto, M. Akahane, Y. Kanagawa,

J. Kajiwara, H. Uchi, M. Furue and T. Imamura--

Adipokine Profile of Yusho Patients H. Uchi and M. Furue:-

Serum Levels of IL-21 and TGF- /£ in the Yusho Patients

Y. Kuwatsuka, Y. Koike, K. Shimizu and A. Utani--

Serum Levels of IL-10 and IL-35 in Yusho Patients

Y. Koike, Y. Kuwatsuka, K. Shimizu and A. Utani--

Increased Rate of Serum Uric Acid Levels in Yusho Sufferers
T. Yoshimura, R. Kawasaki, S. Yoshimura,

T. Miyazaki, A, Mukaino and T. Yonezawa-

A Clinical Study of TM]J Arthrosis in Yusho Patients

G. Kawasaki, I. Yoshitomi and M. Umeda---

Inter-Laboratory Crosscheck Study of Dioxins and PCBs in Human Blood Samples
J. Kajiwara, T. Todaka, H. Hirakawa, T. Horli, D. Yasutake, T. Miyawaki,

K. Tobiishi, Y. Takao, T. Hirata, H. Uchi and M. Furue---

Development of a Newly Large-Volume Injection System for Dioxin Determinations in Blood of
Yusho Patients

T. Todaka, H. Uchi, H. Hirakawa, J. Kajiwara and M. Furue---

The Changes in Dioxin Concentrations in the Blood of Yusho Patients from 2004 to 2010

T. Todaka, H. Uchi, H. Hirakawa, Y. Takao, J. Kajiwara and M. Furue:---

Improvement of Measurement Method for Hydroxylated Polychlorinated Biphenyls (OH-PCBs)
in Blood Samples using LC/MS/MS
K. Tobiishi, S. Suzuki, T. Todaka, H. Hirakawa, T. Horl,

J.Kajiwara, T. Hirata, T.Iida, H. Uchi and M. Furue---

Concentration of Hydroxylated Polychlorinated Biphenyls (OH-PCBs) in the Blood of Yusho
Patients in 2010
K. Tobiishi, S. Suzuki, T. Todaka, H. Hirakawa, T. Horl,

J.Kajiwara, T. Hirata, T.Iida, H. Uchi and M. Furue---

71

73

78

-85

-88

91

95

100

104

110

118

128

136



The Gender-Specific Effect of Maternal Exposure to Dioxin on Fetal Steroidogenesis in the
Adrenal Gland
T. Takeda, Y. Hattori, M. Fujii, J. Taura, Y. Ishii and H. Yamada---143

Examination of Alkali Digestion Temperature in Isomer Specific Analysis of PCB
in Whole Blood Sample
T.Hori, T. Yamamoto, Y. Ishiguro, T.Iida,
J.Kajiwara, T. Hirata, H. Uchi and M. Furue---152

Species Difference in the Metabolism of 2,2'34'5,5-Hexachlorobiphenyl (CB146)
by Animal and Human Liver Microsomes
C. Ohta, K. Haraguchi, Y. Kato, T. Endo and N. Koga---161



fERERE  104(4) @ 71—72, 2013 71

FF

B4 3 @E e ERERBMEI - MR
FUHIREEREEBE R T e e - %
LA N B

[l

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 2000 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 45 years the patients have been suffering from various symptoms such as general malaise,
headache, acneform eruption, dark-brownish nail pigmentation, increased discharge from the eyes with
swelling of eyelids, pigmentation of oral mucosa, peripheral neuropathy, and 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 developed a sensitive method of qualifying the blood level of dioxins which allowed us to detect low
levels of dioxins in 5 ml of blood. Notably, the sensitive method revealed that the blood levels of 2,3,4,7,
8-penta-CDF remained very high in the Yusho patients even 40 years had passed since its occurrence,
leading to add the blood levels of 2,34,7,8-penta-CDF in the 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 and 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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Antibodies to Specific Nuclear Antigens in Patients with Yusho

Hiroshi Tsun

Department of Internal Medicine, Kitakyushu—Tsuyazaki Hospital

Abstract To investigate chronic immune effects of polychlorinated biphenyl (PCB) and polychlorin-
ated dibenzofuran (PCDF), autoantibodies including anti-Smith (Sm) antibody, anti-ribonucleoprotein
(RNP) antibody, anti-centromere antibody and anti-double-stranded DNA (dsDNA) antibody, were
studied in 168 patients with Yusho and 54 controls in 2012. Autoatibodies were present in some
patients of Yusho ; 1 case (0.6%) for anti-Sm antibody, 4 cases (2.4%) for anti-centromere antibody and
11 cases (6.5%) for anti—-dsDNA antibody. However, these autoantibodies were not demonstrated in any
controls. There was a significantly higher prevalence of elevated anti-centromere antibody in subjects
with high PCB concentration than in those with low PCB concentration. We conclude that
anti-centromere antibody is present in patients with Yusho, and it may be associated with blood PCB

concentration.

Key words : Yusho - Antinuclear antibody - Anti-centromere antibody + PCB
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A2 255D v o X 7HAD 4 6 & &
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Table 1 Antibodies to specific nuclear antigens in patients with Yusho and controls

Yusho Controls
No. 168 54
anti-Sm antibody 1 (0.6%) 0
anti-RNP antibody 0 0
anti-centromere antibody 4 (2.4%) 0
anti-dsDNA antibody 11 (6.5%) 0

Table 2 Antibodies to specific nuclear antigens in Yusho patients with high PCB
concentration and subjects with low PCB concentration

PCB concentration

= 1.2 ppb < 1.2 ppb
No. 90 161
anti-Sm antibody 1 (1.1%) 0
anti-RNP antibody 0 0
anti-centromere antibody 5 (5.6%)* 1 (0.6%)
anti-dsDNA antibody 4 (4.4%) 9 (5.6%)

*P <0.05vs. PCB concentration < 1.2 ppb.

Table 3 Antibodies to specific nuclear antigens 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. 89 140
anti-Sm antibody 1 (1.1%) 0
anti-RNP antibody 0 0
anti-centromere antibody 2 (2.2%) 2 (1.4%)
anti—-dsDNA antibody 3 (3.4%) 8 (5.7%)

B L UL dsDNA Hifk B B IO TR
7T L7z (Table 1). JifiEEHE 168 Bl 11 (0.6
%) 2L Sm $LkD FA%, 46 (2.4%) I2Pit
yhaxAT7HEO B %, 1160 (6.5%) (28T
dsDNA $ifkD LR %380 7208, ®BHIZI NS
OPED LR Z D725 DA SN Do 7.
2012 47 AR [ WLl — 2 O %75 % 251 B
22OV I PCB B 1.2 ppb L @ 90 # % I
i PCB &l e, 1 PCB ¥ 1.2 ppb Kiilid
161 f5 % i PCB ARG EERE & LC, WM 0t
Sm ¥ufk, Hit > b x7HifkB X OB dsDNA
PR D BB IZ D WA 2 1T7% - 72 (Table
2). Ifivh PCB & E# 0 FI4ilih PCB & 1%
1.96+ 0.92 ppb, I+ PCB {5 & B o P34 i
PCB %1% 0.59 = 0.32 ppb T& - 72. #L Sm
Pifk#% PCB il EREIC 161 (1.1%) b7z, #i
v ho k7R PCBAREERE 161 (0.6
%) \ZxF LI PCB @i EERES B (5.6%) 1272
W, FEICEBEETH -7 (P <0.05. 9t

dsDNA pufhi i PCBARREREIZ 9B (5.6%),
M PCB S EREIZ 4 6] (4.4%) 788, AL
W R Do T,

2012 4F FE A ] W lhE — 2 O %5 % 251 B
i 2,3,4,7,8-PeCDF A E &S 7z
229 Bz oWt 2,3,4,7,8-PeCDF i 30
pg/g lipids LL_ 89 Bl % Ifi 2,3,4,7,8-PeCDF
i EEHRE, 30 pg/g lipids il 140 1 2 R EERE
&L TR o Sm ik, it v b o x 7Hik
B L UYL dsDNA Pk LA OB I DWW TR &
117 -7z (Table 3). EigEEHOFIHIMHF 2,34,
7,8-PeCDF &% 1X 228.6 = 240.16 pg/g lipids,
RO 2,3,4,7,8-PeCDF 2R 1
12.8 = 7.4 pg/g lipids T&» - 7-. ¥ Sm Pk %
EIREREZ 160 (1.1%) 27z, ity hax 7
Ytk LA %1 2,3,4,7,8-PeCDF il B #EIC
260 (2.2%), RIEEFIZ26] (1.4%) B, M
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HIZPCB 2GS L CW A REEDE 2 b, 18
HERREATRIE SN D, Ptk v b a X 7T HARIE S
BRI DSHERBER R 2 R T HUATH ), > b
0 X 7#H45r0 DNA IZKEE L 72 gtk o 4Bt B
bbbty hux7 A B, CEHEZXISPRE
TLHOHMATH S, Pty o X 7HkIZERE
SEDBFERI CdH % CREST SEMERE IZEFRICHET
HIEFMOENTWDLY, Pitr bax 7Hifkz
RO 7 ME L E B IE, SEEZAE, CREST JiEfe
IR N 0o 7.
ARIOMESTIE, 2012 4F FEAR R L HHE — A RS
DZZHEIZB TP Sm fitfk, PLRNP FiLfk, bt
v hu A7 HiAB X UL dsDNA Pk % s L
ME B 2P Sm Bk, fit v bax Thifkl &
OBt dsDNA JuiE D ES 27207205, w12
AN hrol, Tz, KEHEELHEZ 2O
oy rax7HEPRG 4, EAOMBUHE
I PCB K EE#E |2 L~ PCB sl R IC B
WTEBEE TH o 72, IHESSE LR 40 4E DL EAS
B L CWAA, I PCB iR A5 fE 0 e &
ZlIBWTIEH Y FaATHAD LR 2D
%f’ﬁwfﬁ%ybmx7m%®kﬁ’Pa3
DEMERFEITRIE SN D, S EITPUIURLI
wfﬁW®y<®mEhﬂm¢éﬁiﬁamw@
HCHL Sm FUIR, PURNP FUR, Pk hox 7L
B & OBl dsDNA Pk % #5) L7225, Moo Feis
HOHURIZOWTOBEI D LEEER HND.

8 &
2012 47 BEAR [ WL AR — T RS O 25 % 251 Bl

(YAEE 168 5, RFAERE 54 B, BIZEH 4 4,
a2 25 1) 2B \WTH Sm Pifk, HL RNP



WHELS 313 2 MR oW

ik, Prt > bu X 7HikBs L OBl dsDNA il
wflE L7z, EEE 168 B, 161 (0.6%) 12
PoSm¥ukE, 460 (2.4%) 2Pk ba X T
k&, 1161 (6.5%) 12$T dsDNA Hifko 5% 72
D7D, WTFNOPED EFA- L RBEICIZAS R
o7z, PLRNP LD LHIIFEDO 5N o
7o, FEMEMEEB A LD 0IRPIE Y b a X THUED
w®b% <, KROTH dsDNA Hifk 2 38072, it
Y b a XA T HAARO EBUBHE T PCB R B
WZHAIMH PCB MR ICB W TEBEETH Y,
HEICBW I v b o 2 7Huko H3IZ PCB
DS LTWB RS EZ 5L s.
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O JNKEFRRE WAE Y A + ¥ > VIS v & —
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Relationships between Concentrations of Dioxin Isomers
and Symptoms, and among Concentrations
and Half-Lives of Dioxin Isomers, in Patients with Yusho Disease

Shinya Matsumoro!?), Manabu Axauanxe?, Yoshiyuki Kanacawal), Jumboku Kajiwara®,
Hiroshi Ucar¥®, Masutaka Furve?® and Tomoaki Imamura?

UDivision of Social Medicine, Graduate School of Medicine, The University of Tokyo
2 Department 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 Sciences, Kyushu University
% Research and Clinical Center for Yusho and Dioxin, Kyvushu University Hospital

Abstract The relationships among dioxin isomers are not well understood. This study aimed to
clarify the relationships among isomers using two methods. First, the relationships between isomers
and symptoms were analyzed by analysis of variance. Second, concentrations and half-lives were
determined for each isomer in each patient, and correlation coefficients for the concentrations and
half-lives among isomers were calculated. Two isomers very similar to 2, 3, 4, 7, 8-pentachlorodibenzo-
furan (2, 3, 4, 7, 8-PeCDF) were correlated with symptoms of Yusho disease. The correlation
coefficients among three isomers similar to 2, 3, 4, 7, 8-PeCDF were very high at 0.98, indicating that
there may be a mechanism which maintains constant ratios among these isomers.

Key words : Yusho - Dioxins * Isomer - Half-life
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MAE L, 1960 SEABAHUINILERTIAE L 724 BLTwaY.
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polychlorinated biphenyl (PCB) 23K &% 2 & 8-PeCDF L X2 R YL 7 = =)V (PCB)
ncw 2L, IR0k, F7-25ERKIE, RV 7TV 7 =L (PCQ) LoV
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CPAMT L2 L7z, 512, SEREE
RLHEMOMR, B VY Yk EOMEREROARE
M7 b OIZINZ T, MpEE, B, SalL A7
0 — )UfE, BRHE, ARIMERIEFEREE (2 FERE), 7
E—), BIUOF M) AfHEEBETLZE L
LTS, /2, AL,
4,7,8PeCDF OEE L, & A 4% v fHE
FERI OAHBEFREL, 21 o 3 B o H B AR R %
LT&ERY.

L LAdss, KBRS, COEREE S
ZLRTWVRIE, FEMHIN TRV, KiF%
T, WERBEDOS A X VHOBEENS, R
PRIZ L AIERDEROLGEAIELZ L HWE
L7z BRI, BEEEREOT v 7 — M
Y LIE— A RZIC BT AT S A+ ¥ VM
B OBREEESL, B2k RERERT
AT xR VHBRMRERET S,

T/, HHEEMAOMOBBRI RN EI2LD
AT 2 FUNBR O REE A RO 5 720, Btk
A5 < BN BYEER O M OIREE B K ORI O
MRHE RO, S50, EREREESA X
VHEEOMBRD S, 2,3,4,7,8-PeCDF DHEIR

EBTV L E RO TN TOMAEDLEIZONT,

TR RE & 2RI O O M B S SR 72

V] p- 3
AWZETIE, o005 ireFE L7z, —2Ig,
BEMAR L FERO I ORFR E KD 72

FEIR & OBIRDSRD - 72 BERE A T o B
wIRDTz.

1. §14FF% Y CREOREMERE CEROBRE
XFRAL, L 21 SRR FEHE S 7z IE FERE T
FlCHE SN2 EBE 1,131 ZOW, FH 13 FE
~20 FEE TOMERE—FRZ L L, ¥4
T BB ME L 72 EE 585 4 DN,
Octachlorodibenzofuran (OCDF) Ol %E#E HA
SEDHH, ®OO 2 MDHPEALLITC, &%
D 1D, $RTCOBHEOEEWEIZBIT DKM
RLIZ1AOEE TRz S AT F T MR
2 BEEE L 72 B L, ER RO ETEY
rboTRFEMEE L
MEFEBREOT 77— MHHE L 2,3,4,7,
8-PeCDF i % W Corsoir 2 17>, PeCDF

ZNFETIZ2,3,

H 9 —2oi,

79

B L IEROBIROMR S OIRIE A G L, B
MRS 2 MET L7z, F72, EESE OERS
&, RIS BEROKREWEEZLNDL T &R,
EARE O BE 2 R 2 ET 5 &, ¥
AT F T VERENFEREAHBME AL TR 720
TSI RE S FERDS BN S 2 & 205, 60 m ki, 60
e DL b 75 AR, 75 sl o =0 DRI 4)
B EFEmLz. 512, JEROFEIZLY,
2,3,4,7,8-PeCDF DIl 2 5H5H L 72,

2. F4FXI CBEOERMERE L XD
Il

SR 14 4R B R 22 4 F T2 3 mILLRlE L
ToBEAS e L. FOWN2,3,4,7,
8-PeCDF i %% 50pg/glipid Ml L TH - 72 B
13179 44, 200pg/glipid L E13 90 4 TH 5.
BHET O R RD L7012, BETLIC
FHEME 2 A B e LT, BEEKROBEED 20
M EGERERE LT, MERREEERL. &
HIEOE &1, KEFEOREOEFEZEKT.
ZOWREOEALEOAOMEA, K EEOREL
TEDRBMTHS. LX) IKkD, KEE
D FE DAL O FNEE [ O BARE 2 KD 72,
72, REOTPIHHEO RV EM O BEREZ KO
7o, Ty oA ORER, R LTTirn<,
WD IREE DEACEE VTt & Ehiti L 7-.

o e

1. §144% 2 CEORRMERE CEROBE
60 AT DOBE FXRIZ, 71+ F 2 VHHEE
EIERDOE T EATV, PAEAS %LUT
DEMERDOEDZ WIFIZ 20 7 F TOIEIR % LR
AR E R LIORT. EPOFMECFO &I P
55 BT TR H L EEZ LNLHMAEDE
TH5b.

EAIZED 5 TV LIEIRTH > TDH, PEIK
&L, MEOHEKNYWEEE2 515 2,3,4,7,
8-PeCDF & OBV EE 2 LB EIRIT,
D THERIAR A~V =7 ] TR f§ - Mos] <
Hotz. T 3ODEIRE BIRDHE 2R
fAix, 1,2,3,7,8-PeCDD, 1,2,3,6,7,8-HxCDD,
1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 3,
3.,4,4,55-HxCB Tho72. ZOHRT, 20 F
TOREIRDH B, PS5 % LUF OFERD % A
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AHE, 2,3,4,7,8PeCDF & [H#E DFERAD £
BoTHBY, MUBEERLEH L EEZLNDLDIL,
1,2,3,4,7,8-HxCDF & 1,2,3,6,7,8-HxCDF T
Holz. 2,3,4,7,8PeCDF &7z & 9 ZyER%
R EMARE LTI, 1,2,3,4,7,8-HxCDF & 1,
2,3,6,7,8HxCDF Th-o7z. /2, 202 %MK
RIZFEPT VWD, 2% DTV BEEARE L
<, 1,2,3,7,8PeCDD, 1,2,3,6,7,8-HxCDD, 3,
3'.4,4,55-HxCB 2°® - 7.

2. FA4FXICEOERMARE EF RO
B OEBREOBEE

R AEE O PRI OB OHBER S E K2 -

1 (a) 12, BEOMBREEE2 -1 (b) IR

4. 1,2,3, 4,7, 8HxCDF & 1,2, 3,6, 7,

8-HxCDF D DB R %A 0.9559 & ik

N
=]

=1

2,3,4,7,8-PeCDF % 50pg/glipid & £& D
PO OMBAREEE2 -2 (a) 12, BE
OB EER2 -2 (b) 1287, 1,2,3.4.7,
8-HxCDF & 1,2,3,6,7,8-HxCDF DiEEDHHR
{7 0.9782 L 4D Ty,

2.,3,4,7,8PeCDF i#J£%% 200pg/glipid LL L d
BEOFFI OB BOMBERIEE2 - 3 (a) 12
RY. REOMBEREEE2 -3 (b) 1IRT. 1,
2,3,4,7,8-HxCDF & 1,2,3,6,7,83-HxCDF ®Di&
JE DOMBIFRELAS 0.9800 & A8 & T\,

BB, — 1251 I TOHPFATHLEDS
N5, MAEAY 0.3 FRETLE VMDD 2 & A

. MERHMEAS0.7 2R D LRV S B &
AT, SHEOEFRD0.98 L vy Dix, Zok
#2035 A2 B o T 7z,

% %=
FEAR & & FAEARIEEE D BT ORER, 35

1,2,3,6,7,8-HxCDF) (33l ERICEBD D
LUEMER LTz, T2, o 3E ML (3,3,
4,4'55-HxCB, 1,2,3,7,8-PeCDD, 1,2,3,6,7,
8-HxCDD) &, ZHUT LB iEm v, L)
RERER LTV, ZOORMET L 7
FERZ R THAEICE, (1) —HOBMROFHE DL
B, COREREFIEES L, RNENEICHE
DdDEE. (2) ZRERDPM LT, FEOE

81

KEBIXRITHEO- O EZLNS. Lol
BRSO L CRBROIERZ T & 2§ 2 &
&, HREEOFTN L HBEFMRE (TEF) &L
TEHMlishz e bix, BhrHtrATr2 L
2% 5. 2,3,4,7,8PeCDF &, MEHZ OFM
%8 (TEQ) & LTKEREGE HEOTWEz0,
2,3,4,7,8PeCDF £ 0 &, flo> BZYEARAE I
JEREFELTWAL EITEZIZ W, 72, B
B9LZIE, IEFSE DIREIC e B A% U EE TR
KrEtb 2B AZ L I2X D, KNER
HICHBEDRETLZE0H Y 2 DD, ¥4+ F
VORGSR SNTBY, FO L) RE
WHEAEL TWDE EIFEZIZ W,

[HAERFZE 30 £ DAY £ 4 — 2 ] & [IHEERF
RAUVEL - 4] 25, FA4AFANHDOY A+
FUHRE CMAND S A K Y CHIRE R R
DFE (F3) 1T E5I12, FSAAFAN
HOVERE % RN O TR L 72 % LRy 4 5 &
Jk12, 2,3,4,7,8-PeCDF # 3L & L /- ME% L%
OFIE L7 R0, 2,3,4,7,8-PeCDF
ERRBERD L TWREWwE REREE R D, Z0
FEH 2,3,4,4' 5-PeCB & 2,3,3,4,4-PeCB 13,
MINEEHE L, 2,3,4,7,8-PeCDF & [AFEEE I
WAL TWaBEY, ML) RIERERL TV,
BN IEAED DY, PRI AZEZLD
B BEEAE 2 H iz,

TEEEOBERE T, 1,2,3,4,7,8-HxCDF &
1,2,3,6,7,8-HxCDF O M ORI D T &
Moz 2,3,4,7,8-PeCDF i 4 200pg/g lipid
DikoE#ETix, MHERE0.98 Tho7z. HE
REAS 0.7 THo THEWHMDZH 2 & A S
B, HHBRE0.98 A5, BBk IR A3
EIND. FRIIOMBIRED ML, R
DEZETLEDENE, BEOBETLDENLD
bREWV, BETEICERL L PP FEL DD,
BROFERE LT, BEOREOHBEDEAL S
NZERFEZIZL W ERNS, BEOHRE—EIC
O ADGET 5 DO LRSI NI

B AR O & REIR O BAR 72T 454 T,
8% O BRI R 5 2 L xaiies L7z
B, RO REEEZONLELL DRV, Lol
I OMBIRER, FM O BRED B2 &
LEBT DL, BROEWEEZEZ D2OIEHL <,
AR T, ERR PRI 525, 15
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F£2—1 (a) &EFOFEHOMBEREK

1,2,3,7,8-PeCDD 1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,4',5,5-HxCB

1,2,3,7,8-PeCDD 1.0000 0.6780 0.6110 0.4146 0.5212 0.5904
1,2,3,6,7,8-HxCDD 0.6780 1.0000 0.6013 0.4471 0.3738 0.5537
2,3,4,7,8-PeCDF 0.6110 0.6013 1.0000 0.6503 0.6401 0.5993
1,2,3,4,7,8-HxCDF 0.4146 0.4471 0.6503 1.0000 0.6764 0.3979
1,2,3,6,7,8-HxCDF 0.5212 0.3738 0.6401 0.6764 1.0000 0.4536
3,3,4,4',5,5-HxCB 0.5904 0.5537 0.5993 0.3979 0.4536 1.0000

F£2—1 (b) &EFOREOMBIREK

1,2,3,7,8-PeCDD 1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,4,5,5-HxCB

1,2,3,7,8-PeCDD 1.0000 0.7824 0.7195 0.7097 0.7861 0.7453
1,2,3,6,7,8-HxCDD 0.7824 1.0000 0.7699 0.7976 0.8088 0.6062
2,3,4,7,8-PeCDF 0.7195 0.7699 1.0000 0.9621 0.9219 0.8241
1,2,3,4,7,8-HxCDF 0.7097 0.7976 0.9621 1.0000 0.9559 0.7392
1,2,3,6,7,8-HxCDF 0.7861 0.8088 0.9219 0.9559 1.0000 0.7461
3,3,4,4',5,5-HxCB 0.7453 0.6062 0.8241 0.7392 0.7461 1.0000

x2—-2 (a) 2,3,4,7,8PeCDF i} 50pg/g lipid Ph Lo 35 0] O A B AR 5L

1,2,3,7,8-PeCDD 1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,455-HxCB

1,2,3,7,8-PeCDD 1.0000 0.6234 0.7155 0.6479 0.5260 0.6781
1,2,3,6,7,8-HxCDD 0.6234 1.0000 0.7989 0.6926 0.4217 0.4369
2,3,4,7,8-PeCDF 0.7155 0.7989 1.0000 0.8086 0.6569 0.6851
1,2,3,4,7,8-HxCDF 0.6479 0.6926 0.8086 1.0000 0.8142 0.5538
1,2,3,6,7,8-HxCDF 0.5260 0.4217 0.6569 0.8142 1.0000 0.6058
3,3,4,4',5,5-HxCB 0.6781 0.4369 0.6851 0.5538 0.6058 1.0000

*x2—2 (b) 2,3,4,7,8PeCDF iff£ 50pg/g lipid Ph b0 F3E D DA 2%

1,2,3,7,8-PeCDD 1,2,3,6,7,8-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,45,5-HxCB

1,2,3,7,8-PeCDD 1.0000 0.7080 0.7003 0.7098 0.7719 0.6706
1,2,3,6,7,8-HxCDD 0.7080 1.0000 0.7716 0.8050 0.8165 0.5240
2,3,4,7,8-PeCDF 0.7003 0.7716 1.0000 0.9480 0.9183 0.5982
1,2,3,4,7,8-HxCDF 0.7098 0.8050 0.9480 1.0000 0.9782 0.5568
1,2,3,6,7,8-HxCDF 0.7719 0.8165 0.9183 0.9782 1.0000 0.6196
3,3 .,4,4,5,5 -HxCB 0.6706 0.5240 0.5982 0.5568 0.6196 1.0000

#£2—3 (a) 2,3,4,7,8PeCDF ¥ 200pg/g lipid LA -0 B35 O Fd W O FH B2 %L

1,2,3,7,8-PeCDD 1,2,3,6,78-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,4'5,5-HxCB

1,2,3,7,8-PeCDD 1.0000 0.5764 0.7524 0.7948 0.5781 0.7234
1,2,3,6,7,8-HxCDD 0.5764 1.0000 0.7826 0.6385 0.2413 0.3412
2,3,4,7,8-PeCDF 0.7524 0.7826 1.0000 0.8496 0.5897 0.6840
1,2,3,4,7,8-HxCDF 0.7948 0.6385 0.8496 1.0000 0.7915 0.7481
1,2,3,6,7,8-HxCDF 0.5781 0.2413 0.5897 0.7915 1.0000 0.7014
3,3 ,4,4,5,5 -HxCB 0.7234 0.3412 0.6840 0.7481 0.7014 1.0000

*£2—-3 (b) 2,3,4,7,8PeCDF i} 200pg/g lipid VL 1= BE O O AR %L

1,2,3,7,8-PeCDD 1,2,3,6,78-HxCDD 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 3,3 ,4,4'5,5-HxCB

1,2,3,7,8-PeCDD 1.0000 0.7373 0.7781 0.7042 0.7314 0.6384
1,2,3,6,7,8-HxCDD 0.7373 1.0000 0.7784 0.7683 0.8059 0.6181
2,3,4,7,8-PeCDF 0.7781 0.7784 1.0000 0.8932 0.8950 0.6012
1,2,3,4,7,8-HxCDF 0.7042 0.7683 0.8932 1.0000 0.9800 0.5279
1,2,3,6,7,8-HxCDF 0.7314 0.8059 0.8950 0.9800 1.0000 0.5762
3,3 ,4,4,5,5 -HxCB 0.6384 0.6181 0.6012 0.5279 0.5762 1.0000
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X3 TAIFANFOTATF Y VFREEERNTOY A 5L VR
5{x¢4w FTAAFA N AENFOWRE KPNF O TEQ s koo |,
H1DiEERE (ppb)  H? TEQ (ppb) (pg/g) (pg/g)
2,3,7,8-TCDD 0 0 0
M35 fL-PCDDs 3 0 *
1,2,3,7,8-PeCDD 7 3.5 0.016 0.008 438 106.28
FIEIL-PCDDs 77 0 *
1,2,3,4,7,8-HxCDD 8 0.8 0.008 0.0008 1000 46.55
1,2,3,6,7,8-HxCDD 40 4 0.049 0.0049 816 57.05
1,2,3,7,8,9-HxCDD 23 2.3 0.0092 0.00092 2500 18.62
~#EfL-PCDDs 203 0 *
1,2,3,4,6,7,8-HpCDD 185 1.9 0.057 0.000585 3246 14.34
L1E/L-PCDDs 160 0 *
OCDD 120 0.1 0.86 0.000717 140 332.51
2,3,7,8-TCDF 660 66 0 0
I3G{t-PCDF 2570 0 *
1,2,3,7,8-PeCDF 525 26 0 0
2,3,4,7,8-PeCDF 1350 675 0.029 0.0145 46552 1
#AIEIL-PCDFs 3580 0 *
1,2,3,4,7,8-HxCDF 890 89 0.01 0.001 89000 0.52
1,2,3,6,7,8-HxCDF 170 17 0.011 0.0011 15455 3.01
2,3,4,6,7,8-HxCDF 165 16.5 0 0
~IEL-PCDFs 1259 0 0 0
1,2,3,4,6,7,8-HpCDF 255 2.6 0 0
1,2,3,4,7,8,9-HpCDF 11.5 0.1 0 0
+t1Ef-PCDFs 42 0 *
OCDF 76 0 0 0
3,3'.4,4-TeCB 11500 5.75 0 0
3,3,4,4',5-PeCB 630 63 0.22 0.022 2864 16.25
3,3,4,4',5,5-HxCB 27 0.27 0.13 0.0013 208 223.81
2,3,4,4',5-PeCB 32000 3.2 0.67 0.000067 47761 0.97
2,3,3,4,4-PeCB 28000 2.8 6.5 0.00065 4308 10.81
2,3,3,4,4',5-HxCB 2950 1.5 13 0.00661 227 205.07
Other Mono-ortho PCBs 91800 0
Di-ortho PCBs 135100 0
Tri-Ortho PCBs 7580 0
Other PCBs 71000 0
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Adipokine profile of Yusho Patients

Hiroshi Ucnar) and Masutaka Furue!?

U Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,
Fukuoka Japan
2 Department of Dermatology, Graduate School of Medical Sciences, Kyushu University,
Fukuoka, Japan

Abstract Serum levels of adipokines among Yusho patients and normal controls were measured.
Compared with normal controls, serum levels of leptin were significantly lower, while those of RBP4
were significantly higher in Yusho patients. Dioxins may impair production of adipokines from adipose
tissue, which would increase the risk to develop lifestyle-related diseases, such as diabetes mellitus

and hypertension.

Key words : Adipokine - Dioxins - Lifestyle-related diseases

i U &I

TAF XD VEITBIMETH 5720, PRI
AR AE N8 A 452 VHEPGAT 5
MARE LTEETH L. 774 K44 V3R
faB L O Z ORI 5 EE SN D ABEEWE O
WHRTH Y, EFEEROBEICHES LT
5. RWECIIRENLT T4 RAIA Y THDLT
TA RN F v, LTF Y, RBP4, LIV AF
PAI-1, IGF-1, IL-6, TNF-a DI iEE % %
L, ERE L EEATREL, /25145
CHEEEE Y OB OWT a7,

ps] &
PRl 18 4R REA & 21 4 KL AR f LIRS %

%
Z L, 21967 £ LIETICH A L 72 HERERE
2324 (&ME131 %4, B7E101 &4, FI4FEH 65.8

+ 13.0), fw# 96 4 (L6544, Sk 314,

TR 63.9 £ 11.3) IZOWTT T4 KA 7 F
v, L5, RBP4, LY AF >, PAI-1, IGF-1,
IL-6, TNF-a DI{Fi#EE % ELISA & THllE L,

M & A 4% CHEE (2,3,4,7,8PCDF,

Total-PCDFs-TEQ, Total-TEQ) & OB % i
L7z, f#HTI21d Mann-Whitney U test, Spear-
man's correlation test #{T-72. 7 — % DT IX
BN E SN VLD, EEARTT R E 4
fbt7—% & L1/,

i R

WEREOMp 5 A F F 2 VHEHEE (bg/g
lipid) i, EHFH LV AZEICEMBETH > /2
(23478PCDF 169.1 + 16.4 vs 15.7 = 0.9, total
PCDF TEQ91.9 £ 8.9vs9.0 £ 0.5, total TEQ
119.2 £ 9.7vs 31.4 = 1.7). {HIERE & lEwE
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K1 MIET 74 B A VRO IE
WHEERE (n=232) XFHEHE (n=96) p
774 RA7F >y 522+ 6.59 ng/ml 6.58 = 7.49 ng/ml 0.02
V7T 12.1 £ 32.7 mg/ml 11.0 £ 23.9 mg/ml 0.4
RBP4 39.4 £ 41 .6 mg/ml 32.5 £ 44.9 mg/ml 0.02
LIYAF Y 13.8 = 9.6 ng/ml 14.5 = 10.3 ng/ml 0.6
PAI-1 6.1 + 2.4 ng/ml 6.1 = 2.5 ng/ml 0.9
IGF-1 117.0 = 55.9 ng/ml 104.5 £ 46.3 ng/ml 0.06
IL-6 105.6 = 603.5 pg/ml 18.5 = 60.6 pg/ml 0.2
TNF-a 11.2 = 44 .0 pg/ml 6.9 = 23.9 pg/ml 0.2
EDMIET T4 KA A VIBEOHE A F 1 ITRT. 7. INFTOEFRET, WEBETIIEES

Mg L 7 F VgEIERE THEREIKT L Tw
7z, —IiE RBP4 I IXIMEEE CHEIC LA
LTwW7z, LALWIhoT7 74 RH A4 » bl
FAF XY VHRELORERMBEZ RO %205
7z.

Z =

TAF XD VHEITERNICREINIC b2 R
%tb@ﬁ%ﬁﬁ%%éﬂfw% FAFFY Y

FAHEDO IR — b
I_JHEI[HUL&VXO 72Wbw b Y
mw;k#ﬂ%hfw%”@ L7 F e
Mg SEEE S, HURTEICHFET 22854 %
ﬁbfﬁﬁ%ﬁﬁb,l$w#—ﬁ§%m@§%
L. ARNICIRIEDSEFE T 5 & L 7 F VEEEIETUE
LIREFANE S —T5, Bz EA 325 L L7F
VEAITKT L, REENCESZ LTIV
F—RFOEEELMEREL T DL EEZ LT

TR DA TR

Y. F 7L 7T IR e R B E A
H5HH, PmRETIEXEL 7 F Y IMEE > Tw

Wb LT, LT UIREMESEL, LT
Y OVERDEEES 5 LS TV BY. —
RBP4 I ZL i 6 LF /) — VIR RAy ik B &
LTHSNTW/2%, RBPA /v 77w k< A

TEA YA VEZWEDRITTEST L2 & Hh 5,
RBP4 7% 2 RIS FRIF SR IC BB & E 2 172 L T
WBZEDHL NI 5728 F R 2 Bl
JRIRBE IZB W TILE RBPA A LA L Twb 2
LR, A VA YIRS EEOESICLDY
RBP4 fliAsIF AL 2 & & sy s 72", 4
DHETIZT A+ F 3 HHEE L OMEIZED S
NP o72000, WELFIZBW L 7'
VIR OMT B & UHLiE RBP4 IO EA-% 580

WL, BORRER A B,

PERBAERED LA IZRBOL N TRV, 7
T A RIA VEREOTED YA 4 F L VHIZL -
THEEIN, HERICEEL S 2 TV LTRSS
HY, GRIOICFHEHLEMEAPLELZZIOND.
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Serum Levels of IL-21 and TGF-/# in the Yusho Patients

Yutaka Kuwatsuka?, Yuta Kome?), Kazuhiro Sanvizo? and Atsushi Uraxi?

DDepartment of Dermatology, Nagasaki University Graduate School of Biomedical
Sciences, Nagasaki, Japan
Y Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,

Fukuoka, Japan.

Abstract

Aryl hydrocarbon receptor (AhR), recognized as a dioxin receptor, is expressed on the

surface of helper T (Th) 17 cells. As PCBs and PCDF's are still detected in the sera of the Yusho
patients, we hypothesized dysregulation of Th17 cells in the Yusho patients. In the present study, we
measured IL-21 and TGF- f in the Yusho patients which induce differentiation from ThO to Thl17
cells. Serum levels of IL-21 were lower than those of controls (p < 0.05). Meanwhile, serum levels of
TGF- f were decreased relative to controls, but not significant. These results may imply
differentiation from ThO cells to Th17 cells is not induced in the Yusho patients.

Key words : 1L-21 - TGF- £ - Yusho

U &I

1968 471 A I JEF St 40 SE DL EAREE L,
MENZFRD 5 723 L BRI TH B D 5 47,
GTH SEROBFIEIR, R % & O EHE

W, LUONRHE 2 EOMREAEIR, I BRI
ELF I IERD ﬁfaTL’Cw . HEEDERHTH %

ol IR i (|
(PCB), Polychlorinated quarterphenyls (PCQ)
T OF Polychlorinated dibenzofurans (PCDF) % &
¢ dioxin AR L TV A HEN Do T aY,

L7L, TNH60y A4 F 2 YHEITHCAHDE
9, FAHBBPATH S Z & L0
DRAFEDSEN, WHERE MEHIIIRAE LT
BEOYA XL VEPSBRHEINT WS, Aryl
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1¥ Polychlorinated biphenyls

hydrocarbon receptor (AhR)

rachlorodibenzo-p-dioxin (TCDD) % PCB 7 &
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I U & LTIRIA B S S h?, mET
DEEGEZFEL, 51+ F 2 VEORBHRE % M
HETEEHENTVS, REOWRIZLY
AhR &, T il Tld regulatory T (Treg) il
& helper T (Th) 17 Mg TIBRWIEEIHAL S 1L
%%, Thl Mg, Th2 MifZIidiZ e A &R
SNV EDHSAIcENIY. SEFkaid
MHAE RRSE B D SRIE R 2O\ T Th Mg % Hols
B ZHES_ <, ThO Mg A & Thl7 kg~
GAEB L OHEFFICDLELRY A AV THD
IL-21 & TGF- BB L TR 247\, & 720E
BEICBIFAEIATRF L MEEENST A S H A
Y E DA RE L7z
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KB G &

D > 7 1 2005 4EH 5 2009 4F AT S 7z
RIFEMERZZZED ) B, AETELrD
PCB, PCQ, PCDF Dillsg %17 o 72yl b &
DIME = FHv 7z,

@Ik IL-21 OW5E - HWAERREES 33 4k &
DR E HDOETBFEARZ LT RE L. &
I IL-21 ELISA % v M (R&D ##) % v Cill
ExfroTz.

@I TGF- g O  WERTEEHE 26 4B
L VER T bR N 26 BETRE L7
t + TGF- 4 ELISA ¥ v I (R&D %) % Hw»
THIEERAT- 72,

OFeAE & OB WERET— 5 X— A% T
|2, IMEBRE O PCB, PCQ, PCDF & AHEE %
FREs L7z,

OFMETEYALEL  5E L 22 Bl o IO
Mann-Whitney @ U #¥:58, Spearman O JIEA7FH B
R OMEL R L7

XEER

DI IL-21 ORZERS R © IR OhE B E 33
%, BLORE N 32 4O FHERIZS 4 71.8 =
TO0MBLUT0.3 9. 7MTHEETIRP-72.
Mt LoMEREICB A5 4 45 ViEEIR
PCB 3.22 = 1.41 ppb, PCQ 0.34 £ 0.39 ppb,
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K1 ERE RS IS T v bu—)VEFIE T o TIL-21

PCDF 234.2 + 151.5 pg/g lipids T & - 7=.
IL-21 fE I3 IME R 94.3 = 79.0 pg/ml B X O
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2-b] carbazole i& Thl7 i D 5L GE % 2
7»:5)7).

L
ZO—HT, ¥4F4F2D—D>Thb
TCDD & Treg Miffd % #5359 % 7%, Thl7 Mg
SALIEFE L 2h o7, BIEOL A, AR IE

DAY ROREICX > TR L EFEY T L L
V) RUREZEAS, 2 OREM AT LB EIZA 5 AT
8\,

IL-21 1& Th17 #ifa 3 fbasE 4t F < Thl7
fan o HO A S A, I8~V S— T i,
Th2 ffifg, NKT flifgs5 b EA S, Thl7 g
DOWIHIZELSEHb o TWA I EPHE SN TW
58 F7: TGF-BIFIL-6 & AEBRETIZBW
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LEELRETF L SNTWDEY. Lok ok
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BEICEALTWAZ &ML, Thl7 Miads
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REDYT AL F L UHHIZ AR 24 LT Thl7 M
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Serum Levels of IL-10 and IL-35 in Yusho Patients

Yuta Koke!, Yutaka Kuwarsuka?), Kazuhiro Sanvizv? and Atsushi Uraxi?)

YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital
2 Department of Dermatology, Graduate School of Medical Sciences, Nagasaki University

Abstract We thought that dioxin and dioxin-like compound receptor AhR expressed on the surface
of regulatory T (Treg) cells and Thl7 cells could regulate immunological functions in the Yusho
patients. In the present study, we measured Treg cell related cytokines IL-10 and IL-35 in the Yusho
patients. Serum levels of IL-10 were higher, but not significant (p = 0.06), and serum levels of IL-35
were Increased (p = 0.006) in comparison with healthy controls. These results imply Treg cell

activation in the Yusho patients.

Key words : Yusho * Treg - IL-10 - IL-35
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Increased Rate of Serum Uric Acid Levels in Yusho Sufferers

Toshiro Yosmmural), Ryoko Kawasaki?, Shunsuke Yosunura?), Teiichiro Mivazaki®,
Akihiro Mukamo? and Takehito Yoxezawa®

DUnit of Rehabilitation Sciences, Graduateschool of Biomedical Sciences, Nagasaki University
2 Unit of Translational Medicine, Graduateschool of Biomedical Sciences, Nagasaki University
% Health Sciences, Graduateschool of Biomedical Sciences, Nagasaki University

Abstract We measured serum uric acid levels in Yusho sufferers annually from 2007 to 2012 in
Nagasaki prefecture. We observed an increased rate of serum uric acid levels in 38.2% of the male and
55% of the female sufferers. There was no relation among serum uric acid value, Body Mass Index,
liver function, blood polychlorinated biphenyls and hypersensitive C reactive protein. We conclude that
it is unclear if blood polychlorinated biphenyls may play a role in the increase of serum uric acid levels
in Yusho sufferers.

Key words : Uric acid - PCB - Yusho - BMI - Highsensitive CRP
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A Clinical Study of TMJ Arthrosis in Yusho Patients

Goro Kawasaxkr, Izumi Yosarromr and Masahiro Umepa

Department of Clinical Oral Oncology, Unit of Translational Medicine,
Nagasaki University Graduate School of Biomedical Sciences

Abstract In the present study, we clarified the TM]J symptoms of Yusho patients. An epidemiologic
examination was carried out to identify TM]J arthrosis in patients with Yusho. The patients were
collected during annual Yusho examinations in 2012. Nine of 187 patients had TMJ symptoms. The
symptoms were pain, trismus, and a clicking sound of the TM]J. We diagnosed these patients with TM]
arthrosis. The rate of TM]J arthrosis in Yusho patients was 4.8%, being similar to the rate of TM]

arthrosis in general.

The PCB concentration in the blood of these 9 patients was 2.76 ppb, and the average blood PCB
concentration of all patients was 2.98 ppb. We identified no relationship between the blood PCB

concentration and TM] arthrosis.

Key words : Yusho - TM] arthrosis - PCB
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Inter-Laboratory Crosscheck Study of Dioxins and PCBs
in Human Blood Samples

Jumboku Kajiwaral), Takashi Topaka?’, Hironori Hirakawa®, Tsuguhide Horr?,
Daisuke Yasurake!), Takashi Mivawakr!’, Kazuhiro Tosusui?’, Yoshiko Takaol’,
Teruaki Hiratal’, Hiroshi Ucn®3® and Masutaka Furug?'3

DEukuoka Institute of Health and Environmental Sciences,
39 Mukaizano, Dazaifu, Fukuoka 818-0135
2 Department of Dermatology, Graduate School of Medical Sciences, Kvushu University,
Muaidashit 3-1-1, Higashi-ku, Fukuoka 812-8582
Y Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,
Maidashit 3-1-1, Higashi—ku, Fukuoka 812-8582

Abstract We developed an analytical method for accurately determining the concentrations of
dioxin and polychlorinated biphenyls(PCBs) in a blood volume of 5 g. Inter-laboratory crosscheck is
available for maintaining the quality of dioxin and PCB analysis. We carried out the crosschecks of
dioxin and PCB analysis in the blood with domestic analysis organizations. Two crosschecks each of
dioxin and PCB analysis were carried out from 2007 through 2011. As a result, the findings of our
analysis accorded well with the analyses of the other organizations. We believe that our analytical

method is sufficiently reliable.

Key words : Cross—check - Dioxin - PCB - Blood
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Lo THRA DI 5 A+ ¥, PCBE—F5
K2 LONREEOIET PCB 447 7 0 — O %
Gt 7 o — R G MRS

1 T IV ) Gl — 7 T 28— GC/MS llE A, B

2 B — 7 7 2858 — GC/MS Ml 2 C. D

3 W — 7V ) S E T — 7 7 Ak~ GC/MS HlE E

5 ASE $ill i~z LBl — 7 5 2 i — GPC ¥§#i— GC/MS il F
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K3 MY A4 F 2 CHERERESE (2007 4)

SINTREBATE DM (pg/g wet) 5 BB O 45T

A B C D F Mean  Med. SD Max Min CvV
PCDDs 2,3,7,8-TeCDD 0.0034 0.0033 0.0035 ND  ND

1,2,3,7,8-PeCDD 0.014 0.016 0.015 0.016 0.018 | 0.016 0.015 0.0015 0.019 0.014 9.7%

1,2,3.4,7,8-HxCDD 0.0057 0.0078 0.0068 0.0085 0.010 |0.0073 0.0071 0.0015 0.010 0.0054 20.9%

1,2,3.6,7,8-HxCDD 0.048 0.047 0.046 0.042 0.060 | 0.048 0.047 0.0065 0.061 0.037 13.6%

1,2,3.7.8,9-HxCDD 0.0082 0.0075 0.0090 0.0092 0.012 |0.0089 0.0089 0.0018 0.014 0.0060 19.7%

1,2,3,4,6,7,8-HpCDD 0.058 0.046 0.055 0.053 0.18 | 0.074 0.055 0.052 0.20 0.044 70.8%

OCDD 058 056 062 0.5 2.0 | 0.83 058 060 2.2 053 72.7%

Total PCDDs 0.72 0.69 0.76 0.69 2.3 | 098 0.72 066 24 066 67.1%

Total PCDDs-TEQ 0.025 0.026 0.025 0.025 0.029 | 0.026 0.025 0.0023 0.030 0.021 8.8%
PCDFs 2,3,7,8-TeCDF 0.0044 0.0033 0.004 ND  ND
1.2,3.7,8-PeCDF 0.0027 0.0030 ND ND  ND

2.3,4,7,8-PeCDF 0.030 0.029 0.031 0.027 0.029 | 0.029 0.030 0.0019 0.032 0.024 6.6%

1.2,3,4,7.8-HxCDF 0.0097 0.010 0.011 0.011 0.010 | 0.010 0.010 0.00098 0.012 0.0070 9.6%

1.2,3,6,7.8-HxCDF 0.010 0.011 0.011 0.011 0.011 | 0.011 0.011 0.00084 0.013 0.009 7.7%
1.2,3,7,8,9-HxCDF ND ND ND ND ND
2.3,4,6,7,8-HxCDF 0.0047 0.0035 0.0043 0.0065 ND
1,2.3,4.6,7,8-HpCDF 0.0087 0.0073 0.0072 0.0079 ND
1.2,3.4,7,8,9-HpCDF ND ND ND ND ND
OCDF ND ND ND ND ND

Total PCDFs 0.070 0.064 0.069 0.067 0.050 | 0.068 0.069 0.0036 0.072 0.060 5.3%

Total PCDFs-TEQ 0.012 0.011 0.012 0.011 0.012 | 0.012 0.012 0.00066 0.013 0.010 5.7%
Non-  3.4,4',5-TeCB(#81) 0.0082 ND  0.0089 0.0095 ND
;rég‘; 3.3.4,4-TeCB(#77) 0.016 0.018 0.0093 0.011 ND

3.3',4,4',5-PeCB (#126) 0.18 0.24 0.22 0.27 0.19 | 0.22 0.22 0.036 0.31 0.18 16.5%

3.3,4,4',5,5-HxCB(#169) 0.11 0.13 0.14 0.13 0.12 | 0.13 0.13 0.010 0.15 0.11 8.2%

Total Non-Ortho PCBs 0.32 0.38 038 042 0.31 | 0.37 0.37 0.038 0.46 0.32 10.3%

Total Non-Ortho PCBs-TEQ ~ 0.021 0.028 0.026 0.031 0.022 | 0.026 0.026 0.0037 0.035 0.021 14.5%

Mono- 2',3,4,4',5-PeCB(#123) 0.63 0.73 070 0.56 0.73 | 0.67 0.68 0.078 0.82 0.54 11.7%

;rctgz 2.3',4,4' 5-PeCB(#118) 36 37 37 36 31 35 36 2.4 38 31 6.7%

2.3.3,4,4-PeCB (#105) 61 69 69 6.2 64 | 65 6.4 038 7.1 60 59%

2.3.4,4'5-PeCB (#114) 23 27 28 29 22|26 27 03 30 20 11.6%

2.3.4,4',5,5-HxCB(#167) 50 53 55 56 40 | 51 53 05 59 39 11.7%

2.3,34,4 5-HxCB(#156) 13 13 14 14 12 13 13 1.0 15 11 8.0%

2.3,3 4,4 5-HxCB(#157) 34 31 35 34 28 | 32 34 02 36 26 88%

2,3,3.4,4,55-HpCB(#189) 15 1.8 20 16 16 | 1.7 1.7 017 20 15 10.1%

Total Mono-Ortho PCBs 67 70 73 70 61 68 69 4.4 73 59 6.5%

Total Mono-Ortho PCBs-TEQ 0.0020 0.0021 0.0022 0.0021 0.0018|0.0020 0.0021 0.00013 0.0022 0.0018 6.5%

Total 69 71 74 71 63 70 70 3.9 75 62 5.6%

Total TEQ 0.060 0.067 0.066 0.069 0.063 | 0.065 0.065 0.0038 0.072 0.060 5.9%

NEWi & (mg/g) 51 52 48 55 47 | 51 51 033 59 4.6 6.4%
R (g) 30 20 10 7 5




Mg 54 +*%> >, PCBOZUAF v 107
F4 MRS A 4 EIERE (TEQ, 2007 4F)
ST B I 0D {7 il Y 15128 <)
A B C D E Mean Median  SD Max Min CV
PCDDs-TEQ 4.9 5.0 5.3 4.6 6.2 5.2 5.0 0.62 6.2 4.6 11.9%
PCDFs-TEQ 2.3 2.2 2.6 2.0 2.5 2.3 2.3 0.21 2.6 2.0 9.0%
Non-Orth PCBs-TEQ 4.2 5.4 5.4 5.7 4.8 5.1 5.4 0.59 5.7 4.2 11.7%
Mono-Ortho-PCBs-TEQ 0.39 0.41 0.45 0.39 0.39 | 0.41 0.39 0.027  0.45 0.39 6.6%
Total TEQ 12 13 14 13 14 13 13 0.83 14 12 6.4%
(pg-TEQ/g lipid)
x5 My (4% VEMERR (TEQ, 2010 4F)
SRR B o0 1 52 i 7 B D AEET
A B C D E F G |Mean SD Max Min Cv
PCDDs-TEQ 20 26 30 26 39 28 36| 29 063 3.9 2.0 21.6%
PCDFs-TEQ 099 1.3 1.2 098 15 14 14| 1.3 0.20 1.5 0.98 15.8%
Sample 1 Non-Orth PCBs-TEQ 22 17 25 24 32 23 25| 24 0.4 3.2 1.7 19.2%
Mono-Ortho-PCBs-TEQ 0.23 0.20 0.26 0.22 0.32 0.24 0.29] 0.25 0.041 0.32 0.20 16.3%
Total TEQ 54 58 7.0 6.2 89 6.8 7.7| 6.8 1.2 8.9 5.4 17.5%
PCDDs-TEQ 1.9 2.1 33 26 24 25 29| 25 047 3.3 1.9 18.6%
PCDFs-TEQ 0.72 1.0 1.5 0.8 1.0 1.1 0.9 1.0 0.25 1.5 0.72 24.3%
Sample 2 Non-Orth PCBs-TEQ 0.52 0.23 1.2 0.62 0.66 0.65 0.84| 0.67 0.30 1.2 0.23 44.3%
Mono-Ortho-PCBs-TEQ 0.058 0.046 0.089 0.057 0.058 0.062 0.012| 0.054 0.023 0.089 0.012 42.3%
Total TEQ 3.2 34 6.1 41 41 42 48| 43 09% 6.1 3.2 22.4%

WEDF A & F 2 VHAEMIZZYL TH 5 &I

L7z,

2010 FF QML ¥ A+ F 2 VigEDO 7 O A
F v 7 1E 2B OB T 8 HEE THIE L 7273,
1 #B9® PCDDs & PCDFs OHllEHD Z A 27
2% WBR72DT, ZOWBOWEMY REMHL
LTI 22 S BRAE L, 7 BREI DB E 4G R TR L
7o, M T A% VIEED 7B O Total
PCDDs, PCDFs, Non-Ortho PCBs, Mono-Ortho
PCBs, Total TEQ @ *F-31# 1Z Sample 1 7% 2,9,
1.3, 2.4, 0.25, 6.8pg-TEQ/glipid, Sample2 7%
2.5, 1.0, 0.67, 0.054, 4.3pg-TEQ/g lipid T
otz CVIZZENLN Sample 1 2%21.6, 15.8,
19.2, 16.3, 17.5%, Sample 2 7°18.6, 24.3, 44.3,
42.3, 22.4% THh o7z (£5). R CV RS
Do BEREIEZ 0 AF = v ZIZHW 2 IMEEE O
Total TEQ OF3MHA6.8% 4.3 pg-TEQ/g lipid
TRIRETH o722 &, W IaIGTREE O fiE D
INTG I RDPRREPT2T L, SRREEORET
FRAEDENZ L A BN %E 2 5172, Sample &

P

(pg-TEQ/g lipid)

#wN—ZAD CV X Sample 1 #811.8, 15.0, 10.0,

8.4, 6.2%, Sample22°7.6, 11.6, 30.0, 45.5,
4.1%THY, RIFFEZRN—ZAD CVIZHXR1/2
BETH 5. M THRAEIZ PCDDs %% 0.098~
4.0pg/g lipid, PCDFs %% 0.036~4.0 pg/g lipid,

Non-Ortho PCBs 7% 0.12 ~15 pg/g lipid,

Mono-Ortho PCBs 7% 0.3~71 pg/g lipid 7% %E
SNTEY, WREOFEO M TILMEfE 6
T ELWEDNREL Lo RENH 5. For Dl
SEMEIEFED O F IR LA, FIiEL B—3,L
THY M 51 4% >, PCBEH—FHHriko
TAF XL VHNEMIZZYTH D & HII L7,

2010 FED 7 a0 AF = v 7 TIEESHHEBEO
Sample T8 N— A2 TOEBNI/N S HHEFRIX
BL—HIT LI LPMHRETEZ7DT, BHEED
MEIIXEE T ALEND L. T2, ST
OBHE T IREDE N O W T O BEDLETH -

7z.
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F6 ik PCB iMllsE#H (2008 4F)
ST B A 0 T A 6 HEEI D HaET
A B C D E F Mean Median  SD Max Min CV
MoCBs 1.7 0.53 0 2.0 NA NA 1.0 1.1 0.93 2.0 0 -
DiCBs 0.40 0.39 0 1.9 NA NA | 0.66 0.39 0.82 1.9 0 -
TrCBs 6.2 58 59 54 43 54 5.5 5.6 0.68 6.2 4.3 12.5%
TeCBs 40 36 33 29 38 37 36 37 4 40 29 11.9%
PeCBs 110 90 33 81 91 93 91 91 10 110 81 11.2%
HxCBs 320 420 350 330 370 330 350 340 37 420 320 10.6%
HpCBs 280 260 250 250 280 260 260 260 14 280 250 5.3%
OcCBs 65 55 48 56 66 55 57 55 6.7 66 48 11.7%
NoCBs 7.2 86 64 63 7.0 7.4 7.2 7.1 0.83 8.6 6.3 11.6%
DeCBs 3.1 3.6 32 28 33 3.0 3.1 3.1 0.28 3.6 2.8 8.8%
Total PCBs 830 80 780 760 80 790 820 810 46 830 760 5.6%
(pg/g-wet)
%7 i PCBMIsERR (2010 47)
SRR EE F 00 I 5 i 7 B D EET

A B C D E F G | Mean SD Max  Min CvV

MoCBs 0 0 0 0 1.5 NA NA|0.25 0.61 0 1.5 -
DiCBs 0 0 0 0 24 NA NA | 040 0.97 0 2.4 -
TrCBs 0 065 0 0 1.2 0.70 0.30| 0.42 0.49 0 1.2 -
TeCBs 6.0 69 65 38 7.3 6.3 63| 6.1 1.2 38 7.3 19.9
PeCBs 15 21 14 14 19 19 19 17 3.1 14 21 18.0
Sample 1 HxCBs 210 200 180 160 210 200 200 | 190 18 160 210 9.2
HpCBs 170 160 140 160 170 160 150 | 160 12 140 170 7.5
OcCBs 42 37 37 31 45 3B 30 39 3.6 30 45 9.4
NoCBs 1.0 45 48 38 4.2 46 4.4 3.8 1.4 1.0 4.8 37.3
DeCBs 0 20 20 15 1.7 20 1.7| 1.5 0.78 0 2.0 50.8
Total PCBs 450 430 390 380 460 420 400 | 420 32 380 460 7.6
MoCBs 0 0 1.2 NA NA | 0.19 0.47 1.2 -
DiCBs 0 0 2.2 NA NA | 0.37 0.9 2.2 -
TrCBs 0.65 0.82 1.8 0.70 0.56| 0.66 0.66 1.8 -
TeCBs 3.0 48 36 2.3 50 36 4.0 3.7 1.0 23 50 27.9
PeCBs 80 10 87 7.1 99 9.3 10 | 8.9 1.2 7.1 10 13.1
Sample 2 HxCBs 74 70 65 53 72 68 76 67 7.6 53 74 11.3
HpCBs 46 49 39 40 51 45 45 45 4.7 39 51 10.5
OcCBs 9.0 82 7.6 6.8 96 6.6 7.1 8.0 1.2 6.6 10 15.1
NoCBs 0 094 1.2 10 1.0 1.1 1.2]0.8 0.44 0 1.2 50.5
DeCBs 0 0.49 0.51 0.40 0.50 0.70 0.42| 0.43 0.23 0 0.70  54.0
Total-PCBs 140 140 130 110 150 130 140 | 130 15 110 150  11.2

(pg/g-wet)
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2. Mm% PCB ERE

Mg PCB #HIRIEMED 7 0 A F = v 71
2008 412 1 FEFHOMRZ T, 2011 41213 2
TR OB % I CERE L 72, 2008 4F o I
PCB IR D HTHEEE & & DRI ER R % 3K 6 1R
L7z &5 BRI @ Total PCB & OS5 1E 1%
820pg/Ifiifi 1g, CV X 5.6%TH VY, KorHrHkrd
DHHTFERITE L —5 L7z, &9HHE o PCB
DEFEART E DML L {—FH L Twb, KHE
R OEBR G131 10%EE (5.3~12.5%)
TH) L—F LT, ShORAREH ClE
HxCBs 7% b F % 2 [ EM&K 43%) TH D,
HxCBs i £ D25 85 Total PCB i D2 8h 12 i
DRECEEL VWD EHERING. /2, 6%
B4 % &t 2 #8913 MoCBs, DiCBs O%E=
ZAiTo TV WSl [FE AR EE T Total PCB
BIED 0.5% LT THh Y, Total PCB iR OHIE
WIHFEAEEEL v, BB BMAONER X
#153, #180, #138, #182, #118DIHTH Y, =
N5 5 B4R T Total PCB i D#) 55% % 5 6
TWw57D, ZOMRELESHIHEETIZIZ—HL T
W7z,

2011 £ o I PCB i O 7 $¢B & Total
PCB & & o F- 44 ili 1x Sample 1 %% 420pg/g-wet,
Sample 2 25 130 pg/g-wet, HTHEREE O CV X

ZTNENT.6% & 11.2% TR —FH L7z (£7).

T B FEA (PeCBs-OcCBs) 1%Ed CV b 1TIT

10% 8 (7.5~15.1%) THH L —HL T2,

2011 4E D Bk b HxCBs 238 b £ % 74 [ A
(38~51%) T& v, HxCBs i DA H A Total
PCBIREDZBIZRDRKECHELTnD LI
wInd, Fio, THRERERLZED 2HEIE
MoCBs, DiCBs D & % 1T o T\ 7%\ A3 [A] 1
fKIZARTTD Total PCBIEED 0.8-2%TH 1,
Total PCB £ DMIEIZIZIZE ALEE L 2o
7o, FELZEMEAKONEAM I #153, #180, #138,

(39)
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#170, #182, DIHTH b, TN b 5 HZEAKT
Total PCB i D#) 56% % 5 TWA DS, I Dk
B BRI TIEIZT—3 L Tz,

Mg PCB HIRENED 7 O AF = v 7 DiE
F13 2008 4, 2010 4F & & &40 ik R oo il 1%
BL—&LTw fitoT, Froliiih s 1+
v, PCB#—F5HTETo PCB M & IX
WU THDL EHML 7.

8 15

2007 4 ~2011 4E (2 b 1 + % > >, PCB
HOIUAF vy 7% 209 OFELz. SRZ
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Development of a Newly Large-Volume Injection System for Dioxin
Determinations in Blood of Yusho Patients

Takashi Topakal, Hiroshi Uc®, Hironori Hirakawa?,
Jumboku Kajiwara? and Masutaka Furug!)3)

DDepartment of Dermatology, Graduate School of Medical Sciences, Kyusyu University,
Maidashit 3-1-1, Higashi—ku, Fukuoka 812-8582
D Fukuoka Institute of Health and Environmental Sciences, 39, Mukaizano, Dazaifu-shi,
Fukuoka 818-0135
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Maidasht 5-1-1, Higashi-ku, Fukuoka 812-8582

Abstract We developed a more effective method to measure the concentrations of polychlorinated
dibenzo-p—dioxins (PCDDs), polychlorinated dibenzofurans (PCDF's), and non-ortho-coplanar polych-
lorinated biphenyls (non-ortho PCBs) in the blood of Yusho patients using high-resolution gas
chromatography/high-resolution mass spectrometry (HRGC/HRMS) equipped with a newly
large-volume injection system. The new injection system linked a LaviStoma system with a unique
stomach-shaped inlet liner (SSIL) and a solvent—cut large-volume (SCLV) injection system. This
approach made it possible to introduce volumes up to 200ul into the HRGC/HRMS in comparison with
the 20ul volume of the previously reported conventional SCLV method. Based on experiments
conducted using the same blood sample, the concentrations of PCDDs, PCDFs, and non-ortho PCBs
obtained by the developed method showed a close correlation to that by the conventional SCLV
method. By improving the injection method, the operation time and labor for the purification procedure
from blood could be reduced. Furthermore, the developed method was more effective than the
conventional SCLV method for recovery of PCDDs, PCDF's, and non—-ortho PCBs.

Key words : Polychlorinated dibenzo—p-dioxins - Polychlorinated dibenzopfurans * Non-ortho-coplanar
polychlorinated biphenyls - Human blood + Yusho

Introduction

Over 40 years have passed since the outbreak
of Yusho disease, and Yusho patients still have
much higher concentrations of PCDFs in their
blood than do unaffected persons”. Therefore, a
follow—-up study of PCDDs, PCDF's, and non-ortho
PCB concentrations in the blood of Yusho patients
is very important when considering the health
care of these patients. We previously developed
an analytical method for accurately determining
the concentrations of PCDDs, PCDFs, and
non—ortho PCBs at a blood volume of 5 g2> 4,
Moreover, we measured the concentrations of

PCDDs, PCDFs, and non-ortho PCBs in the blood
collected from Yusho patients during medical
health examinations performed from 2002 to
2010”19 However, there are still some prob-
lems concerning the purification procedures from
human blood.

In the purification procedure of PCDDs, PCDFs,
and non-ortho PCBs from human blood, the
toluene eluate (40 ml) obtained by final column
chromatography is concentrated to about 200ul
with a sample concentrator, and must subsequent-
ly be concentrated to 20ul with a solvent
evaporation under a nitrogen gas stream. This
micro—concentration procedure is very trouble-
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some and time-consuming, and the recovery of
PCDDs, PCDFs, and non-ortho PCBs may be
affected. Therefore, it is necessary to develop a
large-volume injection system that can handle
volumes up to 200ul of sample solution.

The large-volume injection system using SCLV
injectors is based on the selective separation of
the solvent from the pre—column, and venting only
to the solvent through a solvent-cut valve, while
the analytic compounds are focused and conde-
nsed in a cold trap component and are separated
by the analytic column. Because most interfering
matrices in an injected sample can be removed by
the pre—-column of a SCLV injection system, the
analytical column can use a narrow-bore (0.15
mim) column'”. However, this injection system
has the drawback that the volume of injection is
limited because the capacity of the straight inlet
liner is small.

A LaviStoma system, which employs a
large-volume injection procedure using a unique
large-capacity SSIL, has been reported to be the
most useful for analysis of environmental

sarnplesm.

The large-volume sample (200pul)
injected into the SSIL remains in the liquid phase.
Then, the solvent is evaporated and the sample is
concentrated under a carrier gas stream and the
concentrated sample flows into the analytical
column. In a LaviStoma system, most of the
solvent vapor is excreted via the split vent line.
However, the remaining small amount of solvent
vapor after a short time of solvent concentration
in the SSIL might flow into the analytical column.
Therefore, the analytical column cannot be a
narrow-bore (0.15 mm) column. Furthermore, a
longer period of solvent concentration in the SSIL
results in the loss of analytes. The method linked a
LaviStoma system and a SCLV injection system is
expected to make possible the introduction of
sample volumes up to 200ul as compared to the
20ul volume of the conventional SCLV method.
Moreover, when the solvent concentration in the
SSIL is insufficient, the injected solvent containing
the analytes is vented to waste through a solvent
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cut valve by the SCLV system.

In the present study, we developed a newly
large-volume injection technique that linked a
LaviStoma system and a SCLV injection system in
order to overcome the drawbacks of the two
injection techniques described above.

Materials and Methods

1. Materials

Native congeners of PCDDs, PCDFs, and
non-ortho PCBs were purchased from Kanto
Chemical Industries, Ltd, Tokyo, Japan. [*>Ci2]
—-congeners of PCDDs, PCDFs, and non-ortho
PCBs as internal standards were also purchased
from Kanto Chemical Industries, Ltd, Tokyo,
Japan. An active carbon column was prepared as
follows : active carbon was purchased from
Nacalai Tesque (Kyoto, Japan), refluxed 3 times
with toluene for 1 hour, and dried in a vacuum,
after which 500 mg of the active carbon was
mixed with 500 g of anhydrous sodium sulfate
(Wako Pure Chemical Industries, Ltd., Tokyo,
Japan). A silver nitrate/silica gel was purchased
from Wako Pure Chemical Industries, Ltd. All
reagents and solvents used in this experiment
were of the analytic grade of dioxin that is

commercially available.

2. Sample preparation

The extraction and purification of PCDDs,
PCDFs, and non-ortho PCBs from human blood
was performed using a previously reported
method? .

3. Analysis of PCDDs, PCDFs and Co-PCBs

Concentrations of the PCDDs, PCDFs, and
non-ortho PCBs were measured using HRGC/
HRMS equipped with a LaviStoma system and a
SCLV injection system. The analytical conditions
were as follows : the gas chromatograph was an
HP-7890 A (Agilent Technologies Inc, USA)
equipped with a CombiPAL (CTC Analytics AG,
Switzerland), an AutoSpec-Premier, (Micromass
Ltd., UK), a SCLV injection system (SGE Ltd,
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Fig. 1 Inside structure of a LaviStoma system.

Australia) and a LaviStoma system (AiSTI
SCIENCE, Japan) (Fig. 1) ; the column used was
an BPX-5 fused silica pre-capillary column, 0.25
mm 1.d. X 7 m, 0.25um film thickness (SGE Ltd.,
Australia) ; the analytical column, 0.15 mm i.d. X
30 m (SGE Ltd., Australia). The injection tempera-
ture and lon source temperature were maintained
at 120C and 280C, respectively, and the carrier
gas (helium) flow rate (constant flow) was 1.3
ml/min. The lonizing energy, accelerating voltage,
and trap current were 40 eV, 7.8 kV and 750uA,
respectively. PCDDs, PCDF's and non-ortho PCBs
were analyzed in a single-ion recording mode.
The resolution was maintained at 10000 at 10%.
PCDDs, PCDFs, and and non-ortho PCBs were
quantified using one molecular (M) ion, (M + 2)*
ion, and (M + 4)" ion.

Results and discussion

A newly large-volume injection system was
developed to overcome the drawbacks of a
LaviStoma system and a SCLV injection system.
The principle of the method is as follows : In the
first stage, the injector is kept at a low tempera-
ture, and the large volume of sample injected into
the SSIL remains in the liquid phase in the liner. In

the second stage, the solvent is evaporated and
the sample is concentrated under carrier gas flow.
In the third stage, the sample is introduced into an
analytical column by raising the temperature of
the SSIL in the splitless mode. Finally, in the last
stage, the residual solvent or high-boiling—point
impurities are purged out in the split mode (Fig. 2).
By an SCLYV injection system, the solvent and the
analytic compound in the samples are separated
by the pre-column to remove the various
interferences in the sample. The solvent is then
vented to waste through a solvent cut valve. The
analytic compounds are focused at the head of the
analytical column by a cold trap component, and
the analytical column is then heated by the
temperature program, and the analytic com-
pounds are separated and determined (Fig. 3).
Several parameters for the operation of the
LaviStoma system were optimized. The initial
injector temperature was set near the solvent
boiling point to enable solvent evaporation
according to LaviStoma advisable temperature
program. Because the solvent used in the analysis
was toluene and its boiling point is 110C, the
initial injector temperature was set at 120C. The
analytical conditions were as follows : the injection
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temperature was maintained at 120C for 1 min,
heated from 120C to 290C at a rate of 120T
/min, and maintained at 290C for 20.3 min
meanwhile, the column oven temperature was
maintained at 160C for 3.75 min, heated from
160C to 300C at a rate of 20C /min, maintained
at 300C for 12 min, cooled to 195C at a rate of
70C /min, maintained at 195C for 0.5 min, heated
to 300C at arate of 3C /min, and then maintained
at 300C for 1.75 min.

Because the injection volume, the purge time,
the vent flow rate, and the vent time are critical
factors for the operation of a LaviStoma-SCLV
system, the relationships between these para-
meters were examined at different volumes ; thus,
25, 50, 100, and 200ul of the standard solutions
(001 ng ml™Y) of PCDDs, PCDFSs, and non-ortho
PCBs were injected using a LaviStoma-SCLV
system under the operating conditions mentioned
above. The optimization was conducted by
comparing the peak areas of individual congeners
of these compounds for a LaviStoma-SCLV
system with those for the conventional SCLV
system. The optimization purge times for injec-
tion of the standard solution volumes of 25, 50, 100,
and 200ul were 3.75, 3.75, 3.75, and 4.75 min,
respectively, and the vent flow rates were 150,
300, 300, and 300 ml/min, respectively, with vent
times of 0.1, 0.5, 1.0, and 2.0 min, respectively.
Under these conditions, the relationship between
the peak area of an individual congener and the
injected volumes (25, 50, 100, and 200ul) of the
standard solution of PCDDs, PCDFs, and
non-ortho PCBs was examined. When each
volume of the standard solution was injected 3
times with a LaviStoma-SCLV system, the
calibration curves of individual congeners of these
compounds all showed good linearity (R > 0.99) in
the range of 25-200ul, and the relative standard
deviations of three replicate determinations for
different injection volume of the standard solution
were all below 20%, indicating good reproducibil-
ity.

We performed a preliminary study regarding
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the calibration curves of the individual congeners
of PCDDs, PCDFs, and non-ortho PCBs with a
LaviStoma-SCLV system. Calibration standard
solutions ranging from 0.5 to 50 pg ml* were
prepared by diluting the standard solution (0.25 ng
ml ™) of PCDDs, PCDFs, and non-ortho PCBs, and
volumes of 100ul were injected into the LaviSto-
ma-SCLV system. The calibration curves of
individual congeners of these compounds all
showed good linearity (R > 0.99), and the relative
standard deviation at each dose was less than
20%.

The concentrations of PCDDs, PCDFs, and
non-ortho PCBs measured by the developed
method and the previously reported method using
the conventional SCLV method were compared
for blood samples collected from 22 normal
subjects. The concentrations of individual congen-
ers of PCDDs, PCDFs, and non-ortho PCBs
prepared by both methods were nearly the same,
and the total toxicity equivalency factor (TEQ)
levels were almost equal to those obtained by the
conventional SCLV method. These findings indi-
cate that the developed method is essentially
equivalent to the conventional SCLV method.
However, recovery of the !*C-labeled internal
standard was increased about 20% overall com-
pared with the conventional SCLV method. In
addition, the developed method demonstrated
high reproducibility based on experiments con-
ducted using the same control serum sample for
12 weeks (Table 1). These data indicated that the
developed method is applicable for the determina-
tion of PCDDs, PCDF's, and non-ortho PCBs in the
blood of Yusho patients.

In the previously reported method, the dioxin
fractions (40 ml) eluted with toluene for final
purification procedure from human blood were
concentrated to about 200ul with a sample
concentrator. Moreover, the sample had to be
concentrated to 20ul with solvent evaporation
under a nitrogen gas stream. This procedure is
very troublesome and time-consuming, and the
recovery of PCDDs, PCDF's, and non-ortho PCBs
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Table 1 Reproducibility test of the developed method conducted using the same control serum sample for 12weeks

Congeners Concentration (pg g ! lipid)
Week

1 2 3 4 5 6 7 8 9 10 11 12
2.3,7,8-TetraCDD 1.6 1.7 1.4 1.3 1.9 2.0 1.4 1.2 1.2 1.4 1.7 1.5
1,2,3,7,8-PentaCDD 5.2 6.1 6.2 6.5 7.2 6.4 6.1 6.4 6.8 7.0 6.8 5.4
1,2,3,4,7,8-HexaCDD 5.3 7.0 5.9 5.6 5.6 3.6 6.9 7.0 7.5 5.7 56 11.0
1,2,3,6,7,8-HexaCDD 50 51 42 44 44 47 47 45 41 43 44 44
1,2,3,7.8,9-HexaCDD 11 9.1 7.1 8.7 6.7 57 85 8.3 8.0 7.0 7.9 7.0
1,2,3,4,6,7,8-HeptaCDD 145 178 119 113 105 96 112 144 162 133 120 121
OctaCDD 1427 1432 1379 1453 1017 1046 1546 1480 1301 1187 1195 1420
2,3,7,8-TetraCDF ND ND ND ND ND ND ND ND ND ND ND ND
1,2,3,7,8-PentaCDF 1.4 ND ND ND ND ND ND ND ND ND ND ND
2,3,4,7,8-PentaCDF 6.6 4.8 6.0 5.4 5.2 5.6 6.3 5.3 5.3 50 4.7 5.8
1,2,3,4,7,8-HexaCDF 7.7 5.7 6.2 6.7 58 6.2 6.1 5.5 4.4 5.5 5.5 5.1
1,2,3,6,7,8-HexaCDF 6.0 6.1 5.9 6.5 5.3 5.6 57 5.9 5.5 5.0 4.9 6.6
2.3,4,6,7,8-HexaCDF ND ND ND ND ND 2.1 ND ND ND ND ND ND
1,2,3,7.8,9-HexaCDF ND ND ND ND ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HeptaCDF 14 13 15 15 14 12 15 14 13 11 14 14
1,2,3,4,7,8,9-HeptaCDF ND ND ND ND ND ND ND ND ND ND ND ND
OctaCDF ND ND ND ND ND ND ND ND ND ND ND ND
TriCB-77 ND ND ND ND ND ND ND ND ND ND ND ND
TriCB-81 43 38 40 39 37 41 41 38 36 35 37 43
PentaCB-126 23 20 24 23 21 23 25 25 25 21 22 25
HexaCB-169 19 18 22 19 19 19 19 19 19 16 18 19
Total PCDD 1645 1684 1561 1633 1188 1207 1728 1692 1527 1383 1382 1610
Total PCDF 41 35 40 40 36 42 40 37 34 33 35 38
Total PCDD/PCDF 1686 1719 1601 1673 1224 1249 1767 1729 1560 1416 1417 1648
Total Non-ortho PCBs 90 81 92 86 82 88 89 88 84 77 82 92
Total 1776 1800 1692 1759 1305 1336 1856 1817 1644 1493 1499 1740
TEQ from PCDDs 15 17 15 15 16 15 15 16 16 16 16 15
TEQ from PCDFs 3.8 3.0 3.5 3.4 3.1 3.9 3.5 3.2 3.0 29 2.9 3.3
TEQ from PCDDs/PCDF's 19 20 18 19 19 19 19 19 19 19 19 18
TEQ from non-ortho PCBs 2.9 2.6 3.1 2.9 2.7 2.9 3.0 3.1 3.0 26 2.7 3.1
Total TEQ 22.0 223 21.2 215 21.8 220 219 21.9 21.7 21.2 21.4 21.2
Lipid (%) 0.31 0.31 0.28 0.29 0.33 0.27 0.27 0.27 0.30 0.29 0.29 0.28

ND : less than the determination limit.
CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.

may be affected. The developed method made it

possible to introduce volumes up to 200ul into the

system. Consequently, the micro—concentration

procedure by a solvent evaporation under nit-

rogen gas stream could be excluded, and it was

possible to reduce the time and labor involved,

and lessen the danger of the escape of PCDDs,

PCDFs, and non-ortho PCBs. These findings
indicate that the developed method was more

effective than the previously reported method for

efficiency of operation procedure and determina-
tion of PCDDs, PCDFs, and non-ortho PCBs.

(45)
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Abstract We measured the concentrations of polychlorinated dibenzo-p-dioxins (PCDDs), polychlor-
inated dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs) in blood collected from Yusho
patients during medical health examinations performed from 2004 to 2010. Out of the 242 and 200
Yusho patients who received medical health examinations in 2004 and 2010, respectively, the
concentrations of PCDDs, PCDFs, and PCBs in the blood of 136 patients were measured in both of
those years. The concentrations of individual congeners of PCDDs, PCDFs, and PCBs in the blood of
these 136 Yusho patients measured in 2004 were compared with those measured in 2010. Among
individual congeners of PCDDs, PCDFs, and PCBs, most congeners of these compounds did not
significantly decrease from 2004 to 2010. However, the concentrations of 1, 2, 3, 4, 6, 7, 8heptaCDD,
octaCDD, 1, 2, 3, 4, 7, 8hexaCDF, tetraCB 52/69, pentaCB 101, octaCB 198/201, and octaCB 196/203 in
the blood of Yusho patients were significantly decreased from 2004 to 2010. In addition, the
concentrations of 1, 2, 3, 6, 7, 8-hexaCDD, 2, 3, 4, 7, 8-pentaCDF, and 1, 2, 3, 6, 7, 8-hexaCDF tended to
decrease slightly from 2004 to 2010. These findings suggest that the PCDDs, PCDFs, and PCBs have
remained in the blood of Yusho patients for a very long time, with over 40 years having passed since
the outbreak of Yusho.

Key words : Polychlorinated dibenzo—p-dioxins - Polychlorinated dibenzopfurans + Non-ortho-coplanar
polychlorinated biphenyls - Human blood - Yusho

Introduction

The Yusho poisoning accident, which affected
over 1800 people, occurred in 1968 in western
Japan, and was caused by the ingestion of rice
bran oil that contained the following contami-
PCBs, PCDFs, PCDDs, polychlorinated
quarterphenyls (PCQs), and polychlorinated ter-
phenyls (PCTs)”. Since the Yusho outbreak,
medical care services and health examinations of

nants

the subjects have been carried out by the Yusho
study group. In 2001, the measurement of PCDDs,

PCDFs, and non-ortho PCBs in the blood has
become possible using small amounts of blood
collected from participants in annual medical
health examinations of Yusho patientsz>~4>. We
have measured the concentrations of PCDDs,
PCDFs, and dioxin-like PCBs in the blood
collected from Yusho patients in medical health
examinations since 2002%’ ", Moreover, we have
carried out a congener-specific analysis of
non-dioxin-like PCBs in the blood of Yusho
patients since 2004% 719 Based on these results,
we have previously reported that the concentra-

Corresponding author : Takashi Topaka
Tel. : 092-921-9946 ; Fax : 092-928-1203
E-mail address : todaka@fihes pref.fukuoka.jp



The changes in dioxin concentrations in the blood

tions of 1, 2, 3, 6, 7, 8hexaCDD, 2, 3, 4, 7,
8-pentaCDF, 1, 2, 3, 4, 7, 8-hexaCDF, 1, 2, 3, 6, 7,
8-hexaCDF, hexaCB-169, hexaCB-156, hex-
aCB-157, heptaCB-181, and heptaCB-189 in the
blood of Yusho patients were higher than those of
normal controls®” 1. These nine congeners can
be considered the important congeners for
evaluating the dioxin exposure of Yusho patients.
In particular, 2, 3, 4, 7, 8-pentaCDF is still present
at very high concentrations. The date regarding
PCDDs, PCDFs, and PCBs in the blood of Yusho
patients may provide useful information related to
the health risk of these compounds in Yusho
patients.

In this study, out of 242 and 200 Yusho patients
who received medical health examinations in 2004
and 2010, respectively, the concentrations of
PCDDs, PCDFs, and PCBs in the blood of 136
patients were measured in both of those years.
We compared the individual congener concentra-
tions of PCDDs, PCDF's, and PCBs in the blood of
these 136 Yusho patients measured in 2004 with
those measured in 2010 and studied the changes
in the concentrations of these compounds in the
blood of Yusho patients from 2004 to 2010.

Materials and Methods

1. Sampling

Medical health examinations of Yusho patients
have been conducted annually to determine their
health status since the Yusho incident. The
medical health examination is open not only to
those persons officially registered as Yusho
patients but also to Yusho-suspected persons who
regard themselves as potential victims. Both
officially registered Yusho patients and
Yusho-suspected persons are examined based on
the “Diagnostic Criteria for Yusho™ V. The blood
samples examined in this study were collected
from 242 and 200 participants who received
medical health examinations in 2004 and 2010,
respectively, and each of whom gave informed
consent to participate in this study. Blood samples

of 10 ml were collected using a vacuum blood-col-
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lecting tube containing heparin and were stored
at 4C until analyses for the concentrations of
PCDDs, PCDFs, and PCBs.

2. Materials

Native congeners of PCDDs, PCDFs, diox-
in-like PCBs, and non-dioxin-like PCBs were
purchased from Wellington Laboratories (Guelph,
Canada) . [**Ciz]-congeners of PCDDs, PCDFs,
dioxin-like PCBs, and non-dioxin-like PCBs as
internal standards, were also purchased from
Wellington Laboratories. An active carbon col-
umn was prepared as follows : active carbon was
purchased from Nacalai Tesque (Kyoto, Japan) ,
refluxed 3 times with toluene for 1 hour, and dried
in vacuum, after which 500 mg of the active
carbon was mixed with 500 g of anhydrous
sodium sulfate (Wako Pure Chemical Industries,
Ltd. Tokyo, Japan) . A silver nitrate/silica gel was
purchased from Wako Pure Chemical Industries,
Ltd. All reagents and solvents used in this
experiment were of the analytic grade of dioxin
that is commercially available.

3. Analysis of PCDDs, PCDFs, dioxin-like

PCBs, and non-dioxin-like PCBs

The extraction and purification of PCDDs,
PCDFs, dioxin-like PCBs, and non-dioxin-like
PCBs from blood sample were performed using a
previously reported method??®. Concentrations of
the PCDDs, PCDFs, and dioxin-like PCBs and
concentrations of 56 non—dioxin-like PCB congen-
ers were also performed using a previously
reported method?®.

4. Quality control

To evaluate the accuracy and reliability of the
analysis of PCDDs, PCDFs, dioxin-like PCBs, and
non—dioxin-like PCBs, our laboratory has pre-
pared human blood samples for quality control
and conducted quality control studies of the
analysis of these compounds since 2008. Our
results were compared with those of various
laboratories that performed measurements of
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PCDDs, PCDFs, dioxin-like PCBs, and non-diox-
in-like PCBs in human blood in Japan, and tests
confirmed that the results obtained by our
laboratories in each quality control study were
almost identical to those obtained by the different
organizations performing the analysis. These
results indicated that our laboratory's analytical
methods regarding PCDDs, PCDFs, dioxin-like
PCBs, and non-dioxin-like PCBs in human blood
provided correct results.

5. Data analysis

To estimate the total toxic equivalents (TEQ)
concentrations, we introduced ND (less than the
detection limit) values to half values of the
detection limit and calculated based on the toxic
equivalency factor (TEF) values proposed by the
World Health Organization (WHO)'?'.

Results and discussion

We measured the concentrations of PCDDs,
PCDFs, dioxin-like PCBs, and non-dioxin-like
PCBs in blood collected from Yusho patients
during medical health examinations performed
from 2004 to 2010% 71’ Out of 242 and 200 Yusho
patients who received medical health examina-
tions in 2004 and 2010, respectively, the concentra-
tions of PCDDs, PCDFs, and PCBs were mea-
sured in the blood of 136 patients in both years.
The individual congener concentrations of
PCDDs, PCDFs, and PCBs in the blood of these
136 Yusho patients measured in 2004 were
compared with those measured in 2010 (Tables
1-2).

The total TEQ concentrations of PCDDs,
PCDFs, non-ortho PCBs, and mono-ortho PCBs in
the blood of 136 Yusho patients in 2004 and 2010
were 5.2-533 (mean : 91, median : 60) and 8.2-640
68) pg TEQ g lipid,
respectively. The TEQ concentrations of PCDDs,
PCDFs, non-ortho PCBs, and mono-ortho PCBs in
the blood of Yusho patients were 17,59, 13, and 1.9
pg TEQ g lipid in 2004, respectively, and 18, 58,
17, and 2.2 pg TEQ ¢! lipid in 2010, respectively.

(mean : 95, median :
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Regarding the non-dioxin-like PCB concentra-
tions, the sums of the concentrations of 56 PCB
congeners in the blood in 2004 and 2010 were
83-1613 (mean : 538, median : 451) and 83-2539
(mean : 613, median : 514) ng g ! lipid, respectively.
The arithmetic mean concentrations of triCBs,
tetraCBs, pentaCBs, hexaCBs, heptaCBs, octaCBs,
and nonaCBs in the blood of Yusho patients were
1.7, 15, 20, 236, 209, 52, and 4.3 ng g * lipid in 2004,
respectively, and 2.1, 15, 21, 270, 249, 50, and 5.1 ng
g ! lipid in 2010, respectively. These findings
indicated that the concentrations of PCDFs and
octaCBs in the blood of Yusho patients tended to
decrease slightly from 2004 to 2010.

We have previously reported that the concen-
trations of 1, 2, 3, 6, 7, 8hexaCDD, 2, 3, 4, 7,
8-pentaCDF, 1, 2, 3, 4, 7, 8-hexaCDF, 1, 2, 3, 6, 7,
8-hexaCDF, hexaCB-169, hexaCB-156, hex-
aCB-157, heptaCB-181, and heptaCB-189 in the
blood of Yusho patients were higher than those of
the normal controls” ', These nine congeners
can be considered the characteristic congeners in
the blood of Yusho patients. Of these nine
congeners, the concentrations of 1, 2, 3, 6, 7,
&-hexaCDD, 2, 3, 4, 7,8-pentaCDF, 1, 2, 3, 4, 7,
8-hexaCDF, and 1, 2, 3, 6, 7, 8-hexaCDF were 50,
174, 47, and 18 pg TEQ g lipid in 2004,
respectively, and 48, 172, 37, and 16 pg TEQ g*
lipid in 2010, respectively, indicating that 1, 2, 3, 4,
7, 8-hexaCDF decreased significantly from 2004
to 2010. In addition, the concentrations of 1, 2, 3, 6,
7, 8-hexaCDD, 2, 3, 4, 7, 8-pentaCDF, and 1, 2, 3, 6,
7, 8hexaCDF tended to decrease slightly from
2004 to 2010.

The concentrations of 2, 3, 4, 7, 8-pentaCDF in
the blood of 136 patients were under 100 pg TEQ
g ! lipid in 73 patients and over 100 pg TEQ g™
lipid in 63 patients. In the over 100 pg TEQ g™
lipid group, the arithmetic mean TEQ concentra-
tions of PCDDs, PCDFs, non-ortho PCBs, and
mono-ortho PCBs in the blood of 63 patients were
23, 113, 14, and 2.5 pg TEQ g lipid in 2004,
respectively, and 24, 109, 19, and 3.1 pg TEQ ¢!
lipid in 2010, respectively, with the total TEQ
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Table 1 Concentrations of PCDDs, PCDFs, and dioxin-like PCBs in the blood of 136 Yusho patients
Congeners Concentration (pg g-1 lipid)
2004 2010 Ratio
Mean Median SD  Maximum Minimum  Mean Median SD  Maximum Minimum 2010/2004
2,3,7,8-TetraCDD 1.3 1.3 0.7 4.4 0.5 1.8 1.7 0.9 4.6 0.5 1.3
1,2,3,7,8-PentaCDD 9.4 8.3 4.9 33 1.0 10.5 9.6 5.8 45 1.5 1.1
1,2,3,4,7,8-HexaCDD 2.6 2.4 1.7 8.5 1.0 2.9 2.5 2.0 14 1.0 1.1
1,2,3,6,7,8-HexaCDD 50 39 41 247 4.8 48 36 39 267 3.5 1.0
1,2,3,7,8,9-HexaCDD 4.4 3.6 3.4 23 1.0 4.1 3.3 3.8 26 1.0 0.9
1,2,3,4,6,7,8-HeptaCDD 50 45 25 196 16 39 30 30 269 1.0 0.8
OctaCDD 727 638 372 2305 181 642 550 383 28831 158 0.9
Total PCDDs 844 760 408 2459 205 748 667 427 3321 179 0.9
2.3,7,8-TetraCDF 1.7 1.4 1.4 9.5 0.5 2.2 1.7 1.9 11 0.5 1.3
1,2,3,7,8-PentaCDF 0.9 0.5 0.8 5.4 0.5 1.2 0.5 1.0 6.4 0.5 1.3
2,3,4,7,8-PentaCDF 174 86 219 1240 4.1 172 83 222 1494 4.0 1.0
1,2,3,4,7,8-HexaCDF 47 15 76 514 1.0 37 13 66 488 1.0 0.8
1,2,3,6,7,8-HexaCDF 18 9.6 23 176 1.0 16 8.3 24 199 1.0 0.9
2,3,4,6,7,8-HexaCDF ND ND
1,2,3,7.8,9-HexaCDF ND ND
1,2,3,4,6,7,8-HeptaCDF 2.7 2.1 3.5 32 1.0 2.7 1.0 4.4 39 1.0 1.0
1,2,3,4,7,8,9-HeptaCDF ND ND
OctaCDF ND ND
Total PCDFs 250 125 315 1946 13 237 126 312 2249 14 0.9
TriCB-77 ND ND
TriCB-81 ND ND
PentaCB-126 87 69 65 441 5.0 107 90 72 491 5.0 1.2
HexaCB-169 134 114 92 604 11 207 172 137 713 25 1.5
Total Non-ortho PCBs 237 218 130 711 26 326 309 174 868 53 1.4
PentaCB-105 3258 2512 2494 563 15888 3452 2804 2377 432 16172 1.1
PentaCB-114 1867 1481 1543 208 8872 2236 1766 2017 187 15773 1.2
PentaCB-118 15467 11924 11378 2355 62223 18181 148382 12003 2170 78269 1.2
PentaCB-123 271 219 217 5.0 1385 240 194 198 5.0 1228 0.9
HexaCB-156 26245 19985 25066 5.0 154846 33219 24528 33080 2956 229740 1.3
HexaCB-157 7622 5572 7044 351 41426 8257 5982 8940 627 58707 1.1
HexaCB-167 3407 2627 2501 483 14958 4443 3374 3182 391 20412 1.3
HeptaCB-189 3880 2859 3355 5.0 18640 4811 3768 4440 332 31411 1.2
Total Mono-ortho PCBs 62018 51818 40270 231294 5971 74838 66303 51732 336132 7807 1.2
TEQ from PCDDs 17 15 9.4 63 2.4 18 16 10 79 3.2 1.1
TEQ from PCDFs 59 29 75 442 1.7 58 28 75 519 1.8 1.0
TEQ from PCDDs/PCDFs 76 43 83 505 4.1 76 46 84 599 5.3 1.0
TEQ from non-ortho PCBs 13 11 7.7 50 0.8 17 16 9.3 60 2.0 1.3
TEQ from mono-ortho PCBs 1.9 1.6 1.2 6.9 0.2 2.2 2.0 1.6 10 0.2 1.2
TEQ from dioxin-like PCBs 15 13 8.6 54 1.0 19 17 10 65 2.4 1.3
Total TEQ 91 60 87 533 5.2 95 68 89 640 8.2 1.0

ND : less than the determination limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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Table 2 Concentrations of non-dioxin-like PCBs in blood of 136 Yusho patients

Congeners Concentration (pg g-1 lipid)
2004 2010 Ratio

Mean Median SD  Maximum Minimum Mean Median SD  Maximum Minimum 2010/2004
TriCB-28 1637 1400 938 5649 5.0 2071 1420 3194 24812 5.0 1.3
TriCB-29 36 31 20 136 5.0 37 5.0 207 2274 5.0 1.0
TetraCB-44 404 379 204 2057 32 304 262 193 1513 5.0 0.8
TetraCB-47/48 581 519 259 1887 47 421 359 333 3302 69 0.7
TetraCB-49 277 255 138 943 63 212 193 129 929 5.0 0.8
TetraCB-52/69 1179 1022 764 5555 346 902 708 687 5396 213 0.8
TetraCBs-56/60 625 479 445 2842 120 260 204 184 1086 5.0 0.4
TetraCB-63 112 93 69 313 5.0 116 113 75 460 5.0 1.0
TetraCB-66 1591 1245 1299 8427 303 1800 1369 1318 7727 221 1.1
TetraCB-70 230 210 112 964 78 226 211 132 598 5.0 1.0
TetraCB-71 185 178 111 1035 27 34 21 37 252 5.0 0.2
TetraCB-74 9589 7656 7296 41967 1491 11070 8954 7650 37856 1043 1.2
PentaCB-85 214 172 178 1535 5.0 182 147 216 2253 5.0 0.8
PentaCB-87 740 623 419 2196 118 786 703 411 1949 5.0 1.1
PentaCB-92 681 538 520 3262 88 640 541 456 2679 55 0.9
PentaCB-93/95/98 755 695 346 2104 86 566 509 275 1491 137 0.7
PentaCB-99 13726 11016 9962 65276 1738 14780 12806 9414 42666 1877 1.1
PentaCB-101 1695 1359 1194 7854 137 1605 1397 1046 6360 249 0.9
PentaCB-107/108 681 552 508 2958 62 872 770 560 2988 5.0 1.3
PentaCB-110 395 334 260 2116 103 344 308 249 2391 13 0.9
PentaCB-117 1251 835 1346 7781 5.0 1505 1052 1607 10720 121 1.2
HexaCB-128 740 551 577 3514 116 839 721 634 4793 5.0 1.1
HexaCB-130 3852 3085 3162 20530 233 4570 3660 3701 22015 5.0 1.2
HexaCB-132 273 239 174 1183 19 223 179 187 1093 5.0 0.8
HexaCB-134 29 10 31 125 5.0 9 5 17 128 5.0 0.3
HexaCB-135 458 381 303 1774 67 394 354 264 1595 5.0 0.9
HexaCB-137 5086 3965 4092 29712 340 5993 5010 4565 26719 661 1.2
HexaCB-138 53373 44069 35405 205304 7821 58674 51816 37737 199342 7723 1.1
HexaCB-139/149 815 632 689 5831 72 158 98 229 1981 5.0 0.2
HexaCB-141 263 193 179 992 5.0 264 229 221 1384 5.0 1.0
HexaCB-146 19123 16719 11740 58115 2330 23939 21039 14793 81359 2680 1.3
HexaCB-147 519 458 380 2409 5.0 573 464 445 2266 5.0 1.1
HexaCB-151 1163 849 958 6212 141 1106 895 892 6528 122 1.0
HexaCB-153 118186 100550 77336 370468 19014 138781 116999 91574 579924 19887 1.2
HexaCB-163/164 31822 28212 20914 99134 3176 34793 29612 21969 115312 3806 1.1
HeptaCB-170 34126 28711 23470 108309 4220 40057 33346 27943 149018 5279 1.2
HeptaCB-172 5302 4383 3630 17760 571 6682 5362 4826 26992 858 1.3
HeptaCB-177 7817 6463 5814 33944 1116 9882 7897 7398 47138 1239 1.3
HeptaCB-178 8362 6198 6140 29710 1134 10843 8273 8026 48382 1319 1.3
HeptaCB-179 202 157 149 734 15 165 133 144 1008 5.0 0.8
HeptaCB-180 103060 81290 75715 344881 12390 125285 96126 95919 585746 17585 1.2
HeptaCB-181 250 161 299 2295 5.0 263 183 307 2190 5.0 1.1
HeptaCB-182/187 39481 29990 30850 152875 4979 44976 32308 37924 261657 5717 1.1
HeptaCB-183 8546 6534 6767 34797 997 9015 7056 7508 54151 1251 1.1
HeptaCB-191 1691 1331 1303 7837 161 1864 1541 1413 6713 134 1.1
OctaCB-194 15751 12525 11498 56366 2086 19811 15190 16249 107018 2162 1.3
OctaCB-195 3488 2773 2483 11877 521 3902 3231 3034 22012 415 1.1
OctaCB-196/203 13567 10986 9659 51001 1969 10810 8164 8435 57870 1186 0.8
OctaCB-198/201 16434 12294 12799 67982 2803 10247 7383 8510 53490 1323 0.6
OctaCB-200 400 306 324 1888 52 442 320 453 4069 5.0 1.1
OctaCB-202 2262 1820 2047 11623 5.0 4000 2888 3227 21096 458 1.8
OctaCB-205 597 463 398 1745 70 636 552 442 2302 5.0 1.1
NonaCB-206 2823 2470 1543 6971 465 3380 2907 1974 12974 509 1.2
NonaCB-207 451 401 250 1271 95 498 444 303 2048 5.0 1.1
NonaCB-208 978 864 525 2592 192 1247 1084 705 3967 193 1.3
DecaCB-209 1323 1161 636 3637 330 1690 1484 903 6400 364 1.3
Total TrCBs 1673 1446 941 5714 10 2107 1461 3332 27086 10 1.3
Total TeCBs 14773 12624 8830 48761 4741 15346 13666 8890 44750 1999 1.0
Total PeCBs 20137 17039 12760 77397 2548 21280 19622 12035 58830 2821 1.1
Total HxCBs 235702 202136 146270 678796 36780 270316 224179 167770 988345 36910 1.1
Total HpCBs 208837 170203 148503 706642 26133 249029 203976 184742 1181297 34482 1.2
Total OcCBs 52498 41433 37999 202466 8025 49848 37084 39413 267856 5801 0.9
Total NoCBs 4252 3776 2257 10723 760 5126 4514 2905 18989 844 1.2
Total PCBs 537872 450709 342814 1612505 82803 613053 513823 400524 2538991 83461 1.1

CB : chlorinated biphenyl ; SD : standared deviation.

(52)
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Table 3 Concentrations of PCDDs, PCDFs, and dioxin-like PCBs in the blood of 63 Yusho patients
Congeners Concentration (pg g-1 lipid)
2004 2010 Ratio
Mean Median SD  Maximum Minimum  Mean Median SD  Maximum Minimum 2010/2004
2,3,7,8-TetraCDD 1.4 1.4 0.8 4.4 0.5 1.8 1.8 0.7 4.5 0.5 1.3
1.2,3,7,8-PentaCDD 12 11 5.3 33 4.1 13 12 6.3 45 5.5 1.1
1,2,3,4,7,8-HexaCDD 2.9 2.6 1.8 8.5 1.0 3.0 2.7 1.8 9.6 1.0 1.1
1,2,3,6,7,8-HexaCDD 76 64 45 247 23 72 59 43 267 18 0.9
1,2,3,7,8,9-HexaCDD 5.1 4.1 3.9 23.1 1.0 4.8 3.5 4.3 25.8 1.0 0.9
1,2,3,4,6,7,8-HeptaCDD 49 44 20 113 16 40 34 24 142 16 0.8
OctaCDD 712 627 323 1760 265 627 600 272 1509 231 0.9
Total PCDDs 858 760 358 1976 324 762 707 308 1665 292 0.9
2.3,7,8-TetraCDF 2.2 1.8 1.8 9.5 0.5 2.7 2.4 1.9 9.5 0.5 1.2
1,2,3,7,8-PentaCDF 1.1 0.5 0.9 5.4 0.5 1.4 1.3 1.1 6.4 0.5 1.3
2,3,4,7,8-PentaCDF 334 266 234 1240 106 327 246 247 1494 101 1.0
1.2,3,4,7,8-HexaCDF 93 61 93 514 14 73 45 34 438 8.7 0.8
1,2,3,6,7,.8-HexaCDF 32 23 29 176 6.6 29 18 31 199 5.3 0.9
2,3,4,6,7,8-HexaCDF ND ND
1,2,3,7,8,9-HexaCDF ND ND
1,2,3,4,6,7,8-HeptaCDF 3.1 2.4 4.1 32 1.0 3.0 1.0 5.3 39 1.0 1.0
1,2,3,4,7,8,9-HeptaCDF ND ND
OctaCDF ND ND
Total PCDFs 470 370 350 1946 135 442 343 363 2249 129 0.9
TriCB-77 ND ND
TriCB-81 ND ND
PentaCB-126 82 67 54 354 27 104 92 53 371 33 1.3
HexaCB-169 191 169 95 604 49 238 264 137 713 79 1.5
Total Non-ortho PCBs 289 276 125 711 91 404 379 162 826 134 1.4
PentaCB-105 2970 2211 2159 12894 901 3177 2671 1964 11095 547 1.1
PentaCB-114 2760 2198 1738 8872 848 3265 2568 2428 15773 255 1.2
PentaCB-118 14399 11013 10143 59893 4613 17136 14295 9911 50706 3063 1.2
PentaCB-123 238 194 201 1268 5.0 199 158 143 763 5.0 0.8
HexaCB-156 41947 34051 28060 154846 7320 52477 41598 38809 229740 10584 1.3
HexaCB-157 11699 9609 7933 41426 1996 13562 10318 10584 58707 2866 1.2
HexaCB-167 3745 2790 2280 10040 1002 4830 4034 2795 12413 678 1.3
HeptaCB-189 5776 4989 3627 18640 960 7159 6255 5135 31411 1346 1.2
Total Mono-ortho PCBs 83534 76106 41977 231294 22680 101805 86418 56908 336132 31016 1.2
TEQ from PCDDs 23 20 10 63 7.5 24 21 11 79 8.4 1.1
TEQ from PCDF's 113 90 82 442 34 109 83 85 519 34 1.0
TEQ from PCDDs/PCDFs 136 111 90 505 44 133 104 95 599 43 1.0
TEQ from non-ortho PCBs 14 13 6.7 43 4.7 19 18 7.8 47 6.8 1.4
TEQ from mono-ortho PCBs 2.5 2.3 1.3 6.9 0.7 3.1 2.6 1.7 10 0.9 1.2
TEQ from dioxin-like PCBs 16 15 7.6 48 5.5 22 21 9.1 51 7.8 1.3
Total TEQ 152 124 94 533 50 155 125 99 640 51 1.0

ND : less than the determination limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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Table 4 Concentrations of non-dioxin-like PCBs in blood of 63 Yusho patients

Congeners Concentration (pg g-1 lipid)
2004 2010 Ratio

Mean Median SD  Maximum Minimum Mean Median SD  Maximum Minimum 2010/2004
TriCB-28 1455 1293 753 5552 5 1799 1355 2843 23195 5.0 1.2
TriCB-29 33 29 20 103 5 14 5.0 22 155 5.0 4
TetraCB-44 376 375 143 727 32 291 250 202 1513 5.0 0.8
TetraCB-47/48 572 503 274 1887 203 387 325 219 981 114 0.7
TetraCB-49 263 245 130 943 63 195 187 123 822 39 0.7
TetraCB-52/69 1133 1032 685 5555 412 851 696 592 3588 213 0.8
TetraCBs-56/60 635 482 407 2215 212 230 196 140 848 16 0.4
TetraCB-63 102 92 56 270 14 105 101 63 343 5.0 1.0
TetraCB-66 1359 1095 1115 8427 370 1563 1234 1139 7727 393 1.2
TetraCB-70 214 206 90 507 78 227 196 132 554 5.0 1.1
TetraCB-71 174 181 74 414 27 33 19 41 252 5.0 0.2
TetraCB-74 10149 8560 7094 39804 3138 11812 10985 7442 36309 1678 1.2
PentaCB-85 205 142 216 1535 5.0 166 139 136 765 5.0 0.8
PentaCB-87 870 696 494 2196 118 868 731 411 1849 230 1.0
PentaCB-92 637 522 415 2290 155 614 537 372 1895 118 1.0
PentaCB-93/95/98 732 671 355 2104 262 546 503 264 1300 137 0.7
PentaCB-99 17312 13690 11281 65276 3109 17672 15165 9690 42666 2450 1.0
PentaCB-101 1699 1400 1163 7854 403 1608 1551 1005 5468 257 0.9
PentaCB-107/108 603 503 432 2733 90 776 665 458 2704 158 1.3
PentaCB-110 401 328 304 2116 103 327 304 190 904 13 0.8
PentaCB-117 1846 1302 1692 7781 371 2157 1475 2057 10720 200 1.2
HexaCB-128 704 517 549 3514 116 758 669 487 2567 5.0 1.1
HexaCB-130 5377 4446 3596 20530 1386 6366 5490 4224 22015 761 1.2
HexaCB-132 289 230 200 1183 19 257 250 202 1093 5.0 0.9
HexaCB-134 30 21 31 125 5.0 8.9 5.0 14 78 5.0 0.3
HexaCB-135 440 362 292 1482 87 393 342 257 1366 66 0.9
HexaCB-137 7459 6491 4561 29712 1925 8653 7601 5000 26719 2095 1.2
HexaCB-138 69560 58451 36880 205304 11277 73822 65117 36267 180473 12511 1.1
HexaCB-139/149 867 637 800 5831 227 185 108 292 1981 5.0 0.2
HexaCB-141 243 186 153 698 5.0 266 234 189 784 5.0 1.1
HexaCB-146 22641 19630 11394 54823 6602 28025 25173 13411 68473 6284 1.2
HexaCB-147 547 471 381 2409 5.0 595 489 388 1938 32 1.1
HexaCB-151 1139 855 931 6212 194 1108 945 943 6528 127 1.0
HexaCB-153 137161 116874 76399 370468 34902 157687 137334 80118 439299 36601 1.1
HexaCB-163/164 40776 35709 21668 99134 9457 43177 37969 21462 115312 10673 1.1
HeptaCB-170 44220 37360 23504 108309 8667 51223 44361 26696 139874 12957 1.2
HeptaCB-172 6505 5337 3597 16557 1354 8041 6773 4379 19830 2019 1.2
HeptaCB-177 8913 6864 5565 27107 1887 10953 8762 6266 31362 1596 1.2
HeptaCB-178 8939 6593 6123 26070 2132 11332 9616 6939 32620 2425 1.3
HeptaCB-179 190 152 140 734 15 152 116 127 607 5.0 0.8
HeptaCB-180 118964 91306 72617 327796 27414 143590 122711 83312 430540 36375 1.2
HeptaCB-181 410 268 368 2295 5.0 418 331 374 2190 5.0 1.0
HeptaCB-182/187 41652 29939 29847 135156 9745 45902 36081 30698 161535 9238 1.1
HeptaCB-183 9816 7437 6687 33400 1597 9947 8389 5996 33924 1692 1.0
HeptaCB-191 2359 2077 1389 7837 428 2570 2200 1402 6713 723 1.1
OctaCB-194 17614 13867 10535 48181 4062 21831 17305 13357 68732 5337 1.2
OctaCB-195 4338 3477 2472 11200 1013 4743 3946 2546 14070 1223 1.1
OctaCB-196/203 15764 12452 9282 42874 3770 12733 9778 7609 39257 2863 0.8
OctaCB-198/201 17786 13093 12139 56904 4394 10954 8551 7219 36874 2570 0.6
OctaCB-200 416 300 308 1622 65 442 328 324 1858 30 1.1
OctaCB-202 2187 1776 2183 9378 5.0 4049 3206 2802 13128 839 1.9
OctaCB-205 779 674 398 1745 201 824 710 417 1919 220 1.1
NonaCB-206 3421 3192 1536 6971 1016 4030 3657 1812 9594 1139 1.2
NonaCB-207 527 493 252 1271 112 573 549 253 1378 189 1.1
NonaCB-208 1090 1009 521 2592 267 1397 1238 665 3456 376 1.3
DecaCB-209 1415 1316 665 3637 376 1823 1624 995 6400 459 1.3
Total TrCBs 1489 1333 759 5602 10 1813 1360 2842 23200 10 1.2
Total TeCBs 14977 12554 8427 47266 6619 15694 13881 8441 41621 3270 1.0
Total PeCBs 24306 20708 13940 77397 6508 24735 21727 11900 58830 3880 1.0
Total HxCBs 287232 249993 144837 678796 92983 321301 279874 149860 789674 69328 1.1
Total HpCBs 241968 186405 143053 655834 57360 284128 237441 157370 825526 74268 1.2
Total OcCBs 58885 46213 36020 167010 14479 55576 45451 33068 175626 13548 0.9
Total NoCBs 5037 4674 2240 10723 1394 6000 5381 2642 13878 1848 1.2
Total PCBs 633894 540320 333305 1575459 192600 709247 608464 343987 1868770 201307 1.1

CB : chlorinated biphenyl ; SD : standared deviation.
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concentrations of these dioxin-like compounds
ranging from 50-533 (mean : 152, median : 124) and
51-640 (mean : 155, median : 125) pg TEQ g ' lipid
in 2004 and 2010, respectively (Table 3). With
regard to the non-dioxin-like PCB concentrations,
the sums of the concentrations of 56 PCB
congeners in the blood in 2004 and 2010 were
193-1575 (mean : 634, median : 540) and 201-1869
(mean : 709, median : 608) ng g * lipid, respectively.
The arithmetic mean concentrations of triCBs,
tetraCBs, pentaCBs, hexaCBs, heptaCBs, octaCBs,
and nonaCBs in the blood of Yusho patients were
1.5, 15, 24, 287, 242, 59, and 5.0 ng g* lipid in 2004,
respectively, and 1.8, 16, 25, 321, 284, 56, and 6.0 ng
g ! lipid in 2010, respectively (Table 4). The
concentrations of PCDFs and octaPCBs in the
blood of Yusho patient tended to slightly decrease
from 2004 to 2010. With respect to the characteris-
tic congeners in the blood of Yusho patients, the
concentration of 1,2,34,7,8-hexaCDF was found to
significantly decrease from year to year. Among
non-dioxin-like PCB congeners that present at
high concentration over 1000 pg ¢! lipid in the
blood of Yusho patients, the concentrations of
tetraCB 52/69, pentaCB 101, octaCB 198/201, and
octaCB 196/203 were shown to significantly
decrease from 2004 to 2010. There results were
almost the same as those obtained in 136 Yusho
patients.

According to the results of the present study,
no significant decrease could be confirmed in most
congeners of PCDDs, PCDFs, and PCBs in the
blood of Yusho patients from 2004 to 2010. Hence,
it is thought that the concentrations of PCDDs,
PCDFs, and PCBs in the blood of Yusho patients
measured in 2010 probably reflect the effects of
dioxin exposure via the intake of food. However,
the concentrations of 1, 2, 3, 4, 6, 7, 8-heptaCDD,
octaCDD, 1, 2, 3, 4, 7, 8-hexaCDF, tetraCB 52/69,
pentaCB 101, octaCB 198/201, and octaCB 196/
203 in the blood of Yusho patients decreased
significantly from 2004 to 2010. In addition, the
concentrations of 1, 2, 3, 6, 7, 8-hexaCDD, 2, 3,4, 7,
&—pentaCDF, and 1, 2, 3, 6, 7, 8-hexaCDF tended to
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decrease slightly from 2004 to 2010. These
findings suggest that the PCDDs, PCDFs, and
PCBs have remained in the blood of Yusho
patients for a very long time, with over 40 years
having passed since the outbreak of Yusho, and
are very difficult to excrete from the body.

In the future, the collection of these data from
many more patients would be indispensable.
Further research regarding the concentrations of
PCDDs, PCDFs, and PCBs in the blood of Yusho
patients to more accurately assess the effects of
these compounds in Yusho patients is needed.
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Polychlorinated Biphenyls
(OH-PCBs) in Blood Samples using LC/MS/MS
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Abstract Hydroxylated polychlorinated biphenyls (OH-PCBs) are well known as metabolites of
PCBs in the human body. We improved a measurement method for OH-PCBs in blood samples using
LC/MS/MS. A new 2um particle column was used, and the analytical conditions for the LC/MS/MS
measurements were optimized. The improved method is more sensitive than the conventional
method for 5g blood samples. And, this method is effective at determining the concentrations of
OH-PCBs, PCBs and dioxins from the same sample without special treatment of the sample such as

derivatization.

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

Introduction

Hydroxylated polychlorinated biphenyls
(OH-PCBs ; Fig. 1) are well known as metabolites
of PCBs in the human body. Sakiyama et al.
reported that OH-PCBs were derivatized with
dimethyl sulfate, and the methoxylated PCBs
were determined using HRGC/HRMS. Matsu-
moto et al? reported that methylation by
trimethylsilyldiazomethane was an effective de-
rivatization method. And, Yasutake et al®
reported a measurement method without deriva-
tization using HRGC/HRMS. On the other hand,

R.J. Letcher et al? determined the concentra-

tions of OH-PCBs in the plasma of Canadian polar
bears using a liquid chromatography tandem mass
spectrometry (LC/MS/MS) technique.

We previously developed an analytical method
for measuring the concentrations of PCDDs,

Cly Cl,

OH

Fig. 1 Structure of hydroxylated polychlor-
inated biphenyls
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PCDFs and Co-PCBs in human blood samples.”’
And, we reported a measurement method for
determination of OH-PCBs in human blood
samples using LC/MS/MS with an electrospray
lonization interface in a negative ion and selective
reaction monitoring mode.?

In this study, we improved a measurement
method for OH-PCBs in 5g blood samples using
LC/MS/MS. This method is sensitive and effec-
tive at determining the concentrations of
OH-PCBs, PCBs and dioxins from the same
sample, and does not need a special treatment
such as derivatization.

Materials and Methods

1. Chemicals and reagents

OH-PCBs standards were purchased from
Wellington Laboratories, Inc., Ontario, Canada
and Cambridge Isotope Laboratories, Inc., Mas-
sachusetts, US. These OH-PCBs standards are
listed in Table 1.
was prepared by dilution with acetonitrile.
Labeled standards of OH-[**C,2]-PCBs, as inter-
nal standards, are listed in Table 2. 4-OH-2' 3,3,
4' 5 5-HxCB (4-OH-CBI159) was used as a
syringe spike.

Each 1 mg/L standard solution

The standard solution for calibra-
tion curve contains all OH-PCB congeners as

Table 1 OH-PCBs standards

Abbreviations

Compounds

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
4-0H-2,2',3,4',5,5-HxCB 4-OH-CB146 4H146
4-0OH-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-OH-2,2',3,4',5,5',6-HpCB  4-OH-CB187 M4H187
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shown in Table 1 and 2.

Acetonitrile, methanol, Ammonium acetate and
ultra pure water of LC/MS grade were purchased
from Wako Pure Chemical Industries, Tokyo,
Japan. A silver nitrate/silica gel, other reagents
and solvents used in this study were of the
analytic grade of dioxin that is commercially
A cartridge of Envi-18 (500mg/6mL
glass tube) was purchased from Sigma-Aldrich,
Inc., Missouri, US.

available.

2. Sample preparation
Each 5g blood sample was loaded into an
After 15 hours
of freeze-drying with a freeze dryer (VirTis Co.
Inc, New York, US), OH-["C;5]-PCBs, [**Ci2]
-PCDDs, [¥C12]-PCDFs and [**C;5]-PCBs were
added as internal standards.

extraction cell filled with Isolute.

Acetone : n—hexane
(1:4, v/v) was used as the extraction solvent for
an accelerated solvent extractor (ASE-200, Ther-
After the

extract was evaporated to near dryness, it was

mo Scientific Dionex, California, US).

dissolved in n-hexane and treated with concen-
trated sulfuric acid overnight. The separated
hexane layer was applied to a silver nitrate/silica
gel column (0.5g). The first fraction containing
PCDDs, PCDFs and Co-PCBs was eluted with
156mL of n-hexane. OH-PCBs were eluted with
16mL 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. 2.

3. LC/MS/MS measurement

All LC/MS/MS analysis was performed using
an Alliance 2695 series high-performance Liquid
Chromatograph Separations Module equipped
with Quattro micro API mass spectrometer

(Waters Corporation, Massachusetts, US). An
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analytical column, L-column 2 ODS, 2.1 mm X 100
mm, 2 um (CERI, Tokyo, Japan) was used under a
linear gradient solvent condition with the flow
rate set at 0.2mL/min. For conventional method,
an L-column 2 ODS, 2.1 mm X 150 mm, 5 um was

5g Blood Sample
< IS 4ng

ASE Extraction

H,SO, digestion

Concentration

Ag silica gel column

Fr. 1 Fr.2
n-Hexane 50% DCM / n-Hexane

Concentration

Active carbon column

Y Envi-18 column

For PCB, Dioxin
Determination
0.2mL MeOH
Syringe spike 4ng >

LC/MS/MS-SRM
ESI-Negative

used. The initial mobile phase was 40 : 60
methanol/2mM ammonium acetate in ultra pure
water. The injection volume was 20uL.
Detection was performed on a quadrupole
analyzer operated in negative electrospray ioniza-
tion (ESI-) and in selected reaction monitoring
acquisition mode (SRM). Nitrogen was used as
the cone and desolvation gas. The potential
applied onto the capillary was 1.0 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
measurements are summarized in Table 3.

Results and Discussion

1. LC/MS/MS measurement

1-1. Optimization of collision energy and

product ions

Figure 3 shows the product ion mass spectra of
OH-HpCBs under different collision energy ; (A)
stands for the collision energy of 20 eV, and (B) for
that of 40 eV. A single peak of [M-H] ions (72
408.7) was observed from the spectrum (A) in the
negative ion scanning mode. It means that no
product ion was produced. On the other hand,
[M-HCI] ions (mz 372.7) and [CI] 1ons (m./z 34.8)
were observed from the spectrum (B). Figure 4
shows the chromatograms of each product ion.
Peak intensity of [M-H] ions was the highest of

Fig. 2 Flow chart of the measurement method for
OH-PCBs in blood samples

Table 3 Analytical conditions for the LC/MS/MS measurement

Flow Rate

Injection Volume
Column Temperature
Mobile Phase

Temperature ; Source

Desolvation
Gas Flow ; Cone
Desolvation
Voltage ; Cone
Capillary
Collision
Tonization

0.2 mL/min.

20 uL

50T

2mM Ammonium acetate : Methanol =
60 : 40 — 5: 95 linear gradient
120C

350C

Nitrogen, 50 L/hr

Nitrogen, 600 L/hr

30-50 V

1.0kV

Argon, 15eV

ESI-Negative

(60)

the three. Though peak intensity of [Cl] ions
was the lowest of the three, the signal-noise ratio
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was the best. The chlorine ion was selected as
the product ion ; therefore, m z 408.79 — 34.97
was monitored for OH-HpCBs.
methods for the LC/MS/MS measurement are
summarized in Table 4.

Other mass

1-2. Comparison of LC columns

Chromatograms of OH-HpCBs in the standard
solution were compared between the Z2um
particle column and the conventional column.
The chromatograms of the conventional column
(21mm X 150mm, 5um) and the Zum particle
column (2.1mm X 100mm, 2um) are presented in

Fig. 5 and 6, respectively. As a result, the
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signal-noise ratio of the chromatogram obtained
using the 2um particle column was better than
that of the conventional column. It is considered
that the analysis time can be set shorter using a
2um particle column than a 5um particle column.

1-3. Optimization of injection volume

Figure 7 shows the chromatograms of
OH-HpCBs at various injection volumes (5-80 uL).
The peak shape was normal up to 20uL, but
collapsed from 40uL. Therefore, the injection
volume was fixed to 20uL.

1-4. Calibration curve

Figure 8 shows the calibration curve of

Table 4 Analytical conditions for the LC/MS/MS measurement

Precursor ion — product ion

Compounds y
m/z
12
Cio- 340.87 — 34.97
OH- PeCB
e B5C1p- 352.91 — 34.97
12
Cio- 374 .83 — 34.97
OH- HxCB
TS BCy- 386.87 — 34.97
12
Ciz- 408.79 — 34.97
OH- HpCB
Pees B5C- 420.83 — 34.97
a8 1: Daughters of 409E4%—9
* 4087 100 i
100+ - 1.50e7
(A) 20eV ~ [M-H]
. o 5.00 10,00 15.00 2000 25100 3000
. 0. 1410 2: Daughters of 4(;9;:?2352-:53
" . [M-HCI]
100, 34.8 B 40 V B 14.46
e
( ) 0 5.b0 10.‘00 15.‘00 20.‘00 25100 ! 30‘.00
< . 408.7 0. 1416 3: Daughters of 4:9;82-?)
36.7 334,7‘ k3707 [Cl]- .
‘ miz =7
5 TR a2 a0 e a0 ™

Fig. 3 Product ion mass spectra of OH-HpCBs under
different collision energy

11.79 408.79 > 34.97

100+ 6.46e4

OH-HpCB

13.59

T T T T T T T 1
7.50 10.00 12.50 15.00 17.50 20.00

11.77 420.83 > 34.97

3.13e4

13.57

i Time
20.00

250 | 500 | 750 1000 | 12550 | 1500 ' 1750

LC/MS/MS chromatograms of OH-HpCBs with

a column of L-column2 ODS (2.1mm X 150mm,
S5um)

1 Time

5.00 10.00 15.00 2000 25.00 3000

Fig. 4 Chromatograms of each product ion

408.79 > 34.97

1007 1.14e5

OH-HpCB

1000 | 1200 | 1400
420.83 > 34.97

5.06e4

T 7 Time

2.00 400 | 6.00 800 | 1000 = 1200  14.00

LC/MS/MS chromatograms of OH-HpCB with
a column of L-column2 ODS (2.1mm X 100mm,
2um)
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Fig. 7 Chromatograms of OH-HpCBs at various
injection volumes

L ¥=0.0958x+0.0188
Rz2=10.9953

0.8

Area ratio

0 I I I I
0 2 4 6 8

4-OH-CB187 (ng/mL)

Fig. 8 Calibration curve of 4-OH-CB187 (0.1
~80 ng/mL ;IS 4.0 ng/mL)

14.08 408.79 > 408.79

1007 1.31e5

14.71

5.00 10.00 15.00 2000 25.00

14.71

14.06. 420.83 > 420.83

1.77e5

Time

5.00 10.00 15.00 2000 25,00

Fig. 9 Chromatograms of OH-HpCBs in blood under

the conventional method

K. Tobiishi et al.

4-OH-CB187, which ranged from 0.1 to 8.0
ng/mL. The curve showed good linearity. The
correlation coefficients were calculated from the

concentration and the peak area ratio of
4-OH-CB187 to 4-OH-[**C12]-CB187.

2. Measurement of OH-PCBs in blood samples

Chromatograms of OH-HpCBs in blood sample
were compared between the improved method
and the conventional method. The chromato-
grams of the conventional method and the
improved method are presented in Fig. 9 and 10,
respectively. The signal intensity was high but
background level was also high in Fig. 9. On the
other hand, the signal intensity in Fig. 10 was
relatively lower but the resolution of the chro-
matogram was much higher than conventional
method.

Figure 11 illustrates the LC/MS/MS chromato-
grams of hydroxylated penta- through hepta-chl-
orinated biphenyls in the blood of Yusho patient.
Peaks of 4-OH-CB109, 4-OH-CB146 +
3-OH-CB153, 4-OH-CB187 and 4-OH-CBI172
detected, but 4-OH-CB146 and
3-OH-CB153 could not be separated in these
analytical conditions, while 3-OH-CBI138 could
not be observed because of low recovery. We
suspected that 3-OH-CB138 degrades under
sulfuric acid treatment.

were

In conclusion, we improved measurement

method for OH-PCBs in blood samples using

8.66
Jjg

400 600 | 800 | 1000 |
8.

408.79 > 34.97

1007 5.58e4

200 1200 1400

420.83 > 34.97

9.67
8.45e4
64

0 T T T T

T T T T 1 Time
2.00 4.00 6.00 8.00

"Ti000 12000 14100
Fig. 10 Chromatograms of OH-HpCBs in blood under
the improved method
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6.00 7.00 8.00 9.00 10.00 11.00 12.00
1004 8.69 9.66 420.83 > 34.97
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= = X
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OE““ T T T ISR DA B 1
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] 1.27e5
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OH-[ Clz]-PeCBS ] 4H109 ]\\A 3.60e4
O:““ T NSRRI IR |
6.00 7.00 8.00 9.00 10.00 11.00 12.00
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Fig. 11 LC/MS/MS chromatograms of OH-PCBs in the blood of Yusho patient

LC/MS/MS.
and effective at determining the concentrations of
OH-PCBs, PCBs and dioxins from a single blood
sample without special treatment.

Improved method was sensitive
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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 measured the concentration of OH-PCBs in blood collected from 183 Yusho patients living in Japan
in 2010. The major OH-PCB metabolites were 4-OH-CB187 (ND-1300 pg/g-wet), 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109 (ND-530 pg/g-wet) and 4-OH-CB172 (ND-380
pg/g-wet). The total OH-PCBs ranged from 36 to 3800 pg/g-wet.

A positive relationship between the concentrations of OH-PCBs and PCBs was observed, but no
significant relationship between the concentrations of OH-PCBs and PCDD/DFs was observed.

Key words : Yusho - Blood - OH-PCB

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

alPreported that the highest OH-PCB metabolite
in serum samples from 9 Yusho patients was
4-OH-CB187 followed by 4-OH-CB146,
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.

Sato et al? measured the concentrations of
OH-PCBs in human urine and blood sample taken
from same person. They indicated that the
pattern and order of detected OH-PCBs were
different between blood and urine samples.

In this study, we measured the concentrations
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of OH-PCBs, PCBs, PCDDs and PCDFs in blood
collected from 183 Yusho patients living in Japan
in 2010, and we compared the blood concentra-
tions of these compounds.

Materials and Methods

1. Sampling

The blood samples examined in this study were
collected from 183 Yusho patients at their medical
checkups in 2010 ; all gave their informed consent.
10 mL of blood samplings were collected using a
vacuum blood-collecting device containing hepar-
in and stored at 4C until analyze for concentra-
tions of OH-PCBs, PCBs, PCDDs and PCDFs.

2. Chemicals and reagents

OH-PCBs standards were purchased from
Wellington Laboratories, Inc., Ontario, Canada
and Cambridge Isotope Laboratories, Inc., Mas-
sachusetts, US. These OH-PCBs standards are
listed in Table 1.
was prepared by dilution with acetonitrile.
Labeled standards of OH-[**C,2]-PCBs, as inter-
nal standards, are listed in Table 2. 4-OH-2' 3,3,
4' 5 5-HxCB (4-OH-CBI159) was used as a

Each 1 mg/L standard solution

Table 1 OH-PCBs standards

Compounds

Abbreviations

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-OH-2,2',3,4',5,5',6-HpCB  4-OH-CB187 M4H187
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syringe spike. Acetonitrile, methanol, Ammo-
nium acetate and ultra pure water of LC/MS
grade were purchased from Wako Pure Chemical
A cartridge of Envi-18
(500mg / 6mL glass tube) was purchased from

Sigma-Aldrich, Inc., Missouri, US.

Industries, Tokyo, Japan.

3. Sample preparation

Each 5g blood sample was loaded into an
extraction cell filled with Isolute. After
freeze-drying, OH-["*C15]-PCBs, [*C12]-PCDDs,
["C12]-PCDFs 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 (ASE-200, Thermo
After the

extract was evaporated to near dryness, it was

Scientific Dionex, California, US).

dissolved in n-hexane and treated with sulfuric
acid overnight. The separated 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 15mL of 50%
dichloromethane/n-hexane as the second frac-
tion. The eluate was concentrated to near
dryness with a multiple sample concentrator, and
After the metha-

nol solution was loaded onto an Envi-18 cartridge

dissolved in 2mL of methanol.

with 4mL of methanol, the eluate was concen-
trated under nitrogen flow and transferred to an
A flow
The
details of the sample preparations are described in

LC injection vial with 0.2mL of methanol.
chart of this method is shown in Fig. 1.

another paper.”

4. Determination of OH-PCBs

All LC/MS/MS analysis was performed using
an Alliance 2695 series high-performance Liquid
Chromatograph Separations Module equipped
with Quattro micro API mass spectrometer
An

analytical column, L-column 2 ODS, 2.1 mm X% 100

(Waters Corporation, Massachusetts, US).

mm, 2 pm (CERI, Tokyo, Japan) was used under a
linear gradient solvent condition with the flow
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Blood Sample rate set at 0.2mL/min. The initial mobile phase

P 1S 20|J,L (4ng)

was 40 : 60 methanol/2mM ammonium acetate in

ultra pure water. The injection volume was 20
ul.
Detection was performed on a quadrupole

ASE Extraction

H,SO, digestion analyzer operated in negative electrospray ioniza-

tion (ESI-) and in selected reaction monitoring

Concentration acquisition mode (SRM). Nitrogen was used as

the cone and desolvation gas. The potential

— applied onto the capillary was 1.0 kV. Cone and
Silica gel column

collision potentials were optimized for each

| molecule. Argon was used as the collision gas.

Fr.1 Fr.2 The details of the operating conditions for the
n-Hexane DCM/n-Hexane . .
LC/MS/MS measurements are described in
: another paper.”
V Concentration
For PCB, Dioxin Results and Discussion
Determination
Envi-18 column 1. Analysis of OH-PCBs in blood samples
Peaks of 4-OH-CB109, 4-OH-CB146 +
0.2mL MecOH 3-OH-CB153, 4-OH-CB187 and 4-OH-CB172
were detected. Figure 2 shows the structure of

OH-PCBs detected in the blood of Yusho patients.
LCE%/IISI\/IIZ{O,S%S\}EM These chemicals have the similar structure ; 3,

Fig.1 Flow chart of the measurement method 5-substituted chlorinated-4-hydroxybiphenyls.
for OH-PCBs in blood samples 4-OH-CB146 and 3-OH-CBI153 could not be
separated in this study, while 3-OH-CB138 could

Cl Cl Cl Cl Cl Cl

OH Cl OH Cl
Cl Cl Cl

4-0H-2,3,3',4',5-PeCB (4-OH-CB109) 4-OH-2,2',3,4',5,5'-HxCB (4-OH-CB146)
Cl Cl Cl Cl Cl ClI [¢]]

OH Cl OH Cl
Cl Cl Cl Cl (¢]]

4-OH-2,2',3,4',5,5',6-HpCB (4-OH-CB187) 4-OH-2,2',3,3',4',5,5'-HpCB (4'-OH-CB172)
Fig. 2 Structure of OH-PCBs detected in the blood of Yusho patients

(63)
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Table 3 Concentrations of OH-PCBs, PCBs, PCDDs and PCDF's in the blood of
Yusho patients collected in 2010 (pg/g-wet, n = 183)

Congeners Mean Median Min. Max. SD CV
4-OH-CB109 67 49 ND 530 68.8 1.02
4-OH-CB146
+ 3-OL-CBI153 96 71 8.4 1200 106 1.10
4-OH-CB187 120 77 ND 1300 131 1.12
4'-OH-CB172 29 20 ND 380 35.1 1.22
Total OH-PCBs 310 230 36 3800 340 1.09
Total PeCBs 150 130 11 830 111 0.734
Total HxCBs 1000 820 80 6300 785 0.774
Total HpCBs 840 620 86 6600 793 0.942
Total PCBs 2300 1800 210 15000 1800 0.799
Total PCDDs 2.4 2.0 0.49 7.5 1.32 0.558
Total PCDFs 0.70 0.31 0.034 5.5 0.922 1.32
Total PCDD/DFs 3.1 2.7 0.54 11 1.79 0.584
Total Co-PCBs 1.0 0.90 0.13 4.8 0.686  0.663
Total dioxins 4.1 3.8 0.74 13 2.23 0.545
Lipid (%) 0.25 0.25 0.15 0.62 0.0606 0.238

SD : Standard deviation ; CV : Coefficient of variation ; CB : chlorinated biphenyl ; Pe : penta ; Hx :

hexa

polychlorinated dibenzofuran ; Co: coplanar.

not be observed because of low recovery. We
suspected that 3'-OH-CB138 degrades under
sulfuric acid treatment.

2. Concentrations of OH-PCBs in blood sam-
ples

Concentrations of OH-PCBs, PCBs, PCDDs and
PCDF's in the blood of the 183 Yusho patients are
summarized in Table 3. The major OH-PCB
metabolite (range) was 4-OH-CB187 (ND-1300
pg/g-wet) followed by 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109
(ND-530 pg/g-wet) and 4-OH-CB172 (ND-380
pg/g-wet). The total of 4 OH-PCBs ranged
between 36 and 3800 pg/g-wet with a mean value
of 310 pg/g-wet. These results were in good
agreement with those reported by Linderholm et
al.

3. Relationship between the concentrations of
OH-PCBs and related compounds

Figure 3 shows the relationship between the

concentrations of OH-PCBs and PCBs in the

blood of Yusho patients. A positive relationship

; Hp : hepta; ND : not detected ; PCDD : polychlorinated dibenzo-p-dioxin; PCDF :

between the concentrations of OH-PCBs and
PCBs was observed. But, no significant relation-
ship between the concentrations of OH-PCBs and
PCDD/DFs was observed (Fig. 4).
trations of OH-PCBs and lipid were also not

The concen-

correlated (Fig. 5).

Figure 6 shows the relationships between the

*

¥ =5.2449x+ 642.23
R?=05544

8000 -

6000 -

4000 -

Total PCBs (pg/g)

2000 -

400 600 800 1000 1200

Total OH-PCBs (pg/g)

Fig. 3 Relationship between the concentrations of
OH-PCBs and PCBs in the blood of Yusho
patients
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concentrations of OH-PCBs and their congeners
(4-OH-CB146 and 4-OH-CBI187).
relationships between the concentrations of

Significant

OH-PCBs and their congeners were observed.

Figure 7 shows the relationships between the
concentrations of OH-PCB congeners and related
PCBs (4-OH-CB146/HxCB (#146)
4-OH-CB187/HpCB (#182/187)). Positive re-
lationships between the concentrations of
OH-PCB congeners and related PCBs were
observed.

and

In conclusion, we measured the blood samples
from 183 Yusho patients for OH-PCBs using
LC/MS/MS technique. The total OH-PCBs
ranged from 36 to 3800 pg/g-wet. A positive
relationship between the concentrations of
OH-PCBs and PCBs was observed, but no
significant relationship between the concentra-

tions of OH-PCBs and PCDD/DF's was observed.
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2010 & HAESEE BE MAE T DKEREKR 5L
E7 £ ZJL(OH-PCBs) BE

U 43 ) LA B B 2T
R N2y N4 oY B L =2 ﬂ
DN KRB E W 5e ke K Rl
VI AEER S v 8 —
IR SRR WHE S A 4+ ¥ VRSt v ¥ —

OOV, sk XY, AR B SR I E Y, 58wk 3ED, 48 R B,
VOO IRV, OB BE Y, AN RS, ol L B DY

KgALAR Y #HILY 7 = =)V (OH-PCBs) 1&, AMEWIZBI7 5 PCB O EERH#WTH 5.
OH-PCBs (3fANTF h 7 10— 2 P450 BERFFEIZ L ) PCB 22 SAEK S L, THHERRE B & O Mg 2
5 390-1300pg/g DIERE THH E N2 HiENH 5.

2010 412 183 Z DIMAEEE 2> HERELL 72 M 0 OH-PCBs il L, TN H{bBEWD
TEEE A LB L 7. EE PCB OfEIL, 4-OH-CB187 (ND-1300 pg/g-wet), 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109 (ND-530 pg/g-wet), 4-OH-CB172 (ND-380
pg/g-wet) TH VY, ZFDOEFHZE 36-3800 pg/g-wet TH - 7.

72, OH-PCBs & PCB & (212 IEDRIRAFRD 5 17245, OH-PCBs & PCDD/DFs DR 12
FEELRBERITEED SN o7z
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The Gender-Specific Effect of Maternal Exposure to Dioxin
on Fetal Steroidogenesis in the Adrenal Gland

Tomoki Takepa, Yukiko Harrori, Misaki Fuyn, Junki Taura, Yuji Isun and Hideyuki Yamapa

Graduate School of Pharmaceutical Sciences, Kyushu University

Abstract Maternal exposure to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) causes a number of
toxic effects on development such as growth retardation and sexual immaturity in the offspring.
However, the toxic mechanism remains unknown. Our previous studies have revealed that single oral
administration of TCDD (1 ug/kg) to pregnant rats at gestational day (GD) 15 attenuates the fetal
expression of testicular steroidogenic proteins such as steroidogenic acute-regulatory protein (StAR)
and cytochrome P450 (CYP) 17 by targeting the fetal production of pituitary gonadotropins. In addition,
we provided evidence that TCDD-produced damage on the fetal pituitary-gonad axis leads to imprint
defects in sexual behaviors at adulthood. In this study, we investigated whether TCDD also affects
fetal steroidogenesis in the adrenal gland. When pregnant Wistar rats were orally treated with TCDD,
the fetal expression of CYP21, CYP11B1 and CYP11B2 mRNAs was either induced or tended to be
induced in the male adrenal gland during GD17 and GD19, while the expression of mRNAs coding for
StAR, CYP11A1l and 3B-hydroxysteroid dehydrogenase was insensitive to TCDD treatment. The
above alterations did not seem to be caused through a change in the upstream regulator, because
TCDD exhibited little ability to attenuate the expression of adrenocorticotropin, a pituitary hormone
stimulating adrenal steroidogenesis, in the male and female fetuses. In contrast to the males, TCDD
effect on the adrenal gland was not observed in the female fetuses. These results suggest that maternal
exposure to TCDD disrupts fetal steroidogenesis in adrenal as well as gonadal glands in a male specific
manner, and the mechanism underlying the effect on adrenal gland is independent of the alteration of
pituitary regulator.

Key words : 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin(TCDD) + Adrenal + Steroidogenesis - Fetus * Sex
difference
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ETHDH, LhL, INONEOHOREEIZER
T 5 IEEFE S TR,

VF7eE Tl R EE OB SR 2 B i
L, v ba2HWigE2ERL Twb, IhE
T2, IR (gestationalday;GD) 15 H H oK
~0 1 pg/kg TCDD OfFI#R512 & ), HAERR
D W oM T HE AR 2 B v T luteinizing hormone
(LH) 0GP TL, IhzEaAICHED
steroidogenic acute-regulatory protein (StAR)
% cytochrome P450 (CYP) 17 &0 A5af ¥
GRS X BOFEBURT, %56 IZHERD
RETEEESERINL ZEZHL LT
Wik, RIBEICAT T 2 LH o
I2& ), TCDD KFE 7% StAR % CYP17 O 3E8L
EFYWoanz s, WEROZRITHRED
N #ET LHHFEICHE S —J, TCDD
(1 ng/kg) BEARBEEEAS GD20 o MG JE 91 3
StARZE DM A 70 4 FERGRICRITT 8L
BT B LANE Y F 2R AL DG YA
T4 FEARETH HEIE, Bk XOHURT
TR StAR B L O CYPL7 o%FHIx, L7 &)
GD20 JEIRICB W T EI 2w LW L AL
Twa. oL, A7uAf FUAOZTT A F
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MOENLON, EEIVFIL FBIOHE I
FaA{ FORIBRERNVES THDL. TNHIT,
PAFOA RERBEIZTL AT 10— )% HEEE
ELTHAOBERIC Y ETAR SN D,
CYP21, CYPI11B1 3 £ OF CYP11B2 "4 i % #H
IWFL LCTEETH LY (Fig 1). AIEREE
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EEHEZIIEEITZENILCMOENTWY
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WCBWCTIRIEFZFECEETHL LORELDH
B8 fEsT, BRBRMICE T AEIBERE AL
ECOEMINOEFTLEHRIIED L 20,
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EOMERARLL ETHEREEZOND. 22
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The steroidogenic pathways in the adrenal and gonadal glands of rodents.

Abbreviations used : CYP, cytochrome P450 ; HSD, hydroxysteroid dehyd-
rogenase ; StAR, steroidogenic acute-regulatory protein.
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Table 1 The design of primer sequence for real-time PCR

Target Forward (5' —>3) Product Accession
mRNA Reverse (5' —>3) size (bp) No.?
StAR ACACTTTGGGGAGATGCCTG 109 U76419
CGTGAGTTTGGTCTTTGAGG
CYP17 GCACAATCCTGAGGTGAAGA 135 M31681
CTGATACGCAGCACTTCTCG
CYP11A1 TCAAAGCCAGCATCAAGGAG 146 M22615
TTCTCGACCCATGGCATAGC
CYP21 GCTGACCCAGGAATTCTGTG 103 NM_057101
GAGACAGCTGATGATACTGC
CYP11B1 TTCTTACCCAAGAGCTTGAC 161 NM_012537
ATCTCGGATATGACACTCC
CYP11B2 TGCCTGGGATGTCATCTCTG 106 NM_012538
TAGTGCAGCCACAATGCCAC
33-HSD AGATCTGGGCTATGTGCCAC 124 M38178
CCCTTTCTGTCACTGAGACT
ACTH TCACCACGGAAAGCAACCTG 104 NM_139326
AGTCAAGGGCTGTTCATCTC
B-actin CACCATGTACCCAGGCATCGC 122 V01217
AGCCACCAATCCACACAGAG

#Genbank accession No. is shown.

ES) W
1. KRB

TCDD %, AccuStandard #: (New Haven, CT,

USA) L hHEEA L7, Cornoilix, BEoOEHFAE
O EEA L. Zofox3E, EEiC
BLMEOL DR FEH L7,

2. BMEER
TCDD % 40 pg/mL acetone A & FHH L, ff
i F CT-30C I2RFFE L 72, MR ICH5 corn oil

ERFL7Z-DH, acetone FEHEH AIZTHEL,

TCDD #°0.5 ug/mL & 7% % £ 5 IR L7z
Wistar SRHEVET v & (7 HHw) 35 X OHELET »
b (10 AHfm) 1%, Btk et (RE R SMT)
KODBEAL. MEMEZ v ba—BRE L, BHE
WIZHE TR & 72 H % GDO & L7-. GDI5
12, TCDD (1 ug/kg/2mL cornoil), & %\ idk}
W#E L L C corn oil (2 mL/kg) # ¥ 5 L 72
GD16~20 IZfa )R & f L, Ik, R, AEGH
PRbB KON 2 $RECL 72, BREL L 72y, =i
(2T 2 BEMRRERE L7205, 4T, 3,000 rpm 12

TI15 s LB T VI & Lz, s e ot
Mg, HARERC TSRS L, HIT
-80C IZfRfF L 72,

3. U734 L RT-PCR

mRNA ¥ &1L, ) 7V T A A reverse trans-
cription—polymerase chain reaction (RT-PCR)
R H TR L 722Y . g% X ), RNeasy
Mini Kit (QIAGEN GmbH, Hilden, Germany) %
T total RNA % it L 72. Total RNA (&,
PrimeScript RT reagent kit with gDNA Eraser
(% 51 T3 F RS, @EERKET) 2 HWT,
INFAEICHE > T cDNA 2GR L7z ) 7V
% 4 & PCR 1%, Fast SYBR Green Master Mix
(Life Technologies %I, Carlsbad, CA, USA) % fi#i
AL, FUOSSEMFE (95T, 20 #-40 41 7 v (95T,
3W-60T, 30F)] &L L7 ZoEODL, i
MR BE) DS % i RE 3 % 72 o (2Rl AR [95C,
15 #-60T, 14560 to 95C (0.3C¥> LA, %
5] 2R L FHLAETIA4A Y-
Table 1 12779 . BWEMET OFEHEIX, B-actin
V2R B A iE & L TR L 72,
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4. Enzyme immunoassay (EIA)
IfilE adrenocorticotropin (ACTH) #EEEIX, T

7> ACTH EIA kit (Phoenix Pharmaceuticals #:,

Burlingame, CA, USA) ZHWC, RfAIFHHZEFIC
Peo THITE L7z, Iy SRR I IR K2 T 2 £5
AL TR L7

] R

TCDD BABEE S IRIEORIE A 704 FAK
RIS RAT T B NS 20012, FMEEE LT
TCDD D BARBEGE DG AR OEA 7T 0 A F
BHGRIC KT T E L 2o MBI % ET L 7.
A7 FRVEVYOFEETHLEIL AT H— )V
INIVRYTHNEET DY VI ETHD
StAR® B L AT O A FEREICLHEDEEE T
&% CYPI7%® ® mRNA JHEH) & @4 L 7245
B HERRIBAEHC BV TiE TCDD KAFYLZ StAR
B LU CYPLI7 O A GDI7T~20 127 TIKF
L7z (Fig. 2A). —7J, TCDD 2 Mg 2N E
StAR B LU CYPL7 IR L Tl I
ZX o7 (Fig. 2B). Th bR, B
HID® L FBE DT 2R L, TCDD %34 V2 Rl
BRAIZ BT T BT R R A e O & DY RR
7.

TCDD RHEIBEEIC L 2 IREEIBTO AT O A F
BRI FE O mRNA FSBUES % AT L7245 R, 1
JERTREIERERVEYODEHRBEZETH S
CYP21, CYPIIBI B X OF CYP11B2 @ 3§ Bl 7%
GDI7~19 I F T EAZW L EAMEIN 2R L 72
(Fig. 3). — 4, StAR, CYPIIAl B X O
3p-hydroxysteroid dehydrogenase (3p-HSD) (2
L Cld, BEHIRMNIC BT 2 A B 5253 EE
ENneoiz (Fig. 3). MERICBWTE, T
NHZEALIZAD SN o7 (Fig. 4). 72, §
BATOA FEBO EAHIEK T Cd 2 i AR

DI T D ACTH DRFIE % BAT L 72 2,

mRNA B & Ol g & 41,
EENIBIE SN o7 (Fig. 5).
% =
AKWfzeCid, TCDD FHEEEE (1 ug/kg, #&11)
HIEREIBF D A 710 4 FEBGRIZ KT HE L
LPNCT A0, BIERERVE Y ERNBEESY ~
N B OFEBEE & NT L7, ZO8EE, StAR,

TCDD 12L& %

KOH oM R

(76)

13205 %

CYP11A1l 3 X U8 33-HSD 3B TH -7 b D
O, BIERERVEVEHRIZHWHATH S CYP2L,
CYP11B1 B & U8 CYP11B2 0 5 BiASHE I Vo 45 2
BICHFE SN, TCDD 12X AJRIBAT T A FEH
BEAEHIIRBRICEES N 2w R Sz,
& 5|2, TCDD RN THEMAD ACTH DAL
SR LI R RS9, AR T
OEFTIIHHATE LW LEAVRIBE Nz, KA
e CIE, HERR IR R 2 B OFERE I S 2T
X 7% 5 o 7275 CYP2l, CYPLIBl B & O»°
CYPLIB2 DA THEENIZ 2 HEN L, EIFD
AR EEL N T LIRENSEZONS.
RIE BB, M X BRIRT, IR B X UTHEIR
WO 3ENPOKY, FRKFIILEEIVF AR,
HIRTHIHEZ avF a4 F, @RI A 7 A
NEGH T 519 Tabh, KEHTREE
DISBURKENEZ Y, H 21X CYPLIB2 IZERIRHT
DHTHERB L, CYPIIBlL R ICHRD %
W) ST, BB TSR A 2D
&, TCDD IZERIRGE B X OHURAT 1207 L TRy
\ZVEH$ 5 2 & T CYPLIB1 % CYP11B2 @8]
BT L —0, MIREICE CEBT 5 StAR,
CYP11Al 3 X U8 33-HSD (ZIZ &L 1 157
Mol ReE D H . ERIRT I, GD17~19 O
WL v-T U X470y RO X 551t
DR BT EARMENTVED . 2, Af
ZeCRM L 72 CYP11B2 O FHFHEE OB & —3
$%. TCDD @ EMEEE IR~y 20T »
FET NI rEZHEEDDL 2 Eh
52 MR T v MZBW T RBEOBIS A 2
HZEIZEY, LAV S N REEASE 2 S
N5, —J, TCDD #» ACTH LAt ol e &
HWITEIBENTOBERN 22 % i L CHERRIED
BB AT a4 FEBGREY FIRWIZHEET 5 T gelE:
bHEIFZTE W, FHHE, Jv b~ TCDD B
FZL DI ACTH BIZZE) L 2\ A, FEE
aNVF a4 REDPHEOATEAMENEZ RS LD
WS TW5Y . ACTH DU S BUR K F
LTk, korrEtrri s Vol
TR IAERH L CHE LT a4 FaEnses
corticotropin releasing hormone (CRH)®? 3 & Of
interleukin (IL) 634825 TCDD DR BA & L
TEIFHNA. TCDD IZH MR < 7 2BV
CRH B LUV IL6 O5BL A Filid 2 2 b 55303



N
O
AN
7
o
=
)
S
K
i

TCDD DJifLEIE A

A syStAR o B SR
7 L ______ 5 0.12-
61 0.1
57 ' 0.081
4 4
0.06
= z
'*é 2 OControl "§ 0.041 O Control
& 11 @TCDD i & 0027 @ TCDD
T 0l . , , , © 0 . . . .
g\i 16 17 18 19 20 § 17 18 19 20
© ©
> >
2 o CYP17
= < o041
(04 04
£ € 0.08- 0
0.06 -
* 0.04 4
5] O Control 0.02 O Control
@ TCDD a @ TCDD
0 T T T T T 0 T T T T
16 17 18 19 20 17 18 19 20
Days after gestation Days after gestation

Fig. 2 Effect of maternal exposure to TCDD on the gonadal expression of StAR and CYP17
mRNAs in male (A) and female (B) fetal rats. Pregnant rats (GD15) were orally
treated with TCDD (1 ug/kg), and fetal gonads were removed from GD16 to GD20.
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Examination of Alkali Digestion Temperature in Isomer
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Abstract

We compared concentrations of PCB congeners between conventional 80C alkali digestion

method and 30C alkali digestion method using 22 individual blood samples collected during 2009
annual Yusho examinations. The mean concentration of tri-CB in 30 C alkali digestion method was
lower than that of conventional method. However, concentration of total PCBs, 2,3',4,4', 5-pentaCB
(PCB118), 2,2',4,4',5,5-hexaCB (PCB153) and 2,3,3',4,4',5-hexaCB (PCB156), which were used as
index for Yusho diagnosis, were equivalent between the methods. It was considered that the 30 C
alkali digestion method was available for blood PCB congener specific analysis in Yusho diagnosis.
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Table 1 Recovery rates of *C-labeled PCB standards in this study

Low PCB concentration group (n=11)

High PCB concentration group (n=11)

80T 30T 80T 30T

min max mean min max mean min max mean min max mean
15C-244'TrCB (#28) 39 73 62 5 80 69 54 75 64 54 93 70
13C-344'-TrCB (#37) 49 77 66 67 84 74 66 81 73 5 89 78
185C-2255'-TeCB (#52) 46 80 69 65 87 76 62 79 72 57 94 77
15C-234'5-TeCB (#70) 54 87 76 797 8 72 89 8l 64 100 86
15C-22'35'6-PeCB (#95) 53 8 75 7% 98 85 68 87 78 63 99 8
13C-22'455'-PeCB (#101) 61 93 82 79 104 90 8 94 86 71 105 91
15C-2'344'5-PeCB (#123) 63 105 90 81 106 95 8 98 91 81 103 94
15C-2344'5-PeCB (#118) 63 103 88 75 106 93 8 99 92 75 103 93
15C-2344'5-PeCB (#114) 62 104 90 74109 92 80 102 93 74100 91
15C-233'44'-PeCB (#105) 61 104 88 77105 93 82 100 92 78 101 93
13C-22'44'55'-HxCB (#153) 63 106 89 72 112 93 81 104 94 72102 91
130-22'344'5'-HxCB (#138) 63 106 90 75112 9% 82 103 94 79 102 93
13C-233'44'5-HxCB (#157) 63 106 92 88 114 104 8 106 97 9 117 103
13¢-22'33'55'6-HpCB (#178) 60 104 87 73 112 90 8 105 93 7 97 88
13C-22'344'55'-HpCB (#180) 63 105 89 8 112 100 8 102 94 94 112 102
13¢-22'33'44'5-HpCB (#170) 66 110 92 8 127 111 91 107 99 101 120 108
13C-233'44'55'-HpCB (#189) 63 108 90 79 117 102 8 105 97 93 115 99
18C-22'33'44'55'-0cCB (#194) 64 120 90 71109 9 82 107 96 8 106 92
18C-22'33'44'55'6-NoCB (#206) 49 90 70 68 114 94 70 8 79 78 105 89
18C-22'33'44'55'66'-DeCB (#209) 24 58 4l 63 98 8l 40 59 50 7193 78
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Table 2 Concentrations of dominant PCB congener in the eleven blood samples (low concentration group, 80T alkali

digestion)
Blood sample No.
Congener Mean
1 2 3 4 5 6 7 8 9 10 11
244'-TrCB (#28) 2.6 3.5 2.7 3.7 3.3 2.4 1.4 3.0 2.7 2.9 5.2 3.0
244'5-TeCB (#74) 12 7.9 6.1 7.1 15 4.1 7.2 5.8 8.8 8.1 24 10
23'44'-TeCB (#66) 1.9 2.6 2.5 1.8 2.8 1.0 0.71 2.5 2.3 1.7 5.1 2.2
22'455-PeCB (#101) 1.4 1.0 2.8 2.6 1.8 1.8 0.66 3.0 1.1 1.5 3.5 1.9
22'44'5-PeCB (#99) 10 8.0 14 12 14 7.2 7.5 15 13 9.0 23 12
2344'5-PeCB (#118) 19 18 16 10 28 8.5 8.5 12 19 14 36 17
2344'5-PeCB (#114) 1.1 0.85 0.65 0.73 1.4 0.54 1.5 0.45 0.9 1.6 3.0 1.2
233'44'-PeCB (#105) 4.1 3.3 4.3 2.5 5.3 1.8 1.4 3.3 4.3 2.8 7.9 3.7
22'355'6-HxCB (#151) 1.0 0.80 1.8 1.1 1.3 1.5 0.66 2.0 0.8 0.9 2.9 1.3
22'34'55'-HxCB (#146) 16 10 12 14 19 13 18 12 15 21 32 17
22'44'55'-HxCB (#153) 100 67 77 85 130 74 120 74 100 100 200 100
22'344'5-HxCB (#137) 2.5 1.9 2.4 2.8 3.3 3.0 4.8 1.9 3.1 5.4 6.5 3.4
22'33'45'-HxCB (#130) 2.8 1.4 2.3 2.7 2.8 2.9 2.4 2.0 1.7 5.0 5.5 2.8
233'4'5'6-HxCB (#164) 23 15 14 19 25 18 27 13 18 38 46 23
22'344'5'-HxCB (#138) 48 29 42 40 56 38 47 32 42 46 86 46
23'44'55'-HxCB (#167) 3.5 2.9 1.8 1.5 4.3 1.6 2.2 1.6 3.6 3.1 6.3 2.9
233'44'5-HxCB (#156) 8.3 5.3 4.5 7.6 8.4 13 23 4.0 11 59 20 15
233'44'5'-HxCB (#157) 2.0 1.4 1.1 1.9 2.2 2.8 6.0 1.1 2.7 15 4.6 3.7
22'33'55'6-HpCB (#178) 6.5 4.6 4.1 5.8 9.4 5.6 8.7 4.3 7.9 8.3 16 7.4
22'344'56-HpCB (#182) 28 19 20 24 47 24 33 20 31 25 65 31
22'344'5'6-HpCB (#183) 5.8 3.5 5.4 4.7 9.0 5.2 5.2 4.6 6.0 4.6 12 6.0
22'33'4'56-HpCB (#177) 6.1 3.3 5.1 6.0 9.2 6.8 5.8 5.5 6.9 5.9 14 6.7
22'33'455'-HpCB (#172) 3.5 2.0 1.8 2.7 5.0 3.3 5.3 1.6 3.9 7.6 7.9 4.0
22'344'55'-HpCB (#180) 76 43 34 52 100 64 100 31 81 130 145 78

22'3344'5-HpCB (#170
233'44'55'-HpCB (#189

23 13 11 16 26 20 30 11 24 57 45 25

)
) 1.3 0.8 055 1.0 1.6 25 3.3 0.8 2.0 11 2.7 25

22'33'55'66'-OcCB (#202) 2.2 1.8 1.6 25 46 21 3.5 1.6 43 37 6.8 3.2
22'334'55'6-/22'33'455'6~

0cCBs (#201/198) 5.1 3.9 2.7 43 9.1 49 7.7 28 8.4 10 13 6.5
22'344'55'6-0OcCB (#203) 4.2 3.7 24 40 9.1 46 74 2.7 7.5 11 14 6.4
22'3344'56-0cCB (#195) 2.0 1.2 1.1 1.5 3.4 1.9 24 1.2 24 38 44 23
22'33'44'55'-OcCB (#194) 100 74 43 7.9 18 11 16 4.7 15 25 24 13

22'33'455'66'-NoCB (#208) 0.80 0.65 0.55 0.78 1.0 0.74 1.1 0.60 1.4 1.7 2.1 1.0
22'33'44'55'6-NoCB (#206) 2.0 2.3 1.4 1.6 3.7 23 26 14 35 5.2 5.1 2.8
22'33'44'55'66'-DeCB (#209) 1.6 1.5 1.3 1.8 1.9 1.4 1.8 1.3 1.9 34 34 1.9

Total TrCBs 2.7 39 29 40 3.7 29 1.6 34 3.1 3.2 52 33
Total TeCBs 16 13 12 14 20 7.8 9.1 12 14 12 33 15
Total PeCBs 38 34 44 33 55 23 21 39 42 33 82 40
Total HxCBs 210 140 160 180 250 170 250 150 200 300 410 220
Total HpCBs 150 89 83 110 210 130 190 80 160 250 310 160
Total OcCBs 24 18 13 21 46 25 37 14 39 55 64 32
Total NoCBs 28 33 24 28 52 34 42 23 56 75 80 4.3
Total PCBs 450 300 320 370 600 370 520 300 470 660 920 480
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Table 3 Concentrations of dominant PCB congener in the eleven blood samples (low concentration group, 30T alkali

digestion)
Blood sample No.
Congener Mean
1 2 3 4 5 6 7 8 9 10 11
244'-TrCB (#28) 2.0 2.3 2.0 3.4 3.4 1.5 1.1 3.1 2.3 3.0 4.3 2.6
244'5-TeCB (#74) 11 7.2 5.6 7.0 14 3.9 7.4 5.6 8.5 7.7 22 9.0
23'44'-TeCB (#66) 2.0 2.5 2.2 1.6 2.6 0.8 0.75 2.5 2.5 1.8 4.5 2.1
22'455-PeCB (#101) 1.1 1.0 2.4 2.8 1.9 1.8 0.65 3.1 1.2 1.6 3.1 1.9
22'44'5-PeCB (#99) 8.8 8.1 13 12 13 7.7 7.8 16 13 8.4 19 12
2344'5-PeCB (#118) 18 18 15 10 26 7.9 8.2 12 19 14 33 16
2344'5-PeCB (#114) 1.1 0.79 0.59 0.8 1.3 0.50 1.3 0.45 1.4 1.6 2.4 1.1
233'44'-PeCB (#105) 3.8 3.5 3.9 2.3 5.4 2.1 1.6 3.3 3.9 2.6 6.9 3.6
22'355'6-HxCB (#151) 1.0 0.74 1.7 1.1 1.3 1.5 0.75 2.0 1.1 0.9 2.8 1.3
22'34'55'-HxCB (#146) 15 10 11 14 17 12 20 12 16 20 30 16
22'44'55'-HxCB (#153) 95 67 70 82 120 73 120 73 99 100 180 98
22'344'5-HxCB (#137) 2.5 1.8 2.0 2.6 2.8 2.5 4.7 1.8 2.9 5.1 5.6 3.1
22'33'45'-HxCB (#130) 2.7 1.1 1.9 2.9 2.7 2.7 2.5 1.7 1.9 4.8 4.6 2.7
233'4'5'6-HxCB (#164) 21 13 13 18 23 16 26 13 19 34 41 22
22'344'5'-HxCB (#138) 40 28 37 37 48 31 43 34 40 40 74 41
23'44'55'-HxCB (#167) 3.2 2.5 1.6 1.5 3.6 1.4 2.2 1.4 3.1 2.6 5.3 2.6
233'44'5-HxCB (#156) 7.8 5.1 4.2 7.0 8.4 12 22 3.8 10 56 16 14
233'44'5'-HxCB (#157) 1.8 1.2 0.9 1.6 2.2 3.1 5.7 0.9 2.6 15 3.6 3.5
22'33'55'6-HpCB (#178) 6.2 4.6 4.0 6.0 9.1 5.5 8.3 4.1 7.5 7.5 15 7.0
22'344'56-HpCB (#182) 25 18 18 22 45 26 32 21 30 25 56 29
22'344'5'6-HpCB (#183) 5.6 3.5 4.9 4.8 9.2 5.2 5.6 4.8 6.4 4.6 12 6.0
22'33'4'56-HpCB (#177) 6.0 3.2 4.3 5.9 7.6 5.7 5.9 4.6 4.4 5.8 12 5.9
22'33'455'-HpCB (#172) 3.6 2.1 1.7 2.6 4.6 3.3 5.1 1.6 3.8 7.3 6.0 3.8
22'344'55'-HpCB (#180) 75 44 33 52 96 61 100 33 82 120 130 75

22'3344'5-HpCB (#170
23344'55'-HpCB (#189

23 12 10 17 24 21 31 10 21 48 38 23

)
) 1.2 0.74 0.4 1.0 1.6 23 36 074 24 10 2.3 24

22'33'55'66'-OcCB (#202) 2.2 21 1.6 22 43 26 3.8 1.7 35 35 57 3.0
22'334'55'6-/22'33455'6~

0cCBs (#201/198) 56 45 2.9 4.6 10 6.0 94 3.0 9.0 8.9 14 7.0
22'344'55'6-0OcCB (#203) 5.8 43 2.8 4.7 12 7.1 10 3.1 8.8 11 14 7.5
22'3344'56-0cCB (#195) 2.4 1.6 1.2 1.7 39 24 25 1.1 2.7 4.1 4.2 2.5
22'33'44'55'-OcCB (#194) 100 7.5 4.0 7.9 17 12 16 4.7 15 24 23 13

22'33'455'66'-NoCB (#208) 0.85 0.79 0.59 0.90 1.0 1.1 1.4 0.69 1.4 1.9 2.1 1.2
22'33'44'55'6-NoCB (#206) 2.2 2.0 1.3 1.6 3.7 25 29 1.3 3.1 55 5.0 2.8
22'33'44'55'66'-DeCB (#209) 1.4 1.8 1.5 23 2.5 1.9 2.3 14 24 3.0 3.1 2.1

Total TrCBs 2.0 23 23 35 34 1.5 1.2 3.1 2.3 3.0 43 2.6
Total TeCBs 15 11 11 13 19 7.1 9.4 12 13 12 30 14
Total PeCBs 36 34 41 33 54 23 21 40 42 32 71 39
Total HxCBs 190 130 150 170 230 160 250 150 200 280 360 210
Total HpCBs 150 90 80 110 200 130 190 80 160 230 270 150
Total OcCBs 26 20 13 22 48 31 42 14 40 53 62 34
Total NoCBs 3.4 3.1 24 30 54 40 47 24 53 80 7.8 4.5
Total PCBs 420 290 300 360 570 360 520 300 460 620 850 460
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Table 4 Concentrations of dominant PCB congener in the eleven blood samples (high concentration group, 80C alkali

digestion)
Blood sample No.
Congener Mean
12 13 14 15 16 17 18 19 20 21 22
244'-TrCB (#28) 4.2 10 23 12 8.3 20 5.6 13 8.8 3.3 17 11
244'5-TeCB (#74) 29 51 95 130 110 170 70 220 92 56 150 110
23'44'-TeCB (#66) 4.1 21 28 9.3 8.7 19 8.2 17 11 2.6 20 13
22'455-PeCB (#101) 3.0 3.1 12 4.0 7.7 7.4 5.1 3.9 4.4 5.9 12 6.2
22'44'5-PeCB (#99) 79 80 69 50 65 90 96 190 78 35 150 89
23'44'5-PeCB (#118) 43 130 180 140 110 180 120 330 140 53 510 170
2344'5-PeCB (#114) 7.8 13 9.5 11 11 11 24 17 7.4 5.9 31 13
233'44'-PeCB (#105) 8.9 28 41 20 22 42 22 59 26 7.7 84 33
22'355'6-HxCB (#151) 2.8 2.5 6.8 2.2 7.5 4.3 5.2 3.3 4.9 2.9 6.7 4.5
22'34'55'-HxCB (#146) 140 100 110 110 97 86 150 150 120 93 180 120
22'44'55'-HxCB (#153) 800 800 590 620 530 530 910 1400 900 450 1000 780
22'344'5-HxCB (#137) 40 29 16 16 19 17 48 40 17 11 69 29
22'33'45'-HxCB (#130) 20 8.5 19 17 17 16 24 16 13 15 55 20
233'4'5'6-HxCB (#164) 210 150 140 160 140 130 240 250 170 130 310 190
22'344'5'-HxCB (#138) 380 350 240 210 250 280 490 820 360 150 630 380
23'44'55'-HxCB (#167) 10 24 23 22 16 20 40 57 26 16 69 29
233'44'5-HxCB (#156) 190 110 46 52 53 43 240 100 46 40 200 100
233'44'5'-HxCB (#157) 50 28 11 13 13 9.6 67 25 10.5 9.9 44 25
22'33'55'6-HpCB (#178) 64 62 44 51 36 33 62 63 58 40 34 50
22'344'56-HpCB (#182) 270 260 210 220 150 160 260 260 300 170 150 220
22'344'5'6-HpCB (#183) 53 60 35 34 28 33 57 91 70 23 36 47
22'33'4'56-HpCB (#177) 55 34 49 45 37 42 59 51 55 38 55 47
22'33'455'-HpCB (#172) 38 33 19 22 17 16 42 39 27 18 23 27
22'344'55'-HpCB (#180) 640 610 420 470 320 310 810 900 670 390 380 540

22'3344'5-HpCB (#170
233'44'55'-HpCB (#189

240 190 110 130 100 90 280 260 170 98 160 170

)
) 28 17 58 70 53 48 33 12 7.0 6.1 86 12

22'33'55'66'-0cCB (#202) 24 25 17 18 12 12 22 23 18 16 13 18
éi%ggf(i%ﬁg;‘l%%_ 52 54 36 38 26 24 55 52 44 33 26 40
22'344'55'6-0cCB (#203) 5 56 33 3 24 27 55 55 39 2 21 39
22'33'44'56-0cCB (#195) 200 2 12 13 98 10 25 21 20 87 7.8 15
22'33'44'55'-0cCB (#194) 100 100 57 64 47 43 110 100 78 60 37 73
22'33455'66-NoCB (#208) 59 65 48 46 41 28 6.3 7.8 3.0 3.2 32 47
22'3344'55'6-NoCB (#206) 6 17 11 11 98 86 21 21 10 7.2 55 13
223344'55'66-DeCB (#209) 6.5 8.9 7.7 7.6 7.0 55 88 11 42 48 3.8 6.9
Total TrCBs 42 10 23 13 86 21 58 13 9.1 38 18 12
Total TeCBs 3 77 140 140 120 200 88 240 110 64 190 130
Total PeCBs 150 270 340 240 230 350 290 620 270 120 830 340
Total HxCBs 1900 1600 1200 1200 1200 1100 2200 2900 1700 930 2700 1700
Total HpCBs 1400 1300 900 990 710 690 1600 1700 1400 790 850 1100
Total OcCBs 260 270 160 170 120 120 280 260 210 150 110 190
Total NoCBs 2% 20 18 17 16 13 30 3 15 12 10 19
Total PCBs 3700 3600 2800 2800 2400 2500 4500 5700 3700 2000 4700 3500
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Table 5 Concentrations of dominant PCB congener in the eleven blood samples (high concentration group, 30C alkali

digestion)
Blood sample No.
Congener Mean
12 13 14 15 16 17 18 19 20 21 22
244'-TrCB (#28) 4.2 10 20 10 6.0 19 5.1 13 10 2.3 16 10
244'5-TeCB (#74) 29 50 94 120 94 160 71 200 91 51 150 100
23'44'-TeCB (#66) 4.0 21 28 8.5 8.0 18 7.5 16 11 2.1 18 13
22'455-PeCB (#101) 3.2 2.9 12 3.8 7.1 7.1 4.7 3.4 4.5 5.8 12 6.0
22'44'5-PeCB (#99) 82 82 68 49 58 82 96 180 79 33 150 87
23'44'5-PeCB (#118) 42 120 180 130 97 160 120 300 140 50 520 170
2344'5-PeCB (#114) 6.6 11 9.2 10 9.3 9.3 24 16 6.6 5.5 29 12
233'44'-PeCB (#105) 8.4 27 41 19 19 39 22 59 25 7.0 83 32
22'355'6-HxCB (#151) 2.8 2.8 7.3 2.3 7.9 4.4 5.8 3.5 4.6 2.8 7.5 4.7
22'34'55'-HxCB (#146) 140 100 110 120 94 85 160 140 110 83 180 120
22'44'55'-HxCB (#153) 800 790 580 600 490 510 890 1400 890 430 1000 770
22'344'5-HxCB (#137) 36 26 15 14 16 16 43 34 15 10 68 27
22'33'45'-HxCB (#130) 19 7 17 15 15 16 22 15 12 13 52 18
233'4'5'6-HxCB (#164) 190 130 130 140 120 110 220 220 160 110 310 170
22'344'5'-HxCB (#138) 330 310 220 190 200 240 420 720 330 130 670 340
23'44'55'-HxCB (#167) 9.3 23 24 22 16 16 34 50 24 13 62 27
233'44'5-HxCB (#156) 190 110 43 43 46 37 210 99 43 36 180 95
233'44'5'-HxCB (#157) 48 25 10 11 11 8.5 61 22 9.4 8.0 41 23
22'33'55'6-HpCB (#178) 62 62 43 43 33 32 62 63 55 39 34 43
22'344'56-HpCB (#182) 280 260 200 210 150 160 270 270 310 170 150 220
22'344'5'6-HpCB (#183) 53 61 36 33 27 34 64 91 71 21 38 43
22'33'4'56-HpCB (#177) 47 28 41 35 31 33 53 44 46 31 42 39
22'33'455'-HpCB (#172) 35 31 18 20 15 14 39 35 27 16 21 24
22'344'55'-HpCB (#180) 620 590 400 440 290 280 770 850 650 370 370 510

22'3344'5-HpCB (#170
233'44'55'-HpCB (#189

220 180 100 120 85 80 260 250 170 91 150 160

)
) 28 17 59 58 49 37 3 12 7.0 54 79 12

22'33'55'66'-0cCB (#202) 24 26 16 18 13 12 22 24 22 18 1 19
éi%ggf(i%ﬁg;‘l%%_ 54 58 40 41 28 26 68 55 54 35 2% 44
22'344'55'6-0cCB (#203) 64 62 38 42 25 27 67 60 55 32 23 45
22'33'44'56-0cCB (#195) 25 23 13 13 9.0 11 27 22 22 87 84 16
22'33'44'55'-0cCB (#194) 9% 99 58 63 42 40 110 92 73 54 38 70
22'33455'66-NoCB (#208) 61 64 53 51 40 34 73 78 35 38 31 5.1
22'3344'55'6-NoCB (#206) 5 16 10 10 88 85 2 19 11 7.9 6.8 12
223344'55'66-DeCB (#209) 6.9 13 7.7 8.0 6.9 57 9.1 13 54 50 36 7.6
Total TrCBs 43 10 20 9.8 6.2 19 5.1 13 10 24 16 10
Total TeCBs 37 77 140 140 108 190 8 230 107 59 190 120
Total PeCBs 150 260 340 230 210 320 280 580 270 110 830 330
Total HxCBs 1800 1500 1200 1200 1000 1100 2100 2700 1600 850 2600 1600
Total HpCBs 1400 1200 850 900 640 640 1600 1600 1300 740 820 1100
Total OcCBs 270 270 170 180 120 120 310 260 230 150 110 200
Total NoCBs 24 26 18 17 14 14 31 3l 6 13 11 20
Total PCBs 3600 3400 2700 2700 2100 2400 4300 5500 3600 1900 4600 3400
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Table 6 PCB concentration ratio of 30C alkali digestion experiment to 80C
alkali digestion experiment in both of low and high concentration group

Concentation ratio of 30C digestion to 80T digestion

Congener LQW PCB Hi.gh PCB
concentation group (n=11) concentation group (n=11)

min max mean min max mean
23'44'5-PeCB (#118) 0.90 1.02 0.96 0.89 1.02 1.00
22'44'55'-HxCB (#153) 0.90 1.00 0.98 0.92 1.00 0.99
233'44'5-HxCB (#156) 0.82 1.00 0.93 0.85 1.00 0.95
Total TrCBs 0.52 0.94 0.79 0.62 1.12 0.86
Total TeCBs 0.90 1.04 0.93 0.90 1.01 0.92
Total PeCBs 0.87 1.02 0.96 0.91 1.00 0.97
Total HxCBs 0.88 1.00 0.96 0.83 1.00 0.94
Total HpCBs 0.87 1.01 0.94 0.90 1.00 1.00
Total OcCBs 0.96 1.22 1.05 1.00 1.11 1.05
Total NoCBs 0.95 1.18 1.04 0.92 1.10 1.01
Total PCBs 0.92 1.00 0.96 0.88 0.98 0.97
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Chiho Oura?, Koichi Haracucm?, Yoshihisa Kato®, Tetsuya Expo* and Nobuyuki Kocal

DFaculty of Nutritional Sciences, Nakamura Gakuen University,

5-7-1, Befu, Johnan—ku, Fukuoka 814-0198
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1314-1 Shido, Sanuki, Kagawa 769-2193
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1757 Ishikari-Tobetsu, Hokkaido 061-0293

Abstract The in vitro metabolism of 2, 2', 3, 4, 5, 5-hexachlorobiphenyl (hexaCB) (CB146) was
examined using liver microsomes of rats, guinea pigs, hamsters and human. Untreated animal livers
produced one metabolite (M-2) in rats, three metabolites (M-1, M-2 and M-3) in guinea pigs and no
metabolite in hamsters. Pretreatment of phenobarbital (PB) resulted in a marked increase of M-1 in
three animals and of M-2 in guinea pigs. In contrast, pretreatment of 3-methylcholanthrene showed a
significant increase of M-3 in guinea pigs and a decrease of M-2 in rats. Human liver microsomes
prepared from nine Caucasians mainly formed M-2 and M-3 at a ratio of 2: 1 and two individuals also
formed one more metabolite M-1. The formation of M-1 was significantly correlated with CYP2B6
activity. By comparison of the GC-MS data of three metabolites with synthesized authentic samples,
M-1 and M-2 were determined to be 3-hydroxy (OH)-CB146 and 4-OH-CB146, respectively.
However, M-3 is unclear at present except the fact that it is OH-hexaCB. These results suggest that
3'-OH-CB146 is formed by PB-inducible cytochrome P450 (CYP2B enzymes) in animal and human
livers and 4-OH-CB146 is a major metabolite in rat and human liver.

Key words : CB146 - Metabolism * Cytochrome P450 - Rat - Human
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obiphenyl (hexaCB) (CBI153), 2,2, 3,4,4,
5-hexaCB (CB138), 2,2',3,4,4',5,5-heptach-

lorobiphenyl (heptaCB) (CB180), 2,2',3,3',4,4',

5-heptaCB (CB170) 3 X 1°2,3,3.4,4' 5-hex-
aCB (CB156) 7%, WL/ oI, BEiifiks &
U bmEmigETHRE SN TS, Ihbidvng
N BEIIEFEHD 6 ML LT, 2.4, 5-=HFEMR
Ny EBrHhHwiE 23,4, 5-UEREBRY LY
AETHL0REHD)THLY V. Fi, i
513 PCB &Mk 7213 Tid %z &, PCB @ »
4-hydroxy (OH) -2,2',3,4',5,5,6-heptaCB

(CB187), 4-0OH-2,2',3,4',5,5-hexaCB (CB146),

4-0H-2,3,3',4', 5-pentachlorobiphenyl (CB107)
B LU 3-OH-CBI153 % & & H iy v 1 T
ENTwaY Y PCB B0 b, EB#RIESE
BHRSMUT DDA Y-8 T (I KEA B
ENHolE, WARKIZRESZ2F M7 a4
P450 (P450) 12X D, MWEWAES KB LS
JEIZ A L TP LS N2YY. L Lz
5, RO L) RRBEWOEE, KKREVIRE
BEEHFFL T2 720RMIIbZNERA LT
LD EEDbND.

P450 |2 & % PCB OftFHE, FHHERATEHIKER
s aigags, RS Y Pz RET 55
HORE L 2ODKEALHERE CTHEITT 2 Z & 2%
SNTVEYY . BBEORE, HEFE TS NIH i
fLzfE) 2 end by, #PCBEMMKLE LT
HAEZON TS, Bz e MIFTRLE
M &b 4-OH-CB187 ¥4, CBI187 & 2,
2'.3,4,4',5 6-heptaCB (CBI83) "€ 2 5 5.
MHfFE=ETIE, CBIST DT v M EENLVEY MFI
rya—2n (Ms) 12X AR08 %2~ WEhi e b
W ERBW TIE %\ AT 4-OH-CB187 % 1§ 5
SEEHRELZY kIS, e M T2EKEICS
B &b 4-OH-CB146 ¥4, 3Bl PCB #4%
fk& LT, CB146, CB138 3 L " CBIG3 7% 2 5
5 (Fig. 1). CB138 & %\ 1% CB153 % 5 i,
FNEN45-HHVIE 3 4-TRFY Rtk %
FRHL, SHIC4ANOEREFANIH 7 M T
LT EIZE o TEBREINSD, CBl46 225 1%, 4
MOEZKBILIZE > TEREINS., ZhFETY
W9 =2 <ix, CB138 @ in vitro L%, 5 » b
ENLVEY PBLUONLZY —F Ms & HWTHR
7295, WENROBW A S b 4-OH-CB146 (345

X H T
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Cl Cl cl
3

N

CI3 Cl cl Cl cl
Ao —— ALy
ceis © / ® y-on-cBs
, Cl ci
cl— cl
&,
¢ cpisz @
Fig. 1 The postulated parent PCB congeners of
4-OH-CB146
o2 RS, 4 2B Ms'P B L OE

VE Y MIFMs'™ % v T CB153 @ in vitro £
AT NS, 4-OH-CB146 3 SN2 0o 72,
—75, CB146 O IZ oW TIZ e ISR 72
57w,

ZZTARBIETIX, v b, EVEY P, N4
A5 =B L0k MF Ms 2 T CB146 @ in vit-
ro R BT 2B Z FI~72. 72, AR
B9 % P450 3 FHEZ IS 22§ 5720, fRiF
172 P450 #F3E K] & L THI 5T\ % phenobar-
bital (PB) B X 1" 3-methylcholanthrene (MC)
THILE L 72 BT Ms T AR L7z

KB A&
1. EEHH

(1) CB146 D&

CB146 (% Cadogan ® W TARM L7 T4
B, 2,4, 5-trichloroaniline 1.0 g 8 X IV 1, 2,
4-trichlorobenzene 3.0 g % tetrachloroethylene
10ml THME L, X512 isopentyl nitrite 0.5 ml %
iz T, 110°C T 24 BEf UG S & 72 BUSH &
73+ 7 4 (100g, Merck) BL T A7V
717 5 (65 g, Merck) CTHEAAEH L7214, HPLC
TR L7z, HPLC &M RDE ) TH 5. o7
IS Z 24, ODS#H T4 (250 x 20 mmi.d., 5
um, YMCH#) : 7L F 4, ODS 7L 7 4 (50
X 20mmi.d., YMC#) ; ##)fH, acetonitrile ;
Uit #, 4 ml/min;: B H ¥ &, 254 nm. % B,
CB146 Db 13" H-NMR B X OF GC-MS |2
X OPE L7z, FH 7 CB146 OffiE L, 96.0
% TdHh o7z,
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CB146 : 'H-NMR ¢ (ppm) : 7.162 (1H, d, J=

2.01Hz, 4-H), 7.349 (1H,s, 3-H), 7.558 (1H,d,

J=2.56Hz, 6-H), 7.613 (1H,s, 6-H). MS (EI)
m/z (relative intensity, %) : 358 (100) [M"], 360
(188) [M*+ 2], 362 (153) [M"+ 4], 364 (66)

[M"+6], 366 (21) [M*+8], 323 (28) [M"-Cl],

288 (74) [M"-Cl,].

(2) KB OER

4-Methoxy (MeO)-CB146 B & U 3-MeO-CB153
\& Hutzinger > O F Y 2 B FWE L TEKL
72. bbb, 2,4, 5-trichloroaniline 1.0 g % /&
EERCHERRIE & L 7ok, HRERS bV o A Ak

W2 T L, 232 acetonitrile THAEL 72 2,3,

6-trichlorophenol (Lancaster, UK) 2.0 g # /I 2.
T, 110C, 2EM IS S ¥72. €D, chlor-
oform |2 CTHH L, W2 2M KEEfLF M) 7 4 T
Wi 2 AT, RIERTHEREE L2k, BU
chloroform T L7z, W7 v+ o35
2 (100g, Merck) THRAEE L 7214, ERd& Mk
7 & T HPLC % 1T - T 4-OH-CBIl46 &
3-OH-CB153 % 4 HE A% # L 7. &% 1% 12 di-
azomethane TX FI)VLL, ZMh%a GC-MS |24k
L7z,

6-MeO-CB146 13, BEH#'” 126V, AR L 72,
F7-,
5-hexaCB (CB133) 13 Cadogan ® 71 TH K
L7z. §7&bbH, 2, 3, 5-trichloroaniline 1.0 g B
£ 12,3, 6-trichloroanisole (Lancaster, UK) 2.0
g % tetrachloroethylene 10 ml T L, & 512
isopentyl nitrite 0.5 ml 21z T, 110°C T 24 B%
MRS &7, s, ZRIEEESE/2%, v
) H VA T L (65g, Merck) THEBATKEH L,
HPLC IZTHR L 72, oz FRILEm oo
1%, GC-ECD B X U GC-MS |2 THro 7.

GC-ECD ODE&MITRDEY) Th 4. 5Hibkss,
ECD ff HP5890 Series T A7 u~ 75 7
(Hewlett-Packard #) : # 5 4, DB-1 72— X

F)7FvE¥F7) =77 24(30m x 0.25 mm i.

d., 0.25 um EE, J&W Scientific #) ; +— 7~

e, 230C : {EAREE, 250C ;0 MR &FmE,

250C ;5 F 1) 7 —HA, No(l ml/min).
4-MeO-CB146 : MS (EI) mz (relative intensi-

ty) : 388 (100) [M*], 390 (188) [M"+ 2], 392

(149) [M"+4], 394(62) [M"+6], 396(16) [M"

3-MeO-CB146 # & OF 4-Me0O-2,2',3,3',5,

(93)
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+8], 373(44) [M"-CHs], 345(36) [M"-COCH3],
275(46) [M"-COCH3Cl2] .

3-MeO-CB153 : MS (EI) m/z (relative intensi-
ty) 388 (100) [M*1, 390 (193) [M" + 2], 392
(147) [M"™+4], 394(68) [M"+6], 396(17) [M"
+8], 373(7) [M"-CHs], 345(45) [M"-COCHa],
338 (13) [M"-CHsCl], 275(42) [M"-COCHs
Clo].

6-MeO-CB146 : MS (EI) m.z (relative intensi-
ty) 388 (100) [M*], 390 (193) [M"+ 2], 392
(156) [M"+4], 394(86) [M"+6], 396(16) [M"
+8], 338(134) [M"-CHsCl], 318(29) [M"-Cla],
275(39) [M*-COCH;5Cl2] .

3'-MeO-CB146 : MS (EI) mz (relative intensi-
ty) 388 (100) [M™], 390 (198) [M" + 2], 392
(156) [M"+4], 394(69) [M"+6], 396(17) [M"
+8], 373(8) [M"™-CH3J, 345(37) [M"-COCH3],
338(12) [M*-CHsCll, 275(37) [M"™-COCHsClo] .

4'-MeO-CB133 : MS (EI) m.z (relative intensi-
ty) 388 (100) [M'], 390 (190) [M"+ 2], 392
(142) [M"+4], 394(63) [M"+6], 396(14) [M"
+8], 373(36) [M"-CHsJ, 345(33) [M"-COCH3],
275(40) [M"-COCH3Cl2] .

(3) FEERENY O H) LB

HeME o Hartley 2ELVE Y b (EEK 280 g),
Wistar 27 v b (fKEH 260 g) B &£ U Golden
Syrian AL AT — (KEK 0 g) %, Thth
FRALEERE, PB RILEEE B L O MC milE o 3
BI2F, 1#4PCE L7z, PB-Naifild BB
WARIZE M L 80 mg/kg/day @ & T, — 4,
MC & 2 — V2@ L 20 mg/kg/day O =T,
WLy 3 HHBEERICHS L7z &5 HO
BHICERE A BR LT, FEMEL, #ikic
LIV Ms B L72. 2B, INo0BYFEER
R FERF O EREYZ B SO KR 2 1572 E
T, [HRrERERS (B ORI BRI
B9 a8lE | %857 LSRR L 7.

(4) e MiFR 71V —2A
v MF Ms id, AABEMS % (HG32, HGH4,
HG74, HH74, HH81) B X I A& 4 %4 (HH77,
HH91, HHI101, HK37) 758 ABIZFR#E S 7z
b @ % BD Gentest 1 (Woburn, MA, USA) X
DEEANL7:. HBEREEzELT20I1I08%E e b
JHF Ms WD 4 P450 57 F T ORERTEMEL, RAHE
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HoOT—5 2 ML

2. FMsickaH

EIWIIE Ms |2 & 5 CB146 O HHIBLH 12
CLTiTo7z. §74&b5, 40uM CB146 # NADPH
A% (0.33 mM NADP, 5 mM glucose-6—phos-
phate, glucose-6-phosphate dehydrogenase 1.0
unit), 6 mM MgClhB X 0"#FH ¥ AIF Ms (1 mg
protein) 100 mM HEPES #& i (pH 7.4) & &
LA Ilml & LT, 37CT60min 1 ~ F =
~N— Mg, F# % chloroform-methanol (2:1)
1 ml & n-hexane 3ml T33O L7z v b
JF Ms OB &2, A7 — Va2 3 _TERELE L,
FRRI2AT - 72, Wi L diazomethane T £ F- )V
ftf%, GC-ECD % 7z1% GC-MS 12 L 7=, W
DEREIE, CBl46 D=z W\ TiTo 7z,

3. ZOft

FMs ©%F 7 HoERIE, Lowry 5D
BN T o7, b, HEEY VRV EELT
TUMET VT I v v,

EREMB L OB O nF&EI1E, GC-MS
2000 (EE#ERTEL) % HwC, EI£— FTllE
L7z. GC-MS M &tHiZiko@) Thsb, Ho
A, DB-1 72—AFTUAFXYET)—H T L
30m %X 0.25 mmi.d., 0.25 um fEJE, J&W
Scientific #) ;  *— 7 YiEE, 70°C (1.5min) -
20°C/min - 230°C (0.5 min) - 4°C/min - 280°C

3044

(5min) 5 JEALEE, 250°C; Fx V)7 =4
A, He (1 ml/min).

"H-NMR A7 PV OHEIEZHAETHO
JEOL GSX-500 (500 MHz) % FH\CTA7o 72, 38
I&, chloroform-d |2¥## L, tetramethylsilane %
NI - & L CTHW .

S S

1. KEREMIAT Ms (CK B

Fv b, EVEYMNBLUONLZZAY—|2LD
CB146 X 2 <72, Fig. 2121, ROUHEEHY T
Ms |2 & 0 R & 7z CBl46 i (X 71k
k) OF Az~ NI LERT. KUEMs O
W, 7 b T LHEEORHY (M-2) 23 PRERke
16.75 min 12, F7z, ENVEY bT3HEHEONAH
¥ (M-1, M-2 B & 0" M-3) 25550 16.1 min
16.75 min B L O 17.23 min IS Sz 7B,
INAAY =TI E — 7 3l s e o 7z,

KIZ, HHEENAT Ms 12 & 5 CB146 L %
sEm L7z (Table 1). O = 1L CB146 K%
ILAEDOEMEZ HNTITo 72, ZORR, F3K
WEL S M Ms 1281 5 M-2 @ i 1%
24.2 pmol/hr/mg protein T o 7z. F 7z, KAl
HELVEY MFMsIZBITFAHM-1, M2BXLWN
M-3 OERE L, TNnFit28.2, 1.3BLV
4.7 pmol/hr/mg protein T& v, M-1 25T
Thoz. KIZ, PBHEIALEE L 72/F Ms Tl&, 7 v
FOBE, M-1SE 7z ER S, DA RE

11

A) Rat B) Guinea pig C) Hamster

CB146

CBl146 CB146
/ /

1

Va2

I
10 20 30 10 20 30 10 20 30
Retention time (min) Retention time (min)

Retention time (min)

Fig. 2 Gas chromatograms of the methylated derivatives of CB146 Metabo-
lites formed by liver microsomes from rat (A), guinea pig (B) and
hamster (C).
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Table 1 Effects of P450 inducers on CB146 metabolism by liver
microsomes of rats, guinea pigs and hamsters

Metabolite formed (pmol/hr/mg protein)

Treatment M-1 M-2 M-3
Rat
Untreated N.D. 24.2+2.3 N. D.
(1.0)
PB-treated 51.7 = 8.6* 28.0 3.4 N.D.
(1.2)
MC-treated N. D. 12.7 £ 5.6" N. D.
(0.5)
Guinea pig
Untreated 28.2+5.4 1.3+1.6 4.7+5.8
(1.0) (1.0) (1.0)
PB-treated 117.0 £ 13.2° 7.1+1.8 N.D.
4.2) (5.6)
MC-treated 26.1 £ 14.6 6.4 5.2 18.2 £ 3.2
0.9) (5.1) (3.9)
Hamster
Untreated N. D. N.D N. D.
PB-treated 31.9 £ 5.5* N.D N.D.
MC-treated N. D. N.D N. D.

N.D.,, not detected.

Each value represents mean + S.D. of four animals and those in parentheses

are the relative ratio of untreated animals.

*Significantly different from untreated animals (p < 0.05).

1% 51.7 pmol/hr/mg protein & BHZE TH >72. 7
B, M2 1.2/ mMLzIc@BE ero7. £
WVEY FOWAE, M-1BXUOM-21%, Fieth
R 4 2 5B X052 BICAZISHEINL 7245,
M-3 id& il s ol NARY —DY;
B121E, M-1 ORI 721 S, Z O AR
41% 31.9 pmol/hr/mg protein T - 72. — K4,

MC HILEERF Ms CTlx, 7 v FO¥HE, M-2 DA
AR SN RIE DK 50% (2 E H I L
72, BENVEY FOWE, M2 & M-3 e
RWED 5.1 f5 L 3.8 WML 7223, M-1 1313
EAETAL ot Fl2, NAAY — DA,

FALER & A%, AT M s ko 7.

2. EMFMs ICK B

94D MF Ms 12X % CB146 3 % 18 A5l
IRz ZOfEE, Fig. 3I1IRT L)1, X
TOe MFMs 1238 L T, M-2 25k % AR
SN RT1IAEBRE, M3 ER SN
¥7:, B 24 (HG63, HH74) DHF Ms T,
M-2 & M-3 12z, M-1 o4 b BE s,

S0, 3HEEOMRHMY & FE 42 P450 iEMEE D
HEREZHEH L2 2 A, M-1 AR E
P450 =85 L OV CYP2B6 L HEICHET 5 2 &8
BBz (Table2). B, M2 BLX U M-3 D
AL, £ P40 AR L b A CHBIIEERD S
Nehorz. 61T, HEZFHARLZOIZ, Bk
S5%HEXEAXDFIERB L2 AH, M2 &
M-3 OAEREEE, BETIEZENEN 8.0 £ 2.3
& 4.2 += 3.3pmol/hr/mg protein, ZPETIEZ1L
FN8.9%x1.7% 4.0 £ 1.0 pmol/hr/mg protein
THY, IFEALEVIROON -7,

3. REHOILZEE

CB146 X O LE M & % 5 5 720, 100
EEO A7 —) (100 ml) TRFLISEITV, &
SIREE A F UL L, ZhE GC-MS 124t L
72, ZORER M-1, M2 BX U M-3 D % F )L
FEKIL, WINDBFTEIBEHT LI LN,
3HELOHBETHALZEDRHLNE ST
(Table3). F72, M-1 (AF VLK) TiE, 75
AV M F Y [M™-43] (m/z345) »SILENZ%
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Fig. 3 Metabolism of CB146 by liver microsomes from nine human
individuals

Table 2 Correlation coefficient between human P450 activities and three
CB146 metabolites

Isoform M-1 M-2 M-3
Total P450 0.747 -0.378 -0.227
CYP1A2 -0.114 -0.037 0.020
CYP2A6 0.094 0.095 -0.096
CYP2B6 0.974* -0.358 -0.158
CYP2C8 0.653 0.035 0.153
CYP2C9 0.290 0.252 0.167
CYP2C19 0.329 -0.105 0.475
CYP2D6 0.044 0.132 0.285
CYP2E1 0.587 -0.348 -0.345
CYP3A4 0.514 0.081 0.062

“p<0.05 "p<0.001.

Table 3 Mass spectral data and retention times of the methylated derivatives of three
CB146 metabolites and its synthetic compounds

Molecular Mass spectral data Retention time
Compound weight ~ [M'"] [M'-15] [M"-43] [M"-50] (min) in GC-ECD
M-1 388 100 9 26 10 16.11
M-2 388 100 32 22 - 16.75
M-3 388 100 - - - 17.23
6-MeO-CB146 388 100 - - 134 14.14
3-MeO-CB146 388 100 8 37 12 16.11
4-MeO-CB133 388 100 36 33 8 16.27
3-MeO-CB153 388 100 7 45 13 16.67
4-MeO-CB146 388 100 44 36 8 16.75

-, not detected. CB133 (2, 2, 3, 3, 5, 5-hexaCB) ; CB153 (2, 2 4, 4', 5, 5'-hexaCB).
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BB ENZZDIZ L, M-2 (X F)VLk) Tl
T A A F Y [MP-15] (m/z 373) #°% <
BNz, TNHOFERNS, M-1 1A F AL
bbb 3 (3) b svik5 (5) frls, 72 M-2
T T bbb 4fidh b ik 4 il OH %%
HEEHIEImmEhs. 72, ZRHWO GC
REEMBLOYAZARY MV E, HEAH L7
THE R L7282 H, M-1 E M2 DX F )L
11K 7Y 3-MeO-CB146 B X UF 4-MeO-CB146 &
—H L EnS, M-1 & M2, Fh?
1 3-OH-CB146 & 4-OH-CB146 T®» 5 Z & VR
Bz B, M-3I1Z2oWwTiE, HFE6 Mol
NARYE =7 3 E N2 b O0ORELR 7 I 7 A v
M I UEBRHETHICIEEZES o722 85,
WEDEZARHTH 5.

Z ES

e MIEHPT2HFEHICE M E s PCB R
ﬂ%f%%40HCE&WﬁM€B SRR A B &

MIZT L7280, Ty, FLVEY DN, NAAY—
BLOE MF Ms 12 & % CB146 DA% 7.
ZORRE, KREWET v b, ELVEY FBLY
L NTHERSINSLZE, T/, CB146 O/
= VIIRELREMEEN DD Z LS E
o7z Fig. 4 IZEHFB L e MIFIZBIT 5
CB146 OHEECHHRER 2 7R 3. RALEEW AT Ms
TOFEMABWIL T v+ TIE 4-0H-CB146
(M-2), €®)Ev hTlx 3-OH-CB146 (M-1) T
Holzhs, —J, NAAY —TIIRBWH AR
Napolz. F7-, PBRILHEIC LY, v b, E

Cl Cl cCl
agas
5
CB146

d OH-hexaCB
aSa SRR

3'-OH-CB146
4 OH- CB146

(M-1)
(M-2)

Fig. 4 Postulated metabolic pathways of CB146 in animal

and human
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WVEY BLXUNLAZAY —DOWT O T LI
B LT, 3-OH-CB146 DA A3 L < it S i,
ZOHMEOR R, EVEY F>TF v P>NLR
¥ —DIETH -7z, =B, MCHILHEIZLD,
4-OH-CB146 O HEHe A%, J v bk TIERWLHE D
50% B L7201 2xf L, EIVE Y b ClE AR
OBRIHMLz, ShFETIZ, "ATEVEY
kA%, CB153, CB138 3L UCBI&7T D& 9 72 2,4,
S-=HFEERAN Y Y Y 2 A 5 PCB #MR %)
L, BB e A 322 LamtiLTw
BV - 2vE] - CB146 fL#Hc BV C b kLS
ENEY MIBWTRENZ2RBNGEI B SN
7z.

4li], 4-OH-CB146 % CB146 O #W TH %
CEDPDTHERE N, w22 k12, b MIF
Ms Tlx, 7 v MRLEF Ms & RS, FAH
WCho7z b MIEFIZB VT, 4-OH-CB146
I, 4-OH-CBI187 OKIZFE VIR Tt EhuCwn
VDR SEORKERIE, CNOOHER LXK
F¥sboThor. —J, PCB#Eih (60%H%
&) o CBl46 &&1d, CB153 & CB138 &
BTN 10%HIHETH LD L, 1.6%F
eI Er@EsnTwa?. chso
HEXEZ AL L, B ES/: CBI46 X
BAIVHEBICEHEINTVE, E5ITFTYW L
DA E 21, 4-OH-CB146 O AL H 2 JFFE
THEIChobDEEZLNSL. MEHIZE
\7 %5 PCB UM O s B X, I o AR B &
VE VY 287 Tdh A transthyretin & O
ks 19 T/ E N TV BAS, FEMIE X <
Do TV,

INFTIZ, FTAIETMCHFEEDONL A Y —
CYP2A8 75, 2,2 ,5,5'-tetrachlorobiphenyl (tet-
raCB) (CB52) 2% 2,34, 5-tetraCB (CB70)2Y
D 4-IKBRALSOS 2 il § 5 2 L 2B 52212 LT
WA, AR, MC BiLEE N2 2 % —JF Ms T
4-OH-CBl46 AR EN LD D EE Z L7275,
CBI187 (LY ¥ L AR, & AR SR
&#ot.:ﬂgwﬁ%#% CB146 % CB187
DEHIZ, 3B IOSMICHERER X7 PCB
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