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Foreword

Masutaka Furue

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

A mass poisoning, involving at least 1930 individuals, occurred in Kyushu (Western Japan) in 1968.
The incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil that was contaminated
with Kanechlor-400, a commercial brand of Japanese polychlorinated biphenyls (PCBs). It was later found
the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDFs),
polychlorinated quaterphenyls (PCQs) and others.

Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds. For
more than 40 years the patients have been suffering from various symptoms such as general malaise,
headache, acneform eruption, dark-brownish nail pigmentation, increased discharge from the eyes with
swelling of eyelids, pigmentation of oral mucosa, peripheral neuropathy, irregular menstruation in women.

A method for quantification of PCBs in the blood was developed after 1973, five years after the
outbreak of Yusho. The blood polychlorinated quarterphenyls (PCQs) levels were then added to the
diagnostic criteria of Yusho as a relatively specific marker. Although the blood levels of dioxins were very
low, we recently developed a new method of determining the blood level of dioxins; this highly sensitive
method has allowed us to detect low levels of dioxins in 5 to 10 ml of blood. In 2001, we analyzed the level
of blood dioxins in patients in the Fukuoka area as a pilot study, and then expanded the screening of dioxin
levels to all Yusho patients from 2002. After the evaluation of validity, sensitivity and reproducibility of
the blood levels of dioxins, we added the blood levels of 2,34,7,8-penta-CDF in the new diagnostic criteria in
Sep. 29th, 2004.

The clinical and basic studies and follow—up of patients conducted by this study group are extremely
important not only for supporting patients' health but also for understanding the potential prolonged effects
of exposure to PCBs and dioxins in humans. From this point of view, a patient-consultation system for
Yusho has been established from 2002. The Yusho consultants keep in touch with the patients by direct
interview, by phone or by mail. Various types of questionnaire were carried out by Yusho consultants.
Statistical correlations were analyzed between blood PeCDF levels and clinical/laboratory manifestations
in addition to questionnaire comments. These clinical analysis have revealed that 1) the high
concentrations of dioxins still remained in the body of patients even 40 years after the exposure, that 2) the
blood concentrations of PeCDF significantly correlated with high blood sugar and lipid levels, and that 3)
the death caused by liver cancers and lung cancers in male was significantly higher in the Yusho patients
than in the normal population.

(1)
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Patients with Yusho still complain various subjective and objective symptoms. Clinical trials using
several Kampo drugs for characteristic symptoms have shown that Bakumondoto is effective to cough and
sputum associated with Yusho. We are conducting a clinical trial of colestimide to reduce the blood levels
of dioxins and adaparen for chloride acne. 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, Welfare and Labor for their efforts to
help and support patients' health and well-being.
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An Epidemiologic Examination on the Prevalence of the Periodontal
Diseases and Oral Pigmentation in Yusho Patients in 2008

Isamu Hasmcucu?, Yoshito Yosamme!), Hidefumi Maepal?, Yasuharu Gorou?
Shinsuke Fum!, Atsushi Tomoxivol), Kirie Yosumal’, Souichiro Nisuicakr!’,
Satoshi Monnoucu?, Kiyomi Horr!?, Hidehiko Okumura?’ and Akifumi Axamne!

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

Abstract An epidemiologic examination was carried out to reveal the prevalence of the periodontal
diseases and oral pigmentation in patients with Yusho in 2008. The results obtained were as follows.
1) Yusho patients complained of tooth pain and periodontal diseases such as gingival swelling, gingival
bleeding, but not of oral pigmentation.

2) 116 patients out of 148 patients with Yusho, who were measured periodontal pocket depth according
to Ramfjord' methods, had at least one tooth with periodontal pocket deeper than 3 mm. Similarly, 399
teeth out of a total 710 examined teeth showed a periodontal pocket with more than 3 mm in depth.
However, it was determined that 74 teeth had a periodontal pocket deeper than 4 mm.

3) Oral pigmentation was observed in 91 patients out of 155 patients with Yusho. In this study, gingival
pigmentation was most predominant among oral pigmentation. The prevalence of oral pigmentation
in male patients seemed to be somewhat higher than that in female patients. In addition, the
prevalence of oral pigmentation tended to be higher in younger patients than in elder patients.
Pigmentation of the buccal mucosa, lip or palate, however, was observed only in patients beyond the
age of fifty.

These results indicated that PCB-related compounds may be responsible for the higher prevalence of
both periodontal diseases and oral pigmentation.
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Evaluation of Dermatological Symptom of Yusho Patients
in the Annual Examination in 2005-2007

Chikage MrromaV), Hiroshi Ucur?), Juichiro Nakayama?,
Masakazu Asaur® and Masutaka FurueD?

Y Research and Clinical Center for Yusho and Dioxin,
Kyushu University Hospital, Fukuoka 812-8582, Japan
2 Department of Dermatology, Fukuoka University School of
Medicine, Fukuoka 814-0180, Japan

Y Department of Dermatology, University of Occupational and

Environmental Heath, Kitakyushu 807-8555, Japan
DDepartment of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582, Japan

Abstract Yusho is recognized as a poisoning by a mixture of polychlorinated biphenyls (PCBs),

dioxins and related compounds.

We have continued a follow-up of skin symptoms in patients not only

for supporting patients health but also for understanding the possible prolonged effects of exposure to

PCBs and dioxins in humans.

We evaluated the severity grades and the skin severity scores of the

symptoms who visited the annual examinations of Fukuoka prefecture from 2005 to 2007. Forty
years have passed since the Yusho incident, and about 70% of the patients currently present no skin
symptoms. In contrast, in about 30% of the patients, characteristic skin symptoms of Yusho, such as
pigmentation of skin, black comedones and acneform eruptions, could still be observed. We analyzed
statistical correlations between blood levels of PCBs or dioxin and skin severity grades.
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1 4iE 13 Polychlorinated biphenyls (PCBs) &
Polychlorinated dibenzofurans (PCDFs) (2 & %
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RN ED LG L, ih PCBIREEIZMZ, %
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LAY B k%P PCB /8% — ¥ ANIIESE
HDOANY — 2% &5 EEORFIERSELET
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I Ll EOIERA ORER E A5 5 BE A LT
W5, LaL, Tablel [2R$ X9 IR 154ET
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WIEEAELRVWEE L, 5% BEYITMERE O
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FEVATWVW D,

2. 2005-2007 FEDREBEEE RS HOHRE
Table 2 12, 2005-2007 4F £ O 785 & O Kz
TEREESAHOMERERTYY . R EEESA
0 -1 oEEIE 2005 £ 44 % (48.4%),
2006 41 81 %4 (68.6%), 2007 4FF 90 %4 (60.
8%) 7Zo7z. FEIZX Y AMEICE T OEN
BRROHLENDL YL, ZOIETIHFHAKI LU TO
BEDPKI80% % 5 —HT, 558 - 98D
BEDP 120 L TW5, 1993 4EEE L i L <
b, ZOMEMIIE L WEIE 0o 7.

3. MEFPCB/NN4— ERBEEE

Table 3 12 2007 £ DBEHEZ D PCB /85 — ~
B K2 1 BEE A 2 R . 2007 SEFEIL A 42 4
(28.4%), B46 4 (31.1%), BC1l44 (9.5%),
C46 4 (31.1%) T, 1995 4F13MEHIZ 33.7%, 23.
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Table 1 Severity grades of skin symptoms in patients with Yusho from 2005-2007

Year 1993 1997 2005 2006 2007
Sgerv ;dr étsy number %  number % number % number %  number %
0 41 34 43 68 66
01 7 58.8 13 54 16 64.8 13 68.6 9 729
I 4 9 3 6 2
1T 9 70 7 184 0 33 0 51 4 41
I 0 12 11 7 8
24.4 23, 154 11. 10.
II 1T 21 8 30 3 0 7 I 8 08
111 8 3 10 5 14
I IV 3 12.8 | 46 5 16.5 9 119 5 115
v 0 0 0 0 0 0 3 25 1 0.7
total 86 87 91 118 148
Table 2 Skin severity scores of the symptoms in patients with Yusho from 2005-2007
1993 2003 2005 2006 2007
Skin
severity number % number 9% number 9% number % number 9%
scores
0-1 51 59.3 55 49.1 44 484 81 68.6 90 60.8
2-3 21 244 40 35.7 29 352 29 246 32 216
4-5 7 8.1 11 9.8 12 132 6 51 16 10.8
6-7 4 47 5 45 2 22 0 0.0 7 47
8-9 3 35 1 09 1 11 2 17 3 20
10-13 0 0
14~ 0 0
total 86 112 91 118 148

Table 3 PCB pattern of blood and severity grades of symptoms in
patients with Yusho in 2007

Severity
arades 0/01 I/TIT II/IT O II/OT IV IV total

PCB pattern
28 1 6 6 1

A (667%) (24%) (143%) (143%) (4%) 2
5 36 2 5 3 0 46
(783%)  (43%) (109%) (65%)  (0%)

7 2 1 4 0
BC 50%)  (143%) (T1%) (286%)  (0%) 14
. 37 | 4 4 0 p

(80.4%)  (22%)  (87%)  (87%) (0%)

PCB pattern of blood and severity grades of symptoms in patients with
Yusho in 1995

Severity
grades 0 I I 11 Y total

PCB pattern

N 14 1 8 7 0 %
467%)  (33%) (267%) (233%)  (0%)
5 15 3 2 1 0 o
(714%) (143%) (O5%)  (48%)  (0%)
0 0 2 0 0
BC 0% 0%  (100% (0% (0% 2
. 2 3 8 3 0 "

(611%) (83%) (222%) (83%)  (0%)
(12)
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6%, 2.2%, 40.4%72 5 7-7-0Y S FTE
ZALIX eV, 2007 4ERE L, ESRF R D28 — T
HDH AT — D 66.7%0BEEERERILIZ
EAERWD, B, C¥—VOEEFELILRTE
DOEEIIE L, BEIEEE I UL OVERA O 7§ iE
REBETLEZEOEEGTE. 7B, BC/YY —
COBEDOPRICEFEREA L, BEREE I L
L OBENKI30%EO LD, BEHES 145D
B, SHROMBERDLEDND D,

4. Mm%+ PCBRE & KBEREE

T3, 2007 SEEORERE 148 %4 L R ERH
30 DI H# PCBIgEAX~ Y - KA v h=—
O UMEIZE )L REBRE DI T
PCB i 1% 1.895 = 1.406 ppb (F¥fl = HEH#(R
), RIABERE 30 Lot PCB 1L 1.105
+ (0.806 ppb Pl £ fE#E(F) TH Y, FEIZ
B oTwiz (P=0.002).

WA PCB 25 & Bz EAEFE & o B I
DOWTHET L7z, RREEHE % K EERE 0/01
(108 %4 W50 44, otk 58 %) & K EAERE T
Dbk (I-1V, 40% BHE2%, LHE18%) O 2
BICb, 2HOMEH# PCBIgEEZ~ Y - &
4y == UBZIZL Y RE L (Figl). &
FEEAERE O/OL oM PCB i, 1.718 +
1.230 ppb CF¥fiE + (R 2), EAERE -1V T
1, 2.389 = 1.732 ppb (PGl + fE#(F7) T,
2WECHEEET D> 72 (P=0.0520).

5. MM&$ PCB /X% —>, PCB FEE L KRB
EEERRBOERERE

Table 4 |2 2007 4 DFBELZ D PCB /3% —

BIEIE I H 48 PCB i EE, V35 Bz 8 FE BE A5 A

Baomd. 1993 4F & 1997 SE DGR % L d 5

£97 A, B, BC, C T Il PCB /3% —

HIZBWT, FHMmE PCBREIETLTWS

B, CPHEERGRBIZIZE A I R o7z,

6. M#&$2,3,4,7,8-PeCDF BELREBEREE
EEREEERFSH

MR PeCDF JREE & B2 ERERE, FAEEFS AT

MEDBEBEIZOWTHET Lz, BESEE 8%D

Il i PeCDF i FF 1%, 60.008 * 143.920 pg/g

lipid CP#E+iE#ERAE) T, WZE T 7oKL
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ERFE 24 4 DIEREIX 15.607 + 14.438 pg/g lipid
CEIfE £ BHEFRAE) Th Y, Mi#EHD PeCDF
Py R A Y PO UMETHITLIZES
5, BEIZEZ > TW (P=0.0099).

Table 5 |2 K¢ J§ B 4E B, E 15 5505 o
PeCDF i[OV Ml, o AME, /Ml Bk RE
*RY. RREME 48 4, PeCDF A% 50
pg/g lipid Pl 1% 10 44, 100 pg/g lipid Pk Ei% 6
#72-72. %8B, PeCDF i 150 pg/g lipid L
FoEEERLZ24IEVTRLLHT, 141X
812.444 pg/g lipid CHEAERE 11 111, HIEET ML
7. 1413 626.669 pg/g lipid TEERE IV, HAE
FEARNEL9 T, WIS % BREFIEIRDSEAE
DIRFFAIC e SHREE7E 5 72,

KIZEFEERERE O/OL (35 44, 120 44, ik
15%) LRMEMEET L (I-1V, 13%, B%E7
Y, W6 %) ©28ITHIT, 2 #EoMmiE P
PeCDF g%~ - kA v b=—D UMEZH
WCENT L 72 (Fig. 2). KB EAEE 0/01 #o
PeCDF i1, 30.845 = 34.675 pg/g lipid (*F
W+ AR E), K EAERE I-1V B, 138.522
+ 261.841 pg/glipid (CFI9fE = F#fFAE) <, &
IR D o7 (P=0.0602).

n.s.(P=0.0520)
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Fig. 2 Severity grades and blood levels of 2,3,4,7,8,-PeCDF
(pg/¢ lipid)
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Table 4 Blood PCB patterns, mean levels of blood PCB, and skin severity scores of patients with Yusho in

2007
1993 1997 2007
PCB Mlood mean of Mlood mean of Mlood mean of
pattern| number tlc?t\;?l; C(I)fB seffelgty number t})et\é?lls). 8% seflelrr%ty number tloet\é?lf) C(Z)IfS seffelgty
(opb) scores (opb) scores (ppb) scores
A 37 7.03 227 36 349 2.29 42 283 2.60
B 21 422 143 20 2.68 1.05 46 1.73 1.21
BC 1 16 1 4 2.65 2 14 1.09 221
C 30 3.27 1.3 29 219 1.14 46 143 1.14
total 89 504 1.72 89 2.85 1.62 148 1.89 1.69
Table 5 Blood levels of 2,3,4,7,8-PeCDF and skin symptoms in patients
with Yusho in 2007
Severity 2,34,78-PeCDF (pg/g lipid)
grades number mean max min SD
0/01 35 4834553 1424718 3606936  39.28938
/1 1 39.28646  39.28646  39.28646
TI/11 11T 8 1204333 8124444 4306122  321.1063
/11 1V 3 571219 1056411 2528926 42.69589
v 1 626.6685  626.6685  626.6685
total 48 60.008
Skin severity 2,34,78-PeCDF (pg/g lipid)
scores aumber mean max min SD
0-1 33 3209136 1424718 3724324 3533553
2-3 8 2107081  49.32593 4306122  15.76296
4-5 5 4273723 1056411 1836364  36.10198
6-7 1 8124444 8124444 8124444
8-9 1 626.6685 626.6685 626.6685
10-13 0
14~ 0
total 48 60.008 14392
2 = FEIE 1993 4L, R4 1K T L CTw 575, PCB

2005-2007 4F B O R [ SWAERR 2 12 BT 5 B S
BHEROHER 2 MEt L7z RERRZ 2255
A& BT TV 72, B ERIE 2003 4E, 2004 4F
FED#E & FRECY . $970% D EFIERZ T &
AEFRD TRV, 1 30% 0 BE X HE S SIER
R 57 E OIEIRDFRAES A, IMAE R AER D 2 4
LAt C 7z, R EERE, FEESSEO 2
DDA ATTEEL72E 25, 15 4F (3 LB
bR UGEEIE D Aotz DWT, HEE
REMEH PCB R A 4 F 2 VHHRE L O
a2 MEr Lo, AR RE O 48 PCB i

- >
—

INY — 2 DI 1995 4E & L TRER D -
72. PCB A /%% — > o EBHERH O3+ PCB
P L B AR OB WA S o 72 F
72, BRIEFERZ T & A ERO %\ fE EIE
O/OL#t L, JERZFED L I 25 IVEIZHT, 2
TED MR PCB ik, PeCDF iR & fiat I
AT L7278, AEZEIERRD 2 po 72, Bl O
BRI, THEEE O B R REIR O S ] 1 2 Sk
A SN IRUA T W7z HHEFEA 40 4203
R L CTHB Y, WHEEERISINE A ) &AM
HboTHY, 55’ EFAEIRDHER &2 T =R  #
BYLWEND L.
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Estimation of Anti-SS-A Ab and Anti-SS-B Ab
in the Serum of Yusho Victims

Yuichiro Axkrvamal?, Fumihide Ocawa®, Kazuhiro Sumvizu! and Shinichi Sato?

DDepaﬂment of Dermatology, Nagasaki University School of Medicine, 1-7-1,
Sakamoto, Nagasaki 852-8501, Japan
2 Research and Clinical Center for Yusho and Dioxin,
Kyushu University Hospital, Maidasht 3—-1-1, Higashi—ku, Fukuoka 812-8582, Japan.

Abstract Polychlorinated biphenyls (PCB) causes the release of superoxide during the metabolic
process. Therefore, Yusho victims are thought to be exposed to oxidative stress caused by PCB,
because high concentrations of PCB are still detected in the serum of Yusho victims. Furthermore,
oxidative stress contributes to the generation of autoantibodies because of oxidative modification. In
order to estimate the autoantibody in Yusho victims, we mesured serum levels of anti-SS-A antibody
(Ab) and anti-SS-B Ab both in certified Yusho victims and age-matched controls. The mean values of
anti-SS-A Ab were 4.0 = 17.1 (Index) in certified Yusho victims and 0.7 £ 0.5 (Index) in controls. And
the mean values of anti-SS-B Ab were 7.4 = 4.6 (Index) in certified Yusho victims and 5.6 = 1.7 (Index)
in controls. Although the occurrence rates of anti-SS—-A Ab and anti-SS-B Ab were high in Yusho
victims, there were no significant difference between Yusho victims and controls.

& U &

1968 4ED 71 # I YMAE FAFFE A 1% 40 ﬂaLJ\J:'fj:l_.
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LIS, ATH SERRO B FIER, Bk &“0)11?
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THIED E W & s S LT\ % Sjogren's syn-
drome (SS)-A, SS-B ##R L, TNk 35H
CHUETH 5 H0SS-A Pifk, HiSS-B hifko 3B
BEE 2 JHRE AR I |2 MRS L 72,
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3. HErRLIE
FNZFNOFHANE % b - C Mann-Whitney's U
test |2 THRET L 72

M %R #H X

1. 3 SS-A A fAIERRLR
FIGAERISMIERE 70.3 £ 9.7 %, fBH A 67.
0116 CHEAZROLRD /2. WEEE
T SS-A Puikfiiid 4.0 = 17.1 (Index), f&%H
ATIZ0.7 £ 0.5 (Index) THEZEIZFRD LD -
7z, F72, PUSS-A PURGHEE LY b L2 L7 E
HOMIIBVWTLAEEETRDD Z TRk E
ol (K1, £1)

2. #iSS-A A HEAIERER
SEIERGIZHIERSE 70.7 = 10.4 5%, EH A 69.
3+ 10.6 K CHBELRBOL N o7z, WESLE
MAPT SS-B Prfkfiilx 7.4 + 4.6 (Index), M5
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P SS-A Frfk O3 IRFE T 5 SS-A 13
\ZJRFET A 60kDa @& H & hY1-5 & XN 51K
5 F RNA G L-EHERTH L. BIRIZIX
ZOHAMOU L SS-A ikl y = — 7 L VERE
BT ) 77 =T AIEHEEIZRODD
M ER B RICb RO SN BY. —T,
SS-B Pifkid 5SrRNA %7 A1 v A H# RNA 25
G L7ZRNA-EHMEAGERERKEL, HIET 5
SS-B i & 13 50kDa & ST 5. KM
X ZOZET O L SS-B HLfkILy = — 7 L Vi
R RS E L, 25 7Y P =T AL
LD LNDLENSE WY ST L TIED N
FRALA ML ATHLHLY, RINICERLIEEH > <
FTHORIERSDSTFEE SN TV DD TIE RV
EORHMAET, LI Lr2HEIEE LT
SS-A, SS-B % #iR L Pt SS-A Puik, $T SS-B 4t
PR B E 2 3 B ME S CMET L7z, La
L 7% % & JlE B35 12 B Vv THL SS-A Bk, #it
SS-B Ptk & b ICHIBUHE IE WL OO/EFE A L
DA BEELZBOLILIITE o7 FA
1 XA EHBAE C superoxide DFAEDHRE I LT W
% PCB O IHEE D EWIEEZ 2B W, 18
HEBRILA L AKEETH 5 2 & & iE B E R
8-Isoprostane D EfEIZ & W HEZE L T\ 22, B
BIEIZ BV T PCB MUEASFife 5 BR 0 FR{b
BHiESH O L T EEZ 5N, HEdk

Mol HE—RR

1320 3%

PHBT LMEREIHP > T D LRI NS,
T 7290 SS-A HUfk - HUSS-B PR3 B B F 21D

EWco, MHEEFIZBWTY 2 — 7 L VR
Rt T - T A%, HOREREDSE
% W REME b BB E R & T4 RIE R

FIBWCHELRL 730 —T v THREELE 2
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Prevalence of Atopic Dermatitis and
Serum IgE of Yusho Patients

Hiroshi Ucar) and Masutaka Furue!?

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

Abstract Dioxins may have impact on the human immunological system, which would increase the

risk to develop allergic diseases, such as atopic dermatitis.

In order to determine the lifetime

prevalence of atopic dermatitis in Yusho patients, a questionnaire-based survey was conducted in
2007. Six hundred and thirty—eight out of 731 certified yusho patients answered the questionnaires,
and the prevalence of atopic dermatitis in Yusho patients was 8.8%. We also measured serum IgE in
83 certified and 98 non-certified Yusho patients who attended an annual medical check-up in 2007.
Mean serum levels of IgE in certified Yusho patients were 386.2 = 1128.0 IU/ml, whereas those in
non-certified Yusho patients were 272.1 £ 603.6 IU/ml. There was no significant difference in serum
levels of IgE between certified and non-certified Yusho patients. In addition, no significant
correlation was observed between serum levels of IgE and blood levels of dioxins in certified Yusho

patients.
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MHEFEA 22 5 40 FAE8 L, FAEFIICFED
SNIHBIN e AT, IRBT R BT 58
T LT h, FIEMER RN D2 L
CREHEEANOBRSIIMRARR N, T4 F T UM
OEEFEEDO—D L LT, RERNORZEN DT
b, IEEOT LIVF—EREOHEME ¥ 1 4 F
TUBIC X ABREH R OfESHERENL L
M H0%, IWERFIZBT 2T LIVE—EEHR
T LMFEINTFTIIREIN TRV, R
WZETlE, BOMWICERED Y A 4 %2 VHICHE
BENMIERE BT S, T NE—EE R
R B L O IgE EI2 oW THiA L, s A
T & T VR & OB OV TRE L 7.
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1. 74— RE

R 19 4E B ICHHERBE A E T3] A L TT
MY EREREICET AT v — MilE%
f1o7z. 77— MIBETITW [THETICT
ME—MREEREEMICEH SN ENDH S
2l BLO [rshzm] 25372 [N
O N7 o 7B A T IEAR K H S IE R R C
UEMZITo 72, BRI Tdw] &2 7-BE0
BEEEERREE L. 72— MK %
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T =8 O F DO TETRHE 2 57z
638 Z DWW TATH 72,

2. FE4FEMN IgE, 452/ IgE AlE

TR 19 SEEICHIEMZ 228 Oh b R E %
BONTRRERE 83 %, KRBELEH B HE NG
WZERIMZ ATV, IMEH O JEFR R IgE B L OV 7
vavby=, HrIF AF IIEEEM IgE
AUEL, FHMHEE cEIc XY gL F£72
M A 4 % 2 VAR L OB % BRI &
D BGET L7z,

i R

638 %9 LI 315 44, FHIFHRIL 59.4 +
14.6 %, &P 323%, “FIgFHmE61.8 = 14.9
KCThorz. 638409 H56% (8.8% 1 BIE22
%, TVE34 %) ST NE B R LB
CEWHDHENE LIz Film - RIS X B MER
FIZBUT BT N E— TR AR Z R 11
R AR Z DO TREPBEL ) HH
B L7Z, FElTIZ20T25% L <,

*1

L2 S

AN

KATO0T1L.7%, 4015T9.8%, 70T 6.
9% DIETdH >72. 56 4D H & 33 X4nsis Wrke ]
WZOWTHEE L, 10 475% 20 LI, 23 44725 20
LU 40 ER T, WEESSIELLATIC 7 b ¥ — 1
g R FIEL 72D DIZW o7z,

I3 IgE % MI5E L 727w EE 8 4D ) LY
37 %4, T 46 44, “FI9AFEERE 58.7 £ 14.4 7%, Kl
ERH RBHD ) BLIER 4, 60 %, FIgFHE
13 55.5 £ 18.6 & ThH -7z BERE L KBEES
DI T A+ F 2 VHREZ R 2 18T, FREES
O 7 A 4% VR, KRERELVAER
IZEECTH -7z, I IgE Ho#cid, 31K
T L9 IR IgE HOTIITRAER T 3%6.2 +
1128.0IU/ml, KiEEHT272.1 £ 603.61U/ml & F&
HATRBOLPo 72 FREN IgE o Th v 7r
vavby= AF, I, SIHWTNL TS
ERFBEHEDMNEEEZ RO o7z FEREHIC
ST 72 IRFER IgE HOMGEICh (4), RBEH,
RBEHDOMICEEZZ RO o7z F1-EE
BT BIMF Y A % %3 VAR L G IgE HOH
(AR Z B o7z (K5).

WHERGEBEIT B 5 7 b Y — Pl ek Ak

AD patients
Age groups Men Women Total

Number of participants
Men Women Total

Prevalence (%)
Men Women Total

30s 5 5 10 26 14 40 192  3B7 250
40s 7 7 14 69 74 143 101 95 9.8
50s 1 4 5 69 59 128 1.5 6.8 39
60s 6 8 14 59 61 120 102 131 117
70s 2 7 62 68 130 32 103 6.9
80s 1 3 27 44 71 37 6.8 56
90s 0 0 0 3 3 6 0 0 0
Total 22 34 56 315 323 638 70 105 88
*2 WERBELRBEBECBIDMA YA +F 2 HREOLE (pg/glipid)
1,2,3,7,8 1,2,36,78,- 2,3,4,7,8- 1,2,3,4,7,81,2,3,6,7,8- 33 445 5
Registered  PeCDD HxCDD PeCDF HxCDF HxCDF HxCB
mean 8.42 33.04 72.26 22.38 10.37 138.1
SD 5.37 33.00 123.1 66.90 20.02 129.2
min 1.40 6.53 3.61 1 1 13.2
max 31.64 242 .4 812.4 562.1 166.6 731.0
Unregistered
mean 6.47 18.59 14.39 3.24 3.81 74.04
SD 3.25 9.34 8.80 2.25 2.49 65.70
min 0.5 3.61 1.16 1 1 5
max 17.94 48.86 40.69 12.18 13.37 364.8
P 0.004 0.0002  0.00005 0.011 0.004 0.00008

(20)
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F3 el L RAEEE TOIRFRE - FRMIME IgE Eo . IU/ml, UA/m)
Registered Total 1gE D. pteronyssinus Crder Candida Egg white
mean 386.2 5.29 5.34 0.60 0.34
SD 1128.0 14.50 16.53 0.95 0.016
min 5 0.34 0.34 0.34 0.34
max 9520 90.8 101 5.73 0.48
Unregistered

mean 272.1 7.58 4.59 0.44 0.35
SD 603.6 20.89 11.75 0.83 0.060
min 5 0.34 0.34 0.34 0.34
max 4990 101 80.1 8.57 0.8

P 0.41 0.39 0.73 0.24 0.25

K4 BEMETORERE LRI ERE B 2 IERMN IgE Ho ki TU/ml)

Registered <30 40s 50s 60s > 70 Total
mean 391.9 215.7 885.3 250 208 386.2
SD 432.9 442.9 2223 362 342 1128.0
min 32.7 16.2 6.6 5 7 5
max 1190 2020 9520 1210 1230 9520
n 6 20 19 16 22 83
Unregistered
mean 347.2 522 294 .4 125 163 272.1
SD 484 1354 502.3 173 254 603.6
min 5 5 20.4 5 5 5
max 1610 4990 2030 656 1250 9520
n 22 13 19 14 30 0.41
P 0.83 0.44 0.272 0.23 0.61 98
K5 AEBFIIBUILEYA AT ML IR IgE i & O
2,378 12378 123478 123678 123789 1234678 0CDD
TCDD PeCDD HxCDD HxCDD HxCDD HpCDD
R2 0.01 0.0025 0.0005 0.022 0.001 0.0026 0.0004
P 0.36 0.66 0.84 0.18 0.78 0.65 0.87
y-intercept 350.5 240.7 300.2 205.9 254.0 330.0 260.0
gradient -47.0 4.72 =7.02 2.23 6.81 -1.06 0.027
2,3,7,8- 12378 23478 123478 123678 234,678 1,234,678
TCDF PeCDF PeCDF HxCDF HxCDF HxCDF HpCDF
R2 0.0009 2.5E-6  0.0093 0.034 0.024 0.0085 0.012
p 0.79 0.99 0.39 0.10 0.16 0.42 0.33
y-intercept 296.0 280.3 251.3 248.6 239.3 332.8 239.8
gradient -14.9 -0.62 0.39 1.36 3.86 -43.9 7.58
3,4,4,5- 3,34,4- 33445 334455
TCB TCB PeCB HxCB
R2 0.0005 0.0006 0.013 0.006
P 0.85 0.82 0.31 0.49
y-intercept 239.8 254.8 332.2 238.4
gradient 7.58 4.31 -0.57 0.30

(21)
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FAF XD VHEITEENICEIIChZ ) R T
L7200, FERERRMAANDRE, HIERANDE
B loBEFEENIESSIN TS, 7T ME—H%
F2E R OFEIEICI, BIEMER & REZER O
MG LTWwa LS, TEOFEEOHIMI S
A3 X VEEII LD & T HREHLWE D5
LTWaET 500D LD, RIZGHOE T 7
VY, in vivo & AW in vitro OFFFET L, A F
FUHOT MY -G %5E, F 7013 1gE
EANOZEL, BENRLD, BENZb DL D
WSS N TS, RENLSA LI VHTH
% 2, 3, 4, 8-tetrachlorodibenzo-p-dioxin
(TCDD) #7 PE—HEFREDET VYT AT
b NC/Nga %7 A5 % & F A
L7 LT 5HEY R, TCDD 5B #lah 5o
IgE BEAEAWMM L7 LT 2HE) 75— 4,
TCDD 7% ovalbumin TE/E & 1172 NC/Nga ¥ 7
2D IgE BEEEZIHI L7 & 3 2HEY R, 544
F v VHOMPNZEARTH 5 aryl hydrocarbon
receptor (AhR) % 4 — 7 T g2 5&HIFEIH &
% & Thl MIIZ L L7228 v HEY i 5

Sl O A JEARFRRA TIE, 638 A DIMERLE
BEDHH 564 (8.8%) 757 MY —REH%L
DU ESNT=ZeNH L EME L. wEICHRE S
NHARTOREBRAIBITLT MY — VR %
HRFERATIE, 77— MREICK 2 EEAR
RIA TG 2.9%%, HEHEIZ X 2HBICX
2bDTEL6.9% OBEFRRLERESIN TV,
HAEDFENENETNTR 5 72 OBEFO HEIIA
TEETH LA, WIS S OMERELEICE
FAEREREEZ FEl>TW5h, FaEHEICBIT
% IR — MHAETS BEFEIMEEREIZHAR 250
B CRE 7 LIVE—JERER LTz iy &
NTBY?, FA4+F VHENT MYV
FENAT 5 D58 % T L T A ITREMEIX R E
TEhwelbins, —h, 7TULULF-EEET
B R LSV IgE i1, RBEEE
CREBEOM THELEZRO o7z F71278
EREFIZBWTC, &A1 4 F 2 VHEE LIS
IgE (HIZAHBE 2 2D e 2o 72, S IENIFEF Ehs b
BT, GBS BITERR A MR LR 2179
VENRHLH. T, 7T NE—MEEROEREE &

L2 S

(22)

AN

FHREE$ % CC chemokine 17 (CCL17) %, AhR ®Oif%
AL L BT 2% CCLE R &ED T E A A >, Th2
Thl7H% A b A Y EMONA A<= — &,
FAFXT VR T NE-REEARELD
B &2 5B T ALENHLEEZONS.
b =5
TAFFY VHORBEIZLY), TN -
RAETREIHN L T2 REEATRIE S L7228,
i IgE M &I 7 A 4 %2 Ui & OB IXFE
DHNLhoT.
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Lymphocyte Subpopulations in Patients with Yusho

Hiroshi Tsupr

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

Abstract To investigate chronic immune effects of polychlorinated biphenyl (PCB) and polychlorin-
ated dibenzofuran (PCDF), lymphocyte subpopulations in peripheral blood were studied in 156 patients
with Yusho in 2008. Significant relationships between the concentrations of 2, 3,4,7,8-pentachlor-
odibenzofuran (PeCDF) in the blood and the absolute densities of the total lymphocyte population, or of
the T-cell subpopulation reactive with CD4 were observed, while there was no correlation between
the blood PCB levels and the densities of total lymphocyte population, or CD4, CD8 or CDZ20 positive
cells in peripheral blood. Mean absolute densities of total lymphocyte population and T-cell
subpopulation expressing CD4 were significantly increased in the Yusho patients with high 2,3,4,7,
8-PeCDF levels compared with those in the patients with low 2,3,4,7,.8-PeCDF levels. We conclude that
the increase of CD4 positive cells in patients with Yusho may be associated with blood 2,3,4,7,8-PeCDF

levels.

iU &I

RIFIZBWT 1968 4F- 4 HE L H RV iEILE
7= (PCB) {BRAT A AT A NVERIZL DI
EIUN & LIS S8 A L 72E T, R RO 5347
#%EF@EI% (L LTCRYELY R T 5

~ (PCDF) O#HUHENREVEZZ LYY,

PCDF 1%, S35 1+ %3 v Th bR HlY
RYV-85-YF %3 (PCDD) BLUa7F
FT—=PCB L &EBIZFA T VHEBISN,
NS OYWEOFEISHMBE TS 2 B EIRK
fLRFEZEHMR (AhZHEE) 2 nhTbsLE26N
TWBA, ZORBOFEMIRIERITH Y,
THE S A2 DR 40 4R 238 L AE 4 O JERIZEEPL L
TWAHD, BIEFIZB W TIRAEN O PCB iEED
47 B M PCB ORI 1A 72 1 Ay 7
ING — DD LI, EBEFEICBITL w5 &
e s npY ™0 2001 4FE X G EME— 7
BZIZBWTH A+ 52 VHEOBED G S,
WHE B E CIXBIEIC B W b K722 PCDF
MEEDSEETH ), PCDF ORATRER DHEN S 1
X2

&, PCB B XY 1 F & 3 VDL
WY U CIE® e RIVE e 2 HEL L, Ak
BEDHE, EMHIEE OFAE, HIEROKTEZF]

SR TWEESEH SN TWEYY . EEICB
VT 2 R ERERE S22 O\ T UL, 1997 4EFE 45 [ IH.

HIE—FRZICBWTHRIEZa 7)) » 1gA, IgG
IsMOWFIr 145 @uimﬁﬁ%MO%
HOPUA TIEITEPUA % 45.6% & EEEIZRED, (EH
ﬁuﬁwfﬁﬁﬁ%mﬁ%%%ﬁﬁzﬁbé_a
D EN TV B0,

Ak 4 &, 2008 4R EEAR MW HE — IR 12 B
VWCRRE I > SERIAR T 2 M L, JiEE R
B Td % PCDF O Ik 518105
BIZOWTHE L7z,

MRBLUVFTE

2008 4F- & 1 [l ULy iE — A iR % 22 L 72 e
BEIBTHICT =ML 7 =24 Fa
vy MERERL, KHIMNY) > SERE LR O

IZ[AEDESH72 156 Bl e /R & L7z

M ONEITH AR, BEERE, RKIERE, i
BIFT S, WRIR, ARIMERVLREHRE, A M A
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MiEAAL A, WERL >~ 7 U AE B X OVLE
M7 L) 720, FRIMIXFRThOZZIER 21T 7% >
7z,
VAR 7 AR 2L, VU LSERIZFMREEC &
DME L7 V) v o8ERHiEEN] & LT helper/ind-
ucer T #ifg % 7k 9 CD4 B 1 il B9, suppres-
sor/cytotoxic T Ml % 7~ 3 CD8 B il B L O°
B #ifig % 7" 3 CD20 FpidAlifa = st e b~ A
£/ 70 -F itk (T4-FITC, T8-RDI B L
CD20- FITC, Ny 7~y a—)L¥—tk) %Hw
7z7a—4A A M) = (FACSCalibur 7 1 —
HA A= — HEAXRZ LNV - THovFrIr
) X DEE L. U vosEREiERIE, B v
INERIZXT T B I B L K B TR L7

% 72, PCB DM 1348 il R PR ERBERIZEFT, 18
it T PR BR B IEZE AT, LU T BRIt 7E T B
LI M AER 22 >~ % —T, 2,3,4,7,8-pen-
tachlorodibenzofuran (PeCDF) il % |34 fif] I
PRIESRIENFZEAT CT1T 7 > 72, Il PCB &R (&
2008 4F- BEAR i Wil iE — A2 12 BV CillE L 72
156 BIDMEME % VT Y 8EkB L V) v 738k
i & O REIZ DWW TR L 72,
8-PeCDF i i 1 2008 4F- B 1 ] Uy iE — A M s

2 D IR I E L 72 2001 4R 2 61, 2002
$J§ 1 %1, 2003 41 361, 2004 4EFE 5 51, 2005 4F
FE 91, 2006 41 89 B, 2007 4FFE 26 7T 135
BIOBEEMEZE T v 88k B L OV SR
M & DR IZ DWW THRET L 72,

HMERIE 7 2 —4% 1 b2 b)Y = (XE-2100,

mr 2,3,4,7,

i

FERIT I £ EHE(F S (mean = SD.) THFEL,

SEIE D B O W T t BE E w2,
b =5 £

2008 4F- AR b WEhiE — A & e L, KA
1) ¥ SEREEAE RO [/ A S I E R E
156 Bl PIERIE et 81 1, WE 75 B¢, FI4E
#1512 63.4 = 13.5 (36 — 91) WwTH o7z I
PCB i L MO MICH EOIEDOME (r=0.483,
P <0.001) %, Ififf 2,3,4,7,8-PeCDF 2% & 47
HOMICHEOIEOME (r=0.407, P < 0.001)
oyl

JHE BB 156 B2 DWW Tl PCB i1 & KA
M) 788k, V) UNEREEER & OFHBIIZ D W TR
FF L7 (Table 1). I PCB &R & KR ~
ISERBO RN ARRE % RO 7 o 72 AAII ) > /%
Bk AR 12D T PCB 21 & CD4 B A
fa %k, CDS8 Fpfifiatkds £ 0° CD20 By Ak o

MR Aoz, T72, KNI >/ SERIE
EH O ¥ RERIZHT 2 HRIZOW T B I
PCB % & CD4 FpiE#iiE, CDS FpiEfiias L O
CD20 B ARl D MR % & 7 2o 72

Wz, I PCB i 2.2 ppb Ko 117 1%
A PCB AR EERE, I PCB %)% 2.2 ppb UL L
? 39 Bl % i PCB Eig e L LC, Mmoo
v oNBk, CD4 B PEMME, CDS Btk s £ O
CD20 Bt ff I oW CHEf 2477 - 72 (Table
2). I PCB i EE#E D FIg MM PCB i &

e ipEl

Table 1 WHEEH B A1 PCB L & RIS > /738kE, CD4 Bpthifa £, CD8 kit
M %P & UF CD20 B Mila %o BE

r

V) UNER

CD4 B
CD8 bt
CD20 Pz

0.048
0.108
0.036
—0.054

Table 2 1t PCB {RigEERED X TR RIS

B A1) UERB L OV voRBR 4]

PCB ik
< 2.2 ppb = 2.2 ppb
No. 117pp 39pp
1) o SER (/ul) 1759.3 * 533.7 1884.9 * 483.1
CD4 B (/ul) 768.1 = 262.5 873.6 = 271.1°
CD8 A (/ul) 521.7 + 229.7 562.2 + 217.3
CD20 A (/ul) 189.4 = 106.6 187.7 = 100.7

P <0.05 vs. PCBi#E< 2.2 ppb

(24)
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MHEREIZ BT B I 2,3,4,7,8-PeCDF i#EE & KA1 738k %, CD4 il

¥, CDS8 e s & 0° CD20 Byt oo B

1 VRER 0.206*

CDA4 e 0.186%

CD8 Bt 0.109

CD20 B A 0.147
P < 0.05.

Table 4 i 2,3,4,7, 8-PeCDF (i HE S X OEBERICBITA ) V8EkB X 00 »XEk

HEAEH
2,3,4,7,8-PeCDF i
No. < 300 pg/g lipids = 300 pg/ g lipids
111 24
) SER (/ul) 1708.4 = 466.9 2039.1 + 399.8*
CD4 b (/ub) 759.1 = 244.6 914.4 = 250.2°
CD8 b (/ul) 508.5 = 201.6 581.0 + 200.4
CD20 At (/ul) 176.1 = 88.8 209.1 = 113.1

AP < 0.005 vs. 2,3,4,7,8-PeCDF % < 300 pg/g lipids, "P < 0.01 vs. 2,3,4,7,8-PeCDF i < 300 pg/g

lipids.

1.12+ 0.55 ppb, Ifii*h PCB &R O 1 H
PCB %%l 3.31 = 1.24ppb Th o7z, RAHIMY
YONERBUIMRE IS Ao 7z 1) 2 NERIR

HEHTId CD4 Byt i 1 PCB R EEAE 768.

1 £ 262.5/ul \2xf LI PCB &g R 873.6 +
211/l EFED LA %272 (P <0.05).
CD8 b Elifg, CD20 B M 1 e 1272 2 A
edrotz. F7z, It PCBAREEREB L Uik
PCB Eiig R0 CD4 By EMilg, CD8 Byitiiiu
L OV CD20 Bl o8 1) > /3 BRI 3 5 HEsic
RN T.

2008 4F- B A B VLR — A S % 27 L AR I
1) 2 NERHAR F O E S A O - IiE
156 v, IiH 2,3,4,7,8-PeCDF 25l %E &
N7z 135 Bl DOV 2,3,4,7,8-PeCDF 2
EARRIY) > /8ER, ) 2 ERHAE ] O B 12D W
THiEt L7z (Table 3). 1ii# 2,3,4,7,8-PeCDF
JERE & R BB OMICEBEOIEOME %
A7z (r=0.206, P < 0.05). FAYIM) >/ SEREH
EMHIZOW T 2,3,4,7,8PeCDF & &
CD4 MM B O M E B O IEOME %2788 72
(r=0.186, P < 0.05). Ifi*h 2,3,4,7,8-PeCDF
JERE & CDS Bathfiie B & OF CD20 B L o
WCHIB 2 A e o7z, F72, RE§IMY) >/ SRkl

FDO#Y) ¥ 8BRIZx;$ A I OWTIdILf 2,3,

4,7,8-PeCDF 2P & CD4 FntEfilg, CD8 BaltAf

ladB & U CD20 FidMila o AR 2 A 22 2o 72,
WAz, 1M 2,3,4,7,8PeCDF # 1 300 pg/g
lipids i 111 H13B & O 300 pg/g lipids LA LD
24 B OWTHEER 1) > 738k, KAgILY > 283k
HERMOMES 177 o 72 (Table 4). F¥ifir 2,
3,4,7,8PeCDF BEEIXTZF NN 69.5 £ 76.5
pg/g lipids, 537.6 = 208.9 pg/glipids TH - 7-.
KAL) >3 skEdmA 2,3,4,7,8-PeCDF )
300 pg/g lipids i 1708.4 + 466.9/ul I1Zxf L
300 pg/g lipids L E#ETIX 2039.1 + 399.8/ul &
BEOLAZED (P<0.005). LT, Xi¥
1) ¥ /BRI R Cld CD4 Brthfiig it 2,3,
4,7,8-PeCDF £ 300 pg/g lipids A fif 759. 1
+ 244 .6/ul 12xF L 300 pg/g lipids P E#E Tl
914.4 * 250.2/ul L HEEDO LHEZRDH 7 (P <0.
01). CDS8 FpiAilia s & O° CD20 b A e (& i
M2 % Ao 7z, CD4 bglhilila, CDS bk
Mg 3 & UF CD20 By ML D8 1) > 7 ERISKT 3 %
WIS 2% AR Do 7z,

Z 3

MHE 2 BT 2 RIEREEN O REI OV TRl
PCB i B OMERE 2P A ura 7))
YR BHEICRO 5 Z ARG ST
W5 JIEFSA: 28 SEF4 0D 1996 4F O HUK IR e
BIZBWT, HURBREARIVE 120 PCB iR 3.0
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ppb UL B PCB &R & 3.0 ppb Al PCB
RIEEREOBIZEN RSN Do 208, iAo
a7 sk E ERERO 41 Bl 8 fl (19,
5%) LRRERED 40 B 165 (2.5%) 1IZH~E
SRR ER 721 2 LT, 1997 4F FE A b UL v o
—AMZII BV iR & LTk a7
)y BIUHOCHAZIE L, WHEREIZBEWT
g a7) v Igh, 1gG, IgM OV 14
L Eo FE5A-% 40.0%12, BOHUERIZOWTIZY)
Y FRFE 8.9% 12, PiBbiUAE 45.6% L EEE
(ZRB, WEESRE R Hl & T B IERERE IS S
1B R RIB S N 7210

Al O FE Tl PCB & & & R M) > /%
Bk, CD4 Bk, CDS Bt s X U8 CD20 [y

PR O RIS HHBE % A 7 Ao 723, IfiH 2,3,4,7,

8-PeCDF i & K1) > 738k%, CD4 Bt
RO BN AHBI 2SRED S 7z, MERE ORI )
> 3Bk, helper/inducer T M8 % 759 CD4 By 1k
Mootz 2,3,4,7,8-PeCDF D5 HVRIE S
N7z, Z L, [ PCB A EE O MERH
TIHEAE O #3512 X helper/inducer T #ig =
3 CDA B tEflile o3 masiie sz, F72,
M 2,3,4,7,8-PeCDF £ 300 pg/g lipids A<iiii
B £ 0300 pg/g lipids VL O EE D ILEIZ BT
2,3,4,7,8-PeCDF A5 & iE O Y AE 5 T
D BE\Z SRR ML) > 738k, CD4 Bt o
W% o7z, 1w 2,3,4,7,8-PeCDF AT E
HEOMIEEZICHASND Y ¥ /ERO BN hel-
per/inducer T #iRE % 753 CD4 B4 Bz o B8 n
&b EEZ 5N, CDA Mgz IX
Il PCB i FE L2 Ui 2,3,4,7,8-PeCDF i
FEoOBSG AL ) KEnwetEZ6hz ZLTC, I
H12,3,4,7,8-PeCDF i EE AV i DHAE B H Tl
Al D B E 12 LN helper/inducer T Ml % /R4
CD4 B Mg OB INASERD S AL, JHiE B E
FloALNL%Es 07 v EASLHOCIUAHE
DIER & 7 o TV B A REEARIZ S 7z, IHESS
A LIk 40 4EANREE L, il 4 o0 BE S e IR i
B L T8, I 2,3,4,7,8-PeCDF (7S
B E O JRAE B TUE R 7212 helper/inducer T #l
% ~d CDA B il 2L Cnwb &S
ns.

SIS IE R BRI A E LT 4 PALT
JNVF = (PHA) BLUrarahrnNy v A

i

(Con-A) ZHED<A MY o YHBIZX B »ox
AR G % BaF LIER RN E TH %
PCDF Q@M EEIC O W TR T 2 LERH
bLEZLIND.

8 &

2008 4F- i A B VLl — A RS & 28 L 72lE
HEE 156 B DOV CRREIN Y 7 NERFAR [ % 052
L, IfiH 2,3,4,7,8-PeCDF i B L Ul PCB
IR & OREIC OV TGS L7z, Il PCB iR
EORMYIMY) > /8Ek, CD4 BptEfiiE, CDS B i
B L O CD20 B AMIE O I HHR &2 A 72 22 o 72,
M 2,3,4,7,8-PeCDF J#R & KA1 >~ 7 2k,
CD4 M O N HHES % 528, YHAE B3 O Ky
MY 738k, CD4 tEflg o Hniz 2,3,4,7,
8-PeCDF OB G- /RS-, 2 LT, 1w 2,
3,4,7,8-PeCDF WS EE OHHE B E 12 BT
EAE D BE ARSI > 738k, CD4 Rt
DI % FBD 72
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Bone Mineral Density, PCB, PCQ and PCDF in Yusho

Toshiro Yosamural), Jiro Nakano, Tomoko Masupa?, Masahiro Tokupa?),
Atsushi Sakaxmara?, Hideki Kataoka? and Minoru Oxiral)

UDepartment of HealthSciences, Graduate School of Biomedical Sciences, Nagasaki University
2 First Department of Internal Medicine, Nagasaki University School of Medicine

Abstract We measured bone mineral density of the distal end of radius with dual energy X-ray
absorptiometry, serum cross-linked N-telopeptides of type I collagen, serum bone-specific alkaline
phosphatase, serum Ca, serum P, blood PCB level, blood PCQ level and blood PCDF level in Yusho.
As a result, the osteoporosis group (< 70% of the young adult mean [YAM] bone mineral density
[BMD]) was observed in 7.1% of the studied male subjects. And, the moderate group (> or = 70% and
< 80% of YAM BMD), 16.1%, the normal (> or = 80% of YAM BMD) group was 76.8%. Also, 42.3% of
all female tested subjects observed in osteoporosis group. The moderate group, 19.2%, the normal
group was 38.5%. There was no difference in PCB blood level, PCQ, PCDF for men and women in
osteoporosis group, moderate group, and in the normal group. Serum cross-linked N-telopeptides of
type I collagen increased in the male osteoporosis group, but serum bone-specific alkaline phosphatase

did not change.

This study was inconclusive since the results did not determine the influence that

PCB, PCQ, PCDF gave to bone density and bone metabolism.

U &I

T4, PCB R4 A 4 F 2 V3 %
ZL) B EMHE SN THEYY, &4 JiER
ZEIIBWTH FHBEDO SO REM A a4 &
TV, LALADS, #RLYY0RMIE—
ETIE Wz, SHICHEZINATH A IME
2B A EHMEIEL PCB FO K EREGREY S 20
WL TWLRERH L. 22 THE, # % IME
WG HE TOBREEOLEA, BWRINOIEEL %5 1
Wag—7 3G N-7 a7 5 F (type I col-
lagen cross-linked N-telopeptide : L, NTX)
EBIEMDIBRE L BTNV T+ AT 7
% —%¥ (bone-alkaline phosphatase : LA'F, BAP)
2UEL, A IWMERZE TOERE L SHAH
DEEEBF L0 THRET 5.

=

= B 981
- B

MR EFHE

1. W&

2007 4D RIFEA & JWFEMRZED S B, IF
(IR ZEHE - ABHIBE T 2HE 2ET X
72160 % (B 056 A, 4FshJufil 63 %, 33 7%
~86 % ; M 104 A, AFEH Il 69 %, 37 %
~85 %) xR E L7,

2. AEEFHE

1) BEEORE L 548

2007 FF O EMFI 7 A IIHEMEZ 12 BT, dual
energy X-ray absorptiometry : LLF, DPX) Jzk
OF %% (bone mineral density : LL'F, BMD) il
EMRAE ATV, ARG R E Lz,
LT, HEKRNFEME (young adult mean : LLT,
YAM) 2§ 280 2E8a2HH L (LT,
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YAM%), YAM% %% 80% D LD xf 53 % 1EH
YAM% %% 70% L 1= 80% Aiifs D 3t R %
DEE, YAM% 7 70% Kiii D b O % Gk R &
LCHs L.

2) I PCB - PCQ - PCDF #E Ol 5E
1995 4E 72 5 2007 4F £ TOEIFIE 77+ 3 JHEMR
ZTHEL NI RE OIMIE % V-, Bt &
LAAIAX NI T 74 —FEIZX B IH PCB,
PCQ, PCDF &R DHIE % Kl £ 721 3@ O 4 E
FAENIZERT CIT o 72, 2 LC 1995 4E20 5 2007 4F
I ToIfiH PCB, PCQREDEZFHL, €D
A L7z F/20id PCDF 3 ICE L Tt
2002 FEDOHA PR L 72,

3) BRE~—H — L EEWEOWE

2007 4E O R WG 7 A I JHEMR S T S Lok
KEOME % vy, ELISA 12 X I NTX,
BAPEDWME%24T->7. IMA T, A V7L
V=78 A raryrLy vy (OCPC) i
L% Cadilsg, €Y 77 VEEEERIZL S ERE
P OWUEEZIT- 72

B, Mg Z AV LEEOREE, @ OM
ZIZTHWAIMEZ AL, 7HHASRL 42T

Torz. 72, FRE I A8RINIEEH O FIX
A CHEA L 72,

3. imEtALIE

A PCB, PCQ, PCDF &, Ij& NTX, BAP
fili, I Ca, PIEEEIZOWT YAM% % 35247
L7 G HERERE, BRI RE, IEEFEO 3 FEH
DO Z B L WIS TITo 72, fat Tk e
LClE—RG#Hma iz #io L, AEEZRO7
YA 1213 & 512 Bonferroni #2112 & 5 2 FER O It
WaiTo72. B, TXTOMETFELE BFEK
HELL 5% A & L7z,

] £

BUCITEHBRERIIEZZEDT.1%TH D,
FEETHIZ16.1%, EHHIZ76.8%THh -7z,
F 7o, WU CIIBMBERIIEZZE D 42.3% T
HY, BEETEE19.2%, BEIEFEZ 38.5%
ThHho7z.

KB oIh PCB g, BYCId B ERER
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A33.1 £ 2.7 ppb, ‘HEEAHEA3.2 = 2.3 ppb,
IEHEBEN 2.4 = 2.1 ppb, T EHERIEREAD
3.1 £ 2.7ppb, BEMAHA3.2 = 2.3pph, &
HIEHHA 2.4 = 2. 1ppb TH Y, HPick b K
MOEIIRED N>z (Fig. 1), /-1
PCQIEEIL, BUHTIXHMBERA0.1 £ 0.2
ppb &, BEEAEEN0.2 = 0.3 ppb, ‘BHmIEW
#A30.6 = 2.3 ppb, WHETITEMEIER250.5
+ 0.8 ppb, HEMWMAPEEA0.3 = 0.3 ppb, IEH
#730.2 £ 0.3ppb TH ), FHMOEITED S
N7 o7z (Fig.2). Ifif PCDF R OKH b I
H PCB, PCQ iR & FARICH e & b K HREM o 2
FEED SN %o 7 (Fig 3).

BRI OFEEE L L CllE L 72 g NTX fif1d
BUOBHBAERESEHIEL D ARICEMEEZR L
725, BHOBHBERIZESDENKEL o7
(Fig. 4). BEEOIEEL L ClllE L 72 1iE BAP
L, Bl b BHMIIEIZDOON o7
(Fig.5). Zoff, 1 Ca, PEEIZBWTYH, %
HICBWTHERZZRO LD -7- (Fig.6, Fig
7).

% =

4 IMERZE Tk, BURSZED 7.1%,
TR E D 42.3% \FHEED RO b, F=
WABIIBERZE D 16.1%, KHRZED
19.2% 2B 57z, Lo L, 74 I IMERS
O HLERSERE (21 PCB, PCQ, PCDF &, I
i Ca, PIBREEOWS 227% EH F /213K T X320
SNerol. BRHEOREL RS L, SHERE
FEDOIME NTX O A ER & ) AREICEME L R
L, 2OZE056H 4 IMEMRZE TIRERID
1R LT 2 I gD M b7z,

I BERE NG DXA FRTEEEZIE L
o7 =& =12 &R, 50 L B 24% 78,
BUD 4% DBEHMBIETH > 722 MEFI N TW
Y. ZHUCH L CTA I O R TIE A & I MER
L8 D 30% B HEEATFRD S AL, FATHIZEIC I
NP RLEHETHo72. LoL, SHITEFER
AAE L L7a Y FO— LT — 8k DA
ORI L THRDOMEDPLETH 5.

FHEEL, FEELEEO2RTTHRY oL
&M%, BMD &, HACHEIFE T 72 3 AR S 72
DOIAXTNLERTERIN, 605k FOJHE
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B female
[] male

1417

121

=
o
1

8

PCB (pbb)

Osteoporosis Moderate Normal

Blood Levels of PCB in classification of YAM%
Osteoporosis : YAM% < 70%, moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *
SD)

Fig. 1

B female
[] male

450-
4004
3504
300+
2504
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1504
100+
50
04

PCDF (pg/g-fat)

Osteoporosis Moderate Normal

Fig. 3 Blood Levels of PCDF in classification of YAM%
Osteoporosis: YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *
SD)

B female
[ ] male

601
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307

BAP (U/L)

207

107

0-

Osteoporosis Moderate  Normal

Fig. 5 Blood Levels of BAP in classification of YAM%
Osteoporosis : YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *
SD)

ok 9

30 6%

B female
3 [ ] male

PCQ (pbb)
&

-

Osteoporosis Moderate Normal

Fig. 2 Blood Levels of PCQ in classification of YAM%
Osteoporosis : YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *+
SD)
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[] male

P<0.05

70
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30 1

20 A

| .
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Fig. 4 Blood Levels of NTX in classification of YAM%
Osteoporosis : YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *
SD)
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o
1

Osteoporosis
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307

257

207

157
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Fig. 6 Blood Levels of Ca in classification of YAM%
Osteoporosis : YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean =+
SD)
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B female
[] male

5_
4.5 1
4 -
3.5 1
3_
2.51
2_
1.5 1
1_
.51
0_

P (mg/dl)

Osteoporosis Moderate Normal

Fig. 7 Blood Levels of P in classification of YAM%
Osteoporosis : YAM% < 70%, Moderate : 70% <=
YAM% < 80%, Normal : YAM% >= 80% (mean *
SD)

® BMD 2 ZDAADY — 7 BE & 255D
VHEETHESNTWS, —F, BEEE B0
it E, B AHEE, Uy 2 — T 0K, A
PALOREB L a5 —7 v EOBIRE R
ICE D HEENDY. BT, BE % I
BN ES IR T I EDTEL00E, Afb5En
R~ -7 =12 L 2 5RBEEOFMTH D,
NPT ORRR I FEG LB S 2 £ 207
I Y ANEEN TR W

oML, BEARWIZEOWEEEFAEICLD
BOANED LHBAH % E®R L, BomEY &
WX, FoFEEFEEE V). FRI~— 7 —
EATFHIN & FIZR OIKEE % MR R IR % F VTR
filfid 2 IEDOBHTH 5. BRI~ —F — 3B
A2 BEiarkne s, /-, FEE~—7—
B =S Rkl = = ) R R e (a9 4 U S
%9,

Al HELERE~— =& LT, BN
V= H I EREOFERSTH L I RMa T
D REWTH H NTX ZILiE CTHlE L 7.
NTX [ZAFWIZHNEB D Y, TR I E
FRELRTWY. $72, BRE L ICEEEIMEN
B NTX 5@ a R L, 725tk
LTWAHTIIEREELRTL, Boftkhoi
T8 SR ORI, KBV TIEIMmE NTX
DEADPBIRE I N T\,
PCB 7% ED#EIN B D D5 BT 5 LED
5.

TIVHY)ARAT 7% —+F (akaline phospha-
tase : LU, ALP) \3HIIBEICHFAET AEEAE

Z OBANIAITED,
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T, TVHIEDOSEMHT (pH9~11) TV VT
AT NVEER) B XTIV — VSRS A

FTHD. COBRIEERTLEETIZE-T,
AR, R, BRdERRR, IEESRIRERREAL O 4 8

AT A LN TEL, Z0H L, lRerIEdFrR
ANIPHE, B, SRR CEEESN, FhE
NOMEEFF R HESH T OB 2 21T 5 2 L b,
TAVHA LE L TESIKE) % ETHHTETSH
L. F7o, BHMICHERNICHELET S ALP X
BAP & I, MlEREICHEEL, SAT77FY
V4 7 ¥ b =)V (Phosphatidylinositol) % 4L T
RIZHELTWD., R TERER~Y— -t L
Tl L7288 ALP, bW 5 BAP 3B 3F il
OREL ML, HHNZE)D 2 < i+ THIEY
TERMEEZET 5.

BHIZBWTEEE L BAP Ofi L OBFRETIX
—SEDMEIE 2.

SRIOFERTIL, BHBIERZ 5 N FEWD
FECIE BAPEO EA QKT LD LN T
WS, EEBRIIC PCB X B IEMR L = J 3 %
CENHEERTWAY. AT, AR TON
SEDL) mEE TH L ER L BERT 5205, M
BRIEDFEFIIMOME L LNERTH Y, 5%
AR RS TH .

i

H A IMFEMRZE BV CEHBRIED S RICEE
DHN, BUHETERINY— 7 =58 L Twi.
4D EZHPCB EDBRIIHASL 22 TIE %25,
ZOBIIH L IS RO DPLETH 5.
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Toxic Effects of PCB/PCDF to Human Observed
in Yusho and Other Poisonings

Yoshito Masupa

Daiichi College of Pharmaceutical Sciences
22-1 Tamagawa-cho, Minami-ku, Fukuoka 815-8511

Abstract Yusho PCB poisoning occurred in 1968, when the human environment had been polluted
with PCBs and related compounds. The causal rice oil was contaminated with large amounts of PCBs
and PCDF's by accidental leakage at the rice oil producing Kanemi Company on February 7-15, 1968.
Much less concentrations of PCBs were identified in the rice oil produced and shipped from the
Company before and after the critical days. Concentration trend of PCBs and TEQ in human body
were examined for 40 years from 1968 to present. Concentrations in the blood of heavily exposed
Yusho patients and normal Japanese were PCBs : 80 and 1.5 ng/g-fat, and TEQ : 60 and 0.1 ng/g-fat,
respectively, in 1969, and decreased to PCBs : 1 and 0.2 pg/g-fat, and TEQ : 0.5 and 0.02 ng/g-fat,
respectively, in 2007. PCBs and PCDF's have been persistently retained in human body for 40 years.
Serious cases of Yusho and Yucheng having very high PCB, PCDF concentrations in blood have
suffered from severe chloracne, pigmentation, eye discharge and others at the first stage and
recovered very slowly with a lapse of several years. However, their hormone mediated signs and
symptoms, such as high triglyceride and thyroxin levels in serum, disorder of immunoglobulin, goiter,
decrease of sperm mobility, disorder of teeth and joints conditions, decrease of IQ score in children,
headache and numbness, etc, are persisting for more than 30 years. The residents in East Slovakia
who have been exposed to PCBs wasted from a PCB factory and have about 3 times higher blood PCB
concentrations than the controls, have suffered from disorder of FT4 and T3 levels in serum, disorder
of thyroid grand and thymus, dental defects in enamel developmental, hearing impairment at low
frequency tone, tendency to diabetes and others. Residents in the Great Lakes area, USA, whose
blood PCB levels are estimated to be higher than other places, have shown disorder of thyroid, T4, TSH
levels, endometriosis, joint disorder, and low IQ score in children. The levels of PCBs and PCDFs in
the blood of Yusho patients and Controls are compared to the normal levels of estradiol, testosterone
and thyroxin. In the blood of Yusho patients, concentrations of single congeners of PCB118, PCB153,
PCB156 and PentaCDF are high enough to disturb the hormonal effects. Blood PCB concentrations in
normal Japanese are higher than the FT3 and FT4 levels, indicating hormonal disturbance will be
easily produced. PCBs are metabolized to produce HO-PCBs, which bind to TTR and retain in blood
medium. Blood HO-PCB concentrations in Yusho patients and normal persons are higher than the
FT3 FT4levels in serum. Therefore, the hormonal effects of thyroxin will be disturbed in Yusho and
normal persons. As HO-PCB will be easily transferred to fetus through placenta, fetus development
will be possible to be disturbed. In Yusho and other cases, PCBs and TEQ (PentaCDF, PCB118 etc)
were ingested together and the strong enzyme inducers of PentaCDF and others have metabolized
PCBs to HO-PCBs, which have retained in the blood. Complex reactions of PCDFs, PCBs and
HO-PCBs have disturbed the hormonal effects and the induced symptoms and diseases would have
been caused.
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Fig. 1 Chlorine Content and PCB concentrations in Kanemi-bottled Oil shipped from Oct 3, 1967 to Oct 14, 1968.
PCBs with GC peak pattern similar to those of the Kanemi-PCB (Red) or environmental PCB (Blue) are separately shown
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Table 1 Average concentrations and half-lives of PCB and PCDF congeners in the blood of Yucheng patients (n=3) and

Yusho patients (n=5) after the incidents

233 days after

14-15 years after

37-38 years after

Yucheng Yusho Yucheng Yusho Yusho (n=4)
Conc Conc” Conc Half-life Conc Half-life Conc Half-life
ng/g-blood ng/g-blood ng/g-bhlood year ng/g-blood year ng/g-blood year
2,3',4,4'5-pentaCB 39 39 0.2 1.9 0.24 1.9 0.05 4.1
2,2'.4,4',5,5-hexaCB 80 46 5.1 3.7 2.7 3.4 0.81 6.7
2,3,3,4,4',5-hexaCB 22 12 2.3 4.6 1.1 4.1 0.43 7.5
2,3,4,7,8-pentaCDF 0.058 0.35 0.0013 2.7 0.0068 2.4 0.0027 5.2
1,2,3,4,7,8-hexaCDF 0.14 0.25 0.0047 3.0 0.0067 2.7 0.0009 4.4

* Calculated value from the concentrations at 14-15 years after the incidents
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Fig. 2 Concentration trend of PCBs and TEQ in Yusho and Control in Japan, 1968-2007

IR TH ), MeSO2-PCB A3 |2 Lb#z g 12
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Table 2 277 9. HO-PCB i % 0.8 ng/
gserum T &» 0, — fx A @ ® & 0.11
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Table 2 Concentrations of HO-PCBs and PCBs in Yusho Patients (n=9), Sampled in 2005

Concentration (ng/g-serum)

mean median min max
4'-H0-2,3'4,55-pentaCB (120) 0.059 0.062 0.000 0.108
4-HO-2,3,3 4'5-pentaCB (107) 0.144 0.165 0.037 0.239
3-HO-22'44'55-hexaCB (153) 0.036 0.027 0.020 0.066
4-10-22'34'5,5-hexaCB (146) 0.237 0.176 0.086 0.438
3-HO-22'344'5-hexaCB (138) 0.058 0.051 0.033 0.106
4-HO-22'34'55'6-heptaCB (187) 0.250 0.203 0.086 0.477
4'-H0-22'33'4,55-heptaCB (172) 0.035 0.000 0.000 0.101
> HO-PCB 0.819 0.680 0.390 1.362
23'44' 5-pentaCB (PCB118) 0.054 0.050 0.024 0.094
2.2'44'55-hexaCB (PCB153) 0.369 0.380 0.181 0.573
2.33'4.4' 5-hexaCB (PCB156) 0.142 0.146 0.072 0.197
> PCB 1.894 1.850 1.320 2.620

HO-PCB/PCB % 43 37 22 74
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7. KEZ60kg 35 E, KE]1 kg ) DE
WEIZZFNZN 10 pg/kg KU 14 ng/kg TH 5.
A - EEREIC L 2 TCDD O €V
Ev FMPEHBIEEIZ ] pg/keg TH Y, PentaCDF
5y MIBWT 1 ug/kg DAETH HEFER
LRFKBACRER &2 FFE T A EHEZ R $ 2 &8
HHN TV JEEREIZZ0MRED 10 L
LoBHEYEAENL 22 LICh 5.

Wb DR\ T A AT A NVABERUCIHE DIER % 58
BLEEO TEQ EE X 135 H M2 28 ng/
kg/day T o7z, FUBIEEEH S Ho™MIC
PCB & CHE SN BFAEZMAT VWS, Z0O=
% TEQ T/R$ & —#x ATl 0.23 ng/kg/day &
ol2BDH Y, WECHBLLITZENLEE
otz Z DAY, TS OBICE L INE S
HORBIBINEDOHTO—HEICRZDT, PCB
ST BERZEOENGEEEEEBTLE, T
5OFIRBIIERFEMERHICE D ANVE YR LEL
WCEHBEIHNZDEEZZOND.

1982 4 & Y BoKREE], WHO R UTHARTHY 1 4
FUUHEOME—HENE (TDD & 1~10
pg-TEQ/kg/day &R E SN TV, Thidwns
WA LBMERIPSEONEETE ]
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ng-TEQ/kg/day ® 1/100~1/1000 D fifi Tk &
nTwz, LaL, 1996 FEAL A+ F 2 0D
RVEVERZERT 2 L) ICEH SN &
VR~ 7 AEEDEY T b RS E N E
A (RIVEVEEICE 288, SEGEIER) &
TCDD @ 30~70 ng/kg #5-CTHA L. ZDHA
WEICZ2be POBEBNEZHEET S L 10~40
pg-TEQ/kg/day IZHH4 T 5. T IISAFEFFRE
10 LTCZEOt+HO—%KkobE 1 ~4
pg-TEQ/kg/day & 7 5. 1998 4E X ) WHO I
RIVEVEER LD RD721 ~4 pg-TEQ/kg/
day # TDI & 45 X ) IZ&H L/ 1999 4£, H
Kb WHO ERIBEICHRIVE VEEER 2B T 5
JiEE ) AN T TDI % 4 pg-TEQ/kg/day |2
EHLTBEICW o TWwaY,

WEO MBI R EIRTH HIEFEEZ S, KM
FikA, IRIEBRZ 7 S HERE L 2 ) 5 9k
HIZWo L ) EF®HEL TV, ARMIIEIET
HLZERHHTLDEFZLTILL Lo TWA,
L L, BERFEROKRVE S BEIZHED CRER,
Bz AL, MR OB, MiEY 1 ax >
YOEEE, fEST 7)) Y ORE R EE, 304
Db L2 HIEICBWTHERALTBY, L
DEREL5LTWEY, ZofrikiEn®
FEDEBH S ADILEH PCB, PCDF i ® 40 4F
OB % Fig. 2128 LTw5h. ioBEFSA
oI PCB, PCDF I EEDEE S AL
—MENOHHORETHR LD EEZ LML,
INEDOBRETRVEMRHICEERD L1 ED
MERHND 72D R IVE > DI IEEE & g L7z,
t MIEHROZA N T VA=), TAMATHY,
A TR R R ESY T OV R
ZOMOIMERRE, —# AoIE+ PCB, PCDF,
HO-PCB J% 0" DDE &£ % Fig. 3 12W~_TRT.

EIED S5 4D EE S AD PCDF, PCBDOH®
—ODEMEDEETL NS DFRIVE ¥ DI
HREE L DX A28 <, 40 4R L 72 BIEIC B
WTHRIVEVRELD S EWIRESHER ST
W5, TOMOMIERE S ADPCBIREIXWE
PIZINSDORVEYDIMBEHEELD LEnE
FTHH. —EAIBNTH 4L PCBIEEIR RV
EVOMBETEE XD b EWIREEDSBUE £ Tt
TWwa. 404D Lo E#H, PCB, PCDF 123D
CHRNVEVRFICLDHEDHR SN TN D EE
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Estradiol (Female) : : : ””:: : :
Estradiol (Male) . ” | |
Testosteron (Female) j————
Testosteron (Male) T
Thyroxine (T4) b—d
Free thyroxine (FT4) f—
Triiodothyronine (T3) —
Free triiodothyronine (FT3) J—
23478DF (5Yusho 69-05)
23478DF (Yusho 02-05) o e (11
PCB118 (5Yusho 69-05)
PCB118 (Yusho 74-06) | |
PCB153 (5Yusho 69-05)
PCB153 (Yusho 74-06) e | [ ]11]]
PCB156 (5Yusho 69-05) [ [ e —————
PCB156 (Yusho 74-06) S —————
TEQ (Yusho 02-05) e e e
TEQ (Control 99) S R ——
PCBs (Yusho 74-06) e
PCBs (Control 74-06) e ——
HO-PCBs (Yusho 05) e
HO-PCBs (Control 05) o
HO-PCBs (Cont CSF 04) | ———— [
DDE (Yusho 05) e ——
DDE (Control 99) e | | |
4-HO-PCB159 (Purkinje) o 1 e . e e 20 e e 21
T T T T
0.01 0.1 1 10 100 1000 10000 100000 1000000
pg/g-blood or pg/ml-serum, medium

Fig. 3 Normal levels of Hormones and Concentrations of PCBs, PCDFs, DDE in blood of Yusho Patients (Red and Pale red) and

Controls (Pale blue)

Estradiol, Testosterone and Thyroxine: Normal levels, pg/ml-serum

34)

23478DF (PentaCDF), PCB118, PCB153, PCB156 (5Yusho 69-05) : 5 Serious Yusho Patients, 1969-2005, pg/g-blood®
PCBL118, PCB153, PCB156, PCBs (Yusho 74-06) : Fukuoka Yusho Patients, 1974-2006, pg/g-blood®

PCBs (Control 74-06) : Fukuoka Controls, 1974-2006, pg/g-blood”

23478DF (PentaCDF), TEQ (Yusho 02-05) : Fukuoka Yusho Patients, 2002-2005, pg/g-blood™

HO-PCBs (Yusho 05) : Fukuoka Yusho Patients, 2005, pg/g-serum”

HO-PCBs (Control 05) : Tokyo Normal persons, 2005, pg/g-serum?®

HO-PCBs (Cont CSF 04) : Ehime Controls, CerebroSpinal Fluid, 2004, pg/g-CSF>®

DDE (Yusho 05) : Fukuoka Yusho Patients, 2005, pg/g-blood>”

TEQ, DDE (Control 99) : Fukuoka Controls, 1999, pg/g-blood®

4'-HO-PCB159 (Purkinje) : Purkinje cell, pg/g-medium®®

255,

PCDF Oif\EEFFFEEM I L D) PCB 25
ENTHOPCB AR INS, ER SN
HO-PCB i& TTR &#i& L CHLEH IZFERE 5 5.
WE B T HO-PCB i ¥ 11X PCB 2 o
20-50% T & % 1000 pg/g-blood F£ & T ML 41 12
FIET A, ZTNO ORI BERE 1 0¥
VIEEL D EVOTH A OFx Y Y ORIVE ME
Iz L TwardbnsEZONS. KE
OB M R o M HO-PCB i 0455
FEORETBITL TV 0T, BRIEOMZED
IEIIIRELBESEHLEEbNL. BHSIE
R OREIZB W T, ME® HO-PCB %%
m3sZLTTVFr ZMEORESHEEL S NS
CERIAHLTHE®, FuEramgomE
% AL <& %5 HO-PCB O E#iPH % Fig. 3 12/5%

(40)

LTw5. s OH-PCB & B F % il
T LI TDRETHD.

WHE B E & O — % Aol 7> 5 PCB, PCDF
DM DDT O E DDE % 1% U % Hexach-
lorocyclohexane, Pentachlorophenol (PCP),
Dieldrin 2% ST\ 5. 205 5 DDE &
ZPCBEHELLOLVOEEETHL INHOD
ILEW S RVE MERDBH L Z EPHLNTWY
LHOT, MEODFRVEY VAT LTHEIZHEELEN
TWwWhEEZLND.

4. EEDEREE

1968 7> 5 1977 £ DO RN AR L 72t ML EHE %
TN ORI EDO F v 1% 5.97 K O85.70 TH
DEEICREHEOEEN S Do 7220 ESS
7 16 468 L 72 1984 4F, & I aliE — 75
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2T 124 % O ME B F O BRI e 2 A L 72
Triiodothyronine (T3) & " Thyroxine (T4) L
NIVITHERFEICHRTERICEWETS o 7248
Thyroid Stimulating Hormone (TSH) &R I3 1E %
Thotz. B PCBs &0 A 0x vy ~Di
BAER SN TV, 1984 FEICFBEOFHE %
L7z, T3, T4 ROiEHE T4 (FT4) L)Vidxthg
HEEBELRETRO SN0 7208, M PCB
EEREWEE I A a0 a7 YHUEDE
BRI L 724, A o @ E ik eSS A
WEETIZEE O 60% 12H 5N 5HHEZ#MET
Holz. TOBEAIHA L 1993 FE121F 30% 12
F T L 728, 35 4F4H L 72 2003 411X B A
FHENEED 50% 12 THWINL Twi JEFIC
EHMAVECVEEICLD2EENEEL T
72431986 4 ~2000 45 0> 8 F WL % O B I I il
—F R B\ TR H PCB i EE AN Mg HH 8 2
VAT H—)b, HYERINERE & AZICHEEL T
L ONEE SNz 30 4EDE S EIEE PCB O
BHFERR LT\ 72 2002 E0—FHME T 20 1H
H oM AL o 9 5 y -Glutamyl Trans-
ferase, High-Density Lipoprotein Cholesterol,
Creatinine @O M{EHE LA PCDF LX)V & E
WZHHRE LT w7z, 30 4EDLE D &g PCDF @02
FASTREL LT\ 72 1086 4 ~2002 4F ) E i I
HAERS 12 B 2 e B 1041 % OB RS K
LV RO L) RBEBEPBIES A M F
PCB R IGARIMEREL, M€ 0 55 L
DA S, MIEHREABIOT VT I Vi
L WM OERm xS, Fio, REER
Creatinine J2fE L IZIEOMEZ /R L7, BANIZE
R LT\ 5 PCB 2 AR REIC B % 5
ZTWB 2000 4F~2003 4F 0 1 i WLHEE IS
Tl s PCB & U PCDF (& ANRD X 9 7 EIR
ERIEL TWA I ENbholz. Thbb, B,
WSO IHERT R, LUk & OREK
FAEARS | IRBRSE S W OB 2 & DIREERY
iy, 77 AR E Y, B, mRibE s
L ORRERERY . 36 ELU ORI NS Dk
ATk L TR LT,

5. BEBEDEREE
1979 £ B I2 BV THAROMIE & [7 Ckk7Z
FERMDFELE LT, EMESNI2TA AT AV DE

(41)
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T O ZFDOHZIRA SN T 7AW O EE D 5
FHET AL, ABMELE 1 ADMERL 72 PCB,
PCDF . UF PCQ D& ZZ 21 973, 3.84 JL O
490 mg & % o 7z, R OMIE B E BB L /2=
32 N2 633, 3.4 %1596 mg THo72DT,
FEAELHEULREICE 2 HHTH 2. PCB,
PCDF O TIEBEMEO 3P LEiiFE o
PCB, PCDF SRS H o7z, Ul EE &
AD KIS (82%) @Il PCB #E1x 11~150
ng/g-blood DHEFHATH O, JERIIIERIEZH, &
HEOBRLE, RIERE % & CTRWE & [k
DIERTH - 7252 S 14 FEFB L 72
1993 4F, HHazBE 795 % K R IRE 693 12D
TREIZEBILL 72 PCB, PCDF O @iz 2% #
L7z, ZORR, TEEEIIINNA 2B EER,
FRIRBRE, £, BTN G ORE 7 EORER
DB L TR LT a0 H 5% PCB
FEEREICERL 2B EMEEEORHE A, O 4
FNTTHED6 L 7 IR L 2R IS L
72 Stanford-Binet & O¥ Welesler HIgET A M2 &
D, BEOTA 1S Ao T L ) & FEIC
FHBEEDENDEE SN2 PCB, PCDF (2
HgedIN/zT 4 A4 A4 IV EEBILL 72 838& T 2002
FE7H1HETIZ6E0 U EDHE 162 4122oWT
HARENI T A MR L2 A, HETIZEST,
E{EEE S, FEEIICBWTAO LREER S
7B TIEERD B 5 72%° . PCB, PCDF
ZENL-BEMEREORB»SETNT16
WU EIC o 2B 12 40T OIREEZFA L

2L Zh, KTORERE, EHIKUNL A
5 — JRRERE IR I B WO RE L ) A E

2% 5 2 kA g s 2™ 1992 45, PCB,
PCDF %3 L 72 B8 5E FNT7 ~11 &I
WELZTHT32OROEFTIRELHRAL 2.
iR % 7 < U720k ) OSSR E D D % i D E & 1%
FEB oI H PCB < f-fito PCB, PCDF L
NNVEFBEIZHELTEBY, AEMHED 4t 11
RDKNAEDFUIIR RO T L ) & A7 @[ 2s
57257, 2003 4F, PCB, PCDF (2754 &7z
FTAAFTANVEERL 720 AR HEILL Twi
o7zl N 408 B OMIRIKEEX AL, 207 —
Y % SR N OMEHLEL 2 1T o 72, T ORER,
RS % £ TOHIE oYLz PCB, PCDF %
BRL72mATIEA T ATH o 72D LD
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BATII3THTHY, HEILEND 72,
12 7 A BN HEAR L 22 A > 728412 PCB, PCDF
EEL 2@ A TIE19.7% THh o 72 05%f s T
1$9.7% T > 7=. TR L 7-%1413 PCB, PCDF
BIECIAEZICMED 5725 BEilEES 378
& L PR 370 L OBEIRIF D) A 7 & Fid L 74

1, 95% CI1.1-4.5) %%, BUETIEE < o725,

6. PCBRIETHZREZEICLYFLEhAZON
X T7TRFERDBEZE

AT /NF 7 HE O Michalovee T 1959 £ 5
1984 4 £ T PCB O#s&E % LT\ 7z, Sk k%
PCB B 1600 >~ % Michalovce Hbiid |2 B
L7-%9 1998 4, Michalovce Hiis o> £ B & OF
PCB 7SBEZEALH X 41T v 72 W #ds Svidnik o 1E
Rl PCB i % il L7z, PCB #fiF5
7 ¥ 13 Michalovee T % 3327, #& 2752 ng/
g-lipid T& ¥, Svidnik TIZ5 1331, % 992 ng/
g-lipid T& - 72%V. Svidnik =R oI H PCB
TEFE L HARAND 1970 AR OFIGHEREE K O° 2005 4F
o WiE B #E O REICHY L (Fig 2),
Michalovce (EROFIEE XN LD b 358
WIEEETd o /2. $ 72, Michalovee 3R DIk
i OH-PCB £ F£ 1% 2 ng/g-serum T& 02, i
FEBFE D 2005 FEOUERE (Table 2) £V dEv-o
7z.

HYHIR (Michalovee) K OVK HE Hids o (3 |
2046 4412 >\ T TSH, FT4, T3, PCB % %l 5&
L 72. PCB L X)L %% < 530 ng/g-lipid ® ¥ &
PCB 2 FT4 K" T3 L 3 EOMBETH - 7295,
531~2000 ng/g-lipid D#PHTIZZN 5D L)L
ZIEDOHB & 7 % 7% ¥ PCB I & ) FT4, T3
LAV EDBRIZEZ: > Tz, PCB LV
BB WBITTIE TSH LAV 5 7209 i
Mg R 7 ORI = (Thy) &I+ PCB
LOWRE OB RE L. HEBEBERD 9
5 PCB LARLVAE WS )V — 7 TIE ThV I3 %
WCRED-72. L L, ZoMEANIFER, MRS
IZ& B2 5T i ge g o Hi 4 T 982
N D KR D 5 3K RE % B PR A TRz RE 5L,
TR O M o PCB 2 B2 258 £ V8 o g i 75 2 o g
MG LTBY, RIEOHEECHELS Z TV
HUREMED D B EE 2 5N HYMX e &

F72,

(42)

Ol £ A

D8~ 9D 432 L O DIRFE % F~<T, il
& PCBIEENEWIRE TII T F A I)VE KRGS
HHIAMDEENE L, BENEDKAKRDOEE
b %< o T Bl &0 8 ~
QIR DI 431 L ONEF OIREE % FR7-AEH, 1
&+ PCB I EEA & W R CTLX R I B oK E i
BV THEEMENEC 2 2BEEENE LN
7257 et e & ORI 2050 44 0 BRI 12 B
T 5 MM &2 T o 7245 F, ik PCB &
MEWT N — T TN 7 — T T ZEf
MAEDSIEHEOEEAA L, RIS OV
BREFEMOEENEZITHML T 2%,
2002~2004 £, AT NF T HETHE L 72880
I3 K OV BE7 I 92 #o> PCB, HO-PCB, PCP &
Ji %5 L7z, 4 PCB, 4: HO-PCB K UF PCP O
s L R R D LI F 24 0,92, 0.33 %
M0.69ng/g-serum TH 1), FEHOZNZN DML
W RE L IEOMME 2R L7z &30 HO-PCB
X TTR &AL T2l LIRIRICEBITL C
WBHILERLTNREM

7. —HIRIE T PCB 50OV iR {FROEE
-

1980-1981 4E X ¥ 7 Vil D fa & BTV 72115
DT I FICOWTHIERER IQ 7 A M%
ITo 7246 R, HEOIMmE PCB g2 & (1.25
ng/g-fat) 7V — 7 TIIEEIZIQ pMMEA - 727V,
1991~1994 4R IZ[A A% O FEM 70 P 2 47 o 72 4E H,
AL T PCB IZ&#E L 72O T I T
S REB O I H PCB IREED =W 7L — 7T,
EEDOIQ EHENIQHE Db ONDH - 727,
2000 FFONOHFHELZFMHEL T, =a—3— 27D
HHIEOEROLETITFIREORE KO TE
WIEEDEEZICE RS NEDY 72
1995~2000 4, = 2 — = — 27 Mohawk @7 X
U A EER O PCB S0 Il ik % 72, F
¥4 PCB &% 749 ng/g-lipid TH Y, HAA
? 1985 45D PCB #EEICHY T % (Fig2). &
OT A HFEERD ) B PCB iAW =5017
D NIIHEIRIF T H HIHERIMEN=GMONED D
FEHIZE, 7™, Mohawk @ 10-17 B OEH
232 4, Tl, PCB £ TSH L IZIEDAHE %,
FT4 L3R 2 7% L7227, 1999~2000 4F & OF
2001~2002 4127 A 1) A1 AHJ 2000 4 o I i



JHiiE PCB/PCDF 0 MK 2

PCB KU TEQ i Z l5E L7z, 215 D%l
¥R £ L F R PCB A% 140 K OF 200 ng/
g-lipid % 0" TEQ 7% 12.3 K 0¥ 18.2 pg/g-lipid T
otz T 2000 4E A D HAND P EE
RIS % (Fig. 2). I 4 T4 LV i
TEQ I & IZHHMOBRIZH Y, ZoRER
LR Ao N2 B 75 L= T HITRE
285 Z DML PCB SRR T O & V2 o
My TSH % % L7z, P450 2B R % 3
4% PCB 8 DX TSH L~V & IED I
DA BN PCBIENY 7 750 FLAVIZH
WTHH A XY VRVE VEEEICHEY S 2
TWE . 7Ry A D20 EoKA 1721 £
» PCB %0 L IR E OMGRERN. &
A 4% V8 PCB JUIES A 4 % ¥ V# PCB &
THOBE R E EOMBERLE:. Ny o275y
R LX)V PCB S RWHEICESG L T 5 1
BelEDSd 570 2002~2004 4E, NV F— 2B W
TIEH51M 198 10> PCB, DDE %0 K OV A
OF 2 VARIVEYDOREDNME SN FFED
PCB BEMWAREEIZFT3I RO FT4 L)V L&
DA L7223, TSH & IZHERD 5
Nihorz. BEHYO PCB 23F RO 1 0
FUUVAT A, WMOFEEIIKELGZTWL E
#2555, 2000~2001 4, HIETHE 118
% W IR O iG % K O 1L Dioxin, PCB i
FEROYAaxs r BERVECREZHEIEL
72. T4 x TSH | non-ortho PCB & & (3040 B
ThbHIENbhrol. BREHYGO PCB %39
AOFT VT4 =Ny 7 2B 52 TCnbk
Zzon5%

8

5

WHREAYFEAE L 72 1968 4F-1% PCB BREiH 44 b 7222
DEA G TH o 20T, AihrELTAED
M) OREETPCBICHREINTWEEZD
N5, WEARITHERE 25721968 42 H 7
~15 HIZHIT &Nz 2394 AF A V2%
D PCB MRA L TW22S, ZOHiAIC AT S
NI=A R4 AF AN b PCB At &
7. MAEREE N OV N 1969 4E 2~ 5 2007 4F %
ToIEH PCB, PCDF EOLBZHET S
EFig. 205 912% 5. Tbb, 1969 FEEHD
HE THE B E N O AN O I & (X PCB %

(43)
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80 M UF 1.5 pg/g-fat, TEQ 7% 60 2 U8 0.1 ng/
g—fat TH - 72H DA 2007 4£121E PCB A7 1 e O
0.2 ug/g-fat, TEQ #30.5 &1 0.02 ng/g-fat &
eofz, HEEOTFEELIZEL ) IEFICRIEAN
WZHREE LT\,

HAK N HEOMED & 9 I2iMiEH PCB,
PCDF BEMIEF IZE 2 o 72 IREEDER IZIE F
JEZ S, ELE BEAL L EPFETho72
A, FNSIIEMoOREE & L ICHB LWL o
27 o7z, BEEFERORIVE  BEDERE & A
SIAHIEIR I R YRR O IR, I A
O& rOFERE, fE7u 7)) CofRE, HIK
WRIE, K7 o) O, K O BIETSE O 5
W, B - LONSEMEERO R, TR
BT % &, 1330 F L ERRE L 72378 T LRk
MLTAONLZ EDHDH, AUNFTHEEO
PCB 54 #Is C i i PCB 2 B 25— B b5 15 4t
D 3ERETH HEROIERIE FT4, T3 LNV
DR, FIRBIEKR, WEEORE, izt A Lg
DEEEE, ARV BGES OB R, B RRE
M7 & CTH D, MEH PCB RS — BB 5 g
LDHLLECEETH L KE, LKMFEOME
RCIZHIRE, T4, TSH O 8%, FENEE, B
Hige, HAEIQ OAXTY, FEIRIFMEHN 2 & HBIE S
7z, Pbo X921 PCB A —#Br b3
HHFEEDIRREICBWTH RIVE V BEDRK &
I D FEIRAIA B 7z

IS oERERT Ao H PCB, PCDF
BEATIANI V=), TAMATOY, A
0¥ EOIME R RE DML L 7
(Fig. 3). EHRE TIZ PCB, PCDF ®—> N %
P4k PCB118, PCB153, PCB156, PentaCDF o lfil
WHEEIINOOFRLVEYOEEID D
10~1000 fEREEE B 2 o 72, RV E v Bt & 554k
SHLIE T RRETHSTEEZLNS, —
e BiB% PCB 54«0 Ao i PCB i b FT3,
FT4 OHEEB LD b EEHELH LD T, FIVE
CERICHEBL WD EHEESNS. PCB IR
#SNTHO-PCBIZZfLL TTR L&A L, 1K
HicEE 4 5. HO-PCB O i i 1x FT3,
FT4EE X ) L EWDT, MHEEE R T—FAD
A xR COERIZEEL SN T, MEOFEIC
HENRHLLOEEZ LML, HO-PCB 13k
L THBIBICBIT T2 225N TWEDT,
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Concentrations of Polychlorinated Biphenyls in Blood
Collected from Yusho Patients during Medical Check- ups
Performed from 2004 to 2007
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Abstract To elucidate the exposure levels of polychlorinated biphenyls (PCBs) for Yusho patients,
we conducted a congener-specific analysis of polychlorinated biphenyls (PCBs) in blood collected from
242, 237, 300, and 96 Yusho patients during medical check-ups performed from 2004 to 2007,
respectively, and in samples from 74, 113, 125, and 148 Yusho-suspected persons during those same
years, respectively, and compared the individual congener concentrations of PCBs among the groups
of Yusho patients, Yusho-suspected persons, and normal controls with the concentrations previously
reported. Among the 209 PCB congeners, 8 congeners of mono-ortho PCBs and 56 congeners of
non-dioxin-like PCBs were identified in the blood of Yusho patients and Yusho-suspected persons.
Among the PCB congeners measured in the present study, hexaCB-153, hexaCB-138, heptaCB-180,
and heptaCB-182/heptaCB-187 showed high ratios to total concentrations of 64 PCB congeners
detected in the blood of Yusho patients and Yusho-suspected persons from 2004 to 2007, and the
profiles of the major congeners were the same as those obtained in normal controls. With respect to
the minor congeners of PCBs, several differences were observed among the three groups. The sums
of the concentrations of 64 PCB congeners in the blood of Yusho patients from 2004 to 2007 were 645,
760, 667, and 510 ng g * lipid for each year, respectively, and the concentrations were 1.5, 1.8, 1.5, and 1.2
times higher than those of normal controls for each year, respectively. Those of the Yusho-suspected
persons were approximately 0.8, 1.1, 0.9, and 1.0 times higher than those of normal controls for each
year, respectively. The ratios of heptachlorinated biphenyls (heptaCBs) to the total concentrations of
64 PCB congeners in the blood of Yusho patients and Yusho-suspected persons from 2004 to 2007
tended to be slightly higher than those in the normal controls. From the results comparing the
concentrations of 64 PCB congeners in the blood between Yusho patients and normal controls, the
concentrations of hexaCB-156, hexaCB-157, heptaCB-181, and heptaCB-189 for Yusho patients were
34,38, 39, and 3.8 times, respectively, 3.9, 4.1, 3.9, and 4.4 times, respectively, 3.6, 3.9, 5.0, and 4.1 times,
respectively, and 2.3, 2.5, 2.7, and 2.9 times higher than those of the normal controls for each year from
2004 to 2007, respectively. These results indicated that Yusho patients still have higher
concentrations of hexaCB-156, hexaCB-157, heptaCB-181, and heptaCB-189 in their blood than do
unaffected people, even though over 35 years have passed since the outbreak of Yusho. These four
congeners can therefore be considered to be the most important congeners for evaluating the PCBs
exposure of Yusho patients.
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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-
nants : PCBs, polychlorinated dibenzofurans
(PCDFs), polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated quarterphenyls, and
polychlorinated terphenyls?. Since the Yusho
outbreak, medical care services and health
examinations of the subjects have been carried
out by the Yusho study group investigating this
disease. From the results of extensive research
by the Yusho study group, PCDFs were con-
cluded to be the primary cause of the Yusho

279 In order to support the

disease symptoms
health care of Yusho patients, we measured the
concentrations of PCDDs, PCDFs, and non-ortho
PCBs in blood collected from 279, 269, 242, 237,
300, and 96 Yusho patients during medical
check-ups performed from 2002 to 2007, respec-
tively, and in samples from 92, 74, 74, 114, 125, and
148 Yusho-suspected persons during those same

1D We also measured the

years, respectively”
concentrations of these dioxin-like compounds in
the blood of 127 normal controls unaffected by
Yusho whose ages were similar to those of the
Yusho patients? ' The results showed that
PCDFs in the blood of Yusho patients, in
particular 2,34,7 8-pentachlorinated dibenzofuran
(2,3,4,7,8-pentaCDF), are still present at much
higher concentrations than in the blood of
unaffected people.

Over 35 years have passed since the Yusho
outbreak, which occurred because Yusho patients
had ingested rice oil contaminated with large
amounts of PCBs that were used as a heat-trans-
fer medium in the process of rice oil production'?.
Survey studies of the concentrations of PCB
congeners in the blood of Yusho patients are very
important when considering the health status of
these patients. With respect to the analysis of

PCB congeners in the blood of Yusho patients,

(49)
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exposure studies of total PCB levels and the major
congeners in the blood were primarily developed
beginning 5 years after the outbreak of Yusho'®.
However, a survey study regarding the full
congener-specific concentrations of PCBs in the
blood of Yusho patients have not been conducted.
Recently, advances in the analytic methods used
for quantification of PCB congeners have made it
much easier to evaluate the exposure levels of
PCBs in human'?.

congener-specific analysis of PCBs in the blood

We previously conducted a

collected from 15 Yusho patients and 43
Yusho-suspected persons in 2006 for a prelimin-
ary study'. We also measured the 64 PCB
congener concentrations in the blood of 127
normal controls unaffected by Yusho'®.
Although our studies have led to reports of the
congener concentrates of PCBs in the blood of
Yusho patients and Yusho-suspected persons, the
To

obtain the most useful data for evaluating the

studies have suffered from small sample size.

exposure levels of PCB congeners in the blood of
Yusho patients, it is necessary to measure the
concentrations of full PCB congeners in the blood
collected from many more Yusho patients.
Consequently, the data from congener profiles
regarding PCBs in the blood of Yusho patients
may provide us with newly important information
related to exposure evaluation of patients and
with valuable information for future epidemiologic
studies.

In this study, we carried out a congener-specif-
ic analysis of PCBs in the blood collected from 242,
237, 300, and 96 Yusho patients during medical
check-ups performed from 2004 to 2007, respec-
tively, and in samples from 74, 113, 125, and 148
Yusho-suspected persons during those same
years, respectively, and compared with the
concentrations of PCB congeners among the
groups of Yusho patients, Yusho-suspected
persons, and normal controls that had been
previously reported.



158

Materials and Methods

1. Sampling

Medical check-ups for Yusho patients have
been conducted annually to determine the health
status of patients since the outbreak of the Yusho
incident. The medical check-ups are available
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 pa-
tients and Yusho-suspected persons are ex-
amined based on the “Diagnostic Criteria for
Yusho™ Y. The blood samples examined in this
study were collected from 316, 351, 425, and 244
participants who received a medical check—up for
each year from 2004 to 2007, respectively, from
whom informed consent was obtained. The 316
participants included 242 Yusho patients (mean :
65.5 years) and 74 Yusho-suspected persons
(mean : 54.7 years) in 2004, the 351 participants
included 237 Yusho patients (mean : 67.3 years)
and 114 Yusho-suspected persons (mean : 54.7
years) in 2005, the 425 participants included 300
66. 3 years) and 125
Yusho-suspected persons (mean : 50.7 years) in
2006, and the 244 participants included 96 Yusho
patients (mean : 57.8 years) and 148 Yusho-sus-
56. 5 years) in 2007.

Among 114 Yusho-suspected persons in 2005, the

Yusho patients (mean :

pected persons (mean :

concentrations of PCB congeners in the blood of
113 persons (mean : 56.8 years) were measured in
the present study. Blood samples of 10 ml were
collected using a vacuum blood-collecting tube
containing heparin and were stored at 4C until
analyses for congener concentrations of PCBs.

2. Materials

Native congeners of mono—ortho PCBs and
non-dioxin-like PCBs were purchased from
Wellington Laboratories (Guelph, Canada).
[13C12] -congeners of mono—ortho PCBs and
non-dioxin-like PCBs as internal standards were

also purchased from Wellington Laboratories.

(50)
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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 vacuum, after
which 500 mg of the active carbon was mixed
with 500 g of anhydrous sodium sulfate (Wako
A

silver nitrate/silica gel was purchased from Wako

Pure Chemical Industries, Ltd., Tokyo, Japan).

Pure Chemical Industries, Ltd. An active car-
bon-dispersed silicagel was purchased from
Kanto Chemical Industries, Ltd., Tokyo, Japan.
All reagents and solvents used in this experiment
were of the analytic grade of dioxin that is
commercially available. All glassware instru-
ments used in this experiment were treated in a
high-temperature oven (ALP Co. Ltd., Tokyo,

Japan) at 450C for 6 hours.

3. Analysis of non-dioxin-like PCBs
The extraction and purification of PCB congen-
ers from the blood samples was performed using a

previously reported method!® 1",

Congen-
er-specific analysis of PCBs was measured using
a high resolution gas chromatography/high
resolution mass spectrometry (HRGC /

HRMS)* 17,

4. Quality control

The limit of detection (LOD) for each congener
of PCBs was determined at a signal-to—noise ratio
of three on the chromatogram of a standard
sample. The limit of quantification for each
congener of PCBs was assessed at 0.03 pg g%
To evaluate the accuracy and reliability in the
congener-specific analysis of PCBs, our labora-
tory in 2007 prepared human blood samples for
quality control and attempted to carry out a
quality control study for the analysis of these PCB
congeners in human blood. Measurements of 64
PCB congeners that were measured in the
present study among 209 PCB congeners re-
quested from three different analysis organiza-
tions and their results were compared with our

results. It was confirmed that the results
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obtained by our laboratories were almost identical
to those obtained by the three different analysis
organizations. The average variation among the
total levels of these PCB congeners in human
blood samples obtained by four laboratories was
within 15% and was considered an acceptable
difference. In addition, our laboratory's analytic-
al method for PCB congeners demonstrated high
reproducibility based on experiments conducted
using the same control blood sample for ten
weeks. These findings indicate that our labora-
tory's analytical method for PCB congeners in

human blood provides correct results.
Results and discussion

PCBs form a family of 209 congeners differing
in number (mono, di, tri, tetra, penta, hexa, hepta,
octa, nona, and deca) and position (2, 2, 3, 3, 4, 4, 5,
5,6, and 6') of the chlorine atoms on the two basic
benzene rings. The 209 PCB congeners consist
of 12 dioxin-like PCBs (non-ortho PCBs and
mono-ortho PCBs) and 197 non-dioxin-like PCBs.
Among the 209 PCB congeners, 8 congeners of
mono-ortho PCBs and 56 congeners of non—diox-
in-like PCBs were identified in the blood of Yusho
The
concentrations of PCB congeners in the blood of

patients and Yusho-suspected persons.

Yusho patients and Yusho-suspected persons
from 2004 to 2007, including the dates of the
normal controls that had been previously re-
ported, are presented in Table 1-2. We com-
pared the congener patterns of PCBs in normal
controls of our studies with those from 24 healthy
Japanese volunteers (12 men and 12 women; age
range 25-46 years) that had previously been

reported in Japan'®.

Among 93 PCB congeners
that were measured in the blood, as previously
reported, 63 were commonly detected in the blood
of normal controls in the present study. The
total concentrations of the 63 congeners contri-
buted approximately 96% of the total concentra-
These 63 PCB

congeners measured in the present study may be

tions of 93 PCB congeners.

considered to be the predominant PCB congeners
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in humans.

Among the 64 PCB congeners that were
measured in the present study, hexaCB-138,
hexaCB-153, heptaCB-180, and heptaCB-182/
heptaCB-187 showed high ratios to the total
concentrations of 64 PCB congeners detected in
the blood of Yusho patients, Yusho-suspected
Other
PCB congeners contributed less than 6% of the

persons, and normal controls (Table 1-2).

total concentrations of these PCB congeners.
Although the patterns of the major PCB congen-
ers in the blood of Yusho patients and Yusho-sus-
pected persons from 2004 to 2007 were almost the
same as those obtained in normal controls, several
differences with respect to the minor PCB
congeners were observed among the three
groups.

The sums of the concentrations of 64 PCB
congeners in the blood of Yusho patients from
2004 to 2007 were 40-3032 (mean : 645, median :
536) ng g ! lipid in 2004, 40-4723 (mean : 760,
median : 575) ng g ! lipid in 2005, 74-2432 (mean :
667, median : 553) ng g ! lipid in 2006, and 51-2252
(mean : 510, median : 357) ng g * lipid in 2007,
respectively, and the concentrations were 1.5, 1.8,
1.5, and 1.2 times higher than those of normal
controls for each year, respectively (Table 1). In
the case of Yusho-suspected persons, the concen-
trations were 20-1418 (mean : 355, median : 317)
ng g ! lipid in 2004, 64-4055 (mean : 490, median
351) ng g lipid in 2005, 18-1850 (mean : 397,
median : 257) ng g ! lipid in 2006, and 19-2183
(mean: 440, median : 293) ng g ! lipid in 2007,
respectively, which were almost the same or
slightly lower than those of normal controls
(Table 2).

The arithmetic mean concentrations of triCBs,
tetraCBs, pentaCBs, hexaCBs, heptaCBs, octaCBs,
nonaCBs, and decaCB-209 in the blood of Yusho
patients were 1.9, 16, 45, 292, 228,57, 4.5, and 1.4 ng
g ! lipid in 2004, respectively, 2.5, 21, 53, 331, 268,
78,5.0, and 1.6 ng ¢ ! lipid in 2005, respectively, 1.7,
19, 49, 305, 240, 46, 5.3, and 1.5 ng g* lipid in 2006,
respectively, and 1.6, 13, 36, 227, 188, 38, 4.4, and 1.4



160

T. Todaka et al.

Table 1 Concentrations of PCB congeners in blood collected fromYusho patients during medical check-ups performed from2004 to 2007

Concentration (pg g lipid)

Yusho patients Normal controls
2004 (n=242) 2005 (n=237) 2006 (n=300) 2007 (n=96) 2005 (n=127)
IUPACH# Mean S.D. Mean SD. Mean SD. Mean SD. Mean SD.
TriCB-28 1818 1191 2420 3808 1715 2184 1582 1358 2571 1658
TriCB-29 34 19 35 61 29 31 18 20 25 18
TetraCB-44 402 202 1139 3063 435 442 296 317 459 175
TetraCBs-47/48 605 348 925 2097 547 482 413 300 607 214
TetraCB-49 282 149 613 1599 248 215 212 177 303 127
TetraCBs-52/69 1192 837 2323 5769 1054 1174 843 748 1292 830
TetraCBs-56/60 712 524 732 956 363 303 255 179 888 704
TetraCB-63 118 69 125 145 130 95 92 62 146 89
TetraCB-66 1718 1431 2049 2208 1935 1613 1483 1051 2349 1823
TetraCB-70 229 116 721 2027 164 124 122 91 260 98
TetraCB-71 189 105 211 550 47 165 58 105 192 73
TetraCB-74 10666 8120 11990 8489 13851 11024 8763 7509 19526 10790
PentaCB-85 236 318 207 307 141 200 120 149 219 142
PentaCB-87 827 580 922 1162 591 510 431 464 693 379
PentaCB-92 707 521 821 923 685 629 588 450 863 662
PentaCBs-93/95/98 774 400 1497 3629 721 986 514 347 836 407
PentaCB-99 15374 12284 17606 14779 18548 14980 13264 17385 12545 6783
PentaCB-101 1787 1305 2349 3119 1914 1828 1394 1119 1902 1235
PentaCB-105" 3571 2760 4018 3217 3750 2947 2810 2003 5082 3383
PentaCBs-107/108 718 492 810 647 773 569 561 369 992 757
PentaCB-110 419 364 690 1355 282 225 182 221 412 176
PentaCB-114* 2038 1744 2281 1920 2141 1827 1289 1238 1697 826
PentaCB-117 1359 1465 1533 1947 1074 1122 737 1212 926 680
PentaCB-118" 17042 12788 19822 15706 18418 14670 14316 10392 24440 14679
PentaCB-123" 295 234 311 279 279 258 247 182 468 328
HexaCB-128 826 873 911 693 694 615 527 439 880 505
HexaCB-130 4110 3593 4615 4428 4304 3750 3265 4149 2614 1562
HexaCB-132 294 217 239 371 339 411 257 223 283 170
HexaCB-134 34 35 36 58 31 61 28 39 27 31
HexaCB-135 480 341 517 424 406 418 319 242 477 291
HexaCB-137 5508 5005 6138 6122 6390 6021 4348 5994 2965 1412
HexaCB-138 58147 42072 68094 52006 65917 48236 47976 47789 40924 19598
HexaCB-139 904 971 1000 1091 805 1178 632 797 825 477
HexaCB-141 291 257 334 314 307 325 235 197 325 202
HexaCB-146 20343 12985 24225 17000 20998 13746 16227 14297 13875 6700
HexaCB-147 569 425 614 495 595 459 470 372 484 317
HexaCB-151 1237 955 1356 1170 1044 908 867 677 1260 937
HexaCB-153 126391 86969 148002 109234 132592 89077 102239 91440 89802 40669
HexaCB-156" 27074 27229 30671 33787 28793 32309 18496 27136 7945 3720
HexaCB-157" 7622 7803 8217 9746 7786 9060 4957 7695 2011 903
HexaCBs-163/164 34429 24083 31623 22719 30325 20793 23396 21654 19286 9784
HexaCB-167" 3630 2703 4350 3163 3339 2474 2513 2104 3648 1860
HeptaCB-170 36016 26128 43565 36732 38345 28706 29254 31599 17228 8740
HeptaCB-172 5702 4145 6767 5980 5493 4075 4215 4538 2965 1522
HeptaCB-177 8382 6484 9327 7419 10327 7734 7690 6578 5745 3082
HeptaCB-178 9001 6971 11169 10918 9927 7823 8012 8654 6234 3128
HeptaCB-179 217 185 231 211 306 314 234 179 209 134
HeptaCB-180 109577 87497 127853 121701 110731 87486 89364 102641 59346 30303
HeptaCB-181 276 365 275 452 354 697 191 438 71 45
HeptaCBs-182/187 43472 36974 50928 46733 47492 39917 36728 38985 28073 13989
HeptaCB-183 9470 8265 11224 9513 11455 9285 8033 7807 6155 3047
HeptaCB-189* 3931 3418 4607 4451 4243 4223 3035 4030 1046 518
HeptaCB-191 1785 1456 1827 1702 1822 1512 1276 1565 765 371
OctaCB-194 17008 14156 22221 22944 18013 14759 15295 18735 8580 5140
OctaCB-195 3789 2950 4724 3766 4812 3636 3541 3719 1820 946
OctaCBs-196/203 14706 11499 19496 18543 9561 7131 8226 9187 7822 4148
OctaCBs-198/201 17780 15157 25186 29596 8508 7041 7274 8778 10074 5670
OctaCB-200 447 410 669 578 511 504 389 334 652 1394
OctaCB-202 2265 2343 5061 5072 3687 3057 3240 3801 2813 4490
OctaCB-205 622 441 909 709 557 428 428 437 309 139
NonaCB-206 2958 1733 3419 2307 3198 1947 2617 2161 1957 893
NonaCB-207 479 292 459 324 675 437 528 390 340 176
NonaCB-208 1029 585 1100 923 1411 854 1236 1060 775 376
DecaCB-209 1359 648 1646 1046 1522 779 1398 847 1359 543
Total TriCBs 1852 1193 2455 3852 1743 2186 1599 1361 2596 1658
Total TetraCBs 16113 9639 20829 22083 18774 12855 12537 8749 26023 13501
Total PentaCBs 45147 27613 52868 36881 49315 32028 36455 28513 51075 28205
Total HexaCBs 291889 194020 330942 234476 304666 205100 226753 211649 187632 85471
Total HeptaCBs 227829 174468 267761 236075 240496 182066 188032 201281 127837 63542
Total OctaCBs 56618 45696 78265 78912 45649 35380 38393 44263 32068 18677
Total NonaCBs 4467 2551 4978 3450 5285 3125 4380 3545 3072 1409
Total DecaCB 1359 648 1646 1046 1522 779 1398 847 1359 543
Total Mono-ortho PCBs 65203 43994 74276 54320 68749 51156 47663 45728 46338 24419
Total PCBs 645274 430699 759745 568301 667449 442851 509548 472748 431662 200299
Age (vears) 65.5 118 67.3 11.3 66.3 12.0 578 145 68.1 54

The paticipants of the medical check-up for Yusho during 2004 to 2007 were 316 351, 425, and 244 for each years, respectively.
# Mono-ortho PCBs; CB: chlorinated biphenyls; S.D.: standard deviation.

(52)
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Table 2 Concentrations of PCB congeners in blood collected fromYusho-suspected persons during medical check-ups performed from2004 to 2007

Concentration (pg glipid)

Yusho suspected persons Normal controls
2004 (n=74) 2005 (n=113) 2006 (n=125) 2007 (n=148) 2005 (n=127)

IUPAC# Mean SD. Mean SD. Mean SD. Mean SD. Mean SD.
TriCB-28 1819 1025 3320 3653 1636 2114 2010 2488 2571 1658
TriCB-29 34 22 43 64 25 46 28 25 25 18
TetraCB-44 394 155 1656 3167 348 242 345 279 459 175
TetraCBs-47/48 539 257 1237 2208 429 296 421 261 607 214
TetraCB-49 269 142 907 1707 212 172 211 164 303 127
TetraCBs-52/69 1242 1023 3391 6159 947 1198 941 855 1292 830
TetraCBs-56/60 578 441 1161 1090 382 550 410 521 888 704
TetraCB-63 105 7 162 161 120 114 115 90 146 89
TetraCB-66 1575 1205 2354 2191 1909 1973 1961 1900 2349 1823
TetraCB-70 230 105 1124 2143 111 82 155 114 260 98
TetraCB-71 180 106 361 682 38 59 91 145 192 73
TetraCB-74 11737 9797 13839 11460 14243 16616 14448 15962 19526 10790
PentaCB-85 193 203 231 307 119 118 111 85 219 142
PentaCB-87 542 288 881 1194 373 324 400 310 693 379
PentaCB-92 639 674 883 1041 646 7 583 536 863 662
PentaCBs-93/95/98 722 380 2061 3733 605 473 601 382 836 407
PentaCB-99 8985 6289 10419 7321 10970 10233 11433 9464 12545 6783
PentaCB-101 1464 1102 2520 3147 1537 1342 1531 1182 1902 1235
PentaCB-105" 3364 2733 4224 3566 3626 3655 3945 3867 5082 3383
PentaCBs-107/108 648 507 840 740 723 667 703 624 992 757
PentaCB-110 373 297 904 1472 251 209 205 234 412 176
PentaCB-114" 1091 837 1397 1105 1153 1080 1253 1107 1697 826
PentaCB-117 633 513 976 922 562 555 560 468 926 680
PentaCB-118" 16544 13835 20545 16861 17950 18522 19488 19310 24440 14679
PentaCB-123" 308 269 395 357 309 365 353 366 468 328
HexaCB-128 654 535 810 603 571 490 571 429 880 505
HexaCB-130 1858 1561 2594 2565 2145 2233 2421 2110 2614 1562
HexaCB-132 238 169 254 329 281 248 271 236 283 170
HexaCB-134 34 28 34 58 24 40 31 45 27 31
HexaCB-135 391 282 442 389 344 294 369 248 477 291
HexaCB-137 2122 1574 2695 2427 2625 2445 2740 2351 2965 1412
HexaCB-138 31378 23233 38959 31084 36864 36524 39862 36242 40924 19598
HexaCB-139 685 736 890 1001 543 538 593 492 825 477
HexaCB-141 239 171 297 297 260 234 259 240 325 202
HexaCB-146 11517 8429 15591 16878 12719 13093 14023 13151 13875 6700
HexaCB-147 405 334 460 449 466 453 493 391 484 317
HexaCB-151 969 782 1253 1150 922 865 954 853 1260 937
HexaCB-153 75410 58818 96651 91057 83566 86696 91192 88541 89802 40669
HexaCB-156" 5887 4326 8869 9380 6900 6094 7802 6869 7945 3720
HexaCB-157% 2166 2222 2174 2097 1785 1679 1942 1704 2011 903
HexaCBs-163/164 16999 13390 19007 21801 16910 17510 18590 17661 19286 9784
HexaCB-167% 2712 2405 3769 3289 2687 2825 3024 3104 3648 1860
HeptaCB-170 14794 13515 22610 29747 17887 19341 20739 22864 17228 8740
HeptaCB-172 2608 2426 3928 6411 2828 3096 3276 3624 2965 1522
HeptaCB-177 4777 4048 6358 6967 6601 7273 7445 7408 5745 3082
HeptaCB-178 5177 4610 7857 11852 6493 7073 7157 7781 6234 3128
HeptaCB-179 170 114 198 163 254 233 259 196 209 134
HeptaCB-180 556302 53045 78372 114192 63109 72895 72408 85344 59346 30303
HeptaCB-181 57 52 58 70 150 882 81 87 71 45
HeptaCBs-182/187 25597 21831 35459 47747 31520 36851 35742 40465 28073 13989
HeptaCB-183 5476 4956 7059 7060 7084 8231 7859 8806 6155 3047
HeptaCB-189" 857 785 1433 2034 1120 1152 1274 1394 1046 518
HeptaCB-191 653 574 781 843 748 820 845 877 765 371
OctaCB-194 7892 8116 13424 24994 9785 11465 11573 14976 8580 5140
OctaCB-195 1674 1400 2576 3354 2479 2710 2892 3360 1820 946
OctaCBs-196/203 7202 6295 12104 18641 5299 6007 6697 7843 7822 4148
OctaCBs-198/201 9456 9330 17503 31026 5226 5988 6128 7475 10074 5670
OctaCB-200 285 232 445 412 372 424 414 440 652 1394
OctaCB-202 1530 1239 3517 5375 2504 2691 2776 3092 2813 4490
OctaCB-205 264 215 509 813 270 315 314 350 309 139
NonaCB-206 1519 1026 2243 3576 1787 1598 1962 1908 1957 893
NonaCB-207 270 179 302 282 398 378 453 407 340 176
NonaCB-208 612 462 788 1279 855 754 972 860 775 376
DecaCB-209 966 567 1399 2130 1053 781 1152 823 1359 543
Total TrCBs 1853 1026 3362 3698 1661 2116 2038 2488 2596 1658
Total TeCBs 16848 11984 26191 22475 18739 19489 19097 18351 26023 13501
Total PeCBs 35506 26017 46276 33755 38823 36269 41167 35744 51075 28205
Total HxCBs 153666 114958 194751 177719 169610 169682 185138 172086 187632 85471
Total HpCBs 115468 104054 164114 224475 137794 155300 157085 176803 127837 63542
Total OcCBs 28303 26319 50077 83787 25936 29185 30796 37186 32068 18677
Total NoCBs 2401 1639 3333 5074 3040 2663 3388 3139 3072 1409
Total DecaCB 966 567 1399 2130 1053 781 1152 823 1359 543
Total Mono-orthoPCBs 32930 25581 42805 34002 35529 34102 39082 35572 46338 24419
Total PCBs 355011 274465 489503 516382 396656 402035 439860 426872 431662 200299
Age (years) 54.7 170 56.8 16.7 50.7 204 56.5 177 68.1 54

The paticipants of the medical check-up for Yusho during 2004 to 2007 were 316 351, 425, and 244 for each years, respectively.
* Mono-ortho PCBs; CB: chlorinated biphenyls; S.D.: standard deviation.
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ng g ! lipid in 2007, respectively (Table 1). In the
case of Yusho-suspected persons, these concen-
trations were 1.9, 17, 36, 154, 115, 28, 24, and 1.0 ng
g ! lipid in 2004, respectively, 34, 26, 46, 195, 164,
50,3.3, and 1.4 ng g ! lipid in 2005, respectively, 1.7,
19, 39, 170, 138, 26, 3.0, and 1.1 ng g™* lipid in 2006,
respectively, and 2.0, 19, 41, 185, 157, 31, 3.4, and 1.2
ng g ' lipid in 2007, respectively (Table 2). On
the other hand, these concentrations in the blood
of normal controls were 2.6, 26, 51, 188, 128, 32, 3.1,
and 14 ng g ' lipid, respectively. The concentra-
tions of hexaCBs, heptaCBs, octaCBs, and
nonaCBs in the blood of Yusho patients were
slightly higher than those of the normal controls.
The relative contribution ratios of the concen-
trations of triCBs, tetraCBs, pentaCBs, hexaCBs,
heptaCBs, octaCBs, nonaCBs, and decaCB-209 to
the total concentrations of the 64 PCB congeners
compared the ratios among the groups of Yusho
patients, Yusho—suspected persons, and normal
The ratios of the mono-ortho PCBs
concentrations to the total concentrations of 64

controls.

PCB congeners for Yusho patients and
Yusho-suspected persons were almost the same
as those of normal controls. The ratios of the
triCBs, tetraCBs, pentaCBs, hexaCBs, heptaCBs,
octaCBs, nonaCBs, and decaCB-209 concentra-
tions to the total concentrations of 64 PCB
congeners for normal controls were 0.6, 6.0, 11.8,
43.5, 29.6, 7.4, 0.7, and 0.3%, respectively. In the
case of Yusho-suspected persons, the contribu-
tion ratios of these eight concentrations were 0.5,
4.7, 10.0, 43.3, 32.5, 8.0, 0.7, and 0.3% in 2004,
respectively, 0.7, 54, 9.5, 39.8, 33.5, 10.2, 0.7, and 0.3
% 1n 2005, respectively, 0.4, 4.7, 9.8, 42.8, 34.7, 6.5,
0.8, and 0.3% in 2006, respectively, and 0.5, 4.3, 94,
42.1, 35.7, 7.0, 0.8, and 0.3% in 2007, respectively
(Table 2). Finally, the ratios of these concentra-
tions in Yusho patients were 0.3, 2.5, 7.0, 45.2, 35.3,
8.8, 0.7, and 0.2% in 2004, respectively, 0.3, 2.7, 7.0,
436, 35.2, 10.3, 0.7, and 0.2% in 2005, respectively,
0.3, 2.8, 7.4, 45.6, 36.0, 6.8, 0.8, and 0.2% in 2006,
respectively, and 0.3, 2.5, 7.2, 445, 36.9, 7.5, 0.9, and

0.3% in 2007, respectively (Table 1) ; it was

T. Todaka et al.

confirmed that the ratios of triCBs, tetraCBs, and
pentaCBs to the total concentrations of the 64
PCB congeners for Yusho patients and
Yusho-suspected persons were slightly lower
than those of the normal controls, and the ratios of
hexaCBs, octaCBs, nonaCBs, and decaCB-209
concentrations to the total PCB concentrations for
Yusho patients and Yusho-suspected persons
were nearly the same as those of the normal
controls. However, the ratios of the concentra-
tions of heptaCBs to the total concentrations of 64
PCB congeners in the blood for Yusho patients
and Yusho-suspected persons tended to be
slightly higher compared to those of the normal
controls.

Among the PCB congeners measured in the
present study, the concentrations of 64 PCB
congeners in the blood for Yusho patients and
Yusho-suspected persons were compared with
those of the normal controls. The concentrations
of hexaCB-156, hexaCB-157, heptaCB-181, and
heptaCB-189 in the blood samples for Yusho
patients were 27, 7.6, 0.3, and 3.9 ng g ! lipid in
2004, respectively, 31,8.2,0.3, and 4.6 ng ¢! lipid in
2005, respectively, 29, 7.8, 0.4, and 4.2 ng ¢ ! lipid in
2006, respectively, and 18, 5.0, 0.2, and 3.0 ng g *
lipid in 2007, respectively. These levels were 34,
3.8, 3.9, and 3.8 times, respectively, 3.9, 4.1, 3.9, and
4.4 times, respectively, 3.6, 3.9, 5.0, and 4.1 times,
respectively, and 2.3, 2.5, 2.7, and 2.9 times higher
than those of the normal controls for each year
from 2004 to 2007, respectively (Table 1). In the
case of Yusho-suspected persons, the concentra-
tions were 0.7, 1.1, 0.8, and 0.8 times, respectively,
1.1, 1.1, 0.8, and 1.4 times, respectively, 0.9, 0.9, 2.1,
and 1.1 times, respectively, and 1.0, 1.0, 1.1, and 1.2
times higher than those of the normal controls for
each year from 2004 to 2007, respectively (Table
2).
still have higher concentrations of hexaCB-156,
hexaCB-157, heptaCB-181, and heptaCB-189 in
their blood than do unaffected persons more than

These findings indicated that Yusho patients

35 years after the Yusho incident. These four

congeners can be considered the characteristic
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congeners of PCBs in the blood of Yusho patients.

We have previously reported that the concen-
trations of 2,3,4,7,8pentaCDF, which were the
highest among the PCDF congeners for Yusho
patients, were approximately 10 times higher
71D From the
results obtained by the present study, the
concentrations of hexaCB-156, hexaCB-157, hep-
taCB-181, and heptaCB-189, which were the
highest among the PCB congeners in the blood

than those of the normal controls

samples for Yusho patients, were 3.4, 3.8, 3.9, and
3.8 times, respectively, 3.9, 4.1, 3.9, and 4.4 times,
respectively, 3.6, 3.9, 5.0, and 4.1 times, respective-
ly, and 2.3, 2.5, 2.7, and 2.9 times higher than those
of the normal controls for each year from 2004 to
2007, respectively. These finding indicate that
the ratios of 2,3,4,7,8-pentaCDF in the blood of
Yusho patients for the more than 35 years since
the outbreak of Yusho remain higher than those of
PCB congeners.

In conclusion, the exposure levels of PCB
congeners for Yusho patients and Yusho-sus-
pected persons were able to be determined in the
present study. The results indicated that Yusho
patients still have higher concentrations of
hexaCB-156, hexaCB-157, heptaCB-181, and
heptaCB-189 in their blood than do unaffected
people more than 35 years after the Yusho
incident. These four congeners can be consi-
dered the most important congeners for evaluat-
We

provide newly important information regarding

ing the PCBs exposure of Yusho patients.

the exposure evaluation of PCB congeners for
Yusho patients and hope that these data can be
used in future epidemiological investigations of
Yusho patients.
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Differential Correlation of Medical/Laboratory Examinations with
Blood Levels of Polychlorinated Biphenyls, Polychlorinated
Quarterphenyls and 2,3,4,7,8-Pentachlorodibenzofuran
in Yusho Patients from 2001 to 2004

Yoshiyuki Kanacawal), Shinya Marsumoro?, Manabu Axaunane?, Soichi Koxs?),
Takesumi Yosumura?, Hiroshi Ucnr?, Masutaka Furue?® and Tomoaki Imamura?

DDepartment of Planning Information and Management, The University of Tokyvo Hospital
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 Science, Kyushu University
% Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

Abstract [Background] Since 1968, when the Yusho poisoning incident occurred, annual physical,
dermatological, dental, and ophthalmological and laboratory examinations, collectively called Yusho
health checks, have been conducted for Yusho patients. The Yusho incident was a health hazard
caused by intake of rice-bran oil contaminated with PCB and PeCDF ; therefore, since 2001 the levels
of dioxins such as PeCDF in the blood have been measured in applicants. Here, we investigated
correlations among findings from various medical examinations and those between those findings and
PeCDF, PCB, and PCQ.

[Patients and Methods] Subjects were Yusho patients who underwent Yusho annual health checks
and had their levels of PeCDF measured between 2001 and 2004. The results of 4 years of health
checks of those who underwent the health checks for 2 years or longer were aggregated to extract
representative inspection items by principal component analysis. We also investigated the presence or
absence of correlations among these items and PeCDF, PCB, and PCQ levels in blood.

[Results] Using 49 variables extracted by principal component analysis as objective variables, we
determined that there were correlations between the following combinations : arthralgia, A/G ratio
and PeCDF level, ophthalmological symptoms such as excessive eye discharge and PCB level, and total
cholesterol, inferior gingival pigmentation and PCQ level.
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Abstract
reported to be approximately seven years.

using data from the medical check-ups of more than 300 Yusho patients.

The half-life of 2,3,4,7,8-penta-chlorodibenzofuran (PeCDF) in the Yusho patients has been
In the present study, we estimated the half-life of PeCDF

We performed linear

regression analysis with a binary logarithm of PeCDF blood level in Yusho patients as the dependent
variable, and the measurement year as the independent variable. Our results showed that there were
many patients who had shown no reduction of their blood PeCDF level for several years. This result
contradicts the previously reported half-life period. Therefore, we believe that a more complicated
excretion model needs to be established to explain the discrepancy we found. We hypothesized that

there might be two mechanisms of PeCDF assimilation in human digestive tract.

In the present

study, we also used our hypothesis to simulate PeCDF excretion in Yusho patients.
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Dioxin Concentration in the Preserved
Umbilical Cord from Yusho Patients
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Abstract Dioxins are known as endocrine disrupters and widespread environmental contaminants.
They are bioaccumulated in the human body. In this study, we determined concentrations of dioxins
(PCDD, PCDF, Non-ortho PCB and Mono-ortho PCB) in eighteen umbilical cords provided by twelve
mothers of Yusho patients and twelve umbilical cords provided by ten mothers of normal controls. The
average concentrations of PCDD, PCDF, Non—-ortho PCB, Mono-ortho PCB and total dioxins (PCDD/
F + Dioxin-like PCB) in the umbilical cords of Yusho patients and normal controls were 0.55, 4.55, 0.08,
0.08 and 5.26 pg-TEQ/g, respectively, and 0.50, 0.11, 0.03, 0.02 and 0.66 pg-TEQ/g, respectively. Total
dioxins and PCDF concentrations in the umbilical cords of Yusho patient were about 8 and 40 times
higher than those in the umbilical cords of normal controls, respectively. The average concentration
of 2,3,4,7,8-PeCDF in the umbilical cords of Yusho patients was 10 pg/g. We couldn't detect 2,3,4,7,
8-PeCDF in the umbilical cords of normal controls. We suspected the 2,34,7,8-PeCDF concentrations
in the mothers' blood were related to the 2,34,7,8-PeCDF concentrations in umbilical cords.

Y, WEREBREORBEAME L L B
NT=NZ DR 5 E i E D PCB A9 & 7z
CTELHEINSY. ANFOBIIRA L IR R

iU &I
1968 4F (2384 L 72 iliEF IR U b e 7 =

=) (PCB) MU¥ 1 4% VI L B NEiEG
HETH Y, FE 40 F 278 L 72HAE S IE
REBHEDOENIZIEEIRED PCB LY A 4+ F
T UHEDFRE LTV A, 2006 FEIBRE S WA,
bbb “NEOMH S PCB OB AHE X

RSO & HE L 72129 ) ) REE TR
L2 DT, NTOMHOILEYE ORI
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Table 1 Dioxin concentration in the preserved umbilical cords of Yusho patients and normal controls

Yusho Patients (n=18) Normal Controls (n=12)
Mean Med. SD. Min. Max. Mean Med. SD. Min. Max.
PCDD 0.55 0.12 0.91 ND 3.41 0.50 0.09 1.33 ND 4.71
PCDF 455 0.02 6.26 ND 20.4 0.11 ND 0.37 ND 1.27
Non-ortho PCB 0.08 0.02 0.13 ND 0.45 0.03 ND 0.06 ND 0.19
Mono-ortho PCB 0.08 0.05 0.10 0.01 0.36 0.02 0.01 0.02 0.01 0.09
Total 5.26  0.64 6.87 0.02 22.3 0.66 0.14 1.35 0.02 4.72

(72)

(pg-TEQ/g dry weight)
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Fig. 1 Dioxin concentrations in the preserved umbilical cords of Yusho patients and normal controls
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Investigation of PCB Pollution Evaluation for Yusho
Victims Using Their Preserved Umblical Cord

Hideaki Mivata, Osamu Aozasa, Teruyuki Nakao and Souichi Onra

Faculty of Pharmaceutical Sciences, Setsunan University, Osaka 573-0101

Abstract PCB and dioxin-like PCB (DL-PCB) in 28 umbilical cords preserved from the time when 3
Yusho victims and 11 healthy subjects gave birth were examined in order to investigate the pollution
evaluation with both the compounds in Yusho victims on the basis of the analytical value. As a result,
in a period of 1968 to the 70s immediately after Yusho incident, the total concentration of the 12
DL-PCB isomers in both the Yusho victims s and healthy subjects was very high. After that, the total
DL-PCB concentration decreased temporally. However, there was not observed a significant
difference in the concentration and composition of both contaminants between the two groups.
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Table 1 Sample list (Yusho victim)
Preserved .
Sample donor umbilical .Newborn Delivery
infant sex year
cord sample

A : Designated A-1 Female 1989

Yusho victim A-2 Male 1998

B Designated B-1 Male 1968
usho victim

C-1 Female 1958

C : Suspected c-2 Female 1959
Yusho victim

C-3 Female 1962

Table 2 Sample list (Healthy subject)

Preserved umbilical
cord sample

Sample donor Delivery year

D D-1 1962
E E-1 1971
P F-1 1977
F-2 1974

G G-1 1985
G-2 1981

H H-1 1987
I I-1 1989

1-2 1995

J-1 1967

J J-2 1969

J-3 1972

K K-1 1986
L-1 1993

L-2 1981

L L-3 1983
L-4 1974

L-5 1995

L-6 1977

M M-1 1968
N-1 1968

N-2 1995

£ D 1998 £ DI TH - 72
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Preserved umbilical cord (0.3~0.6 g )

Cutting

Powderization
Powdered sample

Extract

Eluate

Final cleanup extract (20 ¢ L)
|

Surface washing with acetone

AgNO,/silica column cleanup (1 g)
Elution solvent 20 mL of n-hexane

185

Addition of anhydrous sodium sulfate (0.1g)

Addition of twelve '3C,,-DL-PCB internal standards for cleanup spike
Reflux extraction for 5 hrs. with toluene
Concentration and replace with n-hexane

Concentration and replace with n-nonane
Addition of four 13C,,- internal standards for syringe spike

HRGC/HRMS EI-SIM analysis Resolution:10,000)
Fig. 1 Flowsheet of analytical method for PCB and DL-PCB in umbilical cord

F¥x1)7—HZ:He (1 mL/4)
A 7 YRR 280C

SrfEE 10,000
et © EI-SIM
ERERPSLUEE

Table 3 (%, MAERRER B & OCMHERLES D
BEBLA & F2 it S 72O/ AF S i i o DL-PCB £
PEREE AR LT b, IHERESR O 3 lE O
fr 8wy S g S 7z 12 f o DL-PCB £
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Table 3 Concentrations of DL-PCB isomers in preserved umbilical cords from Yusho victims

(pg/g)
Designated Yusho victim Suspected Yusho victim
DL-PCB
A-1 A-2 B-1 C-1 C-2 C-3
TeCB 3,4:4',57 (#81) 15 — 17 — 35 41
33.44- (#77) 14 31 140 69 570 80
2.344'5- (#123) 29 19 270 38 61 8.3
2.344'5- (#118) 190 59 5400 290 2300 510
PeCB  23445- (#114) 15 3.7 460 18 110 23
23,344~ (#105) 63 29 3500 150 1300 270
3.3'4.4'5- (#126) — — 58 — 11 —
234455 (#167) 15 85 400 11 100 29
HxCB 23344 5= (#156) 27 31 1000 21 250 70
23344 5'- (#157) 15 16 320 89 78 23
334455~ (#169) — — 24 — — —
HpCB 2334455~ (#189) 46 — 110 — 13 —
Total concentration 350 150 12000 570 4800 1000
— : No detection
Table 4 Concentrations of DL-PCB isomers in preserved umbilical cords from healthy subjects
(pg/g)
DL-PCB D-1 E-1 F-1 F-2 G-1 G-2 H-1 -1 1-2 J-1 J-2
#81 48 480 36 — — — — — — 47 13
TeCB
"7 120 4600 51 22 32 — 27 20 13 820 260
#123 20 400 7.0 54 50 74 23— 1.6 130 37
#118 1050 9300 420 320 300 330 140 170 85 6600 2100
PeCB #114 65 650 22 21 77 230 8.8 11 6.5 340 100
#105 390 6000 170 120 110 180 56 55 30 2600 800
#126 — 43 — — 44 — — — — 26 7.3
#167 50 310 20 25 17 18 14 13 41 360 82
HxCB #156 79 830 51 50 37 34 39 21 13 830 180
#157 33 220 19 12 15 95 16 8.2 46 260 50
#169 — — — — — — — — — 3.3 17
HpCB #189 — 43 — — 46 — — — — 24 —

Total concentration 870 23000 760 580 530 800 310 300 160 12000 3700

— : No detection

Table 5 Concentrations of DL-PCB isomers in preserved umbilical cords from healthy subjects

(pg/g)
DL-PCB 7-3 K-1 L-1 L-2 L-3 L4 L-5 L-6 M-1 N-1 N-2
#81 24 — 25 — 1.7 1.6 — — 42 1.9 2.0
TeCB
#77 230 14 27 18 18 6.4 15 150 110 21 18
#123 33 — 4.3 2.2 3.3 1.1 — 5.4 47 7.6 2.1
#118 1700 170 230 150 170 47 73 310 1600 310 64
PeCB #114 72 8.5 17 9.4 11 2.9 6.7 16 180 21 7.0
#105 760 61 74 66 60 20 39 190 550 120 35
#126 13 — — — 25 — — — — — —
#167 120 19 36 6.4 11 3.8 4.3 14 160 15 3.7
HxCB #156 230 47 96 23 26 14 12 30 210 45 8.7
#157 120 13 22 7.1 8.4 2.8 7.5 19 99 14 5.4
#169 — — — — — — — — — — —
HpCB #189 21 — 22 — — — — — 18 — —

Total concentration 3400 330 540 280 310 100 160 730 3000 560 150

— : No detection
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Fig. 2 Comparison of the total DL-PCB concentration in preserved umbilical
cords from Yusho victims and healthy subjects
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Fig. 3 Comparison of the total DL-PCB concentration in preserved umbilical cords from Yusho
victims and healthy subjects
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Table 6 Comparison of the peak area ratio of PCB#118-/PCB#153 and PCB#156-/PCB#153 in Yusho victims and

healthy subjects

[The result of this study]

Yusho victim (n=6)

Peak area ratio

Healthy subject

Designated victim Suspected victim (n=22)
(n=3) (n=3)
PCB#118/PCB#153 1.8 (0.44~4.2) 2.4 (0.20~2.8) 1.6 (0.17~4.2)
PCB#156/PCB#153 0.25 (0.09~0.51) 0.17 (0.10~0.23) 0.15 (0.04~0.23)

Total DL-PCB (pg/g)

4200 (150~12000) 2100 (570~4800)

2400 (100~23000)

[The result of 2006's study®]

Yusho victim (n=11)

Peak area ratio

Healthy subject

Designated victim Suspected victim (n=8)
(n=3) (n=8)
PCB#118/PCB#153 8.0 (4.5~12) 3.9(1.1~5.9) 2.1 (0.98~4.4)
PCB#156/PCB#153 0.29 (0.21~0.36) 0.21(0.06~0.40) 0.10 (0.06~0.20)

Total DL-PCB (pg/g)

6500 (2000~11000) 560 (130~1400)

3900 (680~12000)

Table 7 Comparison of the peak area ratio of PCB#118-/PCB#153 and PCB#156-/PCB#153 in Yusho victims and

healthy subjects with a high concentration

[The result of this study]

Yusho victim

E-1 (Healthy subject)

Peak area ratio - —
B-1 (Designated victim)

C-2 (Suspected victim)

PCB#118/PCB#153 4.2 2.8 4.2
PCB#156/PCB#153 0.51 0.23 0.23
Total DL-PCB (pg/g) 12,000 4800 23,000

[The result of 2006's study”]

Yusho victim

D-1 (Healthy subject)

Peak area ratio

(D-1 (Designated victim)

(@-1(Suspected victim)

PCB#118/PCB#153 4.5 4.6 3.8
PCB#156/PCB#153 0.21 0.40 0.20
Total DL-PCB (pg/g) 11,000 1,400 12,000
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Fig. 4 HRGC/HRMS SIM chromatograms of TeCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration
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Fig. 5 HRGC/HRMS SIM chromatograms of PeCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration
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Fig. 6 HRGC/HRMS SIM chromatograms of HxCBs in preserved umbilical cords from Yusho
victims and healthy subjects with a high concentration
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Promotive Excretion of Causative Agents of Yusho by Intake of
Fermented Brown Rice with Aspergillus oryze in Patients with Yusho
—with Regard to PCDFs and PCDDs—

Junya Nacavamal), Hironori Hiraxawa?, Jumboku Kajwara?, Takao Iiba?, Takashi Topaka?),
Takeshi Uenorsucur®, Satoko Smsata®, Hiroshi Tsun® and Teruaki Iwasaxr

DL aboratory of Environmental Molecular Epidemiology, School of Health Sciences,
Graduate School of Medical Sciences, Kyushu University
I Division of Food and Drug Hygiene, Department of Health Science, Fukuoka
Institute of Health and Environmental Science
Y Department of Dermatology, Graduate School of Medical Sciences, Kyushu University
YDivision of Internal Medicine, Kitakyushu-Tsuvazaki Hospital
% Genmaikouso Corp

Abstract Forty years have passed since the outbreak of Kanemi rice oil poisoning, namely, Yusho in
the western Japan. However, even now the patients with Yusho have been still suffering from several
objective and subjective symptoms. In order to improve or, if possible, to cure such symptoms, the
most important therapeutic treatment is considered to actively excrete the causative agents, that is,
polychlorinated dibenzofurans (PCDFs) and polychlorinated dibenzo—p-dioxins (PCDDs) from the
bodies of the patients and to reduce their body burdens. In rats, chlorophyll and dietary fiber have
been shown to promote the fecal excretion of PCDFs and PCDDs and to reduce their levels in rats. In
this study, we have examined whether such kinds of effect are also observed by fermented brown rice
with Aspergillus oryzae (FBRA) containing 5% spirulina, which is so-called spirulina HI- GENKI, the
health food and relatively rich with chlorophyll and dietary fiber, in eighteen patients with Yusho.
They were divided into two groups, namely group A, ten patients (3 males and 7 females) with the
mean age of 67.7 years old and group B, eight patients (4 males and 4 females) with the mean age of 64.1
years old. Respective mean concentrations of the three PCDF congeners, that s, 2,3,4,7,8-PenCDF, 1,
2,3,4,7,8-HxCDF and 1,2,3,6,7,8-HxCDF in the blood on lipid weight basis just before initiating this
study were as follows; group A: 413, 152 and 45.7 pg/g lipid, and group B: 151, 42.7 and 17.3 pg/g lipid.
Contamination levels of these PCDF congeners in group A were 2.6 to 3.6 times higher than those in
group B. In respective mean concentrations of PCDFs, PCDDs and PCDFs/DDs in both groups were
as follows; group A: 228, 30.9 and 258 pg-TEQ/g lipid, and group B: 824, 19.7 and 102 pg-TEQ/g lipid.
Contamination levels of PCDFs and PCDDs were around 2 times higher in group A than in group B.
Group A took around 7.0 g of spirulina HI- GENKI after each meal and tree times a day for the first one

(84)
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year and for the second one year, they did not take spirulina HI-GENKI any more. Group B took
spirulina HI-GENKI with the same manner as the group A only for the second one year. The
concentrations of PCDFs and PCDDs in the blood of groups A and B were also measured at the end of
the first and second year, respectively. Assuming the body fat is also contaminated with PCDF's and
PCDDs at their concentrations on lipid weight basis in the blood and the content of body fat is 20% of 60
kg body weight, we computed the average amounts in the net excretion of PCDFs and PCDFs/DDs
from the body of the patients due to the intake of spirulina HI- GENKI in groups A and B. As a result, in
group A, 85.0 and 99.6 ng-TEQ/patient, respectively were excreted from the body of the patients. In
group B, only 38.1 nd 40.0 ng-TEQ/patient were excreted. Accordingly, promotive excretion of PCDF's
and PCDDs from the patients with Yusho seemed much effective in group A, of which their

concentrations in the blood were much higher than those of group B.
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Table 1 Ingredients of Spirulina HI - GENKI and boiled
polished rice

Spirulina HI - GENKI  Boiled Polished Rice

Ingredient Unit /21g* /600g
Energy kcal 88 1008
Moisture g 0.3 360
Protein g 5.9 15
Fat g 4.5 1.8
Carbohydrate g 3.8 223
Dietary Fiber g 4.7 1.8
Ash g 1.9 0.6
Mineral

Sodium mg 5.3 6.0
Potassium mg 405 174
Calcium mg 67 18
Magnesium mg 162 42
Phosphorus mg 386 206
Iron mg 2.7 0.6
Zinc mg 1.1 3.6
Copper mg 0.16 0.6
Manganese mg 2.71 2.1
Selenium ug 1.47 n.a.
Vitamin
A ug 201 0
E mg 1.1 Trace
K ug 22.5 0
Bl mg 0.56 0.12
B2 mg 0.20 0.06
Niacin mg 9.1 1.2
B6 mg 0.55 0.12
B12 ug 2.73 0
Folic acid ug 48 18
Pantothenic acid mg 1.32 1.5
Biotin ug 9.0 n.a.
SOD activity U/g 650 n.a.
Phytin acid g 0.87 n.a.
Chlorophyll mg 12.9 n.a.

* 1 Analysis was conducted and certified by Foundation of Japan Food
Analysis Center on June 17, 2008.
n.a. - Not analyzed.
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MN2.6~3.6fEEmIEETH-/. LoL, HL
NNVOENB ZFV—7Th, WERERT® 2,3,4,
7.8-PenCDF, 1,2,3,4,7,8-HxCDF 8L 1°1,2,
3,6,7,8-HxCDF NN D PIEE 151, 42.7
B LU 17.3 pg/g lipid IZ[FEEAL - RIEROBET &
LI T8.64 852 LT3.0MHbmEmY.
ZHZ LIE 7 v— 7o PCDFs & PCDDs %
TEQBEICHE L TRLAKRITHROLNS.
LY TEQIEETHLAZ V-7V LB
W— T DI A2 fEHT IR <, WIZERMGRIO B 7
)v—7® PCDFs, PCDDs 3 X 0¥ PCDFs/DDs O
FiEFE1L 82.4, 19.7 B X 17102 pg-TEQ/g lipid
Thotz. IThxLiloEE Lty sE, #
NZEN8. 1R, 1.3M2 L C4.0E Y, BIE
TOMIERF I COERKRMETH S 2,3,4,7,
8-PenCDF % PCDFs |2 & o CTEigEcihge s h
TWLZEDRbD5.

WD LVEBNA - 7o F (RELVYFA) %
B 72 A 7V — 7 TIIBFZERIERT O & 1t
LT, 1EBOBERENERTL, HICEML %2
Moz 2 BIT 1 EROBELY IR R-T
W7z 72, 2FEBOLERNL - XU F (RE
VI FA) ZEERLZB 7 V— 7T 2HEBORE
FEDITZ )N T FHZOBELY BT LTV
(Table 2). 2@ X 9 RAHIZW 7V — T D
PCDFs & PCDDs ® TEQ i T 0 b7z
(Table 3).

MHREEOEANBOONL L) ZLiFET
bRERZ LT, KNICHIET S PCDFs &
PCDDs 28 FEREICH L &35, ZDlF
HE=EY ) OWRE TEREERITHAES 2 AN 4

First Year Second Year
April May —» April May —» April
Collection of Intake of Spirulina Collection of Intake of Spirulina Collection of
Blood Sample HI-GENKI Blood Sample HI-GENKI Blood Sample
2 times/ Group A (+) 2 times/ Group A(-) 2 times/
person-week Group B (-) person-week Group B (+) person-week

Fig. 1 Experimental protocol of intake of Spirulina HI - GENKI on promotive excretion and/or
suppressive absorption of PCDFs/DDs in patients with Yusho
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SNTWBEI LA, T LT, KEZ60kg &
L, fRERBEZEZ 20% &35 &, RIEHI= 12 kg
Wb COREBHHRICHET S 3HEED
PCDFs [[j%fk & PCDFs 3 & OF PCDDs O ffif &

ZHEMB L, #NZFN% Table 4 & Table 5 12/RT.

AZNV—T7TIIMERBEMLID D 1EROA
MEOIZ)VPMMETHY), B 7 IV— T TIIWIZEH
H1ERL) L 2EBOEAMEDIT) HLME &
o TWh, ZHUENA - 7Frx (REV)FA)
DOEILZ L Y, PCDFs & PCDDs D58 T O
&I S, AR OHRIEAMRAE S 7z

Table 2 Effects of the intake of Spirulina HI-GENKI for
one year on changes in concentrations on lipid
weight basis of three PCDF congeners in the
blood of patients with Yusho

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

PCDF Congener Initial  After Istyear After 2nd year
2,34,78-PenCDF
Group/A 413 £ 570 412 £ 569 417 £ 577
B 151 £122 157 =125 156 = 126
1,2,34,7.8-HxCDF
Group/A 152 + 244 130 + 205* 137 + 223"
B 42.7+31.0 41.3 £29.5 40.5 = 31.2

1,2.3,6,7.8-HxCDF
Group/A
B

+

45.7£65.0 39.9 = 54.0" 42.7 = 60.3"
17.3+10.1 17.2 +10.2 16.8 = 10.9

* ! Significantly different from the initial concentration of each group, p
<0.1.

** 1 Significantly different from the initial concentration of each group,
p <0.05.

I+

Table 3 Effects of the intake of Spirulina HI- GENKI for
one year on changes in concentrations on lipid
weight basis of PCDFs, PCDDs and PCDFs/
DDs in the blood of patients with Yusho

Concentration (Mean = S.D.), pg-TEQ/g lipid

Compound Initial ~ After Istyear After 2nd year
PCDFs
Group/A 228 + 317 224 £ 312 228 = 318
B 82.4 £65.0 84.9 +66.8 84.3 +67.6
PCDDs
Group/A 309228 30.3+21.4 31.0+224
B 19.7+53 19.7+42 195+*43
PCDFs/DDs
Group/A 258 + 340 254 £ 333 259 = 340
B 102 £ 65.5 105 = 68.6 104 + 69.2

O

(83)

1320 8 %4

HREEZOLND.

Fig. 212 2,3,4,7,8PenCDF @, % L C Fig. 3
& Fig. 4 12132121 PCDFs & PCDFs/DDs @
TEQ iBETORNEMEDEILE NA - 7 F
(AEV) FA) OBIURRE HbETRLA. 2,
3.4,7,8-PenCDF ¥, A - 7Fr % (A€
JVFA) BENLAZ1ETIEA ZV—TTHEE
1A%012.0ng ¥72BZNV—7TiZ13.4ng
WA EDED L TWADIZ, B 2w 14E
TIEZFNZFN61.9ng & 64.6 ng¥ML T 5%
(Fig.2). %72, PCDFs/DDs O¥;4, NA - 7>

Table 4 Effect of the intake of Spirulina HI- GENKI for
one year on changes in average body burdens of
three PCDF congeners in patients with Yusho

Average Body Burden, ng/patient”

PCDF Congener Initial  After Istyear After 2nd year
2,34,7,8-PenCDF
Group/A 4,951 4,939 5,001
B 1,817 1,882 1,868
1,2,34,78-HxCDF
Group/A 1,820 1,558 1,644
B 512 495 486
1,2,3,6,78-HxCDF
Group/A 548 479 512
B 207 206 201

* 1 Content of body fat was considered 20% of 60kg body weight.

Table 5 Effect of the intake of Spirulina HI-GENKI for
one year on changes in average body burdens of
PCDFs, PCDDs and PCDFs/DDs in patients
with Yusho

Average Body Burden, ng-TEQ/patient”

Compound Initial ~ After Ist year After 2nd year
PCDFs
Group/A 2,730 2,689 2,733
B 989 1,019 1,011
PCDDs
Group/A 370 364 372
B 237 237 234
PCDFs/DDs
Group/A 3,101 3,063 3,105
B 1,226 1,256 1,246

* ¢ Content of body fat was considered 20% of 60kg body weight.
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0
-12.0 -13.4
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GO (ORNED)
Spirulina HI-GENKI  Spirulina HI-GENKI
Group A Group B

Fig. 2 Effects of the intake of Spirulina HI - GENKI
for one year on the changes of body burden of
2,34,78-PenCDF in patients with Yusho
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Fig. 3 Effects of the intake of Spirulina HI - GENKI
for one year on the changes of body burden of
PCDF's in patients with Yusho

60 521
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Fig. 4 Effects of the intake of Spirulina HI - GENKI
for one year on the changes of body burden of
PCDFs/DDs in patients with Yusho

(89)

F (AENVYFA) #BILAZ 1ETIZA 70—
T, B NV—=TENENEE L NIID X 47.5
ng-TEQ & 9.8ng-TEQ A L T\ 575, HBILL
2\ 1 4E T3 52.1 ng-TEQ & 30.2 ng-TEQ 4
mL<wb (Fig.4). TEQEEDH#A, Fig.3»
5 Z D R#E4E PCDFs (2B A RN E = D2
fLIZE D HHTE 3.

B FEER T I HI 25RO 28 HIIZ T v
b AMEILL 7o 3Ek R & Ao = 13 AE % 60
kg l2ET 2L, e 3.6g~1.2kg & 1.5
kg~56kg &%, NA -y F (REN) FA)
o OIERRF L EWKED 1 FEMOENEIL 1 H
26 ARG E, BERED 4.7 g TEWMHEDS
1.7kg b %%, 26 OEBIEIIEYFERO K
DERE LD %, ATH PCDFs & PCDDs
DU & FIIX O] & 22 & A R~ o
REPEOONL®mEEZEZONSL, T LT, N
A4 7rF (REV)FA) ORIBEIRHE LTS
FLNVOBWEZETI) AR Bbn s,

SRET, REEHS T L RSP AR
ELT, N xR (RENVYFA) LB
A4 %3 VEOBIMEIMEEICOWTHRE L TE
72, INHOMFRITIEEZ DA LIRS, T
NHIREERL ) OREICL EDOVIHETH -
7. LAL, 3L oETHIHBLA LIS,
CORREERY ) OREIZOW TR S D
B RIEAS ), EETIE RV 0 20
TeOIHERE Z R E LA CldeEmE YY)
DREE RO TH LA, 4, REERNHD
CAEREM)OBEEICINETIEMLTEX LD
RIREEHRICL2BEOMES RV LD
Motz ZNTIOMXTIIFERER Y ORE
EHWIOTHLH, TORE, N - TFrF (X
YLy J A) @ PCDFs, PCDDs O &4 k{2
WOWTIERIHOEEE YL ) ORE TOMH
BB L SR ONFEER Y D OWEETORKRES
FIZRBEOENZ R L2, ThE TOREETO
RS DAz g - F U (RELVY F
A) 121Z PCDFs, PCDDs D&Y kAR 3 %h 57
HhLEEZOLNDL., T2, FRRERTH LD,
NA - yF (AEVYFA) 1ZIEPCBs & 54
F F 2 Uk PCBs ORIMEIEAER R IZOWTH
HIEZAERPE LN TV S,
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BRI AE2 D 40 F L E25EE L 72BAfET
b VHE B A 2 Bk 4 20 BRIRIEIR & HEREIR IS &
DEHELOOLN TS, HEBETIE R, WA
WCINODIEREZEH L, SHIIHET L7020
WCIIHERE 2 HR L T2 ERNYETH S
PCDFs %> PCDDs % FEH& I AR7FA~PEME L, 1554
LN\ axE - KFS8528ThHhE INFET
FWpHE & TR T MBS B & T R B &
NA - rFx (AW FA) EHWT, @
HRIMIE R 2> 5 O PCDFs - PCDDs D&Mk
RENREERF L CE2. ZOHE, SHOME
T O W BRI RARD bz, Lizhto
T, AT — EHEETLDINA TV F (R
EIV)FA) EKELIBOTHEHTH DL, &
S ZHE B E ORARNERD 72 DI B BRI D 5
LEZLND.
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Metabolism of 2,2',5,5'- Tetrachlorobiphenyl
(CB52) by Rabbit Liver Microsomes

Chiho Onral, Koichi Haracuca?, Yoshihisa Kato®, Tetsuya Exno* and Nobuyuki Kogal”

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

Abstract Our preceding studies have reported that 2,2'5,5-tetrachlorobiphenyl! (tetraCB)(CB52) is
mainly metabolized to 3-hydroxy (OH)-metabolite by phenobarbital (PB)-inducible cytochrome P450
(P450) isoforms such as CYP2B1 and CYP2B18. In this study, the metabolism of CB52 by liver
microsomes of untreated and PB-treated rabbits was investigated. Rabbit liver microsomes
produced mainly 3-OH- and 4-OH-metabolites (M-1 and M-2) at an equal extent and two other
metabolites (M-3 and M-4) and also that phenobarbital (PB) treatment accelerated the formation of all
these metabolites. M-3 was assumed to OH-tetraCB by GC-MS. Another metabolite, M-4, was
determined to 3,4-diOH-CB52 by GC-MS and 'H-NMR. Addition of antiserum against CYP2B4, a
constitutive and PB-inducible rabbit P450 isoform, to a microsomal incubation system resulted in
almost complete inhibition of the formation of 3-OH-, 4-OH- and 3,4-diOH-metabolites. These
results suggest that CYP2B4 plays an important role in CB52 metabolism in rabbit liver.

i ECE = OALY PN TR
3L % PRttt S B2, EREBA S MU EIZ% 5 &R S

(2

PCB 137 4+ IMEQHEME TH 52V & & &
WCH RN LZREGEWEE L TCOVEXTH 5.
PCB IEEMEDSE W L5, FRITHEREL, B
TEWVWIET/NME2 I ENS. PCBDIH B,
EIIE R B4 LT @ PCB X, FF/MEEIZ)E
955 b7 1A P450 (P450) 12X - THHIC
REFsn, R e LTEICETE2 AL TERIC

<z, i, IR X O 2 iR
T52E12% 5%, PCBREMWIO TR D DI,
— KMk (OH) KTdH 525, 2WMALH WL LT,
“kER{L (diOH) 1k, AF NV ANLEY (MeSO,)
3 & U8 PCB % S35 A 1 8 8E L 72 OH 1k
REBROPoTWEY . F2 s oREY
DERIZIE, 3ODPABOYT 77 I —ICET
% P450 (CYP1A, CYP2A B X UNCYP2B) #'H4
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D) HFEIZZ, 4, SMIEREHRIN 2 D%,

—7J7, CYP2B IZ/E$ % P450 132, SALICHEHRE
/b or L ARHL, OHMAEKEAERT 5.

2,25 5-NEFILY 7 = =) (tetraCB)
(CB52) 1%, 74 IMWHEREHTH S 47 10—
V400 DERGFD—D® T, T x ) NVE Y — )
(PB) BlOMEHRFERE H T 5 PCB ®EMED
RIS L2 2 DTH L. YFFRETIE,
Fv b, EVEYMNBIONLAY—fFI70
V=2 (Ms) % T CB52 Ot & F 724
WINOBEYTH 3-OH A ER#WTH S =
&, F72, ZoARI PB RTALEE CREZE (2N
5T EEBLMILAY. &5, CB52 fR#IC
M54 % P450 23 FHEIZ O W T h a2 iz,
v b CYP2B1'?, v » CYP2B2'?, ELEv
N CYP2B18'% 15 X N\ 4 2 # — P450HPB-1'®
M 3-KEEAL IS &, F o AR Y —
CYP2A8'7 %3 4- K FRALKIG % 2 M2 il it %
ZEEHLDPICLE.

—7J, Gardner 51, CB52 #¥%5-L7- v F
B 3-OH R A, 4-0H kB & O
trans—3,4-dihydro-3,4-dihydroxy /& & #&Hi L C
W5Y . Z oL, PCBABHI B CHIMMG L
L C 3,4-epoxide R DIFAE & /R L 72 ¥ D
Thb. T, TOFFEZ, T IFIMOTEERE)
We %2 PCBRABMHERREHET L L 2Rk
LTwWa, 22T, RWEETIE7HFIF Ms 12 &
% CB52 DR EZiH~5 & & b1z, REBHCEEST

% PASO s FREZ IO NS A I LR HIME L2

X B B &
1. EERM#H
(1) CB52 B X UM
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7 v MEREANIZ LRS- L, fF5N7238 L0 R
LY.
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0.1% (w/v) PB/KEW % 6 HHHEHIZERS W
72. pentobarbital |2 & ZREE T, ¥ &
L, #EICEDIFMs 2B LY. 2B, B
DR L, THAZEKFIZ BT 5 FEBREY
DI2ODIRE] #ETFL, 1572

(3) 74 FH P450 (CYP2B4) #LIiLiE %L

9, PBRAILHE Y HFHF Ms &0, 1HEEHD
P450 (CYP2B4) % BE#™10 12 U TR L 72,
&b bH, PBRILE Y FIF (110 g wE=) »
SHFMs 28 L, ZThia— VT Efb,
w-aminooctyl-Sepharose 4B 7 < A, hydroxy-
apatite, DEAE-Biogel A agarose, CM-Sephadex
C-50 &N T L HWTHEL, 1FE%HO P450
RS CoORBBEEMITIRER 10.3
nmol/mg protein, YNE 1.6% TH o72. S5 IZ
N-K¥i 7 3/ Bg 20 OS2 #7825, BE
#P D CYP2B4 &£ —F L7 LUF, $iii%iEs
72012, KL 72 CYP2B4 % Ribi adjuvant (RIBI
ImmunoChem Research Inc., USA) (2% L,
SILDENEY MEPETISESN Lz, 5B,
EBVEY FOSFHBIR L Y 2RI, 1B
HOCRTFE) \CX Y, Bz 710718,

2. JHXH Ms (CX 5K

v Ms 12 & 5 CB52 O #HI R 123
CLTiTo72. $7&b5, 40 uM CB52 & % W%
» OH L& % (3-OH & 5% ¥ 4-OH %) %
NADPH 4 g% % (0.33 mM NADP, 5 mM glu-
cose-6-phosphate (G-6-P), G-6-P ik FEEEE 1
unit), 6 mM MgCly, ‘Pl 7 V7 3 >~ (0.8
mg/ml) BIL 7 HFIF Ms (1 mg protein) %,
100 mM HEPES #& i (pH7.4) & & dI12A7FN
ml & LT, 37CT200M A »Fa~— Mk f
# % chloroform-methanol (2:1) 1 ml B X
n-hexane 4 ml T 3 [A 5O L7z, flHIEE
#EEZE L, N, O-bis- (trimethylsilyl) acetamide {2
E2 P XF VTN (TMS) 1bd % it di-
azomethane |2 & % X F VL%, BRI
WA sa< 75 74— (GC-ECD), & 5w
TEESHTEMT GC (GC-MS) 12 L7z, s
DEEIE, M-3 k&, €heh CB52 D
& # % v T GC-ECD 12 & 0 1T » 7=
GC-ECD O &MFIZkDE ) THh 5. i bkes,
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ECD £} HP5890 Series Il # A7 u~< k275 7
(Hewlett-Packard #) ; # 5 4. DB-1 fused sili-
ca¥vy o) =52 (15m x 0.25 mm

200C 5 {EALNEEE, 250C ; Mg, 250C ;
Fx )7 —H A, Ny (1 ml/min).

— 0, K@Y o s =L H&5iha
HP5890 Series II # A 7 1~ b 75 7 (Hew-

lett-Packard #) # W<, EI £— FCilllE L 72,

GC-MS T &3k DEY THLH. H T 4,
DB-1 fused silica ¥ ¥ ¥ 59U —# 524 (30 m X
0.25 mm i.d., 0.33 um &5, J&W Scientific
), F—7 U, 210C ; EALEE, 250T
Mo 2R, 280C i F v ) 7 — A A, He (1
ml/min).

3. 3,4-diOH-CB52 O3 REfEH
500 ml D RE®D UG, $%Db5, 40 uM
3-OH-CB52 ##H & L TH W, Rk X 912,

BIET7 V72~ (0.8 mg/ml), NADPH 4%,

6 mM MgCl,, PB giiL# 7 FHF Ms (500 mg
protein) & & 12 100 mM HEPES #% i (pH
7.4) T, 37C,
Z D, 100 ml ® chloroform-methanol (2 : 1)
& 400 ml @ n-hexane N T2 EFHB L, &5
|2 diazomethane T X F)V{bf%, HPLC 2L D
M4 % s BERE# L 72, HPLC Stk o ) <
HAbH. ST, ODS # 7 A (2 mmid x 250
mm, YMC#) ; 7L #F 4, ODS 7L /17 4 (20
mmi.d. X 50mm, YMC #) ; jit:#, 5ml/min ;
B, methanol-Ho0 (9 @ 1). M-4 ®DAF )L
HEARILPRFERER] 25,9 min (2B S, A
12, WEIZ1.5mg THo7z. M4 DRAFIVikE
HROILEHEEX GC-MS B L O'TH-NMR 12 & D),
3,4-dimethoxy (diMeO)-CB52 T® % & g &
nr:.

MS spectrum ; m/z (relative abundance, %) :
354 (60, M™+4), 352 (100, M"+2), 350 (80,
M"), 335 (45, M*-15), 307 (30, M"-43), 292
(30, M*-58), 272 (36, M"-78).

'H-NMR 6 (ppm): 3.954(3H, s, 3 or 4-MeO) ,

3.983 (3H, s, 4 or 3-MeOQ), 7.255 (1H, s,
6-H), 7.430 (1H, d, J=2.52Hz, 6-H), 7.523
(1H, dd, J=2.52Hz, 8.57Hz, 4-H), 7.593 (1H,

1.d.,
0.33 um JBE, J&W Scientific #) ; +— 7 VL EE,

1A Y F 2= g3 Y &2{To 72

X H T

(94)

3044

d, J=8.57Hz, 3-H).

4. i CYP2B4 filliBE DFRMIC & 2 R BEE

ENVEY M THE L 2P0 CYP2B4 $Hili %
100 mM HEPES # /& (pH 7.4) HToH ¥
Ms & & %12, 30C T304 A »F 2 ~x— M,
CB52 3 & O NADPH A RGR & I L TG & A
Z—hL, E5237CT25MA »Fa—}
L7z, BUSHIE, FFC& FERICHE RS CHib L,
GC-ECD 2 L 7=,

5. Z0Oft

THEFHMs DF 87 HOERIL, Lowry
SPONFEE M7, =B, By L3y
B LTHMET VT I v EH7z. P40 &=
I¥ Omura & Sato®™ @ FHFEIC & ) lE L 7.
SDS-F Y 727 V)T I F7)VESKE L
Laemmli?? O F I LY, $72, w2 Ay V7
O v kX Guengerich 57 O HHEIC L YT 7-.
7 FHF Ms H CYP2B4 ¥ > 7% 7 O ®EG
Konica immunostaining & v b (L% T13E) %
HwWTiro 72, N-FKi7 3/ BROWEEIX, Mod-
el 473A gas phase sequencer (Applied Biosys-
tems, USA) W T R~ U fEEIC X DAT-
f:18).

"H-NMR A2 hVoifilsEi, 500 MHz JEOL
GSX-500 spectrometer (HAREFH) 12X ) fro
72, 3UBHZ acetone-del 2R L, F 72, NERE#E
W& & | C tetramethylsilane % H v 7z,

B B X

1. XK Ms (C& 3 CB52 DR

Fig. 1121%, wHFHF Ms 2k ) Eshs
CBo2 Lo TMS FEMAKDO T A7 a~x 7 F
LERYT. REWEEDLNL 4HEO Y -
(M-1, M-2, M-3 B XU M-4) 7%, ThENE
Wi 6.75 47, 7.07 4, 7.37 5B L U12.77 5712

ES

Bg SN BanORFERH & OED» S, M-1
BLUOM2IE, ChITIERELTVS

3-OH-CB52 3 & UF 4-OH-CB52 ®» TMS #Hitifk
THhHIEDHSLNE 27219 2B, W OHK
DAMC, Hizic2oof#meE—2s M3BLD
M-4) P EIE S 7z, M-3 ® TMS FER I,
M-2 D3 HRAICHRIBENZDIH L, M4 O
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TMS FHERITPRFFRE A, M3 F LD To L E
o7z,

w2, M-1 &£ M2 122 %, FNEFNELO
TMS FHEAROMER D S Em % ik, BERoFE
BREN DGR & L7z, Table 1 1273 &£ 912,
R FHFMs 12X D), M-1 & M-241.1:
1 CIEIZFEMEAR S Nz RLE Y FHF Ms
TORH/ Y — v BIORIHEEOER S 1, N4
Ay —bt I LPTW .

—75, PBEIALEL 7 T/ Ms T, M-1 D4

A) Untreated B) PB-treated
CB52
e CB52 v
M-1
M-2
" s
M-2
/ M-3
M-4 M-4
[ I T T { I T T
5 10 15 0 5 10 15

Retention time (min) Retention time (min)

Fig. 1 Gas chromatograms of the trimethylsilylated deriva-
tives of CB52 metabolites formed by liver micro-
somes of untreated (A) and PB-treated (B) rabbits.

4-OH-CB52 formed

RCASARALEL 7 R Ms @ 2.4 f512, 72, M-2
DHERRS RUHE T FFO 2. 451287z 2
?D X9 7% PBHIALEIZ X 5 M-1 (3-OH 1K) DA
ETRBEINET Yy b, NARAY—BIWELEY b
DVFNE LB L T2y, M-2 (4-OH 1K) @
BEAMCEI L T, NAZXF—EHEML T,
X512, M-1 & M-2 &R OB %
Nz FORRE, Fig. 20X )2, mREm oL
B ldIEFICLCHBLTEB Y, MR
0.889CTHETH-72. ZOFERDS, 3-OH K
B L O 4-OH 1KIZ[F— D P450 40 T-HEIC & » TH:

30

R2=0.8895

(p<0.001)

20

=
o}
g
o
on
£
=
£
S
£ 10
g le}
O
@) o Untreated
® PB-treated
0
0 10 20 30 20

3-OH-CB52 formed (pmol/min/mg protein)

Fig. 2 Correlation of 3-OH- and 4-OH-CB52 formed by liver

microsomes of untreated and PB-treated rabbits.

Tablel Metabolism of CB52 by liver microsomes of untreated and PB-treated rabbits,

rats, hamsters and guinea pigs

Metabolite formed

Animal Treatment No. (pmol/min/mg protein)
3-OH 4-OH
Rabbit None 4 98 + 1.7(100) 85 = 1.7(100)
PB 3 238 +102(243) 205 * 4.4(241)
Rat'? None 4 N.D. N.D.
PB 4 3240 * 154 N.D.
Hamster'” None 4 6.3 = 05(100) 56 = 0.3(100)
PB 4 201 + 02(319) 111 + 0.3(198)
Guinea pig"”’ None 4 84 + 0.9(100) N.D.
PB 4 193 + 22(230) 11 =01

N.D., not detected.

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

ratio to the control.

Data in rats, hamsters and guinea pigs were cited from the reference (19).
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BENTWDZ DRI S T,

2. CB52 EER DIERFHIZ(L

M-1BEOM2EEBIZERKSINZ M3 L
M4 DRI TH L0 L) DERIED D2, 1
VX aN—Y 3 Y E 60 M TIEILL T,
NS OREBW ORERER 2 8 % <72, Fig. 3
WWRT LI, A vFa~x—3 3 VR 10 5%
FTIEM-1, M2BXUOM-31F, »wFhdiiiF
EARAIIZBEIN L 7228, M-1 122w\ Cid 30 40
5, by bridonsz, —7F, M-41%10
SOENTHEINLIGD, Z0#%6075Hb3T T
DOTHLNEML7. NSO RE2S, M-3 &
M4 iZwdid CB2 L TH % 2 & ARIE
S,

3. M-3 & M-4 DfbiddE

M-3BLOM-4 DyFEZHNLTD, I
5 % diazomethane T X F ULk, GC-MS |2
J72. ZORE M-3 DX FIVFHEKITS T =
320 C, H{F 4L S LEMMAEY -7 PBE S
722 &5, methoxy (MeO)-tetraCB TH 54 =
EVHL: (F=2 R, —7, M4 DA

500

400 r

300

200 r

100 |

Metabolite formed (pmol/mg protein)

20

30 40 50

Incubation time (min)

Fig.3 Time course of CB52 metabolism by liver microsomes
of PB-treated rabbits.

3044

FVEEEMRIE, 5 F= 350 THh D, kR4
Hx&ORMVAY -7 PBlgEINZLnb,
diMeO-tetraCB Tdh 5 Z L BSHHL N IZ 2 - 72
(EERF:3. ).

K2, M4 O'H-NMR % #ll % 3 5 72 0,
3-OH-CB52 % /8 & L T 500 ml & St & v
TA v Fax—arzfrofz. M4 % ARG
BECTHit R, HPLC THOBERRLZ. ZoXF)L
FHERIZO ETH-NMR % 58 L 728558, EEh
H3ATRT L 912, 3-MeO B &L UM 4-MeO %12
H*%$ 5 2AKD singlet & 670 b HED
singlet 2%, €411 3.95ppm, 3.98ppm B L U
7.26 ppm (MR E Nz, F 7o, 2,5-iEFREMR
ENTZFHFBRO3OO7 0 N VICHKRT 52 7
VS, 7.43ppm (doublet), 7.52ppm (doublet)
BIO7.59ppm (singlet) (2 &7z, LLEoD
RN D, mHEIZ, M43 3,4-diOH-CB52 T
HbHIENPENERoT

4. 7YX CYP2B4 DFEHR

PB HiALEL 7 FHF Ms £ 0, P450 4 THE D ¥
e A7 wEIZ, e = 1003 nmol/mg
protein T, 27 D4T& 50,000 @ P450 431

Fig. 4 Immunoblot of rabbit liver microsomes with anti-
serum against CYP2B4. Lanes S contain purified
rabbit CYP2B4 (1 ug protein). Lanes 1-4 and 5-7
contain liver microsomes (10 ug protein each) from
four untreated and three PB-treated rabbits, respec-
tively.

Table 2 N-Terminal amino acid sequence of a rabbit P450 purified in this

study
Amino acid residue
P450 Animal 1 5 10 15 20
This study (rabbity MEFS LLLLL AFLAG LLLLL F
CYP2B4? (rabbity MEFS LLLLL AFLAG LLLLL F
CYP2B1* (raty ~ MEPS ILLLL ALLVG FLLLL v
P450HPB-1'® (hamster) MEPS TLLLL TLLLS FLVLL \%
CYP2B18*  (guineapig) MELS LLLFL ALLLG LLLLL F

The abbreviations used are as follows : M, methionine ; E, glutamic acid ; F, phenylalanine ;
P, proline ; S, serine ; L, leucine ; I, isoleucine ; A, alanine ; G, glycine ; T, threonine ; V, valine

(96)
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A) B)

250

250

S T

200 200

ST~ i/

150

150

—O— Control serum
—@— Antiserum

100

100

—O— Control serum
—8— Antiserum

Formation of 3-OH-CB52 (%)
Formation of 4-OH-CB52 (%)

: \o\_. )

\‘\o

0 50 100

Serum (ul)

150 0 50

Fig. 5 Effect of antiserum against CYP2B4 on the formation of 3-OH- and
4-OH-metabolites from CB52 with liver microsomes of PB-treated
rabbits. Open and closed circles indicated control serum and
antiserum raised against CYP2B4, respectively. Each point represents

the mean of duplicate determinations.

FELFMAI85 2 ST E KPS0 O N-K
W73 W20 A I L 25, Table 2 \RT
L9912, TN F TICHE S 17z PBFE % P450
DI H, CYP2BA? L& Il—B 722 &b,
LUF, 74 P450 % CYP2B4 & L7z

A PAS0 (X A HLIMiE & €IV E v b TR,

INEHWTRLAEE X O PB aiLeE 7 4 FhF
Ms H D CYP2B4 Ol a7z, 74 FHF Ms
#SDS-FRV 727 NT I FESKEBIOY
Ay rT7uay Mg, ORERELIETH, Fig. 4
WRT L9112, RUHE Y FI2BWT, CYP2B4
YRy ERTFENE T HY NN RN
R &z, £72, PBRILEE Y ¥ CTIldHE T
RTINS EFE LML W, Zhbso
FHEDISL, NI TOWMEDLHIZ, CYP2B4 »°
WHERITH Y, O PBFEMTH L Z & DR
Eh7z. 5612, PBHILHEIZ L S CYP2B4 ¥ ~
737 OBEANAS, Table1 1277 L7z M-1 (3-OH 14)
BIUM-2 (4-OH 1K) oSG RME & <
ML TWwDZEns, WMAHYOERKIC
CYP2B4A 25 5- L T\ A Z EATRIBE N7,

5. #1 CYP2B4 Hilll7&EAINICE 5 CB52 A E
CB52 #2381 %5 CYP2B4 OG- DR % B
ST A 720, L CYP2B4 Hulfitii & v T

HE ARz, ZORR, Fig. 5I1ITRT L)1,

PB HiALFE Ms 12 & 5 M-1 (3-OH ) B L

M-2 (4-OH &) DA RIZPLIMLEE 150 ul DT,

100

Serum (pl)

205
350

3 300 ?\O\

m

3 250

jast

Q 200 —O— Control serum ||

;?'_ / —®— Antiserum

< 150

1S

=

.S

‘g‘ 100

5

=50

0 \. ®
150 0 50 100 150
Serum (pl)
Fig. 6 Effect of antiserum against

CYPZ2B4 on the formation of 3,
4-diOH-CB52 from 3-OH-CB52
with liver microsomes of PB-tre-
ated rabbits. Open and closed
circles indicated control serum
and antiserum raised against
CYP2B4, respectively. Each
point represents the mean of
duplicate determinations.

WEN LK 0% BHESI N 72, M-3 &
M-4 OER L, ZEENTIEZWL OO, RKPLLE
OFIZ L DR HES N (77— KIER).
KIZ, 3-OH-CB52 #* 5 3,4-diOH-CB52 ~® 2
UACH I KT § T CYP2B4 HLIMLTE D uInsh 4 %
7z FEE LC3-OH K% MV, PB HijLEE
Ms IZ & 2@ = X7z, ZoRE, Fig. 6 1R
9 & 912, Prim 100 ul oz £ v, 3,4-diOH
ROERITZEEICHES N ZOER2H,
CYP2B4 7% 3-OH &7 5 3,4-diOH E~D AL
JBIZh, KELHEGLTWAZ EAVRIESI N

Z =

AR Ms 12 X 5 CB52 Ot 2 Fi~7z e =
5, oY FIIE, OB L 7% Y B LA
F—VERTHIENHLNE ST Thabb,
R & L C 3O OH k& 3,4-diOH A4
W& 7S, EABE O 3-0OH 1K & 4-OH tho 4
BHIEWONOETLIFIF]L 1 1 THo7e. Ih
¥ T2, PCB OKERALEEME & L CTIRD 2 DD#EE
MEZLNTWS, 1D2EFXNVEUERD C-H i
BICEERETEA SN L RE (E#EKEEL) <,
Preston 51, T v MZBIT5 CB52 & 3-/KiE1l
Ft73, PB #5EME P450 |2 & 5 kBRI THEAT
LTWwa I Exm L0 45 1203, b
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Cl
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; ﬂ A

cl
4,5-oxide

/

Fig. 7 Postulated metabolic pathways of CB52 in rabbit liver.

A 3,4-3 5\ % 4,5-epoxide (A ZFEH L, &
HIZIRFE I F O NIH Be47 % 1 > THAT T 5 K%
T, MC &8N P450 25 E IS5 LCTwb, a7
3 —PCB ® 3,3',4,4'tetraCB (CB77)* % 3,
3'.4,4' 5-pentachlorobiphenyl (CB126)' 7 & ®
A-IKBAL PGS Z OFEEETHAT L T b Evibil
TWw2. —7J, Forgue 5% 1% CB52 @ 3,4-epo-

x1deﬁ<0)$%’ﬁ I, SHICINDFHRET S L,

3-OH fhdB L U 4-OH fh 2§ 2 2 & %k

L7z, RO FOg4E, OB TH 50l
T\ AS, 3-OH & & 4-OH 4R AN T I T [FFLRE

A E N HFEEP L, LB THAE LTS3,

4-epoxide AEZHEH L TWwbEEZ LN, T/,

CB52 L 722 5-TIREBBRAN YU 2 HT
% PCB R 2R~ 5% &, 1 ZFLEW GRS TH
T 3-MeSOofEk & 4-MeSOAK D A3 HE £ T
VBRI sz khn, THEFICBEITS
CB52 1R ix, ik & LT 3,4-epoxide K % #%
HLTWw3 EEbNDL, Fig. T2y FHICH
\F % CB52 OHEEAMRRE A R

4, 3-OH fh3B L 0N 4-OH DMz, 39 1
2Rlo OH K (M-3) A Sz, BEOL 2

DT EUIVIARTH 5%, GC D fHE R
233-OH AL 4-OHE L WV EWVWZ &5, 50
WRE T2 4 M 28sfr L 72 b Lt v,
Z5THnE, M-3135-0H-2,2,4,5tetraCB

X H T

3044

ThbHEEZZOLNDD, ZOHEITESHDBETH 5.

CYP2B4 Pl # v 72 HEEERIZ X D,
CYP2B4 %% 3-OH 1%, 4-OH 1%, 3,4-diOH k3 X
CM-3DARTRTIZEET L2 EHLNLE
ol MHREO—HEOMIETIE, CYP2B ¥
777 3IV—IZET S, T CYP2BIP B LU
CYP2B2!?, E)LEv  CYP2BI8Y 5 X U 24
A & — PASOHPB-1'¥13 3-/KFRAL I 0 A % fil
L7z, —h, 4-7KBBRALBOE % filit 3 2 D13/ 2 A
% — CYP2A8Y7 513 T > 727%, %3, McGraw
& Waller 12X 0, 2,2,4,5, 5pentachlor-
obiphenyl (CB101) @ 4-kM{ti & LT, & b
CYP2A6 H#is En 722 h s oHEER
CYP2B4 73> By P450 B3k & B B K LA
MEETHI L, EHIZYVHFHFITBNT
CYP2B4 7' b % %2 CB52 il ch b &
ZRLTW5S

i, F&4 13 CB101 @ 3-& 5\ 3 4-OH
5 3, 4-diOH fk~ORi#x 7 v b, NARAT—B
LFOENVEY MFMs # VTN, ZOMHE,
# CB10L 2°5 3-& 2\ id 4'-OH & & #% 1 L T
Iz 3 4-diOH RS EER SN B 2 L 2B 5 H»
IZL7220. 2oz kix, #PCB A5 diOH K~
ORFHEFET, 3B L4~ 2 EEE L CHE
KBALDSHEZ 5 2 L Z2RIE L TWA, RHFZET
b 3-OH-CB52 % fi\:C 3,4-diOH A~ Dt %
Iz E 2 A, HEWE S 3,4-diOH 1423 A 5L
EN, EHICZCYPBANBKELHE L TWwW
(Fig. 6). Sho%zZ24AbEsE, CYP2B4 D

A121E, 3,4-epoxide K% FEH T 5 £ & EH
IKERAL DT DOFERE T 3,4-diOH R % A fk L T
Bhb LI,

CB52 »#:ki%, CB77, CB126 3 £ 18 3,3 ,4.4,
5,5-hexachlorobiphenyl (CB168) 7z &b a7 5
+— PCB | m«ié# W roee, #
MEEMREIIRE SN TRV, LA LEDS,
R I{fczri%ﬁé‘ﬁi SNAHBIDN L OhHES
T\ 5. Stadnicki 5 13EZMILOBEFEIC KT
B LI, CB52 ® 3,4-epoxide k7% CB52 X
RS R L72%Y . F7-, Haraguchi 5
7Y MZBWT4-AF T+ (MeS)-CB52 7%
PLCBR2 ([ZH~fhEM N2 L D <EpHIL 72D,
I RAEEE L LD ECRFE T 2 2 #E L
729 X 5IZEETIE, PCB @ diOH fKASK &
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. U FHF Ms 12 £ 5 CB52 O %2 i~ 724
B InFclzHwEsNLZTI v M, EVEY
FBLONLZY—-EELD -OHMKE
4-OH P IIZRBETHER EI N, s
AR PB RMLEIC L D, Wi d RUEO
2.4zl 7z. B, Thsbsbiczo
ORFW S ER S, 121k OH-tetraCB T
HHZE, 91213 3,4-diOH-CB52 TH
HZEDHLENIR ST,
ENVEY MO SN/ CYP2BS Pl iE

ZTHWTYYF Ms 2 G L72E 25,

CYP2B4 X HEFITH ), PBFHEMETH 5
CEDHEFRE N/ PBRIALEL I X B
CYP2B4 ¥ v /37 o ¥mix, ER#FW O
3-OH A8 L " 4-OH ko & < —3 L
TWwW/z,

. CYP2B4 Hiifii& % T, CB52 O HE
ATz E T A, 3-OH fk & 4-OH KD A hk
B 100 pul DHINT, Wb 90%Hi
B HE SN2 F72, 3-OH-CB52 20
5 3,4-diOH DA KT T I A &
P72 L 2 A, P 100 ul OFEMT, 3,
4-diOH R D A B3 se 4 HE S /e,

U EoER~S, v R CYP2BY (T,
CBo2 DT NToORBETRELEG LT
WBHZEHIRIEBENT.

| 3

AT T B AR (RmO%L - %

SRERIEERIZEFH) B & O H AP IRILS T
Wi Ee B e (FEEENTZE (B), No. 20404006 5[
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The Accelerated Excretion of
2,3,4,7,8-Pentachlorodibenzofuran by Cholebine

Takumi Isumal, Yuichi Sakar?, Yuji Isun!), Masutaka Furue?3 and Hideyuki Yamapal)

DLaboratory of Molecular Life Sciences, Graduate School of Pharmaceutical Sciences, and
2 Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582
Y Research and Clinical Center for Yusho and Dioxin,
Kyushu University Hospital, Fukuoka 812-8582

Abstract While it has been reported that the blood level of dioxins and polychlorinated biphenyls in
humans may be decreased by treatment with colestimide, the effects of the agent are still obscure.
To address this issue, we examined the effect of Cholebine, a cholesterol lowering agent containing
colestimide as an active ingredient, on the excretion of 2,3,4,7,8-pentachlorodibenzofuran (PenCDF) in
rats. In ashort term study, male Wistar rats (5 weeks-old) were given chows including 3% Cholebine
(PenCDF/Chol group) or control chows (PenCDF group) for 7 days after administration of **C-labeled
PenCDF (0.5 mg/kg body weight, p.o.). On day 1, the fecal excretion of PenCDF in the PenCDF/Chol
group was greater by 15% compared to that of the PenCDF group. Although some increases were
also observed during day 2 and day 7, Cholebine did not exhibit any marked effect on the fecal
excretion of PenCDF. The tissue concentrations of PenCDF at day 7 in the PenCDF/Chol group
showed a 20%~30% decrease compared with those of the PenCDF group, except that the level in the
brain was comparable between the two groups. The fecal excretion of PenCDF in a long term study
(Cholebine treatment for 28 days) demonstrated the same tendency as that of short term study.
However, in long term study, the Cholebine had no effect on the tissue concentration of PenCDF
except for brain. An increase in PenCDF excretion by Cholebine seems to be due to the binding of
Cholebine to bile acids as lipid carriers. This is because no binding of Cholebine to *C-PenCDF was
detected. These results suggest that Cholebine has little effect on the reabsorption of dioxin, whereas
it reduces substantially the first absorption of dioxin.
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e FaEd 57280, 7 v &M PenCDF O3
HHEIAR N DR R & ARET L 72,

£ B F &
1. SREREA#

[1C-U-ring]-PenCDF (purity : > 98%, 2.9
MBqg/mg) (%, BlyChem. Ltd. (Billingham, Eng-
land) £ WHEA L7z, Cornoil 1%, Bk FEHKAS
oW % #HH L7z, Cholebine &4 fill ki,
ZEY VT 7 RS (B =250
HREH) L5 sh7. ZoboREix, #
BRI L 7-MiED b 0% fHH L7

2. EYNIE

RWFFEIZ B 2 B FEERE, I KRB 5
ERHI | 12 584510 k0 X, BIEBREES
12 & BEFFTHORRET I -0 B FEM L 7.

PenCDF i %

HOHLOMEL - 20CIZRFF L 72 PenCDF
wi (1.0mg/mL 7& b i®f) %, cornoil IZ
0.5 mg PenCDF/3 mL cornoil & 7% X912z,
BERITATT P 2RELTOBLFERIML 72

S L

5340 Wistar AHEMEZ v & (uBhikaNatt)
= 1BE3EE LC 2820, 1AM L 72,
Cholebine 7 H4EHZ & % PenCDF HEilt g5
B (LUF, 9k L 524) Tid, PenCDF %#0.5
mg/kg body weight/3 mL corn oil ® H= T
BG5 L, ZoE#E” S, 18121 3% Cholebine
AR, RIS 2 2R RS 2 108
WfE L7z, B, mEleklcg 2B, £
nehosy bokEZIELZ. £/, 1HD
rhoBfELERY, TNENT v P 3IEGD
MEs LCRHIL 7z, B L 72381, —x® (Y
5g 7TV —4 =MW1 r AME L Tz
R EREHEHOELXBIN L7205, $RIL
ATV, fEgs e fEH LT =30 CIZERAF L7z, $REX
L7z, 9,000 x g, 2043, 4T TELL, E
BTNV F2—71CB L T30 CITRAF L.

Cholebine EHMIERUC X % PenCDF #Efti2E
R (LUT, BHIgEEREFCT) T3, PenCDF #%5-4%
OfiE MM 2 28 HFIZIER L CBig 2 1To72. FhR
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ik, SR & Mk CTa 47, PenCDF &
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3. #fi, BLUVEEFD PenCDF DEE

T — % —NTHERES S8, S&fErHwv
ThitL7zob, £o—% (f20 mg) &2/154 7
JVICEDELY, /K1 mL %Nz 30 55 #E L7z
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(Perkin Elmer #:#4) % 1 mL iz, 50 C T 24 ¥
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(250 CT2m|efM, mRL7z. 4 ¥ F 22— Mg,
30% MR ILkFEARE 0.4 mL Nz, BREZEAL
B BHETHBELIZOL, Y rFL—Tarh
7 7 )V Hionic-Fluor ™ (Perkin Elmer f1#) #%
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T e L7z, flgs & Mgt o 7vicownCiy, |
HLoob zo—gEE (BEIZow» ik
50~100 mg, M E#E1Z0.3mL) %354 7IViZ
AL 720 BE#RI2xF L i, Soluent-350 % 1
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30%EEEL kK% 0.4 mL M2 T, MEIFE
L2 %A THELL T0o0b,
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L TR > 7 e Lz, WEficBIr 2
SRR EE O Ml E 1, Aloka #1:#2 Liquid Scintilla-
tion Counter LSC-5100 % Fi\»CTAT\y, 52 FER
35 E L THlEZIT- 72,

4. Cholebine & PenCDF D455

PenCDF % & s cornoil (0.17mg/mL) % Fi#L
L, Y7 NVFa2—=7121 mLaRLZ &512,
#3172 Cholebine & A ¥ 0.2 g 24 > 7 )L
Fa =TIz, 24 R L 72, e
%, 2,000xg, 24, |RTELL, Z0OLiE
0.5 mL Z /XA 7)VIZ4-HLL 72, Hionic-Fluor ™
#10mL Nz 1 HEE L7205, KGR % il
EREM 3R & LCllE L7,

5. frEtuiE

BHEAMEL 2 5H O Tld Student's
t-test &, ZHEMOLETIE, Fischer's Protect
Least Significant Difference (PLSD) test & Hv>C

e
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I 4%
117z,
& R
1. Cholebine ZZEiRLEE (C & % PenCDF HEift~
7%

Fig. 1~5 121Z Cholebine #fH 12 £ 2 4 D3
B AT L 72k 2 R 945, 45 IXI2 1% Cholebine
FWFEBR O R LI (A St V), BHIFEERT
DR B 730, FElidAR) 268 BT 5.

JEIAFEER Tk, PenCDF HUHULEEH: (PenCDF
#) L BFH#E (PenCDF + Cholebine) DAEZAL
ICHEE R IR SN L o7z (Fig 1A). —F
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—{1-Control
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0o . ; ; ; ;
(o) 5 10 15 20 25

Days after treatment

Fig. 1 Effects of Cholebine on body weight gain in
Wistar rats treated with PenCDF. Cholebine was
given to rats for 7 days (A) and 28 days (B). The
values represent the mean = S.D. of 3 rats. The
initial body weights (mean = S.D.) of rats in
PenCDF- and PenCDF + Cholebine-treated
groups in (A) were 178 = 6 and 189 += 7 g,
respectively. The initial body weights (mean * S.
D.) of rats in Control-, PenCDF- and PenCDF +
Cholebine-treated groups in (B) were 100 = 4,
101 £ 2 and 102 = 2 g, respectively. Significant
difference in PenCDF-group from control : *, p <
0.05; ™, p < 0.01; ™, p < 0.001. Significant differ-
ence in PenCDF + Cholebine-group from con-
trol: T,p <005 T T T, p <0001
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Days after treatment
Fig. 2 The effects of Cholebine on food intake in Wistar rats

after exposure to PenCDF. Cholebine was given to
rats for 7 days (A) and 28 days (B). Food amount
consumed by three rats which were housed in one
cage was measured. Each dot represents the food
weight divided by the summed body weight of three
rats.
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WCHEINT A E AR H 7z (Fig. 2A and 3A).

F D PenCDF O#Eilb& % #llE L7285 %, 1
HHIZBWT, A X PenCDF B2~
15% 0¥z~ L7 (Fig. 4A). 2 HHLREEIZD
WC b M AR IC PenCDF HEilt & O 2R S 1L
7205, FOVTNGEI]L HEHTOEIZEDT
D Th ol FMEIIBIT S PenCDF O3~
ORHEIE X, FFHETESGEDH 42.9% Th >
72D1Zxf L, PenCDF #:TIIAY 28.1% Tdh - 7-.
E 512, BEEHPIZBU) 5 PenCDF &= % HI%E L
7oAER A B { & COlE#R 12 B\ T Cholebine
BRI L 2 FBELIT 2RO b7z (Fig 5A).
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Fig. 3 The effects of Cholebine on fecal weight in Wistar
rats after exposure to PenCDF. Cholebine was given
to rats for 7 days (A) and 28 days (B). Weight of feces
by three rats which were housed in one cage was
measured. Each dot represents the fecal weight
divided by the summed body weight of three rats.

F, 12 HH F TICHEA#EL PenCDF #I2B W T
bEPTEDLPEERECPHES N R
>1%) (Fig. 1B). F7z, BffEL#ERIZBVT
b, EIEBROYE LR, B CEIME 2
R Hzh (Fig 2B and 3B), PenCDF B L O
Cholebine RALEEHEE (LIF, 2 ho—u#EERd
) & PenCDF MLEEEE D M 12 B 72 2213300 5
Nihoiz. #EphA® PenCDF O #EM& %l %
L7k, 1 HBEICBWT, fEHEETIE PenCDF
A~ 15% Ok o B @BigE S /e
(Fig. 4B). 2 H HLFE S BEMIZERDIED S
N722%, WHELRLOTIE o7, 28 HREIZBIF
% PenCDF O#&Hkit &1, PR TS 20/
64.4% CT&H > 72D 1Zxt L, PenCDF # TI1x#y
48 4% THh o 7. F72, WEEFIZB TS PenCDF
GaEAE LR, BEROLA IR LD,
xR BICEE L Z RO Lo 72
(Fig. 5B).
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Fig. 4 Effect of Cholebine on the excretion of PenCDF into
feces. Cholebine was given to rats for 7 days (A) and
28 days (B). Feces of three rats which were housed in
one cage were pooled, and its portion was subjected
to the measurement of radioactivity due to “C-
PenCDF. Values represent the mean * S.D. of 3
assays. Significant difference from each
PenCDF-treatment group, *, p <0.05; **, p < 0.01.
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Fig. 6 The binding of Cholebine to *C-PenCDF. MC-
PenCDF was incubated with powdered diets in the
absence and presence of Cholebine, and the radioac-
tivity recovered in the supernatant of the reaction
solution was measured. The values represent the
mean * S.D. of 3 assays. Significant difference from
the control: *, p <0.05; **, p <0.01.
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e
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Effect of Cholebine on the tissue concentrations of
PenCDF. Cholebine was given to PenCDF-treated
rats for 7 days (A) and 28 days (B). The values
represent the mean = S.D. of 3 rats, except for the
brain (N = 2) in the PenCDF + Cholebine group. The
PenCDF concentration in each tissue of PenCDF
group was as follows : In (A), Liver, 513 = 057 ug/g
tissue; Spleen, 7.56 + 0.64 ng/g tissue ; Thymus, 8.35
+ 0.63 ng/g tissue ; Brain, 4.61 = 0.64 ng/g tissue ;
Adipose tissue, 0.34 = 0.07 ug/g tissue ; Serum, 0.39
+ 0.09 ng/mL. In (B), Liver, 148 = 0.23 ug/g tissue ;
Spleen, 3.73 + 0.39 ng/g tissue ; Thymus, 3.22 + 0.22
ng/g tissue ; Brain, 324 £ 0.31 ng/g tissue; Adipose
tissue, 14.21 = 1.94 ng/g tissue ; Serum, 0.19 = 0.01
ng/mL. Significant difference from each
PenCDF-treatment group, *, p <0.05;*, p <0.01.
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Z =
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ThHY, ZWFAT T T VHHPER D EVE
WAEETHIEPHAOENTWAS, F344 7 v M
BT 5 LDgo?" 916 ng/kg body weight TH 5 Z
L oY SHoBEICBWTEESNL
PenCDF 0581, BMNWEHAECHo72L%
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