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Foreword

Masutaka Furue

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

A mass poisoning, involving at least 2200 individuals, occurred in Kyushu (Western Japan) in 1968. The
incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil that was contaminated
with Kanechlor-400, a commercial brand of Japanese polychlorinated biphenyls (PCBs). It was later found
that the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (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, 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. Recent technological advancement allowed us to
measure dioxins levels in 5 to 10 ml of human blood samples. After the evaluation of validity, sensitivity and
reproducibility of measuring the blood levels of dioxins, we added the blood levels of 2,3,4,7,8-penta-CDF
(PeCDF) in the new diagnostic criteria in Sep. 29th, 2004 .

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

Patients with Yusho still complain various subjective and objective symptoms. Although definitive
therapy for Yusho has not been proposed yet, basic and clinical researches by us and others have revealed
that various phytochemicals and some Japanese Kampo drugs are potential candidates for treatments by
modulating aryl hydrocarbon receptors. Finally, we very much appreciate the contribution and
participation of the patients in health examinations for follow-up of Yusho each year. I also deeply thank all
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of the members of the study group and the Japanese Ministry of Health, Labour and Welfare for their
efforts to help and support patients’ health and well-being.

Acknowledgement ; This work was supported by a grant from The Ministry of Health, Labour and
Welfare, Japan (project No. : H24-Shokuhin-Shitei-014).
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Comparison of the prevalence of symptoms and medical
histories between Yusho patients and healthy controls

Manabu Axkanane!’, Shinya Marsumoro!, Yoshiyuki Kanacawal, Chikage Mrroma?,
Hiroshi Ucur®, Takesumi Yosanura®, Masutaka Furue?’® and Tomoaki Imamural)

DDepartment of Public Health, Health Management and Policy,
Nara Medical University School of Medicine
2 Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital
Y Department of Dermatology, Graduate School of Medical Science, Kyushu University
YDepartment of Food and Health Sciences, International College of Arts and Sciences,
Fukuoka Women’s University

Abstract

Yusho disease was first reported in October 1968 in western Japan. Although a previous survey
revealed that Yusho patients have suffered from various symptoms for 40 years after the outbreak of
Yusho, some symptoms could be caused by aging. Therefore, we compared the prevalence of
symptoms and medical histories (Symptoms or patient-reported diseases) between Yusho patients and
healthy controls to demonstrate the effects of Yusho on health conditions. We conducted a survey of
healthy controls who had already registered to a survey company and created a dataset of symptoms
and medical histories. We then merged the healthy control data with the Yusho survey data obtained
from The Ministry of Health, Labour, and Welfare of Japan. Statistical analyses were performed using
a chi-square analysis for the incidence of symptoms. Symptoms included in the major diagnostic
criteria for Yusho, such as pigmentation and acneform eruption, were expectedly higher in the Yusho
patients than in the healthy individuals. Symptoms that could be caused by aging, such as general
fatigue, arthralgia, and numbness in the extremities, were also significantly higher in the Yusho
patients after adjustment for age, indicating the possibility that Yusho may cause various systemic
symptoms and diseases.

Key words : Yusho disease + Healthy controls - Disease prevalence + Medical history
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Anti-SSA/Ro and Anti-SSB/La Antibodies in Patients with Yusho

Hiroshi Tsun

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

Abstract

To investigate chronic immune effects of polychlorinated biphenyl (PCB) and polychlorinated
dibenzofuran (PCDF), anti-SSA/Ro and anti-SSB/La antibodies were studied in serum of 213 patients
with Yusho and 63 control subjects in 2013. Anti-SSA/Ro antibodies were found in 4.2% (9/213) of
patients with Yusho and 1.6% (1/63) of control subjects. The prevalence rates of anti-SSA/Ro
antibodies In Yusho patients were not associated with blood PCB concentration or blood
2,3,4,7,8pentachlorodibenzofuran (PeCDF) concentration. Anti-SSB/La antibodies were found in
1.4% (3/213) of patients of Yusho, but none of controls. Furthermore, high concentrations of PCB and
2,3,4,7,8-PeCDF were present in Yusho patients with anti-SSB/La antibodies. We conclude that
anti-SSB/La antibody is present in patients with Yusho, and it may be associated with PCB and

2,3,4,7,8-PeCDF in the blood.

Key words : Yusho - Anti-SSA/Ro antibody -

& L & (&

1968 4£ 4 HE X W F LY 7 = =)V (PCB)
AT A AF A NVEIUZ LV AER LN & 2%
ELUH}FT &, R ERH O 5T 2> S HEE O J5 R P

B LTEY)E/Y Xy T75 2 (PCDF) 0O
Iﬁ?i“ﬁdc%w&%z%ﬂéw. PCDF I, #¢
KDOTAFTHRL U THLR)ELI R -3 F -
Y%V (PCDD) 3L 0’275+ —PCB & &
BIZFATF L VHERBEN, ZhS0WED
B SMIE A TE S 2 5 EF R RALKEZRR
(Ah ZHE) 2Nh3pE2NTHEY. L
L, ZOWEOFEMIRIEARHTH L. MESRLE
DR 40 4 DL ED5HEE LA 4 OFERIZERR L T
B, BEIEBIZ BV TIZEND PCB iR 72
BE < IH PCB ORI IE K 72 I FEBN 22 /8

Anti-SSB/La antibody * PCB - PCDF

g — RO LN, BYHRHEICBITL TS L
SEEN BV 2001 4FEEE XY R R L EE — A AR
ZIZBWTHT A 4 F 2 VEOMUENBGE S L,
FEARE TIXBAEICB W T LRI PCDF &
FEAEMTAH ), PCDF OEPWFRE A HER &
57,

UL4E, PCB & 5\ 7 A 4 F 3 VDN E
B E L CIEE e RIVE MENZHEELL, A
PREDHE, EMEE OSSE, REREOK TS
Bl & TR IR S T aYY . EIC
BT 5 ERAERZICOWTIE, 1997 4E O
PHE —FRZ 2BV THRIESZ T 7)) ¥ im-
munoglobulin (Ig) A, IgG, IgM DWW LHh 1%
ﬁuL@L%% 40.0% 12, Fiifk % 45.6% &

IR, HELS m\@{ﬁaléﬁf@ E gL
f@c:;mz) LHRHEShTWwRY, 2L,
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2007 4F £ A& [ BAlE — F M2 IS BT, A
PCB Rl EERE 12 oS i BE R I PPk oo 3
A EICEHEE IR 2 LT, IH2,3,4.7,
8-pentachlorodibenzofuran (PeCDF) fHiEREEH#EZ
HARERER U IUR O N 2 B BB
R0, JHEIC B 2 PUEPIUEO MBI PCB B &
0" PCDF OB G-AVRIE S 7z, Hudifkidmig
DI THHCHEATH D, FURIUKZ RS
%R E CHUA TH 53 SS-A/Ro Iifk s L U4t
SS-B/La HuRIZ T S HZIUR 2 tIGHtE & 3 5%
HOHkTdH 2112

Aal, 2013 45 FEAR [ WHE — A2 12 B Vil
FEZFRO 6 N2 PR DR Z B & 223 5 72
O IZPL SS-A/Ro PifE B & UPL SS-B/La Pifk =
WEL, WMERKNDETH D PCBBLU2,3.4,
7,8-PeCDF D #T SS-A/Ro itk B L O $1SS-B/
La PURICH 3 21811528 D W TRGET L 7z,

HRBLVHE

2013 4F FEAR B BiHE — ARG O 2o % 276 1
W7 r—=MNZEBA 77— Rarver bz
FEhi L, EERRRERE IR EE S Lz 276 Bl &
MREE LT
PU SS-A/Ro ¥k B £ OHL SS-B/La $iLfk 1 en-
zyme linked immunosorbent assay (ELISA) %
(Bt SS-A/Ro $L 1k B X O PU SS-B/La #t 1%,
TA—L7¥Y—) THlELZ.

PCB O ifil 7 {315 b VL ORAEBR SIS0, 13 B 11 Ok
RN ZERT, ACIUNTIBREER =09 B & UNE
FUNAEERS 2~ & —C, 2,3,4,7,8-PeCDF O
o2 V3 AR b LR BR BEWT S8 T CTAT 72 o 72, IHe
PCB L L 2013 45 BEAR M WEHE — A2 12 B »
THIsE L7z 276 BIOMEM 2 vy, 1H2,3,4,7,
8-PeCDF 13 2013 4F FEAR it Wyl — A s
(2o b VR 2 E L 72 2010 4FEE 72 61, 2011
AEFE 24 15, 2012 4E 1 14 61, 2013 4FFE 166 Bl D FF
276 BIOWEAE % FH vy, $L SS-A/Ro HiufkB L O
Pt SS-B/La fitfhk & ORI DWW TR L 72,

FEFE Y £ ¥R A (mean = SD.) THL,

SEHEOEIZOWTIX t BET, BEMEOHH
HHEE DI ¢ 2 METIT R o 7.

] xR
2013 4F AR [ WLl iE — F M 2 2% L, L

PRI PRI O Z2JE R I2AT 7% o /2.

i

SS-A/Ro Hifk B & UL SS-B/La Ptk ol E 12 [F]
EOE S N7 276 Bl IR Lo 151 B, Bk
125 %, “F¥94E#Z 61.3 = 16.1 (10~96) M Td
0, RERRE 192 B, VO S A LR IE A &
FEL, 74 IA8EHDOPCBEMEAL TV
WEE DK a2 B L eSS (FERE)
21 B, RABERE 61 F, BlEH 20 TH- 7.
M PCBEELFEMOMICHEEDILEDHE
(r=0.5525, P < 0.001) %, IiL+2,3,4,7,8-Pe
CDF BE L EMOMICEEZEDIEOME (=
0.3729, P <0.001) %FE7z.

2013 4 FEAR [ VLlE — TS D22 276 5l
W, P SS-A/Ro HILARASHIE FBRAE 7.0 U/ml % 8
ZAAHLERZRDIZLDF 120 TH-72. FON
FUT 9B, B3 BT, FHERIL63.5 =
14.2 (40~89) W THhH, WRELE 9B, WiES
H (FAERE) 26, KBEERE 1HTH- 7. £
LT, #1SS-A/Ro HifkAhs##AE 10.0 U/ml % i
25 LEAEBOLLDOIZI06THY, ZOWNR
T B, BAYE 3BT, FHERI 62.5 =
15.4 (40~89) WTHh V), WAELH 76, WiES
& (FEREE) 26, KBEEE1GITHo72. $i
SS-B/La Hufk7sills2 TRE 7.0 U/ml % 2 % I
AxBd72b 0L, 80 ik, 72 mictk, 65 %%
POMMELRE 3B (1.1%) THY, EiFTh- 7.
ZLTC, &flicBWTHEM10.0U/ml 2B 25
FRERED. PUSS-B/Ladifho LA % B 07z
JHE BB 3 B A2 B\ THE SS-A/Ro Hifk o 3t
H#H10.0 U/ml 2 B2 5 LA ZR07.

[l R M % & S 213 Bl DV TEiEEE
e RBAEREE GBS EZRBE L LTI
SS-A/Ro $ifk B L U Pt SS-B/La HLih A3 # 5
10.0 U/ml 8 2 % F5-0 MBUEEIZ O W TRt
L7z (Table 1). #T SS-A/Ro Jifk® k5 %
H 1B (1.6%) (2 H~IHEREIZBWTI B
(4.2%) &%\ MEm%E RO /2H, HIHEICH EE
& Mo 72, PUSS-B/La PR @ b A3 ihiE &
FHIZ 360 (1.4%) %70 72H, MEEIZIZA SN
Loz

WWHE B 213 Bl oW TIid PCB i 1.0
ppb L b 106 6 % i+ PCB & i B e B
I PCB &% 1.0 ppb #iifi > 107 # % 1+ PCB
IR E RS & LC, MERM oI SS-A/Ro fit
k3 & UL SS-B/La HiLfk O HEAHEE 12D T
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Table 1 Anti-SSA/Ro and anti-SSB/La antibodies in patients with

Yusho and controls

N Yusho Controls
o 213 63

anti-SSA/Ro antibody 9 (4.2%) 1 (1.6%)

anti-SSB/La antibody 3 (1.4%) 0

Table 2 Anti-SSA/Ro and anti-SSB/La antibodies in Yusho patients
with high PCB concentration and subjects with low PCB

concentration

PCB concentration

No. = 1.0 ppb < 1.0 ppb
106 107

anti-SSA/Ro antibody 4 (3.8%) 5 (4.7%)

anti-SSB/La antibody 3 (2.8%) 0

Table3 Anti-SSA/Ro and anti-SSB/La antibodies 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

No. = 30 pg/g lipids < 30 pg/g lipids
103 110

anti-SSA/Ro antibody 4 (3.9%) 5 (4.5%)

anti-SSB/La antibody 3 (2.9%) 0

L7z (Table 2). I PCB R EEhAE B3 O
SE¥ImA PCB 1L 0.56 = 0.23 ppb, PCB &
W REIME B E O F I PCB IR 1 1.87 =
1.04 ppb TdH o 7z. L SS-A/Ro LIk % IfiL
PCB &il EEihiE B 12 4 5] (3.8%), PCB ik fE
BEIZ5H) (4.7%) B, WMEEEIZEL AR D o
7z, PUSS-B/La PRI PCB i B e
12361 (2.8%) @Bl%2, s PCB KRS
FHlZEAoN o7z,

ME B E 213 Bl DWW I 2,3,4,7,8 Pe
CDF i 30 pg/g lipids LA E® 103 B % 112, 3,
4,7,8-PeCDF =i e £, 30 pg/g lipids 4
i > 110 Bl 2 R BB & L C M #E ] o PrSS-
A/Ro P B & OPL SS-B/La Hufk o RS EE 12
DWW CHE L7 (Table 3). Ifil #12,3,4,7,8-
PeCDF g EE OFIgIt2,3,4,7,8-PeCDF
R IE 206.0 £ 220.9 pg/g lipids, (KiBEEREEZHD
I 2,3,4,7,8-PeCDF B/&13£13.9 = 6.8
pg/g lipids T > 72. PLSS-A/Ro P %= M2,

(39)

3,4,7,8-PeCDF B EEiE £ #1241 (3.9%),
2,3,4,7,8-PeCDF KB REIC5 6] (4.5%) 72
o, MBI % Ao 72, T SS-B/La btk
(i 2,3,4,7,8-PeCDF 5k B iiE B 5 12 3 Bl
(2.9%) &Bl%D, 2,3,4,7,8-PeCDF 1&i i
BEIIIASN Do 72

Z =

HEIZ BT 5 SRR FEN OB OV Tl
PCB A EEOMIERRZ IS Ao ra 7Y
YUKW A BHE ISR 5 Z ARG ST
WA JHIESSIE 28 4E 12 1996 4E O HUIRR A AR
2BV, FIREE ROV E >~ g PCB i 3.0
ppb Pl PCB & #E & 3.0 ppb Kiifi PCB
IEERED R AN A SN a5 295, Hihbf o
yua 7)) yPufkE PCB Eig RO 41 Bl 8 fl
(19.5%) LAKEEERED 40 Bt 161 (2.5%) 12kt
BB 721 1997 4F FE AR R EHE — 7
M2 I BV TREERMRA L L TRiErsra 7)) »
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BLUOHOHMAZEE L, WESFIZB W THRE
ra7n v Igh, 1gG, IeM @b!?’ﬂfﬁl T L)
o LEH% 40.0%12, HOHUERIZDOWT ’) /ASe
FHF% 8.9% 12 ?M‘*%MZF% 45.6% IZER

,@ﬁkbwf&@%ﬁ%¢b&¢%%&&%
IZH S BB AR E N2 2 LT,
2007 4 BEAR B W E — F M2 I B W T, i
PCBEE L ra 7)) v Igh, ) v~ FRHT &
DORICEEOHBE %R, 1k PCBIKEERIC
SRR CHUETURO Bl B EICEHEIC
ROz E6IZ, IMiH 2,3,4,7,8-PeCDF R &
a7y v Igh, VYR FRTEOMICER
DM % F8, 1M 2,3,4,7,8-PeCDF Kk
(2 AR R IS U PR O B 2 I s R
WZRAD 72, HEIC BT A E7 07 v 1gA B
L) v~ FRFO R, PiPUEO 3L PCB
B LU PCDF OG- 2R S 7. 2012 4 EEfR
R LR — BN 12 BV T Sm Lk, T RNP
Puk, ¥tk buax 7hifks L O dsDNA fitfk
%@%Eﬁ#m%%ﬂﬁb Pt Sm Hitfk % 0.6%

, ity baxT7HRE 2.4%12, HLdsDNA
mwmhﬁ%65%:ﬁbt# w#h@h%@
FRLRBERZIIASN P72 2L
T, Pitr bax 7Huko BBUEE L PCB
iR I eI PCB il EHICBWCHE
ICEHEECTH Y, WMEICBW Tty ba 2 T
RO MBIZ PCB 235 L TV 2 WREMEAE 2 5
nir.

THIE 2BV TRED 5 1L PugPrfk oMk % B &
VAN N WV AR SR 71N 2 KN | 30 A DAL S E N 7 N
L TPt SS-A/Ro $itfh B £ OHL SS-B/La itk %
MeaT L7z, 2013 45 BEAR B RHE — B i 023
% 276 Blth, $T SS-A/Ro Hufk% 10 BIZFED 72,
ZOWNFTUIIEEREZE D 4.2%, HIEZD 1.6% T
HY, HEZICHWEEZ ICBVWTEWHA %
RIS, MBI EE R LD o72. Z LT, B
SS-A/Ro fufkix ik PCB BEiEHED 3.8% (2,
PCB RIEEERED 4. 7% 12508, HMBIRIZEE A%k
Motz F7z, 1M 2,3,4,7,8-PeCDF Bl
FERHE D 3.9%12, 2,3,4,7,8-PeCDF X&) &
BHDA5%I\ZFRD, WMBEIZEEARPo72. BT
SS-B/La JufRIZHEERE O 1.4% 12780, FHHRE
iAo N rol. EFlNERE THo 7. it
SS-B/La HifRiZ 1 PCB Bl EHIZDOAED 5

i

L, IMH PCBIREEEZ ICIIAO N 2o 72,
¥ 72, P SS-B/La HifkiZifid 2,3,4,7,8-PeCDF
TR BB IZORED, 2,3,4,7,8-PeCDF K&
JEREIIEA SN o 72, HLSS-B/La Huikid
M PCB iR L I 2,3,4,7,8-PeCDF i
FEDE IR OWEEFICRRONLZ L LD,
JELZ B\ T SS-B/La Ptk o 1312 PCB B L O
2,3.4,7,8-PeCDF # M5 L T 2 W REME S % 2
SND. MEESREIZH TSP SS-A/Ro Hifks &
UL SS-B/La Hifk oMtz owTid, filst
#%%EF&&U%W&F@EM%@E&@%
2B\ TPL SS-A/Ro Hulk % e B & 57 Bl
260 (3.5%) |2, ¥t SS-B/La Pufk % (e B
56 Bl 161 (1.8%) (238, i A 21 BilICid38
Ohholzb LTS, SHOME & 1Z2ITIH
Bk R CTh - 72, PLSS-B/La ik id e gt
BB Al 2 7R L, RNA polymerase I #z5-#4%
HF- 2SI e 75 HEHAETH D), IRBLID
W@%ﬁ%fﬁkﬁévl~fvyf%ﬁ Y
HHry < b—F A WCHHET A 2 &0
%ﬂfmbén%ﬁﬂamwiMS&ARﬁn
KL HITMIBEINDE ZENLL, Y=L Y
JEERICHREMICHHA T EEZ LN TY
BP0 4 SS-A/Ro Hifk B & UL SS-B/La ¥t
K% RO TERE CIIRBBEILE L EZ 5
ns.

2013 4F FEAR B VL E — AP OB H 12 B W
THL SS-A/Ro Ytk D b7 % ot FE# 12 A~ &

FHIZBWTEWEM % RO 7-A, HBFRICEIT R
o7z, I PCB i EEvE % B L U8 PCB K
EEEEOHBIRICETASNTY, MH2,3,4,7,
8-PeCDF M EMIESH B X 02,3,4,7,8
P&DF&%F$%@&ﬁ$m%i&%n&#
. P SS-B/La Puik i & i O 1HIE B H D AU 72
af) % L, EflicBw s PCBIERER L Ol
2,3,4,7,8-PeCDF I£ED EIRE Th - 72, {HIE
[ZB WV THL SS-B/La iAo B2 PCB B L U
2,3,4,7,8-PeCDF %45 L T\ 2 W[ REMEDS % 2
5, $USS-A/Ro itk L UL SS-B/La Hifk &
RO TMAEEE TIIRERBIRSLE L E 2 bz,

e &

2013 4 i b VL JiE — A2 o <2 & 276
(HIERE 192 61, WiERE (FERE) 21 61, £
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RE B E 6l B, BlgE 2 6) 128w THISS-
A/Ro ik B £ BT SS-B/La ik = %€ L 7-.
PL SS-A/Ro $ifRIZFEREZ & OGMESE 129
B, KRB E 21 BIRED, $t SS-B/La Hrfkidih

FEE I 3 BIFESD 72, Pt SS-A/Ro Hrfhi i rh

PCB i FEVHHE B & 12 B\ T il PCB i &

He MBI % AL 0o 727h%, PLSS-B/La

PURIZIF PCB iR EMAE B DA IZFED H L,

BRERRICALN o7 72, PLSS-A/Ro

puikixifir 2,3,4,7,8-PeCDF EiEEEE B

£ 0V2,3,4,7,8-PeCDF R B 12 BRI 74

xR0 72, PLSS-B/La Prikidimt2, 3,4,

7,8-PeCDF EigEEHZOAIFEO LN, 2,3.4,

7.8-PeCDF i EZ AN Lo 72 $iT

SS-B/La ¥ufkiii PCB igE B &L OIiH2,3,4,

7,8-PeCDF BN E\VIHIEEZE DO ARIZFRD bl
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Serum Levels of Regulatory T Cell in the Yusho Patients

Yoshiko Mmve!), Yutaka Kuwarsuka? and Atsushi Urani?

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

Abstract

Dioxin and dioxin-like compounds receptor (Ahr) mainly expressed on the surface of regulatory T
(Treg) cell and Thl7 cell could regulate immunological functions in the Yusho patients. We
prospectively analyzed data obtained in a total of 56 cases of Yusho, which include patients identified
( ‘Nintei' ) or non-identified ( Minintei" ) or identified as a family member, at the annual health check in
2014. The number of Treg cell showed lower among identified patients compared with non-identified
group or family identified group (p = 0.4184 and p= 0.291, respectively). There was also a strong
correlation between serum levels of neutral fat and the number of Treg cells (p=0.0313). These results
suggest that Treg cell plays a principal role in the immune response among Yusho patients.

Key words : Yusho - Treg - Neutral fat
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The Effect of Maternal Exposure to Dioxins on the
Level of Thyroid Hormone in Developing Pups
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Yuji Isan! and Hideyuki Yamapal”
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Abstract

Maternal exposure to dioxins causes a number of developmental disorders in the offspring. Previous
studies have suggested that lactational exposure to 2,3,7,8-tetrachlorodizenzo—p—dioxin (TCDD)
reduces the pup level of thyroid hormone after weaning, leading to the damage to their development
including neural maturation. However, the specificity for age and dioxin congeners as well as dose
dependency in terms of a reduction in pup thyroid hormone remains to be clarified. To address this
issue, we investigated whether TCDD or 2,3,4,7,8-pentachlorodibenzofuran (PenCDF), one of the
dioxins which caused Yusho incident, affects the status of thyroid hormone during the fetal and
neonatal periods. Treating pregnant rats at gestational day (GD)15 with 1ug/kg TCDD scarcely
affected the serum concentration of thyroxine, although a significant reduction by TCDD was detected
at limited endpoints [GD21 and postnatal day (PND)21]. In addition, maternal exposure to TCDD
(0.05-30ug/kg) or PenCDF (1-1,000ug/kg) did not have any change in the serum level of thyroxine
in GD20 fetuses even at the maximum dose. Neither the expression of pituitary thyroid-stimulating
hormone [ (TSHf) nor hypothalamic thyrotropin-releasing hormone was sensitive to TCDD
treatment. In pregnant dams, TCDD decreased the serum level of thyroxine at GD20 and 21, while the
pituitary expression of TSHf was induced. These results suggest that a single administration of
dioxins to pregnant rats at GD15 have little effect on the level of thyroxine in the fetuses and infants,
while a reduced level of this hormone observed in the offspring at GD21 and PND21 and pregnant
dams at GD20 and 21.

Key words : Dioxin *+ Thyroid hormone - Development -+ Rat
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2. BMRER

TCDD (99% > purity) 3 & U PenCDF (99%
> purity)?? 1%, 40ug TCDD/mL acetone & % \»
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Table 1 The primer sequences used for real-time PCR

Target Forward (5'=>3) Product  Accession
mRNA Reverse (5—>3) size (bp) No?
TRH TTGTGGAAAGACCTCCAGCG 127 NM_013046
CTCCCCTCTCTTCAGCTTCA
TSHp CAGAACGGTGGAAATACCGG 157 NM_013116
GAATGTCTGTGGCTTGGTGC
S —actin CACCATGTACCCAGGCATCGC 122 V01217
AGCCACCAATCCACACAGAG
4Genbank accession No. is shown.
4
3.5
5 ©Q O Control
@ TCDD

Serum concentration (ng/mL)
N

18200 4 7

14 21 28

GD

PND

Fig. 1 Effect of maternal exposure to TCDD (lug/kg at GD15) on the serum
concentration of thyroxine in male pup.
Pregnant rats (GD15) were orally treated with TCDD (1ug/kg). Each plot
represents the mean + S.E.M. of 3-4 pups which were removed (born)
from different dams. Significantly different from control : *p < 0.05.

4. Enzyme-linked immunosorbent assay (EL-
ISA)
I 35 free-thyroxine (T4) # X, R ®

free-Thyroxine ELISA Microwells (Monobind #,

Lake Forest, CA, USA) & W, WAFaiHEIC
PEo THlE L7z, FRYEImiE 1M 2 R L IR KIS T
SFEAR L CHEH L 72,

= R

GD15 O#EARZ v b ~® TCDD Hi|l#E ¥ 5-
2GR B L AR o i BUIRBR AR OV E RS
G2 5B 2zoMBRNEZHO NPT 5720,
B O AR TR M Ty 3R % 2
L7z, Z0OfE%, TCDD 3iE R Mic By
oM T EICIZREREE 5 279, A

Er (GD21) B X UEEFLIEH] (PND21) 12815
—#\EORLEERT HIZIEE 572 (Fig 1), &
512, TCDD B & UF PenCDF £HABE#E 7% GD20
JEWROD Ty LAV 2 2 58 L 2 ORI
IRAT L 72RE R, My A 4 o wThoiE
EIZBW T RBIEO N7 (Fig 2).
INHDORERENS, GDI5 OIIRT v hAD & A
T T VB LELZ X 2 HURBR AR OV E VA I,
D7l b GD20 FTIFAEL W &, OISR
AN BWTHHERE LW EDHLE 2 &
ol L2L, ABFIZBVWTY lug/kg
TCDD BHEBEFEIC X D BEFLIE O Ty L XV DA
DR S, BRI L —F LRSS R
7z.

T & T OB 020, BIEB L OHAR
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Serum concentration (ng/mL)

Fig. 2 Absence of the effect of maternal exposure to TCDD (0.05-30ug/kg)
or PenCDF (1-1,000ug/kg) on the serum level of thyroxine in male
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Fig. 3 Absence of the effect of maternal exposure to TCDD on the

M 8 AT 139545

27 | I ||||‘ |i
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Cont. 1 2 5 10 15 25 50 30010000050102505 1 10 30

PenCDF (ug/kg) TCDD (ug/kg)

fetuses at GD20.

Pregnant rats (GD15) were orally treated with TCDD (0.05-30ug/kg)
or PenCDF (1-1,000ug/kg). Each bar represents the mean = SE.M. of

3-4 fetuses which were removed from different dams.

hypothalamic expression of TRH (A) and pituitary expression of TSHf

(B) in male pups.

The expression of target mRNAs was normalized by [ -actin mRNA.
Each plot represents the mean = S.E.M. of 4-10 pups which were

removed (born) from different dams.

2BV T TyE o EAHIEEF T 5 HE T Mrl7z. TOfEE, WRVECFEBISHT 57008
ODEF‘flkH%ﬂiUzﬁf(n%w;E/ﬁiﬂjnﬂlx%/ (thyrotro- FEWVFNORHIZBWTLHE I o7

pin-releasing hormone ; TRH) If NIk FEEAD (Fig. 3). — 7, TCDD DAL Ty R C

DR ) 5 R v £

monef ; TSHB) D@ TFHBUIKR T 5 528 % i
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Fig. 4 Effect of TCDD (1ug/kg at GD15) on the serum concentration of
thyroxine (A) and the pituitary expression of TSHf (B) in dam rats.
Each plot represents the mean = S.E.M. of 4 rats. Significantly
different from control : » < 0.05 and ~ p < 0.001.
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Bone Mineral Density in Yusho Health Examination

Jun-ichi Fukusm and Yukihide Iwamoro

Department of Orthopaedic Surgery, Graduate School of Medical Sciences,
Kyushu University Maidashi 3-1-1, Higashi-ku, Fukuoka 812-8582, Japan

Abstract

We examined the bone mineral density in Yusho patients. 460 subjects underwent dual-energy X-
ray absorptiometry bone scans as part of the nationwide Yusho health examination in 2011. Serum
levels of polychlorinated dibenzo—p-dioxin, polychlorinated dibenzofurans, and non-ortho polychlorin-
ated biphenyls were measured using high-resolution gas chromatography and high-resolution mass
spectrometry. The average age was 64.0 years in women and 63.4 in men. About one-third (35%) of
women (7 = 89) had low bone mineral density (BMD), defined as a T-score less than 70, while only
4.99% of men (z = 10) had low BMD. Serum levels of several congeners were positively associated with
Z-scores in simple regression analysis. Further multivariate linear regression analysis should be

required in the future.

Key words : Yusho - Osteoporosis * Bone mineral density
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Abstract

Half-lives of blood levels of 2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) are varied in Yusho
patients. The objective was to evaluate a relationship between half-lives of PeCDF levels and types of
SNP 1rs10249788 of aryl hydrocarbon receptor (AHR) gene in 93 Yusho patients. Based on physical
symptoms, age, sex, body mass index and other factors, we set up suitable calculation formulas to fit
the actual PeCDF levels thorough rates of change in PeCDF. We found that patients with C/T SNP had
longer half lives than patients with C/C and T/T SNPs. Patients with T/T SNP are known to express
higher amount of AHR mRNAs. However, detailed analysis could not be carried out in T/T group due
to a limited number of patients (n=11). Further research is warranted to determine the cause of the
longer half-lives in C/T patients.
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Metabolomics of Salivary Biomarkers in Yusho Patients

Goro Kawasaki, Yoko Icuikawa, Izumi Yosurromi and Masahiro Umepa

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

Abstract

Yusho patients had many symptoms, and mouth dryness was one of the important oral symptoms.
Presently, some Yusho patients complain of mouth dryness. In the present study, we measured mouth
dryness by using an oral moisture checking device and examined metabolites of saliva by using
metabolome analysis. We found no difference between Yusho patients and controls in terms of mouth
dryness. Concerning metabolomes of saliva, there were some metabolites in Yusho patients that were

not in controls.

Key words : Saliva - Metabolomics - Mouth dryness - Yusho

Introduction

Toxins, such as polychlorinated biphenyls
(PCBs), dramatically affect patients even decades
after exposure. Although more than 45 years have
passed since the accidental poisoning with PCBs
in western Japan in 1968, high concentrations of
PCBs are still being detected in the serum of
“Yusho” (oil disease) patients. The severity of
symptoms in Yusho patients has gradually

dV™¥ . however, at the present time,

improve
Yusho patients still have high concentrations of
PCBs and PCQ in their blood, and some patients
still suffer from specific Yusho symptoms4>~6>.
Mouth dryness was one of the oral symptoms of
Yusho patients, and now some of the Yusho
patients complain of mouth dryness. Previously,
we reported on histological and biological changes
of the salivary glands in PCB-poisoned mice”?,
and we suggested that PCBs have a correlation
with oral dryness caused by adverse effects on
the salivary glands by PCBs. Although in vitro
research has been conducted”’®, there has been
no clinical research on the correlation between

oral dryness and PCBs. Hence, we examined the

oral dryness and saliva of Yusho patients.

Improvements in analytical technologies have
made it possible to rapidly determine the
concentrations of thousands of metabolites in any
biological sample, which has resulted in metabo-
lome analysis being applied to various types of
research. The aim of the present study is to
investigate oral dryness and to explore salivary
metabolomics as a disease diagnostic for Yusho
patients.

Materials and Methods

We recruited 65 Yusho patients and 32 controls
in locations where Yusho occurred : Tamanoura
Town, Naru Town, and Nagasaki City in Nagasaki
Prefecture. Mouth dryness of Yusho patients and
controls were measured using the oral moisture
checking device ‘Mucas’ . The measurement was
performed three times by one dentist and the
measurement site was the tongue dorsum.

Saliva samples were collected from 3 Yusho
patients. The saliva in these patients was
analyzed using capillary electrophoresis and
time-of-flight mass spectrometry (CE-TOFMS)
and a multivariate statistical technique ; principal
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component analysis was used to process the data.
CE-TOFMS was used to identify 121 metabolites
in the saliva of Yusho patients.

Results and Discussion

The mean score of moisture in the mouth
measured by Mucas was 28.2 (range = 28.2 to
31.2). The mean scores of males and females were
28.6 and 27.9, respectively. There was no
difference among patient locations, and there was
no difference between males and females (Fig. 1,
2).
controls were 28.1 and 28.3, respectively, show-

The mean scores of Yusho patients and

ing no significant difference between the two
groups (Fig. 3). As for xerostomia, we speculated
that PCBs have no present effect on oral dryness.

A significant metabolomic difference was
observed between Yusho patients and controls
(Table). The levels of identified metabolites in
Yusho patients, including N-Acetylspermidine,
Sarcosine, XC0001, p—Hydroxyphenylacetic acid,
Glucosamine, 3- (4-Hydroxyphenyl) propionic
acid, Ala-Ala, and some amino acids, were
significantly higher than those of controls.

Previously, we reported that PCB poisoned
mouse showed vacuolation in parotid acinar cells,
and those histological changes had a relation with
the increase in lysosomess>. Hence, we suggested
that PCB induced lysosomal enzymes in the
parotid gland cells, and caused the morphological
changes.

However, there has been no clinical study
concerning dryness of mouth in the Yusho
patients. In present study, there was no difference
between Yusho patients and controls of dryness
of the mouth using the oral moisture checking
device, however some salivary metabolites have
significantly increased in Yusho patients.

Human saliva is a mixture of secretions from
multiple salivary gland59>. Saliva may contain
specific biomarkers associated with certain dis-
eases, it has been used in diagnostics by many
traditional medical systems such as traditional

Chinese medicine”’ .

145

.-
: I I I
1. -
15
e g Lo L o

Fig. 1 Scores of moisture in the mouth with patient
locations

M-
M
P
o
n . .

T vale "tk

Fig. 2 Scores of moisture in the mouth with male and

female
- I

” I I

v )

Fig. 3 Scores of moisture in the mouth with Yusho

e~ o |J\.|'.||"'|:"\|
patients and contorols

-

In present study, we speculated that changes in
the nature of saliva in Yusho patients may be
associated with the complaints of mouth dryness
in Yusho patients.

Conclusions

In the present study, we Investigated oral
dryness and metabolomics of saliva in Yusho
patients.

There was no difference between Yusho
patients and controls in terms of mouth dryness,



146 G. Kawasaki et al.

Table Metabolomics of the saliva in Yusho patients NA-1, NR-1, NR-2 ; Yusho patients, C1 ; controls

HMTDE " Comparative Anabysis HWMTDE" Comparative Anabysks
Compound name Ratio * Eompaund ran Bado 3
nd MA-IwiC-1  NR1vel-1  NRZwC1 MA-IvsC-1 MR-IwsC-1 NR-2wsC-l
Glyceric acid i< 1¢ i< Hydrooegproline 16 3.2 10
Indcle-3-acetic acid 1< 1< 1< Ethancdamine phesphate 1.6 < <l
Ethylacetimbdate e ic i< Chinaline L6 19 L0
f-Ala 1 1< i< 2uﬁndl-lm 16 55 18
bt i acid 1 1
Uraci 1< 1< 1< m"“’“"'""" o e 73
3. Amine-2-plperidons 1 1€ 1
Fipecolic atd 1< 1< 1= yriciacid 11: :‘g ::
H-Acetyllysine i= iz 3 iy 14 18 7
1,5 Dlrminopeopyne 1€ 1= A M-Acetyigalactosamine 14 10 02
Gly-Gly 1« 1< NA. Dmethanolsmine 14 <1 35
His. L4 L3 L&
Gl -y 1= 1< NA. e 14 1 1
Gletathione {G356)_divalent 1< MN.A N.A. Croatinine 13 1.0 06
Pro 13 15 25 Gycercl :-:: :f Ei*
N'-Acotylsparmidine 4.3 6.0 21 m“‘“'“ -nhosohate s o 13
Sarcosine 43 1 3.9 7 it 5" 5
Thescber e 43 <X LS Asp 1.3 06 16
KC00a1 4.0 8.7 4.0 2 Hydrosybatyric scid 12 < “
o A0 3.3 ad Spermiding 12 34 13
Phosphorylcholine 33 <1 L Féufose 5-phosghate 13 15 a5
3-Hydrosybutyric acid 33 11 <] Ethamodamine 1.3 g 19
- Hydroxy phe mylagetic acid 32 6.5 6.0 Uﬂ:ﬂ 11 [} 10
Glucosaming 3.2 7.2 2.0  aiad = :_: ::: ;—;
Ada-Ala 3.2 BE 5.5 Hepsiok: 3
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Metabolomics of Salivary Biomarkers in Yusho Patients

but the present study demonstrated that some

salivary metabolites have significantly increased

in Yusho patients. We suppose that the detected

salivary metabolites may be new markers for the

treatment of Yusho patients.
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The Distribution of Dioxin Concentrations
in the Blood of Yusho Patients
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Abstract

In 1968, the contamination of cooking oil by heat—-degraded polychlorinated biphenyls (PCBs) caused
a case of mass poisoning, the so—called Yusho incident. The cause of Yusho disease is thought to be
ingested toxic substances, including not only PCBs but also polychlorinated dibenzofuran (PCDFs) in
Kanemi rice oil. We previously measured dioxins concentrations in the blood of 854 Yusho patients by
annual medical examination from 2001 to 2013. We determined the concentrations of 2,3,4,7,8-
PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF and 3,3 ,4,4,5,5-HxCB (#169) in the blood of
Yusho patients were more than double those of normal controls. In 2012, a new Yusho criteria was
established. Family members living with a Yusho patient were also certified as Yusho patients and
called Yusho family cohabitant patients.

In this study, we compared the distribution of 2,3,4,7,8-PeCDF concentration in the blood of Yusho
patients and Yusho family cohabitant patients. It was suspected that the distribution of 2,3,4,7,8-
PeCDF concentration in Yusho family cohabitant patients would be lower than that of Yusho patients.

Key words : Yusho - Dioxin - Blood
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F£1 WEREERE R OF—k AolMf PCDDs, PCDFs % U°/ » 4 )V PCB il E % (2001-2013 4£) (pg/g lipid)

MEEH (N=854) RREZGERES (ND1, 20134F) | —fkd A (N=127, 2004 4F )
Congeners Mean SD Min Max Median| Mean SD Min Max Median| Mean SD  Min Max Median
2,3,7,8-TCDD 1.6 1.0 ND 86 1.5/ 1.5 1.5 ND 74 1.2/ 1.9 0.84 ND 4.3 1.8
1,2,3,7,8-PeCDD 94 5.7 1.2 48 81| 6.9 43 1.8 28 5.8 9.0 34 3.2 20 8.7
1,2,3,4,7,8-HxCDD 25 1.8 ND 15 2.2/ 1.9 1.5 ND 94 ND 36 1.9 ND 13 3.2
1,2,3,6,7,8-HxCDD 38 36 25 310 27 22 14 53 91 18 28 11 7.3 70 25
1,2,3,7,8,9-HxCDD 3.8 34 ND 36 3.0/ 3.1 2.7 ND 15 2.2/ 45 2.8 ND 16 3.9
1,2,3,4,6,7,8-HpCDD 42 53 ND 1200 34| 40 26 10 170 33| 78 55 18 470 62
OCDD 630 570 72 7900 5201 360 250 81 1500 290| 1200 640 180 7600 940
Total PCDDs 730 630 100 9200 600| 440 280 110 1700 360 1300 1000 210 8200 1000
2,3,7,8-TCDF 1.7 1.8 ND 14 1.2/ 1.0 1.1 ND 7.5 ND| 1.0 0.72 ND 4.5 ND
1,2,3,7,8-PeCDF 1.1 1.0 ND 8.3 ND|0.87 1.2 ND 8.3 ND|0.67 0.5 ND 4.6 ND
2,3,4,7,8-PeCDF 120 194 2.7 1800 41, 31 50 4.4 320 15| 17 7.7 6.0 36 16
1,2,3,4,7,8-HxCDF 29 5 ND 600 7.6/ 57 11 ND 78 3.3] 5.0 2.7 ND 20 4.4
1,2,3,6,7,8-HxCDF 13 20 ND 200 6.2/ 5.0 6.1 ND 35 3.7/ 5.7 2.6 ND 16 5.2
2,3,4,6,7,8-HxCDF 1.2 0.88 ND 9.6 ND| 1.2 0.7 ND 5.6 ND| 1.2 0.8 ND 5.2 ND
1,2,3,7,8,9-HxCDF ND ND ND
1,2,3,4,6,7,8-HpCDF 24 39 ND 74 ND| 1.7 2.0 ND 11.3 ND| 2.2 2.1 ND 14 ND
1,2,3,4,7,8,9-HpCDF 1.0 0.1 ND 3.3 ND| ND ND
OCDF 20 1.2 ND 38 ND| ND 2.1 14 ND 18 ND
Total PCDFs 180 270 12 2600 66| 50 68 13 450 29| 37 14 15 8 35
3,4,4 ,5-TCB(#81) 56 3.0 ND 37 ND| 54 2.1 ND 18 ND| 5.6 2.3 ND 24 ND
3,3,4,4-TCB(#77) 74 81 ND 150 ND| 5.8 25 ND 18 ND| 84 48 ND 31 ND
3,3,4,4,5-PenCB (#126) 9 & ND 680 77| 8 8 ND 390 61} 110 80 17 520 90
3,3,4,4,5,5-HxCB(#169) 170 140 10 1300 130 94 71 15 340 66| 64 27 16 190 58
Total Non-ortho PCBs 280 200 30 1500 240 190 140 49 730 140, 190 110 59 740 160
Total 1200 820 170 9700 1000| 680 450 240 2400 540| 1600 1000 290 8500 1300
& [WHO-05] &
T PCDDs-TEQ 6 99 28 79 13 12 7.2 3.3 48 10| 16 59 5.1 3 11
T PCDFs-TEQ 386 61 1.3 519 14| 11 17 1.8 110 5.4| 6.6 2.5 2.3 14 10
T Non-ortho PCBs-TEQ 15 11 1.0 94 13] 11 99 25 48 85 13 86 2.6 58 9.5
Total-TEQ 69 74 6.3 634 44| 34 31 88 210 26 37 16 12 100 31
Lipid (%) 0.30 0.06 0.16 0.64 0.30)0.26 0.04 0.20 0.40 0.25/0.33 0.05 0.22 0.49 0.31
Age(years) 65.2 13.5 31 97 66/58.0 10.2 45 89 55[68.1 5.4 60 8 67

CB : chlorinated biphenyl, CDD : chlorinated dibenzo-p-dioxins, CDF : chlorinated dibenzofurans, Hx : hexa, Hp : hepta, ND : less than the
determination limit, OCDD : octachlorodibenzo-p-dioxin, OCDF : octachlorodibenzofurans, PCB : polychlorinated biphenyl, PCDD : polychlorinated
dibenzo-p-dioxin, PCDF : polychlorinated dibenzofuran, Pe : penta, TCB : tetrachlorobiphenyl, TCDD : tetrachlorodibenzo-p-dioxin, TCDF :
tetrachlorodibenzofuran, TEQ : toxic equivalent quantity.
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Blood PCB Concentrations and their Tendencies Examined
in Fukuoka 2011-2014 Annual Inspections for Yusho
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Abstract

We measured PCBs of blood of 154 people in the Yusho medical check-up from January 2011
through December 2014 and analyzed their PCB blood patterns. Eleven examinees were newly
certified as Yusho patients during these 4 years. Of these 11, we identified three Yusho patients with
the A pattern, five with the B pattern, and three with the BC pattern. We found no Yusho patients with
the C pattern. The B pattern was found in 27 of the 154 examinees, such that the probability that an
examinee with the B pattern would be certified as a Yusho patient was about 20%. Since 2012, any
family members living with a Yusho patient have also been certified as Yusho patients. The number of
such family cohabitants was 16, among whom the PCB pattern was uniformly the C pattern. There
were 20 examinees born after 1989, and all those examinees were Yusho-suspected persons. The total
PCB concentrations of this younger-age group was less than 0.5 ng/g on average and was low
compared with the normal controls.

Key words : Yusho - PCB - Blood
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Table 1 Blood PCB pattern of examinees in Yusho medical check-up of
Fukuoka Prefecture
Blood PCB Pattern A B BC C Total
Yusho Patients 3 5 3 11
S_Zushp Patients 16 16
(Family Living together)
Yusho-suspected Persons 22 13 92 127
Total 3 27 16 108 154
Table 2 PCB pattern and concentration of PCB in blood of Yusho patients
(ng/g, whole blood weight basis)
No.  Gender D4PCB pepg PCB153 PCBI56  Total PCB
Pattern
1 M A 0.0070 0.081 0.022 0.41
2 F A 0.010 0.091 0.029 0.49
3 F B 0.0069 0.038 0.0053 0.19
4 M B 0.015 0.16 0.026 0.82
5 F B 0.043 0.24 0.031 1.1
6 M B 0.020 0.14 0.034 0.75
7 F B 0.045 0.21 0.057 1.2
8 M BC 0.019 0.10 0.011 0.51
9 M BC 0.053 0.28 0.030 1.4
10 F BC 0.046 0.35 0.036 1.7
Mean 0.0265 0.169 0.0281 0.857
Min. 0.0069 0.038 0.0053 0.19
Max. 0.053 0.35 0.057 1.7
PC’ F A 0.030 1.1 0.73 6.8
'PC : Positive Control
SNz b, WEMZ 2HEBEEXZ L, /3Y — PCB156 (*V-350.0281 ng/g) D& FMEMARE B X

YHMEE TR DA, RETOBRBERIZBIY
HINE = ERH L7, ZORE By — I
SHEENZBERIL, 272 THY), 20 bik
ERBFIEISHLTB /Y — 2055841
¥120% ThHotz. F72, iBERE (11 4) (I3
WHICEWBC /XY — U B3 HETNTBY
DT L, WEEE O PCB 2SN
IR L, —#xfEE AOHIRISES W TWnS 720
LEZLNS.

-
—
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Table 3 PCB pattern and concentration of PCB in blood of family examinees living with a Yusho
patient (ng/g, whole blood weight basis)
No.  Gender D4PCB pepg PCB153 PCBI566  Total PCB
Pattern

1 M C 0.0062 0.042 0.0042 0.19
2 F C 0.014 0.075 0.0074 0.40
3 M C 0.015 0.10 0.0085 0.48
4 F C 0.018 0.15 0.011 0.64
5 M C 0.020 0.10 0.012 0.53
6 M C 0.020 0.14 0.014 0.60
7 F C 0.037 0.18 0.016 0.79
8 F C 0.069 0.27 0.016 1.2
9 F C 0.026 0.18 0.019 0.79
10 M C 0.054 0.18 0.018 0.81
11 F C 0.075 0.20 0.019 1.0
12 M C 0.035 0.24 0.021 0.97
13 F C 0.052 0.21 0.021 0.95
14 F C 0.15 0.35 0.035 1.7
15 M C 0.058 0.35 0.037 1.6
16 F C 0.079 0.40 0.043 1.8

Mean 0.0454 0.197 0.0189 0.899

Min. 0.0062 0.042 0.0042 0.19

Max. 0.15 0.40 0.043 1.8

TRREINT., IXCoOFRERESES (16 4) 12 47.87%) @ PCB %% — VMG R, FREXSG &

B 5 i o PCB118 (*F39 0.0454 ng/g).
PCB153 (*F ¥ 0.197 ng/g), PCBI156 (*F ¥
0.0189 ng/g) DK EMEAKREE B X U Total PCB
JERE (P39 0.899ng/g) % Table 312/RY. 8%
B L FEREBRE O Total PCB i DFI1g1d
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T (104) LHEZEES (16 4) TiE, MigH
® PCB /3% — VIR E W DSREO LTz,
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Table4 Analysis result of PCB in younger age group’s blood (ng/g, whole blood weight basis)
No. Gender D% FCB 01 ifcation’  Generation®  PCB118  PCB153  PCBI56 L& - P,ar,ent Mearﬁfg pg S)Total
Pattern PCB | Classification’ Gender
Patten  PCB
1 M B S 1I 0.0063 0.047 0.0059  0.21 Y M C 0.50
2 F B S I 0.0089 0.047 0.0078  0.21 Y F 0.75
3 M S 11 0.0080 0.057 0.0078  0.24 Y F A 0.75
4 F BC S I 0.0021 0.017 0.0021 0.068 Y F A 0.26
5 M BC S 11 0.0067 0.026 0.0027  0.13 S F C 0.44
6 M C S 11 0.017 0.065 0.0067  0.27 Y M C 0.50
7 M C S 11 0.019 0.098 0.0082  0.41 Y M C 0.50
8§ F C S 111 0.0040 0.013 0.00092  0.066 Y F A 0.36
9 F C S 11 0.0026 0.0066  0.00046  0.036 Y F A 0.36
10 F C S 11 0.0038 0.012 0.00081  0.052 Y M B 0.92
11 F C S 1I 0.018 0.12 0.0096  0.46 Y F C 0.38
12 F C S 1I 0.0086 0.031 0.0015  0.13 Y M BC 0.42
13 M C S I 0.0057 0.025 0.0012  0.12 Y M BC 0.64
14 F C S 1I 0.0054 0.016 0.00091  0.087 Y M BC 0.42
15 M C S 111 0.0023 0.011 0.0011 0.057 Y F A 0.36
16 M C S 1I 0.0033 0.015 0.00088  0.063 FY F C 0.45
17 F C S 111 0.0037 0.010 0.00076  0.056 S F C 0.090
18 M C S 111 0.0057 0.033 0.0032  0.13 S F C 0.090
19 F C S 111 0.0059 0.029 0.0022  0.11 S F C 0.060
20 M C S I 0.012 0.061 0.0036  0.24 S F C 0.060
Mean 0.00745  0.0370  0.00342 0.157 Mean 0.416
Min. 0.0021 0.0066  0.00046  0.036 Min. 0.060
Max. 0.019 0.12 0.0096  0.46 Max. 0.92
Normal Control (n=10, Mean age 55.4) 0.027 0.13 0.012 0.58

'Y : Yusho patient, S: Yusho-suspected person, FY : Yusho patient (Family living together)

“The generation when rice oil was taken was defined as the first generation. The generation born after October, 1968 was

expressed with second generation (II) or the Third (III).
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from Medical Check-Ups in 2012
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Abstract

In this study, we analyzed polychlorinated biphenyls (PCBs) in the blood of Yusho patients collected
from medical check-ups, which were conducted in 2012. The results show that 65 PCB isomers, not
including non-ortho PCBs, were detected in the blood samples, and the total concentration was 620 ng
g ! lipid. This value was comparable to the concentration in blood samples collected in 2005, and
indicated that PCB concentrations in Yusho patients remained unchanged from 2005 to 2012. Here, we
focused on major and specific PCB isomers in the blood samples of Yusho patients and normal controls.
Examples of the former include hexaCB-153, hexaCB-138, and heptaCB-180, which are detected in
human blood, while the latter include hexaCB-156, hexaCB-157, and heptaCB-189, and are highly
detected in the blood of Yusho patients. Additionally, we tried to determine why the specific isomers
were highly accumulated in the blood of Yusho patients as compared to the normal controls. We
therefore analyzed these isomers in the contaminated rice oil, and found that the concentrations of
hexaCB-156, hexaCB-157, and heptaCB-189 were 1800, 450, and 190 ng g%, respectively. Notably,
previous studies indicated that these isomers might not be easily metabolized in humans. Therefore,
these findings demonstrated that these isomers were highly accumulated in the blood of Yusho
patients.

Key words : Polychlorinated biphenyls * Blood - Rice oil + Yusho patients

. disease” . However, our research group
Introduction

showed that some PCB isomers persisted at

Over 40 years have passed since the Kane-
mi-Yusho incident occurred in western Japan.
Specifically, Yusho patients ingested rice oil
products that were contaminated with large
amounts of polychlorinated biphenyls (PCBs),
which were used as heat-transfer medium in the
process of rice oil production. Previous studies
showed that the concentration of PCBs in the
blood of Yusho patients decreased considerably
when compared to the outbreak of Yusho

higher concentrations in the blood of Yusho
patients after more than 40 years4>5>. Furth-
ermore, we found two characteristic groups of
PCB isomers in blood samples from affected
patients. The first group of isomers consists of the
major isomers (hexaCB-153, hexaCB-138, hep-
taCB-180, and heptaCB-182/heptaCB-187),
which are generally detected in human, the other
group contains specific isomers (hexaCB-156,
hexaCB-157, heptaCB-181, and heptaCB-189)
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Specific PCB isomers in blood of Yusho Patients

that were highly detected in the blood of Yusho
patients. These isomer profiles may provide new
information related to the accumulation of PCBs
in human blood, as well as valuable information for
metabolomics studies.

In this study, we focused on the major and
specific PCB isomers in blood collected from
Yusho patients during medical check-ups, which
were performed in 2012. Additionally, we com-
pared with the concentrations between this study
and the results obtained from Yusho patients and
the normal controls during medical check—-ups in
2005. As a result, we proposed two hypotheses
regarding why the specific isomers accumulated
in high concentrations in the blood of Yusho
patients. One possible reason was that the specific
iIsomers were present at high concentrations in
the contaminated rice oil ; alternatively, these
were difficult to be metabolites such as hydroxy-
lated polychlorinated biphenyls (OH-PCBs). Thus,
we analyzed the concentrations of specific PCB
isomers in the rice oil, and evaluated previous
studies regarding the metabolism of PCBs in
order to elucidate the differences between the
concentrations of the major and specific PCB
1somers in the blood of Yusho patients and that of
the normal controls. Our findings could explain
why the specific isomers accumulated in the blood
of Yusho patients.

Materials and methods

Sampling

Medical check-ups for Yusho patients have
been performed annually since the Yusho inci-
dent, in order to monitor the health status of the
affected patients. The blood samples examined in
this study were collected from 139 participants
who received a medical check-up in 2012
Informed consent was obtained from all partici-
pants. The mean age of Yusho patients who
received a medical check-up in 2012 was 62.0
years old. Additionally, the mean age of Yusho
patients and normal controls who received
medical check-ups in 2005 was 67.3 and 68.1
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years old, respectively.

Each 10 ml of blood sample was collected using
a vacuum blood—collecting tube containing hepar-
in, and the sample was stored at 4C until analysis.
The rice oil sample was one of the products that
caused the Kanemi-Yusho incident. As such, a
sample of contaminated rice oil was stored in a
cold dark place within our laboratory until
analysis.

Analysis

The extraction and cleanup of PCBs in the
blood samples were carried out according to a
procedure described plreviously6> D, Briefly, the
extraction of lipids from 5 g, a portion of each
blood samples was performed with an accelerated
solvent extractor (ASE) system, and the extract
was refined with a sulfuric acid treatment, a silver
nitrate silica gel column and an activated carbon
dispersed silica gel column cleanup, additionally a
sulfoxide cartridge column as a further cleanup
method. After cleanup, the sample was concen-
trated and transferred to an injection vial. On the
other hand, the samples utilized for the analysis of
PCBs in the rice oil were not subjected to
extraction and cleanup. Briefly, 200ul of the rice
oil was diluted with hexane to a total volume of
200 ml. A portion of the diluted sample was
transferred to an injection vial. Additionally, a vial
containing KC-mixtures standard (Kanechlor
KC-300, 400, 500, 600, GL Sciences, Japan) was
prepared, for comparison to the contaminated rice
oil.

The measurement of PCBs was performed
using high-resolution gas chromatography/high-
-resolution mass spectrometry (HRGC/HRMS).
The measurement conditions were as follows : the
gas chromatograph was an HP-6890 (Agilent
Technologies, USA) equipped with an Autospec
Ultima NT (Waters, USA) ; the column was a
HT&8-PCB fused silica capillary column, 0.25 mm
L.d X 60 m (KANTO Chemicals, Japan) ; the
column oven temperature was programmed to
increase at a rate of 20C min! from an initial
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Table 1 PCB concentrations in blood samples collected from patients during medical check-ups.

Concentration (pg g * lipid)

Concentration (pg g * lipid)

Yusho Patients (YP)

Normal Controls (NC)

Yusho Patients (YP)  Normal Controls (NC)

0500=237)  2012(n=139)  2005(n=127) 2005(n=237)  2012(n=139)  2005(n=127)

IUPAC# Mean Mean Mean IUPACH# Mean Mean Mean
245-TrCB (#29) 32 16 25 22'3346'-HxCB (#132) 188 128 282
244-TrCB (#28) 1371 1428 2571 22'44'55-HxCB (#153) 134448 128123 89821
344'-TrCB (#37) 19 426 - 22'3455'-HxCB (#141) 303 161 324
22'55-TeCB (#52) 977 753 1290 22'344'5-HxCB (#137) 6019 5497 2968
22'45-TeCB (#49) 235 179 303 22'3345-HxCB (#130) 4466 3773 2620
2244-TeCB (#47) 438 342 605 2334'5'6-HxCB (#164) 27083 28766 19350
22'35-TeCB (#44) 312 170 458 22'344'5-HxCB (#138) 66117 57218 40872
234'6-TeCB (#71) 87 27 192 22'3344-HxCB (#128) 865 673 876
234'5-TeCB (#63) 84 79 146 2344'55-HxCB (#167) 3927 3788 3649
244'5-TeCB (#74) 9835 9209 19472 23344'5-HxCB (#156) 30958 25632 7982
234'5-TeCB (#70) 197 135 259 23344'5-HxCB (#157) 8418 6488 2024
2344'-TeCB (#66) 1514 1582 2338 22'33566-HpCB (#179) 219 137 208
233'4-/2344TeCBs (#56/60) 489 282 884 22'3355'6-HpCB (#178) 9511 10297 6248
22'35'6-PeCB (#95) 667 527 833 22'344'56-HpCB (#182/187) 43375 42047 28083
22'355-PeCB (#92) 601 530 860 22'344'56-HpCB (#183) 10460 8087 6145
22'455-PeCB (#101) 1680 1480 1898 22'344'56-HpCB (#181) 315 159 71
22'44'5-PeCB (#99) 17682 12882 12505 22'33456-HpCB (#177) 8533 8023 5753
234'56-PeCB (#117) 1401 1076 927 22'33455-HpCB (#172) 5948 5909 2974
22'345-PeCB (#87) 646 459 692 22'344'55-HpCB (#180) 110380 113585 59481
22'344'-PeCB (#85) 142 118 218 23344'56-HpCB (#191) 1813 1467 766
23346-PeCB (#110) 365 231 411 22'3344'5-HpCB (#170) 39700 34771 17268
233'45-PeCB (#107) 693 765 987 233'44’55'-HpCB (#189) 4542 4050 1052
2'344'5-PeCB (#123) 276 194 466 22'3355'66-0cCB (#202) 4547 3870 2812
23'44'5-PeCB (#118) 16343 17117 24353 22'33'45'66'-0cCB (#200) 663 351 648
2344'5-PeCB (#114) 1895 1722 1697 22'33'4566-0OcCB (#201/198) 25584 9644 10093
233'44'-PeCB (#105) 3473 3484 5061 22'344'55'6-0cCB (#203) 19357 9078 7820
22'355'6-HxCB (#151) 1254 1027 1255 22'33'44'56-0cCB (#195) 4389 3477 1820
22'33'56-HxCB (#135) 470 312 475 22'3344'55-0cCB (#194) 19132 19268 8595
22'34'56-HxCB (#147) 612 524 484 233'44'55'6-0cCB (#205) 873 463 309
22'344'6-HxCB (#139) 742 151 822 22'33'455'66'-NoCB (#208) 948 1048 775
22'3356-HxCB (#134) 25 10 27 22'3344'566'-NoCB (#207) 414 323 339
233'55'6-HxCB (#165) 1412 - - 22'3344'55'6-NoCB (#206) 3088 2995 1960
22'34'55-HxCB (#146) 21873 22521 13899 22'3344'55'66'-DeCB (#209) 1153 760 1361
Total PCBs 652325 619820 431955

- not detected

temperature of 130C (1 min hold) to 220C, then
at arate of 3C min ! to 280C, and then at a rate of
20C min! to a final temperature of 300C (3.5
min hold). The flow rate of the helium carrier gas
was 1.3 ml/min (constant flow). The injection
temperature was maintained at 280C and the
sample (2ul) was injected in splitless mode. The
lonizing energy, accelerating voltage, and trap
current were 38 eV, 8.0 kV, and 650uA, respec-
tively. Analysis was performed using EI ionization
and the selected ion monitoring mode. The
resolution was maintained at 10000 at 5% valley.

Results and discussion

The concentrations of the major and specific
PCB isomers in the blood collected from Yusho
patients in 2005 and 2012 are shown in Table 1,
including the data of normal controls previously
reported8>. Among the 209 PCB isomers, 8
mono-ortho PCBs and 57 non-dioxin-like PCBs
were identified in the blood of Yusho patients in
2012. The total concentrations of PCB isomers in
the blood of Yusho patients in 2005 and 2012 were
652 and 620 ng g lipid, respectively. These
results indicated that PCB concentrations in the

blood of Yusho patients remained mostly un-
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Fig. 1 Comparison of ratios of concentrations of major and specific PCB isomers.
Ratio = PCB concentrations of Yusho patients/those of the normal controls.

“p < 0.01 ; evaluated by Student’s t-test.

changed for 7 years. The total concentrations
were 1.4-1.5 times higher than those of the
normal controls in 2005.

In this study, we focused on 6 isomers which
are composed of hexaCB-153, hexaCB-138 and
heptaCB-180 (major isomers), and hexaCB-156,
hexaCB-157, and heptaCB-189 (specific isomers).
HeptaCB-182/heptaCB-187 and heptaCB-181
were not targeted, because the former exhibited
an overlapping peak, and the latter existed at a
low concentration. The concentrations of hex-
aCB-153, hexaCB-138, and heptaCB-180 in the
blood of Yusho patients were 134, 66, and 110 ng
g ! lipid in 2005, and 128, 57, and 114 ng g™ lipid in
2012, as shown in Table 1. It was confirmed that
hexaCB-153, hexaCB-138, and heptaCB-180 con-
tributed to the total PCB concentrations in the
blood of Yusho patients. In addition, these major
isomers were also found at high concentrations in
the blood of the normal controls (Table 1). The
ratios relative to the normal controls ranged from
1.5-1.9 ;
between the concentrations of the isomers in the

there were no significant differences

blood of Yusho patients and the normal controls,
as shown in Fig. 1.

On the other hand, the concentrations of
hexaCB-156, hexaCB-157, and heptaCB-189 in
the blood of Yusho patients were 31, 8.4, and 4.5
ng g lipid in 2005, and 26, 6.5, and 4.1 ng g " lipid
in 2012, respectively. The concentrations of the
specific isomers were lower than those of the
major isomers, whereas the ratios of the specific

isomers were significantly higher than those of
the major isomers (Fig. 1). The ratios of the
concentrations of hexaCB-156, hexaCB-157, and
heptaCB-189 to those of the major isomers in the
blood of Yusho patients were 3.2-3.9, 3.2-4.2,
and 3.8-4.3, respectively, and were higher than
those of the normal controls. These results
indicated that, even though more than 40 years
have passed since the Yusho incident, Yusho
patients contained higher concentrations of hex-
aCB-156, hexaCB-157, and heptaCB-189 in their
blood than unaffected people.

The results led to two hypotheses regarding
why specific isomers accumulated in the blood of
Yusho patients. One possible interpretation was
that the specific isomers were at high concentra-
tions in the contaminated rice oil, and the other
was that these were difficult to be metabolites
such as OH-PCBs. Previous studies regarding
contaminated rice oil from the Kanemi-Yusho
incident focused on polychlorinated dibenzodiox-
ins (PCDDs), polychlorinated dibenzofurans
(PCDFs), and non-ortho PCBs ;
information regarding concentration of non-diox-

however, the

in-like PCBs was not frequently reported. There-
fore, we analyzed the concentrations of major and
specific isomers in the contaminated rice oil from
the incident. Notably, these isomers were de-
tected at high concentrations in the rice oil. The
concentrations of the major isomers hexaCB-153,
hexaCB-138, and heptaCB-180 were 1800, 3500,

and 1200 ng g, respectively. On the other hand,
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Fig. 2 Comparison of the chromatograms of PCB isomers in contaminated rice oil and

KC-mixtures.

those of the specific isomers, hexaCB-156, hex-
aCB-157, and heptaCB-189 were 1800, 450, and
190 ng g, respectively. The concentration
pattern of these isomers was corresponded to a
previous data”. In particular, the concentration of
hexaCB-156 was nearly as high as the concentra-
tions of the major isomers. This concentration
level was similar to a previous report on that of
hexaCB-156 in the other contaminated rice oil'”’,
Thus, these findings demonstrated that the
specific isomers in the contaminated rice oil
remained at high concentration. In conclusion, it
was considered to be one of the reasons that these
isomers were highly accumulated in Yusho
patients as compared to the normal controls.

Interestingly, in this study, the component
fraction of the specific isomers in the rice oil was
higher than that in the KC-mixtures which was
common PCB products. A comparison of chro-
matograms is shown in Fig. 2, to illustrate the
intensity of the specific isomers in the rice oil and
KC-mixture. Major differences in the peak areas
corresponding to hexaCB-156 and hexaCB-157
were noted, but minor differences in the peak
areas corresponding to hexaCB-153 and hex-
aCB-138. Additionally, the amount of hep-
taCB-189 in the rice oil was greater than that in
the KC-mixture. Therefore, these differences
might be caused by the thermal metamorphism of
PCBs, which were used as heat-transfer medium
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Fig. 3 Chemical structures of the common OH-PCBs and their parent PCBs in human

blood.

in the process of rice oil production. Notably,
previous studies regarding the formation of PCDF
from PCB upon heating at a high temperature
might imply a change in the PCB isomer
patternn) 12) .

As mentioned above, there were no significant
differences in the ratios of the concentrations of
the major isomers detected in the blood of Yusho
patients to those in the normal controls, while
hexaCB-153, hexaCB-138, and heptaCB-180 were
highly detected in the rice oil (Fig. 1). This result
clearly indicated that the accumulation of the
specific isomers in humans was different from
those of the major isomers. In other words, the
rate of elimination of these compounds from the
human body might have differed. Therefore, we
investigated the metabolism of PCBs in order to
verify this hypothesis. Several previous studies on
the metabolism of PCBs showed that OH-PCBs
are the main metabolites of PCBs, and are formed
by the cytochrome P450 (CYP) monooxygenase
enzyme systemls) 9 The OH-PCBs are formed
from direct electrophilic addition of oxygen or an
arene oxide intermediate by hepatic CYP
enzymesl5>. Metabolic patterns of PCB isomers

were reported in animal studies'™ ", PCB
isomers with a lower number of chlorine substitu-
tions, including 2,3-, 2,5-, and 2, 6-dichlorination
or 2,3,6- trichlorination patterns, are easily
metabolized to OH-PCBs. Additionally, PCB
isomers with chlorines in the 4-, 3,4-, 3,5-, 2.4,
5-, 2,3,4,6-, or 2,3,5,6- positions are slightly
metabolized® .

In this study, we found that specific PCB
isomers hexaCB-156, hexaCB-157, and hep-
taCB-189 accumulated in the blood of Yusho
patients. A review of previous research revealed
that 4-OH-CB107, 3-OH-CB138, 4-OH-CB146,
3-OH-CB153, and 4-OH-CB187 were commonly
detected as PCB metabolites in the blood of
humans from several countries'®. The above
major OH-PCB isomers were also detected in the
blood of Yusho patientslg)m). These OH-PCB
isomers and their parent PCB compounds are
shown in Fig. 31320 These findings imply that
hexaCB-156, hexaCB-157, and heptaCB-189 are
not easily metabolized in humans, although
studies related to the metabolism of these PCB
iIsomers are limited. As a result, the specific
iIsomers might remain in the blood of Yusho
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patients.

Finally, it is necessary to consider the intake of
dietary PCBs from foods such as seafood. Hori et
al. investigated the relationship between seafood
consumption and accumulation of PCBs in
humans?" . According to the report, intake of the
specific isomers might be considerably low,
because these isomers constitute less than 1% of
PCB isomers. Therefore, it seems unlikely that
intake of the specific isomers from foods is high. In
conclusion, the specific isomers exposed at Yusho
incident might remain in the patients for a long
time ; consequently, these isomers were detected
at higher concentrations in the blood of Yusho
patients as compared to those in the normal
controls.
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Effect of Cynaropicrin on 2,3,4,7,8-Pentachlorodibenzofuran-
induced Wasting Syndrome and Oxidative Stress
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Abstract

The effect of cynaropicrin that is the major component of an edible plant, artichoke (Cynara
scolymus) on 2,3,4,7,8-pentachlorodibenzofuran (PenCDF)-induced toxicity in mice was studied. We
evaluated the effect of cynaropicrin on the wasting syndrome and oxidative stress elicited by PenCDF.
However, the PenCDF dose-response relationship on the wasting syndrome has been superficial.
Therefore, we determined the dose which causes wasting syndrome in C57BL/6] mice, a responsive
strain to dioxins. Since 2,3,7,8-tetrachlorodibenzo-p-dioxin (0.1 mg/kg, p.o.) induces hepatic
ethoxyresorfin O-deethylase (EROD) activity in mice, we set the doses of PenCDF at0.3,1.0, 3.0, 5.0
and 10 mg/kg (once, p.o.) on the basis of its toxic-eqivalency factor (0.3). The wasting syndrome was
evaluated by measuring the daily changes of body weight. Thiobarbituric acid-reactive substances
were used as an index of oxidative stress. Of PenCDF doses examined, wasting syndrome and
oxidative stress took place most markedly in 5 mg/kg. In disagreement with this, EROD activity which
i1s the marker of the aryl hydrocarbon receptor-dependent induction of cytochrome P450 lal was
elevated most abundantly at 0.3 mg/kg. Then, we examined the effect of cynaropicrin on the wasting
syndrome and oxidative stress provoked by PenCDF at 5 mg/kg. However, this compound up to 20
mg/kg (p.o.) did not attenuate PenCDF-induced wasting syndrome. On the contray, PenCDF-induced
oxidateive stress was suppressed by cynaropicrin at the highest dose (20 mg/kg), although EROD
activity was increased rather than reduced by cynaropicrin at lower doses. Thus, it is suggested that
cynaropicrin has an ability to reduce oxidative stress caused by PenCDF.
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& U &

WAETIE, BREIRCIRERH SRR 2 1m0 &5
5 LW D7z B EENFEEL, FERK 40 FD L

(

BB LABED LB, 2L OBEPEHELATYS,

THE S AW, polychlorinated biphenyl (PCB)
BLOZzomBUz LY & U7 EERNAERY TH
HEATRY U THDLEEZLNTWAY,
Td, 2,3,4,7,8pentachlorodibenzofuran (Pen-
CDF) &, MHEEEDOHRNTOY A +F T VL
LTo#mMffE TdH L TEQ (Toxicity
Equivalency Quantity : 2,3,7,8-tetrachlor-
odibenzo-p-dioxin (TCDD) #t & =, TEF
(Toxicity Equivalency Factor) & fffEiE & OFf)
PEEOK) 70% L b E <, FBIENDFG DK D
BWEEWE L Z 25N Tw52Y . BimERT
X, BHEOYV A FF T VHEICK T, (KENE
POHIE 2 45 & 3 5 H #E0E (wasting syn-
drome), AFIER B & OHafs <o oL 0 ZEii 20 & D
FAEAH STV BY,

¥4 FFT VHEOBEMEICIE, aryl hydrocarbon
receptor (AhR) #5452 &7%% AhR /v 7
T MY AR WIS S REE T W
BV F A FF L UHHIFIE O AhR KA
% &, AhRIIENIZRAT L7205, AhR nuclear

translocator £ A& L, ~NT O Y A ¥ — =LA,

T E = IS FFAE 9 A xenobiotic responsive ele-
ment |ZFEET L. TNICXD, BEENTEELE
M, cytochrome P450 (CYP) 1Al 2R & 55
SEEERMEIFEEINDT.
MfgEsE ik, HAEE TIS,
lacetone, resveratrol, 3 & U curcumin 7 & D¥)
B A% TCDD |2 & % wasting syndrome % ##]3
BT EHRELTWEY Y —F artichoke
(§AEE 74 2 ) Cynara scolymus (2%, $ulRALIER
2B EW4Th S cynaropicrin 1, LA
BREFAIROUEEH, YIIEERTH 5 &t
BEnTwRW, F7, AEHEIIESI2 X5 in
vitro F2E%7> 51, cynaropicrin (2 AhR 7~ % T
ZAMELTOEHLREESATH Y,
AHFFETlX, ~ ™ A TO cynaropicrin DB &E
WMEL> By & L7z, $7%&bbH, cynaropicrin 7%
PenCDF I T 2 BBAEH 2 H 3 2 050
% FiEt L7z, Cynaropicrin 2888 Y O %R %

geranylgerany-

e HoE —

(83)

307 %

H3 X, CYPIAL 1A2 BXUIBl &2 &ED
AR IZHIH S N B BEOFEI WIS, F72,

FRALEY 2 b L A S 2 & e S ez

PenCDF H M 481E & | Cl, wasting syndrome
BXUBMILWA ML A2 Wiz, w7 AT,

PenCDF 7f wasting syndrome % #2355 &7,
EFEICIZ G >Tnewv, 22T, £, Pen-
CDF # 1 o H = K7 % % 31 X, wasting syn-
drome &L 3 5 HE xR L, €D, cynar-
opicrin DA &1 % #RE L 72

B A

1. PenCDF OAR

PenCDF 1%, BE#IZGEV &1L L 7', PenCDF
D s &AL LR GERIE), 196-196.5T ;
EI-MS ICB 25 FA 4+ E—=2 (m/z, M),
338 :NMR A*%Z +)V [CDCl3, ¢ inppm (signal
pattern)], 7.97 (s), 7.91 (s) and7.77 (s) B &
OHAZax N7 7128 REL. TN
A7 N7 T T OHMTIH—E— 7 ) RFF
M 21.8 frICEigt s, ¥— 7D S AL
WL EEREL SN/, TAZu~ N T 7%
& : Shimadzu GC-17A (Kyoto, Japan); 77 7 4 :
DB-5 (0.25 mm ID. X 30 m) (Agilent Technolo-
gies, Santa Clara, CA): 77 9 &+ — 7 VinE (HiL
43#41) + 70C T 2 min &%, 2C/min T220C £ T
i L 220C € 1 min ££%¢, 3T /min T 280T %
THIEEL, PIEESHTHIE 280C IR F:, 41>
7 va vR— MR 250C ; i #RiEEE 330C
XFx )T HA ESMEERT AN, (99.999%) ;

ES &

FEdE 0.8 ml/min ;AR T 9 T g 2
(3Ni).
2. Ehpnie

By ERIL, TN TN KRFEYERGEEE
EDRBEIETIT > 72. PenCDF H BRI
B4 2 EERE, U RFEFT B & IS B W
TAT1»72. %72 cynaropicrin {2 & % PenCDF %
PERF R OMGEEERR L, MR\ EHH H AR
ZELTITo72. YT ARHAZ LTI WV EEA
L, 1AMOBtoD LM L7z, PenCDF #:4E
D FEARLENE © 44 4 F 2 VI Lk
® AhR #5684 %5~ 2 (C57BL/6] %#k) % 1
Ji L7z, PenCDF ® TEF=0.3'" &, CYP1Al ®
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< — 71 —{EMETH 5 ethoxyresorfin O-deethylase
(EROD) it %5k < i5E L, wasting syndrome
% %#+ % TCDD ® A% 0.1 mg/kg (p.o)® %
#1121 C, PenCDF OfEH=E% 0.3 mg/kg (p.
o) IZEE L. v4bL, 74D C57BL/6] A
Mt~ 7 212 PenCDF (0.3, 1.0, 5.0 BXU10
mg/kg/2mL I — Vi) ZHEREOHRS L7z xf
FEBEICIE, a— a0 S L7:. &5 7TH%
WCHEREZE L 720 bl T I 72. Cynar-
opicrin 12 &£ % PenCDF &4 D%, - PenCDF H
®id, 5.0 (mg/kg/5mL I— Vi) IZEkE L7z
PenCDF #&11#%5- 1 BE[ R, cynaropicrin (1,
5 10 BL 1" 20mg/kg/5mL9.6%TF A K1) >)
EREORS L2 RPEEEICIE, KB XU eynar-
opicrin DA TH L TF A M) VIER TG L
7. BH2~S, 1H1WM6HM MEHED
cynaropicrin ##5- L7, 5% H, PenCDF
5.7 Hi%1, WHIERIC cynaropicrin ##5- L
7z,

3. KEHLVEREE

PenCDF #5-Hi7 6, #52I12HEH 2179 H
T, BHAEZWE L2, B HICE, iR, M
ligb & MR O E = 2 HE L7

4. Thiobarbituric acid-reactive substance
(TBARS) OBEIE

Ohkawa & D F#EIZGEVT, JHHO A E Y $—

M, FREBRRRLICEVAEL Y YT

T REF AN EY —)VERE UL S, AW

OWSEE (532 nm) =l L7z,

5. Ethoxyresorufin-O-deethylase (EROD)
EMEDAIE

L7 A 3 5o 1.15% KCLIZTHE
VA AL T 9,000xg T 20 GG
MEL 7z, fFohzz ki (S9) 40 vy, Burke
5D HHEHE- T®, 7-ethoxhresorufin @ O-Jii
TV E VALK & 1) A U A resorufin O #G%
HsE L7z (Bhiet, 544 nm s #5256, 590 nm).

o S

PenCDF |2 X % wasting syndrome 2%} 3 5

cynaropicrin O JEAEH 2 i-X 25 D125,
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¥ 9, C57BL/6] ¥ 7 A2 B\ T wasting syn-
drome % #&i#e L7155 PenCDF W& 5 2 i~ 72,
PRERINEH], FIER, W3 X O O ZEiE %
wasting syndrome D IIE & L TGS %17 - 72.
Z iR, PenCDF O H & MAF 9 12 I N o> #1
fl2sEi%E S /2 (Fig 1). PenCDF 1mg/kg ML L
OH=ETIE, #57HRIZBWT, ARERENY
I 23720 517z, 58 £ 710 mg/kg T,
L WIREEAD RS 51, wasting syndrome
WERINIZZEPHL 27 BRI,
0.3m/kg X WERE I N2, S RIFHRZZHED
#HHTIE, HERFEIEZEO N Zro72. Tkt
DZEEHEIX 0.3 me /kg & ) PenCDF HEMKAFMIZ
s/, £/, PROZEMIE 5.0 mg/kg D
FCHEHgE SN (Table 1). FREEFRILOIRE L
7 % Tl TBARS 1 & PenCDF H&EAKAFAYIC
L, 5.0 mg/kg DH&ETHRKE -7 (Fig
2). —7, Cyplal #FHEDIEETH 5 EROD HM:
iE, ARG L aREAE O 0.3 mg/kg 2B W
THROLMOHFESINS (Fig 3). INH OfEEx
5, C57BL/6] < ™7 A2 wasting syndrome % %
3 HHmEE LT PenCDF 5 mg/kg % #4172,

PenCDF 5 mg/kg |2 X » CTEE I N LK EE
INEPHIER 2R LT, cynaropicrin (X223 /EH %
RS o dz (Fig 4). 72, FFAEK, &S X
O M B Z2 6 1 o0k 3 2 HIRI R b oo 7z
(Table2). —J, TBARS iZ, cynaropicrin 1~10
mg/kg DFHEH TIE, PenCDF HM#EKGHF X D 3
W LA T DAY D - 7258, 20 mg/kg DK
& @ cynaropicrin Tl > ba— V#E LG
EVR WL N VIZEEL 72 (Fig 5). — 4,
EROD {&EVE® % 1% cynaropicrin @ 5 8 X U8 10

Table 1 Effects of PenCDF on the organ weight of mice

Treatment Liver Spleen Thymus
of PenCDF (% of body weight)

Sortrol - 5.770.07 0.20 % 0.0 0.31 0.01
0.3mg/kg  7.71+0.097 0.30 £0.01 0.22 =0.02"
1.0mg/kg 7.96+0.037 0.28=0.01 0.12 *0.01"
5.0mg/kg  7.31 £0.107 0.21 =0.01° 0.09 = 0.00"
10 mg/kg  6.80 £0.32°  0.22 +0.01° 0.07 +0.01"

Mice were given an oral dose of PenCDF (0.3, 1.0, 5.0 or
10 mg/kg) on day 0. Mice were sacrificed 7 days after
PenCDF treatment. Each value represents the mean £ S.
E. of 5 mice. Significantly different from the control (, p <
0.05:7,p<0.01;" p<0.001).
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Fig. 1

TBARS (nmol/mg protein)

7654321012 34567
Days after treatment

Effect of PenCDF on body weight gain in mice
Mice were given an oral dose of PenCDF (0.3,
1.0, 5.0 or 10 mg/kg) on day 0. Each plot
represents the mean of 5 mice. Mouse body
weight was measured in every morning (9 a.m.)
from the beginning at 7 days before treatment.
Significantly different from control (*, p < 0.05 ;
** p < 0.01:** p<0.001).

QO : control (corn oil) ; M : 0.3 mg/kg PenCDF ;
A 1.0 mg/kg PenCDF ; ¥v:5.0 mg/kg
PenCDF ; @ : 10 mg/kg PenCDF

*k%k

10

Cont. 0.3 1 5

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

Fig. 2 Effect of PenCDF on hepatic lipid peroxida-

tion in C57BL/6] mice

Mice were given an oral dose of PenCDF
0.3, 1.0, 5.0 or 10 mg/kg). Each value
represents the mean * S E. of 5 mice.
TBARS was used as the index of lipid
peroxidation. Significantly different from
control (**, p < 0.01 ; *** p < 0.001). Signi-
ficantly different from PenCDF 5.0 mg/kg
group (T11, p < 0.001).

Body weight gain (g)

N
<

—_
o
1

o
1

*kk

it Tt

0.3 1

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

Effect of PenCDF on hepatic EROD activity
of C57BL/6] mice

Mice were given an oral dose of PenCDF
0.3, 1.0, 5.0 or 10 mg/kg). Each value
represents the mean = SE. of 5 mice. EROD
activity in the S9 is used as the index of the
induction of Cyplal. Significantly different
from control (**, p < 0.01 ; *** p < 0.001).
Significantly different from 0.3 mg/kg
group (T, p < 0.05; Tt p < 0.001).

Cont. 5 10

1 2 3 4 5
Days after treatment

Fig. 4 Effect of cynaropicrin on PenCDF-induced body

weight loss in C57BL/6] mice

Mice were given an oral dose of cynaropicrin (1, 5,
10 or 20 mg/kg) or dextrin 60 minutes prior to
PenCDF (5.0 mg/kg) treatment. The same dose
of cynaropicrin was given orally once a day for
subsequent 6 days. On the 8th day, cynaropicrin
was also adminiatrated 30 minutes before dissec-
tion. Significantly different from control (corn oil)
(*p<0.05* p<0.01;** p<0.0001).

O corn oil (control) + dextrin ; 2, 20 mg/kg
cynaropicrin ; M, dextrin; ¥, PenCDF 5 mg/kg +
dextrin ; 9, PenCDF + 1 mg/kg cynaropicrin ;
(O, PenCDF + 5 mg/kg cynaropicrin ; [,
PenCDF + 10 mg/kg cynaropicrin ; 2. PenCDF
+ 20 mg/kg cynaropicrin
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Table 2 Effects of cynaropicrin on the organ weight in
C57BL/6] mice

Treatment Liver Spleen Thymus
of Drug (% of body weight)

Control 5.69=0.09 0.26=0.01 0.22=*0.01

Dextrin 5.62=0.13 0.20=0.02 0.22 % 0.04

20 Cyna 579 +0.22 0.26=0.01 0.22=0.02

PenCDF (5 mg/kg)

+ dextrin 8.04=0.16" 0.22+0.01 0.05*0.01"
+1.0Cyna 7.80 = 0.247 0.21 £0.01" 0.05 % 0.00"
+5.0Cyna 8.04 +0.177 0.19 = 0.007 0.05 = 0.00"
+10Cyna  7.53+0.107 0.20 = 0.017 0.05 = 0.01"
+20Cyna 7.97*0.107 0.22+0.01 0.05=0.01"

Mice were given an oral dose of either cynaropicrin (Cyna)
(1.0, 5.0, 10 or 20 mg/kg) or dextrin 60 min prior to
PenCDF (5.0 mg/kg) treatment. The same dose of
cynaropicrin was given orally once a day for subsequent 6
days. On 8th day, cynaropicrin was also administrated to
mice before sacrifice. Each value represents the mean +
S.E. of 6 mice. Significantly different from control (, p <
0.05;",p<0.01; ", p<0.001).

PenCDF (5 mg/kg)

| *kk |
*% -

TBARS (nmol/mg protein)

Cont. Dext
10

20
Cynaropicrin (mg/kg, p.o.)

Fig. 5 Effect of cynaropicrin on PenCDF-induced
hepatic lipid peroxidation in C57BL/6] mice
Mice were given an oral dose of either
cynaropicrin (1, 5, 10 or 20 mg/kg) or
dextrin 60 min prior to PenCDF (5.0 mg/kg)
treatment. The same dose of cynaropicrin
was given orally once a day for subsequent 6
days. On the 8th day, cynaropicrin was also
administrated to mice before sacrifice. Each
value represents the mean = S.E. of 6 mice.
TBARS was used as the index of lipid
peroxidation. Significantly different from
control (corn oil) (*, p < 0.05; **, p <0.01;
= p < 0.001).
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PenCDF (5 mgl/kg)
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Fig. 6 Effect of cynaropicrin on the PenCDF-induced

EROD activity in the liver of C57BL/6] mice
Mice were given an oral dose of cynaropicrin (1,
5, 10 or 20 mg/kg) or dextrin 60 min prior to
PenCDF (5.0 mg/kg) treatment. The same dose
of cynaropicrin was given orally once a day for
subsequent 6 days. On the 8th day, cynaropicrin
was also administrated to mice before sacrifice.
Each value represents the mean £ S.E. of 6
mice. EROD (ethoxyresorufin-O-deethylase)
activity is used as the index of the induction of
CYP1A1l. Significantly different from control
(corn oil) (***, p < 0.001). Significantly different
from treatment with PenCDF alone (5 mg/kg)
(t. p < 0.05).

mg/kg X512 L DR L 720 ¥EIZ, 5 mg/kg D
cynaropicrin Cix PenCDF Hii#% 5- 2% L C
bEEEPELE (Fig 6).

Z =

PenCDF O REFEHIZ BT 5 HEMKGEME % H
NR7-4E5 wasting syndrome 23R L S b
& & Cyplal oL 72 %5 (EROD) &N &%
LB FEINLHBIHL IR L2 ->TEY,
A& X 5.0 mg/kg, #%#1X0.3mg/kg TH- 7.
TCDD T O f##f Ti&, 0.1 mg TR L 7
CH7BL/6] ¥ 7 AT, Cyplal »95& < FHE I N5 &
V) BHfgEE TORATRRSE LY, PenCDF @ TEF
=0.375%2TY, SHEORMEMARE, 0.3 mg
& L7z, PenCDF 0.3 mg/kg 1285\ C Cyplal @
FENPPEE CTHo/-Z L1E, TEF THESNS
HHHREEFETAERbNAL. —T, wasting
syndrome #&# 34 5121, TEF X ) EHHEDY
WTHhDHI LRSIz, EROD G HIZ4 M
JAv 72 PenCDF ® & T, 0.3 mg/kg # ¥ —
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702, HERECEEL otz —J, @R LR
BoiETHAHHF TBARS 1&, HEKEIZEN

L7z, ZOEVOFKRIZERE S TS TIELR
Vv, 4 A%, wasting syndrome % $8AE (2 L 7272

», 5mg/kg DHEZEIRL, ZOROHRE %
1To7z.

A RRET L 72 i & o 20 mg/kg @ cynar-
opicrin (%, K&, TBARS # X N EROD & ICH
BLrEHE5 27,
Z O & Tld cynaropicrin HAEO#HE MEIZH N 72
WEE 2z 5172, PenCDF 5 mg/kg 12 & » TE
e SN AREIIIEIEIER, FFIER, MEs O
MR ZE4E 12kt L C, cynaropicrin (ZeXHEEH R
SN ho7z (Fig 4, Table 2). #it-> T, wast-
ing syndrome 2%} 3 % cynaropicrin @ 548,
TERdM S TV, b LCidZwnbotEz Hh
5. —75, EHED cynaropicrin 121%, PenCDF
2 & B IRE BRI~ OWFHWER A3 d % Z & AR
&7z (Fig.5). EROD {EMHEICH LTI, 5.08

LU 10 mg/kg DHETHEIREL 22 & 205,

PenCDF & cynaripicrin ® = MKFF LT, &L
LA EO LR H L LEZ N
cynaropicrin (&, Ah-7 > % T=A MEA L fE
SN Twb. PenCDF 2 &k 2 HEKAFHETIE,
5.0 mg/kg £ D IEHED 0.3 mg/kg TH LW
EROD {0 FEH RO bt Twiz (Fig 2).
Yt > T, cynaropicrin 28 Ah-L 7% — % [HE L
72 EARE T IUE, cynaropicrin BFAERIZIX, T L
% PenCDF & TOMEMIZHEM L 725 R A
51, EROD i E o/ E2 5231 T
x5,

ARl OMEF TIE, wasting syndrome % fE1Z (2
L7720, REBEIMIEER AR b BHE 725725
mg/kg PenCDF (2%} 9 % cynaropicrin D522 %
F~727%, EROD il A L {FES N7z, 0.3
mg/kg %2 &, X D{KH=E® PenCDF I2X3 3 5%

cynaropicrin O 2% ARG S E L E 2 b7z,

b

Y artichoke D4 Td % cynaropicrin
HYMEJE K S PenCDF 354 12604 2 B84
EHT LGN e T AR W TRE L7,

=&
af

1. ¥ 22817 5 PenCDF #H1%D FH &K%

NS DR TR AR Y

—77,

e HoE —

307 %

P7KER, 5 mg/kg @ PenCDF 12 X ) 1L
BA ML ADIRETH % Tk TBARS 5% L
S ERAFTDLZEDPHL NI 572, Wasting
syndrome (¥ 5 mg/kg 7% b HHE TH o 7-.

2. PenCDF 0¥ 55 % 5 mg/kg & L C, cynar-
opicrin {2 £ %4 PenCDF #:ME#EAEH % #iad
L7, Z®HE T cynaropicrin |21
PenCDF (2 & % wasting syndrome (283 %
FUHEBEHIIRO N 22 o 7.

3. PenCDF 2L > Tifile &5 TBARS © 5
&, EH= O cynaropicrin D512 X ), 2
MU= VEEEFBEEN WL A)VIZETE L
7z.

PenCDF |2 & 1) &2 &1 % wasting syndrome
\ZkF9 % cynaropicrin O #E PR EAE 13465 D T
v, 3 LE2nwdotEZoNE. LL,
5 H & ® cynaropicrin (21, PenCDF 2 & % i5E
BRI DIHFIER DS 5 & & AVRIE S 7z,
%, EHE® PenCDF I2kF4 5 cynaropicrin @
HEOMMREDPEIND.
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Metabolism of 2,2’,3,4,4’,5,5’-Heptachlorobiphenyl (CB180)
by Animal Liver Microsomes

Chiho Outa?, Koichi Haracucm?, Yoshihisa Kato®, Tetsuya Expo?,

Osamu Kmura® and Nobuyuki Kocal?

DFaculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1 Befu,
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1314-1 Shido, Sanuki, Kagawa 769-2193
DY Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,
1757 Ishikari—Tobetsu, Hokkaido 061-0293

Abstract

The n vitro metabolism of 2,2',3,4,4",5,5-heptachlorobiphenyl (CB180) was examined using liver
microsomes of rats, guinea pigs and hamsters. Of liver microsomes from untreated animals, rats and
guinea pigs produced one metabolite (M-1) with the activity of 1.2 and 18.1 pmol/hr/mg protein,
respectively, but hamsters did not at all. Pretreatment of phenobarbital (PB) resulted in about 32-fold
increase in rats, 4-fold increase in guinea pigs and an appearance of M-1 in hamsters (15 pmol/hr/mg
protein). In addition, another metabolite (M-2) was formed only by liver microsomes of PB-treated
guinea pigs. In contrast, pretreatment of 3-methylcholanthrene showed no metabolite in three animals.
By comparison of the GC-MS data of the metabolites with synthesized authentic samples, M-1 and
M-2 was determined to be 3-hydroxy (OH)-CB180 and 4-OH-2,2",3,4,5,5-hexachlorobiphenyl
(CB141), respectively. These results suggest that 3-OH-CB180 is a major metabolite and is formed by
PB-inducible cytochrome P450 (CYPZB enzymes) in animals and also guinea pigs possess much higher
activity to metabolize CB180 than rats and hamsters.

Key words : Metabolism - PCB - Liver microsomes - Rat - Guinea pig
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& U &

(

Polychlorinated biphenyls (PCBs) i, # % Il
JEQ R RYE T 555, MR LREEEHIYE &

LTOHHTHS. PCBs (INREME MO T <,

bt & d U OMFLEIW O M, FERHE S
O, S EEETHRE SN Z EH 5, 2001
DALY 7 RIVASERITIE, FREBEAREG

B (POPs) @ 12IZfREE 72, PCBs DT,

WHEEDP6HULED L DT, 2,4, 5-=ZHEERA
YU HDHNIE 2,34 5-IERBEBRARE L E
HLTW2 b0 TR B, HiC,
2,2',4,4" 5 5-hexachlorobiphenyl (hexaCB)
(CB153), 2,2.3.4,4,5-hexaCB (CB138) X
*2,2,3,4,4,5,5-heptachlorobiphenyl (hep-
taCB) (CB180) %, XMy &ik/ I PCB #4%
hTHsP 12 F72 Todaka 5, WHEFMESE
M4 37 4 %l L 7ol B3 O I PCB 21
AR A, FmikD 3 EICHS, 2,2,3.4,
5.5,6-heptaCB (CB187), 2.2.3,3,4.4,5-hep-
taCB (CB170), 2.,2.3.,4,5,5-hexaCB (CB146)
D%\ b, &5|2 CB180, CB170 & X 82,3,
3'.,4,4 5-hexaCB (CB156) 7%, f@&# & D 2.2~
3.9MOEmERETHL I LAFELEY. 2y
OFERIT, WHEBRZEIIZ NS O PCB #M k% X

D& CHEPL, E5ICIEINOBEMMITIEAL
RSN FIEHHERF SN T D 2 L ERIBL
TW5,

—77, Mg R BFE A5, PCBs 7217 Tld 7%
{, PCB ft#i¥ ® 4-hydroxy (OH)-CB187,
4-OH-CB146, 4-OH-2,3,3,4,5-pentachlor-
obiphenyl (pentaCB) (CB107) ¥ & U"3-OH-
CBIB3 Z L dkmmEBE TR I TY
527 PCBs ® 9 b, BEHIEEHA 5 MUT O
bORRAY-INTANIKENER S NI2D DI,
JF/NEARIZRAET 5 F b 7 1 4 P450 (P450) 12
L0, HEBEWNES KBS, FISHETEZAL
THPANLPEES APV s oy
Ot IRE L TEVIREEZ MR L T b7z
DEIZOEVEE L0t Bbns.

CB180 »L##HZ, 1993 4E Koss 512 & - THI®
THE N, o1, M v M2 CBI8O
PRS- L, ERBHSE52O/5 %A OH
e LTSN L RHE L2 22770, R
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WO FEEIAHD T T THo72. #
D%, CB180 L& & B it s 3-OH-CBI180 27,
ey < mw”, 2w x—FrEfEoe b
WY B X O & IRIRES, T T oA
24 v bOIEY, BASA YEEOE R
Y o MR ST b, 3-OH-CBI80
IZJF P450 12 & b, 3212 CB180 A & B AKmRLIC
FoTHERSNLEEZLNDD, —H, 2.2,
3,3,4,5,5-heptaCB (CB172) 75 3',4-epoxide
A ZREEH L, & 512 NIH 8472 & CTER S
NAWEEDEEIN TS,

7 2 TARRFZETIE, 3-OH-CB180 %5 CB180 %
SERENLEZDPEPEHLNIT L7720, 7 b
ENVEY PBIUONLZAY—FI 70— 24
(Ms) & H\C CBI80 ftait & di~7-. F72,
W54 % P450 > FHEZ 6 212§ 5 720,
P450 #% & %] @ phenobarbital (PB) B X O
3-methylcholanthrene (MC) THIMLEE L 7-E54
I Ms & F W ClRIBR IR L 72,

X B 5 &

1. EERA#

(1) CB180 D H

CB180 13 Cadogan @7 TEHM L7 T4
5, 2,4, 5-trichloroaniline 1.0 g B & U°1,2,3,
4-tetrachlorobenzene 3.0 g % tetrachlor-
oethylene 10 ml T L, & 52 isopentyl nit-
rite 0.5 ml Z N2z T, 110C T 24 B S S 72,
FISET IV F 7552 (100g, Merck) B XY
OBV T A (65g, Merck) THEB/FEELL 72
%, 5HUH HPLC I 72, CB180 I, fREFFIEH
17.53 min |23 S 77z, HPLC SfFiZk o Y
ThHb. 7725 ODSHT 2L (250 x 20 mm id,
5um, YMCH#) : 7L %524, ODS 7L T A
(50 x 20 mm id, YMC #) ; ##fH, acetonit-
rile : Wi, 4 ml/min ; BHEE, 254 nm. % B,
CB180 O 1L& 1 13" H-NMR B & U8 GC-MS (<
L DPE L7z FH 7z CBI180 dffi L, 96.2
%TH o7z,

CBI180 : '"H-NMR 6 (ppm) : 7.620 (1H,s, 3-H),
7.313 (1H,d s, 6-H), 7.341 (1H, s, 6-H). MS
(EI) m/z (relative intensity, %) : 392 (100)
[M*], 394 (188) [M*+2], 396 (153) [M*+4]
398 (66) [M"+6], 400 (21) [M"+8], 357 (24)
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[M*— Cl], 322 (102) [M" - Cls].

(2) R OERK

3-OH-CB180 8 & * 4-OH-CB172 X Hutzin-
ger 5OHE® 2 HETULELCTERLE. T4
b, 2,3,4,5-tetrachloroaniline 1.0 g % &5k
TIRMRIE & L 7o, HAEER T M) U A SRR
i F L, ZZ acetonitrile TEME L 722,3,5-
trichlorophenol (B EfLEL) 3.0 g # Mz T, 110
C, 2L 72, Z£DF%, chloroform 12T
L, WIZ 2M KERfEF ~ ) o A THidhii 24T
W, EIEEECEIEEYE L L 72, U chloroform T
WL WEmiE 7Ty a7 4 (100 g,
Merck) THAFRE# L 72, FRtLABRRSMHET
HPLC %17V, 3-OH-CB180 & 4-OH-CB172 %
SEEREEL L 72, 212 diazomethane T A )Lk
L, 2tk GC-MS 12t L 7-.

4-Methoxy (MeO) -2,2,3,4,5,5-hexaCB
(CB141) 1F, Cadogan ® L TEHK L. ¥
bbb, 2,3,5-trichloroaniline 1.0 g B & 82,5~
dichloroanisole 1.3 g # tetrachloroethylene 10 ml
T L, & 512 isopentyl nitrite 0.5 ml 212
T, 110C T 24 BRI BUS S W72, RUSHRITZR SR
Et%, VA7V H T L (65g Merck) T4
B, HPLCIZTHHE L. Bon-FTRILEYw
DL, GC-ECD B X U GC-MS 12 TIT o 7-.

GC-ECD O &MIZRDEY) T A, 5rHiHdR,
ECD 1+ HP5890 Series I # A 27 a~ h 75 7
(Hewlett-Packard #) ; # 5 4, DB-1 72— X
FI ) HF¥ET)—=4F2430m x 0.25 mm i.
d., 0.25um B, J&W Scientific #) ; +— 7~
MmEE, 230TC i ALREE, 250C ;5 fr i &R im EE,
250C ;5 Fx )7 —HA, Ny (1 ml/min).

3-MeO-CB180 : MS (EI) m/z (relative in-
tensity) 422 (100) [M'], 424 (188) [M'+ 2],
426 (149) [M"+ 4], 428 (62) [M"+ 6], 430 (16)
[M*+8], 407 (7) [M"~ CHsl, 379 (39) [M"~
COCH3], 372 (13) [M"— CHsCl], 309 (55) [M*
— COCH3Cl2].

4-MeO-CB172 : MS (EI) m/z (relative in-
tensity) 422 (100) [M"], 424 (254) [M*"+ 2],
426 (251) [M"+ 4], 428 (111) [M"+ 6], 430
(38) [M"+8], 407 (7) [M"— CHs], 379 (39)
[M"— COCHsl, 372 (13) [M"— CHsCl], 309

X H T

(96)
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(50) [M"— COCHsCl,].

4-MeO-CB141 : MS (EI) m/z (relative in-
tensity) 388 (100) [M*], 390 (195) [M'+ 2],
392 (159) [M*+ 4], 394 (66) [M*+6], 396 (16)
[M*+8], 373 (12) [M*— CHsl, 345 (37) [M"
— COCH3l, 275 (51) [M"— COCHsCl2].

(3) SRy & WL s

HEYED Wistar 527 v b (KE# 260 g), Hart-
ley ENVEY b ((KEF 280 g) B & U Golden
Syrian ANA A Y — (KEH I0g) %, ZhETh
RALFRRE, PB HTALERAE B X O MC RTALELEE D 3
BELZAT, 1BE4EE L7z, PB-NaffidAE# AR
KR L 80 mg/kg/day O HET, —77, MC
T — %R L 20 mg/kg/day DHET, W
D 3 HHEENICES L7z, mixkS HOE
HICEBRB # B L C, FafliL, #Eick
DIFMs 2B L7, 7B, INho0BwERT
P REIRFERBIM R E R X 2 FEARRE 5
72 BT, THARFERIRS: (& T EIIRH) B9
BRICEAT 2 HE] 28T LERMR L7

2. FFMsIZkBHE

BYWIIF Ms 12 & 5 CBI80 O HHIEEH |2
LTAiTo72. $7&b%, 40 uM CB180 # NADPH
HRGR (0.33 mM NADP, 5 mM glucose-6-pho-
sphate, glucose-6-phosphate dehydrogenase 1.0
unit), 6 mM MgCl B L U8 % HF Ms (1 mg
protein) % 100 mM HEPES #% it (pH7.4) &
EHIZAF Iml & LT, 37CT60min £~ F 2
~N— g, R % chloroform-methanol (2: 1)
1ml & n-hexane 3ml T 3 [H3 DI L7z, i
1% diazomethane T 2 F )W {L#, GC-ECD F 7z
& GC-MS |21+ L7z, E#oxE&Elx, CB180 @
W HnWTiro 72,

3. ZOft

fFMs D% 7 EOERE, Lowry bDJ
BT o 72, b, iy Ry B E L
TYVIMFETIVT I EHW.

HREMB L OB 05 =L, GC-MS
2000 (EE#fEFT#) % H\WwC, EI€— FCHlE
L7z, GC-MS #rftidko#@y Thsb. 5
A, DB-172—XAFRI)AFXYET) =D T A
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(A) Untreated

(B) PB-treated
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(C) MC-treated

/CBISO /CBISO CB180
M-1
M-2
JM_I v /
A \_L -
10 15 20 25 1015 20 25 1015 20 25

Retention time (min)

Retention time (min)

Retention time (min)

Fig.1 GC-ECD chromatograms of the methylated derivatives of CB180 metabolites formed
by liver microsomes of untreated, PB-treated and MC-treated guinea pigs

Table 1 Mass spectral data and retention times of the methylated derivatives of two CB180 metabolites and its synthetic

compounds

Mass spectral data (Relative abundance, %) Retention

Compound M\ffflgkl}? D sl s sl eeso) ey e (min)

in GC-MS
CB180 392 100 - 24 - - 102 14.74
M-2 388 100 13 - 32 - - 15.82
M-1 422 100 - - 54 4 - 17.13
6'-MeO-CB141 388 100 - 32 - 121 - 13.42
3-MeO-CB141 388 100 - - 24 - 13 15.55
4-MeO-CB141 388 100 12 - 37 - - 15.82
3-MeO-CB180 422 100 7 - 39 13 - 17.13
4-MeO-CB172 422 100 38 - 35 - - 17.20

-, not detected. CBl141, 2,2",3,4,5,5-hexaCB ; CB172, 2,2",3,3,4,5,5-heptaCB.

30 m x 0.25 mm id, 0.25 um &, J&W
Scientific #) : 4+ —7 Y, 70C (1.5min) -
20C /min — 230C (0.5 min) — 4C /min -
280C (5min) ; AR, 250C  F vV 7 —H
A, He (1 ml/min).

"TH-NMR A7 LV ORIEIX HAREF O
JEOL GSX-500 (500 MHz) #* fivCTAT-o72. &
#HZ, chloroform-d (Z¥f# L, tetramethylsilane
* NERELEYIE & L CHW .

x B & 2

1. EERENMDAT Ms (S & B3

Fv b, EBEVEYMNBIUONLZRSY—IZLD
CB180 Xt # #il~~7-. Fig 1121, ENVE Y MF
Ms (2 & 0 Ak S 72 CB180 L3 W (£ F v 1Lk

YDHT A7 O< N7 T LERT. R Ms O
WA, Iy NBXOELEY FTLEEOABY
(M-1) 2SRFFERR 26.75 min IS Sz 7%
B, NAZRY —TRAHEWYE — 7 1T Sz
o7z,

Iz, BB Ms 12 X 5 CBISO i »
s L7z (Table2). #PDE&IZ CB180 D
B EHWCITo 72, ZORE, R Ms 12
£ M-1DEKIZT Yy bEELVEY FTRON,
AERTE PRI Z 124 1.2 pmol/hr/mg protein &

18.1 pmol/hr/mg protein Td > 72. &I, PBHi
WLERRF Ms TlZ, 7 v b4, M-1 3RO

3l.6fFIcFELLEIMLA. —7F, EVEY bl
A, M-1IE RO 4.1 fFi128mL, &5612,
M-2 D572 AR &N, FOEkiE 12 5.3
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Table 2 n vitro metabolism of CB180 by liver microsomes of rats, guinea pigs
and hamsters and the effects of P450 inducers on CB180 metabolism

Metabolite formed (pmol/hr/mg protein)

Treatment n

M-1 M-2

Rat

Untreated 4 1.2+24 (1.0 N.D.

PB-treated 4 38.3 £ 9.3" (31.6) N.D.

MC-treated 4 N.D. N.D.
Guinea pig

Untreated 4 18.1 £ 2.5 (1.0) N.D.

PB-treated 4 73.4 = 18.7(4.1) 5.3 = 10.7

MC-treated 4 N.D. N.D.
Hamster

Untreated 4 N.D. N.D.

PB-treated 4 15.4 = 1.6 N.D.

MC-treated 4 N.D. N.D.

N.D., not detected.

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

are the relative ratio of untreated animals.

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

pmol/hr/mg protein ThH > 72. & 512, NA R
Y —DYa, PBHETLHEF Ms To A M-1 A%
i, FoEREIEMIE 15.4 pmol/hr/mg protein
Tholz. kB, MCHILEF Ms TlE, £ToD
B CREW e B SN e h o7z,

2. REPOILFEE

CB180 #Y byt & Z hE$ 57289, PB
BIALEEE )V E v M Ms 2 Hv T 100 f5& D &
r— (100 ml) TRERICEIT, Y%
Mg X F L, Zh% GC-MS (2t L7z, =
MR M-1BIXOM-2 DX F )VHEKIE, Fh
FNSTREAZ BIUSEHETHLHIEND
M-11ZOHHTH L2k, F72, M-213iFE»'1
TiEE L7 OHKTH LI ENWO»E -7
(Tablel). X512, M-1 (AFMbK) TIE, 7
ST A M F Y [M*-43] (m/z2379) HSLHCEL
LM ENTZDITH L, M-2 (X F)VLk) T
&7 574 Ay MP-15] (m/z 373) h°%
CkHtish7z hooERxBHRo T —
R L g2 abE b, M-13AS T b
53 (3) fLdbsbwiE5 (5) fil, —7, M-21%
VAR A s o RN VA S W RN = O N VA N ) 3 - S <1
THIENHER SN RIS, M-1 BL M2
DEAF IWLIED GC 12 BT A ARFEER & <~ 2 A
R7 MVE, AEREGEELEZEZA, TR

(98)

1 3-MeO-CB180 B & U 4-MeO-CB141 & (21T
—F L7z DLEoEE,rs, M-1 & M-21E %
i 3-OH-CB180 & 4-OH-CB141 TH % =
VIR S T,

Z =

K7 TIE, w1 PCB #4440 CB180 #*
R#FENLDEPEHL 2T L7720, T2, K
WHBERIZOWTOFERTEL 720, P450 iFEH]
AR L -5y b, ELVEY PBLONLZR
5 —DOF Ms 12 & % i vitro i 23tz o
R, WIhoBETd, CBISO o FER#HWE L
T3-OH DR END Z LWL 7.
T/, FOEEERELVEY F>TF Y F>NAR
¥—DIETHH L, X512, FOAEKITVWTR
O T PBRIALEIC L V), BEFICHINT S 2
EQHAL NI o7, INETIZ, bhvbiudE
JVE Y b5, CB153, CB138 3L UFCBIS7T D &9
%24 5-ZHEBEBBALY U EHET L ERRN
PCB #MHMAICKH L, BmWREiex A5 2 L 23k
HLTWRID22 - 4m CBISO KEHcB W T
bFERIZ, EIVEY N OFRERN L RENGES SIS
sz REEEFEIC oW TIE, CB180 L2 PB
FEMETHHL NS, ENVE Y FCYP2
BI1&?Y% 55 } CYP2BI® BL UL RS —
CYPZB B3 Hd b LCTHELTWw5 I EA5%
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CYFIE
Thr, NADIED

Y-OH-CRIR)
M)

4.OH-CB141
(M-

Fig. 2 Postulated metabolic pathways of CB180 in animal

WX 7z, Fig 2 ICEWATIC BT 5 CB180 D
EAHEE TR,

PB HiLEEE )V E v b DfF Ms Tld, 3-OH-
CB180 LIFHz, —BitizR1t OH <D 4-OH-CB141
(M-2) HAER; Sz, —#12, PCB KEEILD K
ISPERE & L ClE, EHRKRILCHITT 26 L
epoxide K% #EH L CHEITT 256D 2 208
EZONTWS, YHEETIE, ThFETIZEN
Ty FBIUOAXFMs 12X % CBIS3 BL U
2.3 .4,4 5-pentaCB (CB118) Oz i~7z&
Z A, 2,3-epoxide HHAZ L7z Bbit 1R
WY, bbb, 2-0HMAEKOEWEZHE L Tw
BB - zptw, B4 M-2 1 2, 3-epoxide
PR O R R, 2 Lo FEAY 1 B L 72
2-OHkEE2 bNT2D, YA TS AL M F
v IMT50] el BRond, bhicTyI 7 2
VM F Y IMT-15] S E LT L, 4-
OH-CBl41 kg &Nz, SEOENVE Y M
Ms OFEFREP S, M-2 12 2, 3-epoxide H A% #%
HLTWARWwEEbNLA, ZOHEITIHAEARH
Th5b.

Hovander 51X, A = —F > AEH 25,
3-OH-CB180 & & & 12, 4-OH-CB172 L L
Twa?, Zof#YIE CBIT2 »5 4 i~k
BAKBILTHER SN DD, —J5, CBISO 2» 5 b
3, 4-epoxide HHAZREH L, S HI24 MOIEHR

(99)

-OERCEIT2

A5 34 NIH $2079 % & AR & L5 W R DS H
4. Al BT Ms & W72 R F5E CTlE, 4-
OH-CBI72 DAEHII R N e o 7. FEBED L
Z %, 4-OH-CB172 %% CB180 O #W T % 7,
¥/, FHATHNE, ELEY FELNTRON
72 4 (iR O NIH 86 OB OB EIZ BT % E W
TC L2 DD ) HIEAHOE ETH 5.

T, UFFEE T, CBIST DT v MBI UE
WEY MBI D invivo (=0~ ZO#EE,
T At E Y o 4-0H-2,2,3,3,5,5,6-heptaCB
(CB178) I IEZIZHERICHE S NE DS, 3912
OEAHY 4-OH-CB187 13 # iz & it &
NaWE &2 L7722 3-OH-CBI80 DH4,
Rl U CEAPANEPEH SN L 0 EERDFE 725

L ]

CBISOIXENEY M, Ty FBLUNLR
7 — B Ms 12 & - T, FI2 3-OH-CB180 ~ &
RSNz, ZOEBIHEDOES X, ELVEY
F>F 9 FO>NLAAY—DIETH - 7.

2. PBRILEEE)LVE Y F TOHA, 3-OH-CB180
DA, eEfCHEY & L C 4-OH-CB141 &k
B E A7,

3. FAHY 3-OH-CB180 » A kix, WwWiho
BBV PBRIMLEIC L D, L i

SNz, ZOREE,S, CBIS O XL, PB

1.
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Latest Findings of Yusho and Its Therapeutic Development
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Abstract

Yusho incident is an unprecedented mass food poisoning that occurred in the western area of Japan
in 1968. It was caused by the ingestion of rice bran oil contaminated with polychlorinated biphenyls
(PCBs) and various dioxins and dioxin-like compounds, such as polychlorinated dibenzo-p—dioxins
(PCDDs) and polychlorinated dibenzofurans (PCDFs). The victims of Yusho have suffered from
characteristic skin manifestations in company with systemic, ophthalmological, and mucosal
symptoms for a long period. Since the outbreak of Yusho, the Study Group of Yusho has been
conducting annual medical check-ups on Yusho victims. We describe here the latest research findings
of chronic dioxin-induced toxicity to Yusho patients and the mechanisms of toxicities of dioxins
through the aryl hydrocarbon receptor (AhR) pathway. High amounts of PCBs and PCDF's are still
present in a number of patients with Yusho. The patients have persistent various symptoms, some of
which were significantly associated with blood levels of PCBs, dioxins, or dioxin-like compounds. The
adverse effects on the next generation are also found. According to the findings of recent basic studies,
the biological and toxicological effects mediated by the AhR system have been becoming clear;
therefore, the therapeutic interventions may be found in the near future.

Key words : Yusho + Aryl hydrocarbon receptor (AhR) - 2,3,4,7,8-pentachlorodibenzofuran - PCBs
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