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Foreword

Masutaka Furue

Chief 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 1890 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 35 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.

Chromatograms of blood PCBs have been classified into 4 types: Type A, pattern character-
istic of Yusho; Type C, pattern commonly observed in the general population; Types B and
BC : intermediate patterns between Types A and C. A method for quantification of PCBs in the
blood was developed after 1973, five years after the outbreak of Yusho. The blood polychlorinat-
ed 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 2,3,4,
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
possible 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 consul-
tants 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 question-
naire comments.

Patients with Yusho still complain various subjective and objective symptoms. We started
a clinical trial using several Chinese herbal drugs for characteristic symptoms. We are also
planning to conduct a clinical trial of colestimide to reduce the blood levels of dioxins. 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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Average of the PCDFs Value in Blood in Patients with Yusho in the 2001 to 2003
Fiscal Year and Comparison between the Clinical Features and PCDFs

Yoshiyuki KaNAGawAY, Shinya MaTsumoToV?, Bunichi Tajmma?, Takeshi UENOTSUCHI®,
Satoko SHIBATAY, Masutaka FUrRUE® and Tomoaki IMAMURAY

Y Department of Planning Information and Management,
The University of Tokyo Hospital.
2 Teradata Division, NCR JAPAN Lid.
8 Department of Dermatology, Graduate School of
Medical Sciences, Kyushu University

Abstract [Background] Kanemi Yusho is the name given to a 1968 food poisoning incident
resulting from the ingestion of PCB contaminated rice bran oil that had been used as a heating
medium. At the time, victims presented with mainly cutaneous manifestations and various
other symptoms such as of the eyes and teeth, general fatigue, headaches, and paresthesia of the
extremities. The characteristic symptoms then resolved with time. Yusho patients have been
followed from immediately after the incident. Blood levels of dioxins such as PeCDF have been
measured for those who wishing to since 2001.

[Subjects and methods] The presence or absence of relationships between blood PeCDF level
and various examination items / symptoms was investigated in 359 subjects whose blood levels
of PCB-related chemical compounds such as PeCDF were measured in the Yusho related
examinations between 2001 and 2003. Characteristic symptoms were also compared with the
results of examinations done 15 years previously.

[Results and discussion] The average blood 2,3,4,7,8-PeCDF level in designated Yusho patients
was 177.50 pg/g lipids ; showing a markedly higher value than that of the normal control group
(15.2 pg/g lipids). As well, the blood PeCDF level was related to PCB level, hexachlorobiphenyl
level, urinary sugar, erythrocyte sedimetation rate (ESR) (2-hour), thymol and Na. There were
also relationships with cutaneous findings (acneiform eruption and comedones), mucosal findings
(oral pigmentation), constipation, numbness in the extremities, body weight loss, and abnormal
abdominal ultrasonography. Symptoms seen in the skin and eyes in 2001 and 2003 had de-
creased compared with those in seen 1988. However, PCB and blood PeCDF levels remained high.
Patients are continuing to present with mucosal and subjective symptoms as chronic conditions.

& C &
7 A S WHESE I, 1968 FICBMEAA & L CIE

Address for Correspondence : Yoshiyuki KANAGAWA
Department of Planning Information and Management,
The University of Tokyo Hospital 7-3-1 Hongo, Bunko-
ku Tokyo 113-8655 Japan

Phone: +81 3 5800 8716 Fax: +81 3 5800 8765

E-mail : kanagawa-tky @umin.ac.jp

SN T Wiz PCB 23R A L7z B K il % X
Lz ikl ezl e L HARICFEEL
TeBMHREETH 29, BEFRELYNE, 5000 A%
B2 BHEDE T S Tz h8, B DFEE, 1600
HUAEPERE L U TREZ 2T, HETIE
1800 22 2 BEVPRES N TV D, K7,
PCB 3% OJERPE £ ST Wiehs, ZDBOI



130

FHOFEIZ LD, PCBBHIC X VAL T T
1A 4 *y YHEHO—METH 5, PeCDF Fi &
LB ELRDND X512k )Y,
# 2 S HEE D REYE 13, PCB KU % OB
WEC X2 EEHEEFEZ N TV S,

%7z, LD PCDF &5 1 4 F v Y EHOPER:
MTOFEZEIfE S, T OMIE—FRZ TT 5 Bl
i & [F CRRE o M ¢ g PCDF £ o #5231
BEL e o7z 2 X B30T T, 2001 £ OMERZ &
D% < DREBFZ L TEOHENEBENT
w5,

S, IhoDOMERREEEZ2T, 22 IH
EEFICBT 2 8MZR/EOREFEEEL L,
AN IERE E SN TW»AE LT 2 L3t
PeCDF Z Db 9E O Il R FE & Bk D& HEtR
PRERER L ORI OWTRIE 21T 20T
w59 5.

iz,

il %
1. W&
2001 FEEE~2003 F & IHTERZ I B W T
PeCDF % #IE U 7 ERRE BE 1, 3 ERTE

N 626 %, FF358HTHDH, ZDN, 3 FH
B CHIE L7213 51 %4, 3FON 2 FHIEE X
166 %, 1FEDAIZ 1424 TH- 7z,
2. BEBIUVNREERDIER
HWEMZIE, £ 1IORTREN RS MR
&/\’F 1 BHIC DWW TfTbitlz,
. BREBERICOVT

EF%#%@&%Euiﬁﬁbfwézam
5, BEOERPRET — 5 ICEEMOEZENTE
ETLZEeENFEzoNE, 25 LIcEHHROKHE
Rt % I % 2, THEBE ORECE L 0 IEREICR
T, REEBECLZ2BEDT—IDIESHDE
2L, TNThOBEP2REKT 2REMEEHE
ETBIEMBREEEZ SN, DI LD,
ZEMOMBZERE 2 H W T, PeCDF ZoImf s
A F v R SRR TEBEEE L BE IO
Wl Eh e OVHEEZEL L 20V E, —
EDHDZLHEIZOVWTIEZFDRREZ, #hFh
BEMMAORKME L L7k,

£7z, ZOMOBZMEZHEE I DWW T b FEERIS,
BEHREIO/EZZZ2E IOV TEYEE, —EO
HOBERFFOEEREME Lz,

HIETIIL,

EEAE

. SREE

AE,ﬁﬁﬁ%%aﬁéuékofu B\
N SPGB LD b, M FlprEERT
& L7 ZTuhiE S Bt O i 0sEy] e € 7V CTh
LERELTCWDE IS, INERETL L
£ L7, BRI, 2088 0 IERSIRICT D
< Total PCDF fEOXEUE Z ¢ @A e L, Kk
U2 HICEENTE L, ZofiicmZsEE
B2 HEROEEE b 5 —DOOFEERT L LT,
ZIURRE ST R T o T2, S EG T I
(ﬂ%@ﬁ%)lﬂﬂ@w,&ﬁﬂﬁw,
REMRZOEEECIc LT, 2
2Nz lz.

SHriciE, SPSS 11.5 ] for Windows % Fiwy 7z,
p EH 0.05 KD b D%, HEICEETHD &
Fz 7.

E )
FEZ=S

BRHRZ,
S oA T

& e

1. 20001 FEEHS 2003 FEDREZICHE T B,
PCB BZE L&D MFREICOVT (R
2)

2,3,4,7,8-PeCDF & & 1% 177.50 pg/g lipids,
Total PCDF 21X 264.26 pg/g lipids, PCB i&
B X 3.14ppb, PCQIEEE X 0.73ppb TH o7z,
PCDFs ¢ & £ 1. % 1,2,3,4,7,8-HxCDF 1% 54.75
pg/g lipids, 1,2,3,6,7,8-HxCDF (% 21.22 pg/g
lipids TH - 7z,

INSOPEIZOWTH TEQEE (toxicity
equivalence quantity) ZXK&7:& 25, 2,347,
8-PeCDF 1%, 88.75ppb ThH o7z,

2. BEMRBLIUREMR (R3)

PRIEFT R CIE, PREEH - IR¥E - IR¥GM, R
oEy /=5y, RPH ZwFhbIEHEEBAT
bz,

MERRAL AT RT3, Ivk, IMmE, R, IRE
RH, BEE, IKIRfE, EFE, IMAEE, AFP X
Wb IEFHEANTH-72, 512, PCBE
B, ©—2 2, IKHE, Ik 2 KfE, 7€—, Na
WM PeCDF & OBAMRD R & L7z,

WEMRZ T, BR2 ERFEOEREZ [1=—,
2=+, 3=++]JELTCEERKL T2, ZOHT
[+]&%2 1.50 A EARLIEBR, FFHOH
i, 90K, HE - R, MR, B, LU
ik, BETE, BREERZE oM, FEET 2 -/



HERFE O PCDFs &0V HfE & BRER

=1

131

HERZOREHEH %

(D). HEZE (MERES)

PCB kU A A % o > BHEYE DI H IR
PCBE, ©—7 1,

v—72, ©—273, PCB/{¥—>, CBL, PCQERE, 514 % HHREYE DB

Mg Ak

T-Bil, D-Bil, GOT, GPT, TP, Alb, A/G ratio, ZTT, TTT, ALP, LAP, y-GTP, ChE, LDH, CPK,
TC, HDL—Chol, TG, g-lip, BUN, Cre, Na, K, Ca, P, Amy, BS

S FHIMAL (HBs $ii, AFP)

(2). N2 (F'?la’)t LEAT)

TR
(BB, TR, WO, W, MW, TR, GER, LU, BUENE, RAReSE
PEFTR

B, WH, REK ME, KERRE, OF, PRE, X e, OB, B o —#Hi

JFIE, ME, RIE, D ooSEIEA, MWD ARE, BT, BERE, Zoffh
O R
BES
| SCLOMERER, SOEOWY w5 FEER, »OTONERKE, »oToBRWE
BEIR

HOTHEE, MEREE, b, ORE, TEE
S
(B GRAHMPRRR AR PRI GebE
IENRZ 22T

BN, DGR, BF ISR, WA, WIRETE, WERE, Zoff

Wl oGRwE (FRE, 6L, MR, @)

bR, TEEP, ARG, ZRERGI, IZERGNE, RVSSRGE, R CUEREE

PEROZIRE (O A, BERUR, w7IR, #RIK,
** HUR (RO, B0, Bei)

R X R ()

AR, IBELR)

(5). IREHRZ

NIRRT, ARMREIE RS, AR, iR T — SRR W

RETH -7, M - IR\ IEFHFANTDH D,
D WIS S B R X L Niddm, 1
AT, MR, MRV AR, (LEERIFTR S IE
HHIFHNTH - 7z, [+ PeCDF & ORIfRMB R 5
N7z Dk, EBOHEE,
E, fFEBza—Th-o 7.
ERGEL R, REomZ, Fichiz
%E#%@éﬁ,%h%@%ﬁum
2=+, 3=+PblELCEHSIN T3,
KEEMRZEE OFER, 1.11 206 1.57 T
oz, BaEOLIRER, Lok v 5 HEME
[, 2O TOIIEREE, »OTOOaREE, B
g (), BAam (Zofthoikhn, &
KRECE (OMEER), SERREGE (&), Rt (B
%), JNZERR, Ifid PeCDF & OREFEMHE &
7.

B3

L O, HIAEZ O,

lREMRZEHE T, ElAOaRWE O (U
FAM) EOBMEOGORIEOMER BEAR)
MM PeCDF ¥ LGB R o h, THAOE®
RUWEPEEMER0.051 2R L7,

IREHRZIEE T, RG22 1M1 PeCDF #
Fkﬁ SR 0.056 27 L7z,

. REDHEREDIER -BUR L, FIE 20 F
% (1988 FF)  DLEE: (F4)

THIE BB 12 3B 1 2 SO FEIR D F A4 3R D IRFIAR
W X 2O EHERT 2 72012, 2001~2003 FE
OWEL, EEERL BREOKER - #EOHFRE

£, 1988 FEDOMREZHER COHEFTRFED &g L 72
B, MACBWT, 2988k, HEFFE M
L O, SR 2 —Fr i 8 W» T 50% A o
ZMENBRE 2R L TV, B EBE RN
40%, HEJE L THRIZH 30X TRHRAB RS LTw»



132 s A AT B 6%

®2 MHYA 4y P HORE
AKX ¥y N ARER PYE e f/IME N TEF TEQ 5

2,3,7,8-TCDD 359 1.66 0.80 0.50 4.99 1 1.66
1,2,3,7,8-PeCDD 359 11.00 6.13 0.99 46.03 1 11.00
1,2,3,4,7,8-HxCDD 359 2.58 1.54 1.00 9.65 0.1 0.26
1,2,3,6,7,8-HxCDD 359 49.68 40.00 4.88 289.77 0.1 4.97
1,2,3,7,8,9-HxCDD 359 4.45 3.37 1.00 41.00 0.1 0.45
1,2,3,4,6,7,8-HpCDD 359 47 .41 33.90 8.54 327.48 0.01 0.47
OCDD 359 785.76 521.30 147.58  5907.57 0.001 0.79
2,3,7,8-TCDF 359 1.34 0.90 0.50 7.95 0.1 0.13
PeCDF* 359 0.91 0.72 0.50 4.89
2.,3,4,7,8-PeCDF 359 177.50 235.64 2.82  1871.25 0.5 88.75
1,2,3,4,7,8-HxCDF 359 54.75 92.76 1.00 769.89 0.1 5.48
1,2,3,6,7,8-HxCDF 359 21.22 27.55 1.00 210.04 0.1 2.12
2,3,4,6,7,8-HxCDF 359 1.40 0.90 1.00 10.29 0.1 0.14
1,2,3,7,8,9-HxCDF 359 1.01 0.14 1.00 3.39 0.1 0.10
1,2,3,4,6,7,8-HpCDF 359 3.08 3.43 1.00 38.42 0.01 0.03
1234789-HpCDF 359 1.01 0.14 1.00 3.51 0.01 0.01
OCDF 359 2.02 0.26 2.00 5.55 0.001 0.00
3,4,4,5-TCB (81) 359 5.46 2.69 5.00 41.02 0.0001  0.00055
3,3 ,4,4-TCB (77) 359 9.69 5.42 5.00 42.05 0.0001  0.00097
3,3,4,4’,5-PeCB (126) 359 100.39 70.61 5.00 560.94 0.1 10.04
3,3,4,4",5,5-HxCB (169) 359 188.69 142.38 12,70 1070.32 0.01 1.89
2,3,3,4,4-PeCB (105) 279 3990.07 3190.08 497.15  21534.86 0.0001 0.40
2,3,4,4,5-PeCB (114) 279 2465.23 2179.28 100.17  18389.77 0.0005 1.23
2,3,4,4,5-PeCB (118) 279 18849.19  14208.08 1918.07 100390.50 0.0001 1.88
2,3,4,4,5-PeCB (123) 279 327.23 251.71 5.00  1425.80 0.0001 0.03
2,3,3,4,4,5-HxCB (156) 279 32785.13  37225.65 979.83 287429.76 0.0005 16.39
2,3,3,4,4,5-HxCB (157) 279 9260.47  10998.22 275.84  92578.68 0.0005 4.63
2,3,4,4,5,5-HxCB (167) 279 3921.65 2989.28 343.68  16221.25 0.00001 0.04
2,3,3,4,4,5,5-HpCB (189) 279 4052.29 4079.53 132.80  31159.84 0.0001 0.41
Total-PCDD 359 902.58 559.58 181.05  6268.57
Total-PCDF 359 264.26 350.98 12.10  2758.78
Total-PCDD-PCDF 359 1166.85 673.17 231.90  6345.99
T-PCDDs-TEQ 359 18.89 10.25 2.73 77.02
T-PCDFs-TEQ 359 96.81 129.01 1.93  1023.49
Total-TEQ 359 138.86 147.60 6.81  1183.91
* PeCDF 1%, 2,3,4,7,8-pentchlorodibenzofuran OWEEETH 5.
xRI SREEHOVHMEE, =IORE ST O R
=/ — FINED e s o o ZTREMMT
s SE il e, MR RUME BKE e
@u/;:—\‘
PCB yufE 353 3.14 0.13 2.45 0.00 25.10 0.000%*
v—72 329 0.58 0.03 0.45 0.00 2.80 0.000**
PR 356 1.19 0.04 0.68 1.00 5.00 0.027%*
1Mk 2 e 335 23.96 0.93  17.05 2.00  111.00 0.020%*
FE— 330 3.62 0.25 4.50 0.30 31.55 0.039**
Na 359 141.25 0.08 1.60  136.00  145.50 0.040%*
R
SR 26 164 1.35 0.04 0.45 1.00 2.00 0.031%*
L MU 358  1.75 0.03 0.64 1.00 3.00 0.008**
fAEE 359 56.16 0.52 9.89 36.00 90.00 0.038**
FFRERE = 3 — 224 1.60 0.03 0.45 1.00 2.00 0.011%*
KRR
T DAL 357 1.21 0.02 0.37 1.00 2.00 0.047%*
T O D w 5 FEFEEN 357 1.26 0.02 0.41 1.00 2.00 0.015%*
MO T D IERE S 357 1.57 0.02 0.47 1.00 2.00 0.024**
MO COMFELE 354 1.45 0.02 0.46 1.00 2.00 0.008**
Eame () 357 1.29 0.03 0.58 1.00 4.00 0.000%*
B (2 ofh) 310 1.11 0.03 0.45 1.00 4.00 0.002%*
STERRRE (SMEED) 358  1.18 0.03 0.50 1.00 4.00 0.007**
SIERRZE () 356 1.16 0.03 0.51 1.00 5.00 0.044**
AL (Eng) 358 1.30 0.03 0.64 1.00 4.00 0.007**
JZET 358  1.34 0.03 0.62 1.00 4.00 0.027**
Eapsi e
AR REOMWR (K AN 294 0.15 0.02 0.33 0.00 1.00 0.045%*
OB O Rk Ok BESR) 294 0.00 0.00 0.06 0.00 1.00 0.027**

<ERRESBATEEREEOM Iz OwT>
ZWFERCE TS, Total PCDF fEO8 2 fEmARS, MR CERZH ICHELBC LT, ZoflicRgEHEI B 2 FEROERE L 5 —>0

FEERF & LT 7.

HHERER<0.05 T, RAERADZ VSO

HEMHE<0.10 T, ZEEABZBHO
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K4 BHEOMEREOFER - IEOBEFREE L, BHEHMEZHEECEED 2 WIEBEE T 2 LERPEEOGHT RE
[2)4 43
_ 2001 ££~2003 4£ <HF 1988 T —F >+
AR - B TR k| ZpE | ARE  RE | 2PE
WEHRZ
S EBRR 62.1% 221 356 76.1% 194 255
[EERE] 52.9% 189 357 67.3% 173 257
Ik 39.2% 140 357 51.0% 131 257
2273 42.6% 152 357 52.0% 133 256
i35 27.5% 98 357 43.2% 111 257
T 31.5% 112 356 42.0% 108 257
VYR L Ot 53.6% 192 358 61.9% 159 257
HAREHE 17.5% 20 114 19.3% 16 83
IR 1.4% 5 354 2.7% 7 257
Ji A 0.6% 2 352 7.8% 20 257
g fiE 0.0% 0 352 0.0% 0 256
P PRl S 10.3% 36 350 7.5% 19 253
JFHARR = 2 — 50.9% 114 224 33.7% 60 178
KRRWRRZ
LB AE 15.4% 55 357 16.6% 41 247
2O CDOEIERREE 51.5% 184 357
MO T OEFELE 37.9% 134 354
HAOTE R (BH) 6.7% 24 358 12.1% 31 256
Eamn (Eh) 5.6% 20 358 7.4% 19 256
HAOEM () 5.3% 19 357 11.8% 30 254
B (2 ofth) 3.5% 11 310 2.9% 4 139
HeERR RS (BET) 5.3% 19 358 4.7% 12 255
PRIERREE (SHEER) 3.4% 12 358 4.7% 12 256
RIS () 3.1% 11 356 3.5% 9 255
HERR IS (REg) 3.4% 12 358 6.3% 16 255
HEREREE (2 0fh) 1.0% 3 309 1.5% 2 136
v (HEm) 2.5% 9 358 2.7% 7 256
aFEUwE FHN 2.8% 10 358 2.3% 6 256
ERE BN 3.6% 13 358 6.3% 16 256
EHRE (Zoft) 1.0% 3 301 0.0% 0 132
JRZEH 7.3% 26 358 10.3% 26 253
REHRZ
AR 16.0% 57 356 15.3% 38 249
R g ¥ il 0.8% 3 356
IRl S Sy 1.4% 5 356 4.4% 11 248
g AR BRI AR 1.7% 6 356 12.0% 30 249
B R 7 — ARSI 1.4% 5 348 4.6% 9 196

* 0 <ZFH 188 T — >3, MHEFISE 30 F0Ls H8E £8.1.LY

7z, KRERHRZIEE L IREHRZIHE OB R,

1988 2 5 2001 H-2003 FEI2 1 TR T L Tw
7z,

] =

71 & THIEIC D W T, BEEFRAEERD 1968 4
L0, EOWFEHC X D Z ORKYIE OfEH L ¥k
BHEZE O TbN T SH, ITE, Z O
FERR L LG, W ORI &I IXFR O MK T,
M2 4 4 F > YHHOREDARE & 75 5 7210712,
Z 2T, feky o iERE OSEER & ORED
AREMESRIB E LTz, A4 F Y VLR
FEPRAEIR D BEREME I DO W T 2175 Z L WSTTHE
Lin o729,

SEIOWIFEORER, WiERE 2B T 5 FH %
M8 A 4 > VEBENHS IR D, 2,347,
8-PeCDF 13 177.50 pg/g lipids, Total PCDF i3

264.26 pg/g lipids &, W¥FN b IEEHE (=52,
15.2 pg/g lipids) WCHARTHS MZEEZRL T
Wiz, IiH PeCDF BN & OHEIEH S %
Fha L7256, RREIEFEZICS W Ens,
MHERFFEAE 33 FE25E L e R OBEICB W
T b, WHERE DM, MIEE O PeCDF 2%
FLTWwb b0 LRI N,

B S Lz Kl 2 5 1%, PCBs 2% 920 ppm,
PCDFs 25 ppm & LTV 5 2 EBH S LT W»
5V, Bz, 2o FETid PCBs 28 633 mg,
PCDFs 78 3.4 mg IR & LT\ 5V, iz PCDEs
DWTH, PeCDF % TEQ #5H T 69% D #H k%
LS ERHEHEWETH L Z EHBAL TS,
HREFFRAERFOIMF 51 4 + v > D TEQ IR
1%, 40000-60000 TEQ pg/g lipids F&ETH % &
INTWBY,

WEHRZ I B W TREICB R CRE 2172 ML,
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g2 (0, W), BEXE, BEsy > b7 iR
#, LDEMBRETIE, BEREREOFYETEYE
ERRLTed DXV, i w»wTid, [E35HF
DEMR] TIE [H] PEWERCH S, BERNC
1%, ZRED 0% LD [£HEER], [HE-
SR ), [P UMV %, 40%RIEDS [,
(W | 25F 2 T3, & 512, It PeCDF
ENEMRZIEE & OB OFSE, B OMHEE,
Pufse U oMU, BRAE Z oft, fREE, AR o —
D5 HEEWEEME0.05 Riiz xR L, Eifx
a—fiR oSk E) 1%, 1988 F£X v g
LTHEY, BATREN 0% ZEZ Tk,

MR PRI 2 £ O EZBEE H T,
PCB iR, ©—7 2, [R¥E, Mk 2 KefifE, 7€ —
)V, Na, AFP 1, PeCDF & & D58t Dk
F, BEMEE0.05 KixE "L TBY, PeCDF #
JE & OREIIRBE NS DD, FREREIMER
BEOFIEIT T b IEFHHEANTH Y, FHER
FE S 30 LA BRI\ L 72 2 L & D, MIRIRE
7 =B W T, M1 PeCDF ¥R LIS, R
IR 2R LIZ K { 2> T b 2 EBfAlb iz,
KERMRZEHE T, BETIEHH S 22 KR
EELICL K o Twiz, PeCDF EE £ D4
ST ORER, BLOIRER, oM v 5 FH
FEm, »DOTOIBERLE, »DOTOHRUHE,
HOEE (R, RAEE (Zoflh), SERRK
2 (GrEER), SEREE (BI, MiEL R
%Lm%%@1mﬁafﬁ%%$005$ﬁ%%b
TWwb, LR EEERIE, ERRMEEDIC X
m&kbf%ﬁﬁéémkﬁ én,ﬁﬁ%%%

WIZHE TN TS, 1988 b 5 2001 4£-2003
FEOMIZZDFEFRARIFMETLTW:,

HREHRZIEH 12 D W T O TiE, [ LA
DEFWE] &, [MBEMEOARIE ] CHER
.05 Kiiwm Lz, REHRZHEE TR, 582
W3R 0.05 K 2 L HEHE e <, SR, st
AT 5L & [AIRR 12 B & i iR SR L T B
ZEDREE NI,

— 75 C, IHIERE I B 2 FFEFIER 20 EH O
1988 12 1x, 60% LA EDOBEHRETH- 72 [£5
R ], [BHE-BHFE], [HE L O &]
WO R L 7e D O OBRRFE T 50% DL E A
FrRAD & 3N, 40%H1HELS [EK], [weE | 238
BBERFZTHSE, Zhoid, BHEHOERE L

EEAE

THRRLTWw2bDEFEZOHND,

2,3,4,7,8-PeCDF D EIE % O ¥ O 15 4
BT BRI 2.9 4F T, ZDXRD 15
FEMOFWHIE 7.7 HEE ENTWBY, PeCDF
JE 7 ¥ OEFRRMEEYO M EE KR & L TE
EERLTWSZ RS, S5kIns DBEHHE
2T CEVBBEEFEZ NG,

SERE 16 4R 9 Az, M PeCDF & 2STHEZ
WrEHEIC S L LGRS fL7z?, BHFAER O
R & v Ifid PeCDF EE B 2R T b
DD, HEERS OB R IRk
HECE Y, — AL IZIEREE > TnE L
5, FHRYE ZEIL G e LT, I
PeCDF ENSFIC R 2bDEFEZ 6N 5,

E 2

Autgeix, BEL@ERETeERE (BRO
Ll « REMHRIEESRSE) A bDTHSL, Z
ZWELTHERRL £7.

z £ X ®

=z
Yusho-A human disaster caused by PCB and
related compounds. Edited by Kuratsune M,
Yoshimura H, Hori Y, Okumura m, Matsuda
Y. 1996, Kyushu University Press, Fukuoka.
Furue M, Uenotsuchi T, Urabe K, Ishikawa T
and Kuwabara M : Overview of Yusho. Jour-
nal of Dermatological Science Supplement 1 :
S 3-S5 10, 2005.
WHEA, &FR  ERE BT 2 FEED
M BE 2852 | 72 © DN [IMfE 12 B 1 5 R
B 2 5e). BAEITTERIEIE
B]Aiﬁﬁé R E, TR 14 R
Sy DTSRG
Aﬁﬁ%,ﬁ H%ﬁiHTM%ﬁ%M%Lk
7 2 SMHEEH (2001 4 78 4, 2002 4 279 £4)
DEFAAEIREE & OMHBERIRICBI I 2 W15, R4
FRIERFSE SRR 15 BRI « o HEpF ek

=3

Hoe

1)

3)

4)

5) Kanagawa Y and Imamuara T : Relationship
of clinical symptoms and laboratory findings
with the blood serum levels of PCDFs in
patients with Yusho. Journal of Der-
matological Science Supplement 1:
S 85-S 93, 2005.

Uenotsuchi T, Nakayama J, Asahi M, Kohro
O, Akimoto T, Muto M, Shimizu K,

Katayama I, Kanzaki T, Kanagawa Y,

6)
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Imamura T and Furue M : Dermatological B2, YEhs, LT, Vs - wiE R I
manifestations in Yusho : correlation T4 & Xy UL OV OBHFEE (2001 4F)
between skin symptoms and blood levels of TR EEEHESE 94 (5) © 126-135, 2003,

dioxins, such as polychlorinated dibenzofur- 11) FEE, SEEL, FafR, sEBERE - e i
ans (PCDFs) and polychlorinated biphenyls W8 A A 5 v VST OBERE £ o gl
(PCBs): Journal of Dermatological Science, WAL BT 2 et fE M E A HEEFE 9 () ©
Supplement 1: S 73-S 80, 2005. 148-57, 2003,

7) Uenotsuchi T, LioY, Tadakuma S, Haraduka 12) Masuda Y : Behavior and toxic effects of
R, Kanagawa Y, Imamura T and Furue M : PCBs and PCDFs in Yusho patients for 35
Sex ratio in the children of Yusho patients. years. Journal of Dermatological Science,
Journal of Dermatological Science, Supple- Supplement 1: S 11-S 20, 2005.
ment 1: S81-S 83, 2005. 13) Yoshimura T : Yusho in Japan. Ind Health. 41

8) LA, Sk, HEEEN, REUF, s (3): 139-148, 2003.

JNFFAT, SHRPENEH, disEks @ dERE > & HAE 14) Masuda Y : Fate of PCDF / PCB congeners
L7z RO IC DWW T - BIE2EHESE © 96 (5) and change of clinical symptoms in patients
183-184, 2005. with Yusho PCB poisoning for 30 years.
9) Lk 4m, dyEEE, Jyre—AR, HIE—, #HE Chemosphere. 43 (4-7): 925-930, 2001.
JIFFAT, SRHEIEA 2003, 2004 £ERE O i IR 4R (ZfF 2007-4-3)
RIRGL T & % FFFIER © f@ R HEE - 96 (B)
216-219, 2005.
10)  fRHERELE, P, SE)IEL, RaRR, sk
A & B3
1) CB%th:Z#Azu~t 27570 23,3,4,4,5-hexa-CB / 2,3,3,4,4 5-penta-CB D& I3 CB%, © PCB
BECHT 24 PCBEEHSE» S, CBRHOREWIZE, X VHBKNLHERETDH 5.
2) ¥—21,¢—272, ¥—23 ;PCBOFAZu~x b7 712XV HNAE—2DI L, 2OE—27 DO
HEDLET, PCB/YY =33 HINTw 5
3) PCB/ Xy —>  FAZ7u~x 72 712L% PCBOREETIE, TONXNY—VB—OANEELD, ITD
OSSN,
s AT A WERE
cIAT B IAT ALY AT C ORI
« 547 C; —fRADIMEF PCB /5 — >
4) BamE (2ofh) ; EHE, Ba, @bl & R amEE
5) HAMERFREICDWT

HERZE O OPENRE & LTI, lHROORLECHEAL, mIEEREAER, MERHBESEN ST
3.

HEMRZ Tlx, OEERNFTROEAZEE LT,

O.kth, THxEZFNzh, BB 1=T7-4, A 2=3-3, A 3=4-7 1C X7,

@OtRILE /Y — > T, WERFBFFOORILE NS —VBROONTWE I LD,

MR 1 = (O AM), MR 2 = G50, IR 3 = Gk,

MR 4 = R, IR 5 = (B21R), MRIK 6 = (IEisdR)

LLCEEHLTW S,
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Estimation of Urinary Diacetylspermine in Yusho Patients

Satoko SHIBATAY, Shoji Tokunaca? and Masutaka Furug?
Y Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan
2 Department of Preventive Medicine, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan

Abstract Polychlorinated biphenyls (PCBs) are known to cause the release of superoxide
during the metabolic process. Therefore, it is suggested that the Yusho patients are exposed to
oxidative stress caused by high concentrations of PCBs are still recorded in their serum.
Recently, diacetylspermine (DiAcSpm) has been proposed as tumor markers or barometer of

oxidative stresses.

In order to estimate the ability of urinary DiAcSpm as a potential marker

of dioxin or PCB exposure, we measured urinary DiAcSpm in Yusho patients and assessed the

association of DiAcSpm with serum PCBs and dioxins levels.

The statistical analysis did not

indicat that urinary DiAcSpm is useful for detection of exposure to PCBs or dioxins, although
a few Yusho patients showed high level of DiAcSpm.

X L ® I

1968 -7 & I HESFFEAE 38 FE L,
PHACED SN L WIERIZIZ LA EDEET
Aol E>Tws, Lrl, KEFEkicH
L TR ALBEm 2580 2 B b D ahr o3
FAEL, ZBbOMEMcd 5, WEDOHRKETH %
A % 2 & A VI & Polychlorinated biphenyls
(PCB), Polychlorinated quarterphenyls(PCQ)
U Polychlorinated dibenzofurans (PCDF) %
B4 L F Y VEOREL T LEIHEAL,
TS A 4 F v VEOMEREREN R % >
T2 K D IEREREOF - B EREE L LT
BENTW3Y, PCB Xz ORBEHERIZB VT
superoxide # FEAE T 2 =N HE SN TE DY,
PCB mfEZR 3 #iEBF BRI b v A 2K
MZIFHTCWws ek s, EBC, EKSIX
MWERERFORERILA PV ADY—h—TdH

Address for Correspondence : Satoko SHIBATA
Department of Dermatology Graduate School of Medical
Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku,
Fukuoka 812-8582, Japan

E-mail : ssatoko @med.kyushu-u.ac.jp

(10)

% 8-Isoprostane N EREICH WEEHRE L Tw
%9,

RV7 SV EMRENDEHOT7 I /&% LD
—HEDOTINVENT S F, £ N OERWNIC 4 FEE
HEL, SHEE/ BIUVYTXFVERD S, %
i F+>ThHirRY T E, BEBEZOMDOT
=4 v OMAMER %2 U TEABEARCEES
ROMBICEELE 25 EBRHMIohTn5b, iE
FHE T BRI RY 7 S UongRICE TN,
272D XS BB TIERY 7 I REHLEFHT
bHHIzH, RV 7 I VIHIBEEES X U2 Ol
OWEFE CEBEREE 2RI TVED—DOTHS &
FEZoNTWw5, —RICFEERE L REEREERSE,
AIEERERE, B(LIRREZ & CRIRP CHEEZ2 R
TIEBHIONTEY, FRIYT7TE2F VAL S
> (DiAcSpm) DFRAL A~V HITEPEEES & O B
PEME N EDIRE S T 39, HERE TIIE
Wk Rz XS ICHEHNICEET 2 PCBIc &Y
superoxide D3 EEA S 1, MR L R{LIRREICH 5
EEZONTWADY, R EMEEOFBEHEE D
BODOTE L EEHEEINTWS, REEOR
BUIBEDORAZHEDLY, LrbBFETHY, K
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BUBOWTHHEADARETH S, I TR T
WIIERES 222 LI IEREREF IR L, FE
EHONTEEDIRFY T 2F VARV SV
(DiAcSpm) ZHIFE L, & A 4 F ¥ VI EER S
WA A TE B o3 2 BE R S L, ¥
AXFYUVBBEBOF LY =D —ERD S Lk
a7z,

H % #F &

<HRE>

200549 A3 H»5 10 A 1 HZERIETITH
NIMERZICB W T, {EROMZIEE L UH
FAX Iy VEOM, JREY T 2F VAR E v
BE (LUT, DiAcSpm BE) ##HlE L7z, FE&i
BIRT 129 LI O T ThbiLieh, ZDOHDOFEE
B 8 A DWW THEH T 2T o Te. I A A F &
VHH, AEALEFAREEIE 2005 FEHIEM T D % 5,
1T ADHZT A A F Y VUV RHEETH -
7272, 2003 FFEDE % vz,

SEH4ENRS (SD) 1F, 66.0 (11.7) 7%, W&/, &
KiExznzn, 37, 89 THoTz. XRE 8S
LM, FhRE 22 112, BTN RO DiAcSpm
BE, 44 Fy yEHr~or (MKRAEEFERE),

R R

i Ik Egis
37-39 2 1
40-49 2 4
50-59 7 6
60-69 7 17
70-79 16 16
80-89 2 5

it 36 49

FAEAREE 2R 2 1R,

<RIFEWFE>

BiAR L7z s v 7R 2 BRILL, PP BIE Ry
NT3EEESIL, 15ml F&ED FALCON 7 2 —
TWERL, BIEDO F2a—7 3 @HP I
—20°CTHIERF & CTHAE L 72,

<STEFILARIL I > (DiAcSpm) BIE*E >

V7 F VAN E v (DiAcSpm) IFERF 7
Ptk AW BAELISAKIC LD, Ry o
DiAcSpm #HIEL, Z v 7 F=VIER2 B 2
%oz,

<fEWMHE>

DiAcSpm BE & ¥ A 4 F ¥ VLV OV R UE
{bepiR il & ORE = Z BEPERE 7 v &2 v
T L7z, HIXBLo 2, Finid 3 B (59
AT, 51—59 7%, 60 A L) D8 I 2% e L
T L 72, A4 F v VYV~ RO
BETRD DK E 72 b O %17 - TR
L7z.

x2 AEpEE

ATEH SE¥ SD O RIMIROKE
DiAcSpm #flEfE (nM/g-Cre) 186.1 116.4  55~951
2,3,4,7,8-PeCDF 214.4  250.3 3~1284
3,3 ,4,4’,5-PeCB (#126) 76.5  47.9 5~234
3,3,4,4,55-HxCB (#169) 158.0 121.8  12~644
AST (U/L) 248 150  14~137
ALT (U/L) 239 189 8~139
LDH (U/L) 205.8  34.6 140~328
g-GTP (U/L) 376 338  11~178
Cr (mg/dl) 0.75 0.18 0.46~1.42
Amy (U/L) 108.0 388  46~268
UA (mg/dl) 532 134 2.0~9.9
T-Cho (mg/dl) 203.2 351 130~282

®3I M - FTIHE LS EERERIC L S ERRE

AR R FREC (95%EHEX M) i P {
logi, (2,3,4,7,8-PeCDF) —0.009 (—0.082~0.064) 0.81
logi, (3,3,4,4'5-PeCB (#126)) —0.041 (—0.193~0.110) 0.59
logy, (3,3,4,4,5,5-HxCB (#169)) 0.036 (—0.095~0.166) 0.59
log,, (AST (U/L)) 0.135 (—0.133~0.403) 0.32
log:, (ALT (U/L)) 0.073 (—0.118~0.265) 0.45
log,, (LDH (U/L)) —0.335 (—0.964~0.295) 0.29
logi, (g-GTP (U/L)) 0.025 (—0.142~0.192) 0.77
logi, (Cr (mg/dl)) —0.407 (—0.945~0.132) 0.14
log,, (Amy (U/L)) —0.114 (—0.407~0.179) 0.44
UA (mg/dl) —0.027 (—0.062~0.007) 0.12

T-Cho (mg/dl)

—0.00025 (—0.00155~0.00106) 0.71

* BIHZELD LIS FE D logry (AL S VRE) DAL

(11)



Density

DiAcSpm## IE{B(nM/g* Cre)
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SHEESRFE BE M Total Antioxidant Power ?D1&5+
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Ji2S
Estimation of Total Antioxidant Power in the Serum of Yusho Victims

Kazuhiro Suimvizu, Fumihide Ocawa and Shinichi SATO

Department of Dermatology, Nagasaki University Graduate School of Biomedical
Sciences, 1-7-1, Sakamoto, Nagasaki, 852-8501, JAPAN

Abstract Polychlorinated biphenyls (PCB) causes the release of superoxide during the meta-
bolic 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.
Recently, total antioxidant power (TAP) has been proposed as one of excellent markers of
defense capacity against oxidative stresses. In order to estimate the antioxidant capacity in
Yusho victims, we measured serum TAP in certified Yusho victims and age-matched non-
certified subjects. The mean values of serum TAP were 0.479+0.017 in certified Yusho victims
and 0.397+0.013 M in non-certified subjects, respectively. There was a significant difference
in the serum values of TAP between certified Yusho victims and uncertified subjects. TAP was
reported to increase in the case of severe oxidative stress and PCB can give rise to an oxidative
stress in Yusho victims. Therefore, it was supposed that TAP could increase in the oxidative
stress of Yusho probably by some negative feedback mechanisms. The exact mechanism is still
unclear, and further examinations should be conducted in the future.

5L ow - B LA T~ < BT L,
R

1968 £ 7 4 S HAEFFEA R 35 SELL ERER L,
FIHEICERD S NI BE U WERIZIT E A ERBD o
55 TCwah, HEDCFEHRTH LA 4 I 41V
121% Polychlorinated biphenyls (PCB), Polych-
lorinated quarterphenyls (PCQ) A U* Polychlor-
inated dibenzofurans (PCDF) % &% dioxin &
DEAEL TV EHEIbLo> TV, TE
dioxin FHDOME IR EHE P FREIC L > T2 FHIC &
DIEREREOH - B EREME L L CaNsh
Tw3Y, PCB % ORGEHEFEIZ 8> T superox-
ide ZEEAT 2 FENHE SN THEV?, PCB&EIHE
o IERE XL A b v R R RIS U
T Z ETR s, FEERA EMERERFICHE
BMILA NV AD~—% —TdH 3 8-Isoprostane
PHRICEVWEEZIE L TWw3Y, SEIZERILA
MUK T B FHAED B & L T Total
Antioxidant Power (TAP) %R LM OE %
HE S 25 & DIERE ORILA b v AICHd

(15)

O3 1 2005 48 7 B O Rl K & i # XK hiE R
LERZHEOIBAREZRONHERE 44Kk
URDERR 24 2 NR & LTz, 2R ICHR I 2
TOEHRERIEL TAPHIEHY > 7L e LTz,

@ I o TAP fi§ il 22 : Ifl % TAP & 1% Color-
imetric Microplate assay for Total Antiox-
idant Power (OXFORD BIOMEDICAL ESEAR-
CH %) ZHwTHIEL .

@M ETHIALEE Dl % L 72 TAP & * Mann-
Whitney’s U test 12 THET L 7z,

B R & R

Flff, FZ & 0 ERTHE 44 4, KiBEBH 24
LDV FERIZ /4 T71.3+1.1 1V 65.6+2.6 F
TEEZZ2HD % »otz, M TAPEIZ& X
0.479+0.017 K20 0.3974+0.013 &M THE R E
B EARREREMCAREEZZ2RD T,
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TAP (M)
P=0.0021
—

Y (44) N(24)

(0.47940.017 M)  (0.39740.013 M)

% =

TAP ZIMEH Ol bR L PRLE DR
e L TBIEA bV A ISHHS 2 BHHHIBEDS & OFLRE
H2»% Cutti CuticEBILT 2 HIC L > THIE
T5HbDTHS., LoTEBBELEBIEZX NV A
WX BPHBE R HL X2 b D EFHEZ 5N
% . DARTEA 1 Rz s OE B I B Vv CIEE
Bt~ —# —Tdh % 8-Isoprostane fEDBE %
AEZ R CHERE L, MEMEMBIEA NV A TH
2%, zO AN PCBICERAL Tw 2 a[EEM, %
WG L7z, SERHERE BFEMEF O TAP 23%
ERE LV ARICEVEZHEZR L /22%, antiox-
idant DT EDEFZ N L OREERES L T TAP
DEERZ EFICBTOWO»IERETH 3,
T TIWIZ OIEA bV A IZBW TG TAP ©
ZAbmEE ST 59, Chuang & IZBUME 12 B
W TAP OBFE R A HER LIETHNICB
WTHEZ 2 PREZHELTWEY, ozl

024

BOXH =X 200 EEMH & L T compensating
mechanism % H T 5, MEREREICB T S
BEL EA L5 5D negative feedback mech-
anism 23 & Z OFTREE L ER RS L 72 A
REMENFE Z o s, SREIOMENI B W T & HTER
EHEH BT S antioxidant condition D 25 53
RINTFCRY, WEIEEREA b AR
BTHLEVOIBRZENMNIT LM EFZEZ NS,
72 2 Mt S HE B O QOL [\l I i
BT TDE T,
=

=z

F X B
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phenyls (PCBs): Implications for PCB-In-
duced Oxidative Stress in Breast Cancer.
Chem. Res. Toxicol., 9: 1285-1292, 1996.
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Nagasaki, Japan. J Appl. Toxicol. 2006 Dec
22 ; [Epub ahead of print]
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idative damage and antioxidant status in
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Decreased Serum Aldolase Levels in Yusho

—+=
=

Toshiro YosaimuraV?, Jiro Nakano? and Hideki KaTaoka?

YV The Study Group for Yusho is supported by the Ministry of Health,
Welfarve and Labor, Japan.
2 Department of Health Sciences, Graduate School of Biomedical Sciences,
Nagasaki University

Abstract We measured serum aldolase levels in Yusho sufferers annually between the years
2000 and 2005. We observed a decrease in serum aldolase levels in 47.7% of the patients studied.
We researched the relations among serum aldolase, serum creatine kinase, blood polychlorinated
biphenyls, blood polychlorinated quaterphenyls, blood polychlorinated dibenzofurans and toxic
equivalent quantity statistically. We conclude that a high concentration of blood polychlorinat-
ed biphenyls might play a role in the decrease of serum aldolase levels in Yusho sufferers.

X L ® [

1968 4, BAHIHMICHHA S hTwizfify
7 x =)V (polychlorinated biphenyls : PCBs) %3
KPHIZEA L, PHHARDLRHEAICRF#HE L
THHEDSFE LY, 72, KALHOELETRET
DEFILIIC X > T PCBs RNV ¥ Ui
BRI N, RYELY N>V 7 F > (polychlor-
inated dibenzofurans ; PCDFs) oK VLY~
>V ¥4 F %> (polychlorinated dibenzo-p-
dioxins ; PCDDs) 23 & 5, GRS hizkea
icix, PCBs 277+ —PCB 7213 T#% <,
RV 7 ¥ —7 = =—) (polychlorinated
quarterphenyl ; PCQ), PCDFs, PCDDs ¥ & tf
ThoOBREYIE b G Eh Tz,

INETIERIZE, 72 IMWERZE CIRINE
sVv7Frexr—¥ (LT, M CK) EOLF
RIFE7 VN7 —¥ (CUF, I ALD) EOET
DEEECRDOND I EBRE LY, ZLT
3 CK 5 EF 1%, #EHimd L <13 BUN &

Address for Correspondence : Toshiro YOSHIMURA, M.D.
Department of Health Sciences, Graduate School of
Biomedical Sciences, Nagasaki University 1-7-1,
Sakamoto, Nagasaki, 852-8520, Japan

E-mail : toshiro @nagasaki-u.ac.jp

(17)

FIBEDFED 5T T, [ PCBs #E S EAS %
DERDO—DTh % AlREME R HE L TE /29,
4E, A & IHHERZE O MK % 2000 420 &
2005 FEOHAM, FEL, M2 ADIME ALD D%
& Z5E, 2o NS CK & o BEM:, Mk
PCBs, PCQ, PCDFs 2, 7 & & OBk %G

LD THET 5.

R HE

2000 ZE~2005 £ F TDO X # IMWERBZHE D S
b, IMfE ALD % 4 [0 ERIE U7z 73 4 (BB 24
%, 49 £) EXRE LT,

My ALD {230 &, XD 4 FCHFEL, MET
L7z, IEHRE D mEIEFHP (1.9~4.70/1) T

HoleteH., —RHE TR (BSHEE) @ 1EO A,
KETH-> tfﬁ‘//\ . —RHE TR (EEE) [ Dk

&b 2[EBLE, fﬁw‘ﬁﬂbof W2, (KR
HEOKRZ CRIETH > 12 IS EEED
¥ CK f#, Ifif PCBs, PCQ, PCDFs 5 X
" TEQ % HMRET U7z, F 72, MBI b IME
ALDED K #1751z, RIFHIX (34 %, ZEX
115 %), EZHiX (58 £, ZEN2174), Z=H¥
X (41 %4, X111 4) O 3 DOXZZHIcB»
< &, I ALD{E, PCBs, PCQ, PCDFs i
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B, TEQ 7z ey L7z,
& F RO 3B

— IS8T, PLSD O Fisher &% MA L, &
fR3R 5 %R T, KOG CK 8, M PCBs,
PCQ, PCDFs &, TEQ %= Mhgkat L 72,

& ES

. HRE B R EDER

a) Iﬂl(% ALD Z 4 EIDAEHIEL, NREL ST
MZHEOFHERIX68.249.9 (HH70.5+
11.5 (41~887%), ZME67.0+9.0 (41~887%))
ThoTe.

b) #HIXFITOIMME ALD O DR & 75 - 72
MZHE I FYEROT.8410.3 (B MH68.7+
12.0 (32~827%), &M 67.4+9.5 (40~88 %))
Thotr, B2 OFHER T 70.8+8.2 (5
PET71.7+£10.3 (44~817%), LM 70.4=+
7.3 (58~887%)), ZHHIX DFHIFHnIL 68.5+
9.5 (BM71.2+6.6 (58~825%), LM 66.1+
11.1(40~78 1%) ), R D) FHni% 61.7+
12.3 (BME56.7+17.9 (32~T78 %), &M 63.3+
10.2 (41~827%)) Th-o7-.

. Ini& ALD fENZ 1t & miE CK {&

2000 F£~2005 FETD H > SHIERZED S b,
MyE ALD % 4 BILA EHIE L 722 & % i
ALDfHICHET &, 4 FRICE LT, 5@‘%%&73‘9?’
M2 T3 B DWW TR L7z (R 1), 1 ALD
{ﬁ@%tk{#u:%ﬁi@mﬁCK@E@J@ﬁﬁ%
Mtk Licns, BEEZRADE»ro7 (K1),

3. MEALDENZEIL L M+ PCBs, PCQEE

Mg ALD ERF IR T L CWw 2 HEE XL OEH
EIZETLTW AR 2 BEZ, I ALD ffic 2
HOMAIEFF KL, [IH PCBIRESER
WEfE%ER U7, M PCQEEICIFAFRTH
BEREERDE»oT (M2).

4, MFEALDENZ{L & M PCDFs;EE, TEQ
ME ALD fEDHE IR T L T 2B L O EH
%, 1&;@F{&beuaémfn®ﬁ% Mm% ALD
fEICEE O IEFHF I L, 1% PCDFs &
i TEQ HICEWEZR LD, HEt#icE=E

HO#&

]

024

Erwokinol (B3).

5. #ig B TomF ALD {E, Imi#& CK &,
PCBs, PCQ, PCDFs EZE, TEQ MLtE:
IR & Feig L, BZmHiX, KROZEgHix
DI ALD OfEIIBERIVET LW (K4).
Mm% CKE2MRETT % &, BETCREZHHIX,
X TRIFGHIXICEENERICEHE 2R L7223,
ZHETIEEN o7z (K5), %7z, Ifif PCBs
DOEEICHEL TiE, EltiXsRbE<, =
HIX A Z I R E RIFHIX S EEICEY, PCQ O
B RIRRIEY, et AEZE TR &
X TcoAFEO o7z (X6). 72, PCDFs
BEB LV, TEQ L CHRRICHKRET 2 &, &
Z I X S RIFH X HLE L CHEEICE o 72
(7).

% =

4lal, 2O &G ALD 2MEE % 23 28
CEHEE I ALD EMEEE 29 28T, I
HREE i L, 1Md PCBs I CIdEE 2R L
7z. LapL, I PCQIREEICIZEN R po Tz, %
7z, PCDFs i} & TEQ 1&, I ALD IEHREE
L, @l ehrol, ZORBEP S, IMNF
ALD fEDE T2 1%, I PCBs #EMREL L T
WEIZENWRBENS,

ALD BARBETHZ2 7V 27 +—2 1,6 ERY
v (FDP) #BERES I ¥ 2 RIGICEE L7
D, FigicsBWwT71rs bh—21-V & (F1P)
ZRHRNC S 2 BER CThH 5. FEREICB W T
HELREZELC TV TERN 16 FOEET
A B,CO3TEEDOT AV TA Lok 59, £T
OHIFLICTEAEL T 523, FICEiA, FFlE, Bdic
LT 5, T T TH 2 A B, FHlREY
ThsBHE, KEITHZ CHEicHh»rhs?, AR
(A 17027 v —2 1,6 EX Y~ (FDP) 12
L CEWERME 28RS, BRR» S T AL F —
BELERIT-oTWw5b, BEI(FFR) X FDP & FIP 4t
WCRISICEE RS, S i+ 2, FDP &
FIP ##ic B Ic T2 2 L BHEOHLEICERT
H5., CEIZARL BRI ZEE CN-&
Hlize & omMifa < & En b, M3E ALD &
W, WEERESRFICHY ST 2 HIESFIE
FDP #&EE L L CUVEITHESI N T WS,
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x1 M3 ADLHIcHD <548 (6 44)

BTH SHE BEE LR
—FHETEE
2 BEEOIMF PCBs - PCQ IEE (MiE ALD fEic 30 < 554H)
A I PCB R, B: i PCQEE. Fy+EHEEE, x 1 P<0.05

(19)

BT

TR H1 XA
n ok 2o RlF Tz =Y
TR 194 (26.4%) 54 4% 10% 7% 2%
—FHE T () 214 (27.8%) 3% 184 6%  11% 4%
—RHE TR (EEE) 264 (36.1%) 13% 134 44 9% 134
{ETHE 7% (9.7%) 3% 4% 14 54 1%
&t 7345 (100.0%) 244 494  21%  R%K/ 0%
B
1U/1 ANOVA:ns 1U/1 ANOVA:ns
225 1 2251
2007 b 2001
1751 sy
150 150
1251 125 ‘
100 100
75 7 75 .
50 B 50 1
25 251 N -
BT SHEE EHEE T ) ETH# SHEE BHEE TEH
—FFE TR —RE TR
1 ZEoME CKE (M ALD {Eic £ < 4540)
A BN, B, PHHERERERE, 2T 7 Rcing CK EIERH#FHZ2 S TRLTw 5,
A B
PF;m X pprri . ANOVA : ns
61 | | 0.9
0.8
5 0.7 1
4 0.6 1
0.5
3] 0.4
2 03
02
1 -
0.1 4
0 -

=HAE ERE ERH

—BHETA
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A B
p%%%ﬂﬁ ANOVA : ns pggaggﬁmi ANOVA : ns
5001 3007
400- 2507
2007
300
1507
2001
100
1001 50
0- 0-
BTH SHE KHEE EEHR BET# SHEE BEE LHH
T —BETE —BE TR

3 Kitolit PCDFs g - TEQ (M ALD fEicEED < 4346
A PCDFs #¥, B34+ fEHE(RZE,

X .
ol X —s
u/1 X
4 1 225
200
3 1 175
] 150
5 125
] 100
75
1 50
1 25
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Trend of 2,3,4,7,8-PeCDF Concentrations in the Blood of
Yusho Patients over Four Years

Yoshiko Takao®, Daisuke ONozukAY, Kyoichiro KaTaoka?, Takashi Topaka?,
Hironori HIRakawAY, Jumboku Kajiwara? and Takesumi YosHIMURAY

Y Fukuoka Institute of Health and Envivonmental Sciences, Fukuoka 818-0135, Japan
2 Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, 812-8582

Abstract In the Yusho medical checkup, measurement of dioxin has been performed since 2001.
Although the time trend of dioxin concentrations in blood from 2001 to 2005 has been reported
for the whole measurement candidate, details in the trend are not known. Therefore, to verify the
trend, we divided the Yusho patients into four quatertile groups based on the dioxin concentra-
tions. About 39 years have passed since Yusho occurred, and it is said that a big change in the
concentrations of 2,3,4,7,8-PeCDF in blood is now no longer seen. However, when the Yusho
patients were divided into the four groups, a downward tendency was even now found in the

higher dioxin groups, but not in the lower dioxin groups.
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Table 1 The items according to sex and age group (Four-year longitudinal measurements from 2002 to 2005)

Male Female Total
Age*! n % n % n %
30-39 0 0.0 1 14 1 0.7
40-49 4 6.1 2 2.8 6 4.3
50-59 11 16.7 12 16.7 23 16.7
60-69 14 21.2 20 27.8 34 24.6
70-79 26 39.4 31 43.1 57 41.3
80 or more 11 16.7 6 8.3 17 12.3
Total 66 100.0 72 100.0 138 100.0

% 1 The age uses as of March 31, 2006.

Table 2 Blood levels of 2 2,3,4,7,8-PeCDF in Yusho Patients examined in 2002-2005 (Four-year longitudinal
measurements from 2002 to 2005)

2,3,4,7,8-PeCDF (pg/g)

Year of health Mean SD Minimum Maximum Median
examination

2002 0.69 0.90 0.01 5.01 0.36

Total 2003 0.67 0.94 0.01 5.56 0.33
(n=138) 2004 0.64 0.89 0.01 5.63 0.32
2005 0.63 0.86 0.01 5.10 0.33

2002 0.36 0.48 0.02 2.77 0.17

Male 2003 0.31 0.41 0.02 2.47 0.18
(n=66) 2004 0.30 0.38 0.02 2.20 0.16
2005 0.30 0.38 0.02 2.18 0.16

2002 0.99 1.08 0.01 5.01 0.63

Female 2003 0.99 1.15 0.01 5.56 0.57
(n=72) 2004 0.96 1.09 0.01 5.63 0.57
2005 0.93 1.05 0.01 5.10 0.55

(24)
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Table 3 Blood levels of 2,3,4,7,8-PeCDF in subgroup of Yusho Patients examined in 2002-2005 (Four-year longitu-

dinal measurements from 2002 to 2005)

2,3,4,7,8-PeCDF (pg/g)

Year of health

A Group*? n Mean SD Minimum  Maximum  Median
examination

Total 2002 Group 1 34 0.06 0.02 0.01 0.09 0.06

Group 2 35 0.19 0.07 0.10 0.35 0.17

Group 3 35 0.59 0.15 0.37 0.88 0.60
e Groupd 34 1.95 ] 103 0.93 500 1.5z

2003 Group 1 34 0.05 0.02 0.01 0.10 0.05

Group 2 35 0.18 0.08 0.07 0.40 0.18

Group 3 35 0.54 0.15 0.30 0.84 0.53
S Groupd 34 182 ] Lir o 0.22 5.56 1.5

2004 Group 1 34 0.05 0.03 0.01 0.13 0.05

Group 2 35 0.18 0.07 0.06 0.36 0.16

Group 3 35 0.54 0.15 0.26 0.81 0.54
I Groupd 34 1.82 L1 0.19 5.65 159

2005 Group 1 34 0.05 0.03 0.01 0.12 0.05

Group 2 35 0.18 0.07 0.06 0.35 0.16

Group 3 35 0.52 0.15 0.27 0.87 0.50

Group 4 34 1.77 1.06 0.19 5.10 1.61

Male 2002 Group 1 24 0.06 0.02 0.02 0.09 0.06

Group 2 21 0.19 0.07 0.10 0.35 0.18

Group 3 14 0.58 0.14 0.37 0.79 0.59
S Growpd 7 147 0.69 0.93 oo 114

2003 Group 1 24 0.05 0.02 0.02 0.10 0.05

Group 2 21 0.19 0.08 0.07 0.40 0.18

Group 3 14 0.52 0.15 0.30 0.74 0.54
I Growpd 7 iz 0.69 0.22 | 24T 114

2004 Group 1 24 0.06 0.03 0.02 0.13 0.05

Group 2 21 0.18 0.07 0.06 0.35 0.17

Group 3 14 0.51 0.15 0.26 0.71 0.51
R Growpd 7 1.08 0.61 0.19 220 094

2005 Group 1 24 0.05 0.03 0.02 0.12 0.05

Group 2 21 0.19 0.08 0.06 0.35 0.17

Group 3 14 0.48 0.12 0.27 0.76 0.47

Group 4 7 1.10 0.61 0.19 2.18 1.07

Female 2002 Group 1 10 0.05 0.02 0.01 0.07 0.06

Group 2 14 0.17 0.08 0.10 0.33 0.15

Group 3 21 0.60 0.16 0.37 0.88 0.60
e Growpd 21 207 107 0.95 501 161

2003 Group 1 10 0.05 0.02 0.01 0.07 0.05

Group 2 14 0.17 0.08 0.08 0.35 0.15

Group 3 21 0.56 0.15 0.35 0.84 0.50
o Growd 21 202 . 119 081 . 5.5 194

2004 Group 1 10 0.05 0.02 0.01 0.08 0.05

Group 2 14 0.17 0.08 0.09 0.36 0.15

Group 3 21 0.55 0.14 0.34 0.81 0.55
R Groupd 27 2.02 114 0.82 . 5.65 201

2005 Group 1 10 0.05 0.02 0.01 0.08 0.05

Group 2 14 0.17 0.07 0.09 0.33 0.14

Group 3 21 0.55 0.16 0.35 0.87 0.53

Group 4 27 1.94 1.09 0.78 5.10 1.72

3 2 The group division according to quartile. They are a group 1, a group 2, a group 3, and a group 4 to the order from the lower one.
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Relationship between Blood Dioxin Levels and Present / Past
Clinical Symptoms in Kanemi Yusho Patients

Shinya MaTtsumoToY?, Yoshiyuki Kanacawa®, Bunichi Tajmma?, Takeshi UENOTSUCHI®,
Satoko SHIBATAY, Masutaka FUrRUE® and Tomoaki IMAMURAY

Y Department of Planning Information and Management, The University of Tokyo Hospital.
D Teradata Division, NCR Japan Lid.
8 Department of Dermatology, Graduate School of Medical Sciences, Kyushu University

Abstract [Background] Kanemi Yusho was a food poisoning incident caused by rice bran oil
that occurred in western Japan, particularly in northern Kyushu, in 1968. It is difficult to
determine the symptoms in patients after many years since the occurrence. Techniques for
measuring blood dioxins have advanced recently. More accurate data measurement has now
become possible, and techniques for mass data analysis, such as data mining, have also
advanced. It has also become possible to find unknown characteristics, even in an object group
with elusive characteristics, by checking all the combinations in all the patients.

[Aim] There are already several reports on the incidence of symptoms in Yusho patients.
These reports are limited to symptoms in a single period, and there has been no analysis taking
into account the time that has elapsed. Here, we evaluated the relationship between recent and
past symptoms and 2,3,4,7,8-penta-chlorodibenzofuran (PeCDF) levels in the same subject
patient, in order to demonstrate the correlation between PeCDF levels and symptoms at a time
point close to the incident.

[Methods] Subjects were examined for symptoms of Yusho and had blood PeCDF levels
measured, both recently and in the past. Combinations were extracted using association
analysis of data mining technique for comparison, which had strong correlations between the
presence or absence of symptoms in the medical examination, tests including blood test, der-
matological examination, dental examination and ophthalmologic examination in recent years
(2001-2004) and the blood PeCDF levels and those between the presence or absence of past (1986~
1989) symptoms and recent blood PeCDF levels.

[Results] Subjects with higher PeCDF levels were more likely to present with pigmentation, a
symptom included in the diagnostic criteria for Yusho. Pigmentation was a commonly found
symptom in the past. Past pigmentation was a common symptom in the present.

[Discussion] PeCDF levels were measured recently and therefore should not be compared
directly with past symptoms. However, among the symptoms included in the diagnostic criter-
ia, past symptoms tended to have a stronger relationship with PeCDF levels than did recent
symptoms. We suggest that the present PeCDF level is strongly related to the past symptoms
since the present PeCDF level is correlated with the past PeCDF level due to constant emission

Address for Correspondence : Shinya MATSUMOTO Teradata Division, NCR Japan, Ltd. 1-21-2 Shinkawa, Chuo-ku Tokyo
104-0033, Japan

Phone: +81 3 6759 6198 Fax: +81 3 3553 1037

E-mail : shinyamatsumoto-tky @umin.ac.jp
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More specifically, if the past PeCDF level is strongly related to the past symptoms, it can

indirectly be concluded that the present PeCDF level is also strongly related to the past symp-

toms.
indirectly.

Thus, the present PeCDF level cannot be related to the past symptoms directly but can

[Conclusions] Combining recent and past symptoms further demonstrated that clinical symp-
toms are strongly related to PeCDF toxicity. This may have resulted from the increase in
symptoms with aging, however, it was demonstrated that the symptoms of each patient were

relieved and become obscure.
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The Past History of Diseases and Symptoms among the Yusho Patients,

and Its Association with Blood Lipid Concentration of
2,3,4,7,8-Pentachlorodibenzofuran

Shoji TokuNaGaY, Satoko SHIBATA? and Masutaka FURUE?

Y Department of Preventive Medicine,
D Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka 812-8582, Japan

Abstract A nation-wide questionnaire survey on the past history of diseases and symptoms
was conducted in 2005. The questionnaire was administered by mail to the 1258 registered
Yusho patients, inguiring about the past incidence of 15 regions of malignant neoplasm, 42
diseases, and 5 symptoms. Out of the 717 patients responded to the questionnaire, 34 patients
born after the Yusho outbreak were excluded, leaving 683 patients as the study subjects. Their
mean age (SD) was 62.7 (14.0) years, ranging from 39 to 97 years old. Seven percent of the
patients acknowledged the past history of malignant neoplasm in one or more regions. More than
40% admitted the past history of dental diseases, pain of joints, numbness of limbs, fatigue,
headache, cough and sputum. Osteoporosis and myoma of the uterus, respectively, were reported
by 22.8% and 15.6% of women. 14.295 of men reported prostatic hypertrophy. Logistic
regression analysis was performed to estimate the association of the past history of diseases with
the blood lipid level of 2,3,4,7,8-pentachlorodibenzofuran adjusting for sex and age. In the whole
study subjects, 306 patients were measured the PeCDF level once or more in the years from 2001
to 2005. We found statistically significant elevation of the proportion of the patients with the
past history of prostatic hypertrophy with increasing blood lipid level of 2,3,4,7,8-PeCDF (P=
0.03). The marginally significant positive association between the proportion of the patients
with the past history of hypertension and 2,3,4,7,8-PeCDF was observed (P=0.06).
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WZHfET AR EE (marginally significant) & 3
W7z, Het2#rIfEMT 1 Stata 9.2 (Stata Corp.,
TX, USA) ZHw/,

& X

WHERZ DRI D W TR 11T T, Py (I
) 1362.7 (14.0) BT, 39056 97TKE T
S LTIz, BLIZIZRBTH -7, HEH
FREMIESHR D Z < 315 A (46.1%) T, RIFE
D 265 N (38.8%), ILER®D 59 N (8.6%) 23
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&, ZOMDORIX 44 N (6.4%) ThH-o7z.

F2alZh yROHME, V> EOBERED
AR RS, FED Y (ZHED 2.3%) LA OERAL
T2 BHRWED, VT NLOIALTIE 7 %HEEE
D EEIE L, MORRSEROBERE (%) %
F2bRT. HEEOEWD DX, AR - Btk
(70.6), BHfE (65.2), FEDOL UM - wWizk
(63.3), &80 % s (59.3), K 63.7), ¥
Eefch (46.0) T, Zh 53 40% EDEIEH
WEEZFZ 2. HENNBE TH-7201F, K
o, ®IE, &K, HRT, 20%E5ThH-o720I1F,
HEE, TER, (EiE, &, 10%5Th-ol:
DIXBEREZS, EIRIE, HiEE, FHRERy, &
L x ofE, METH-Tz, MHTEST 2 L
U X OENZTMET 22.8% 51 (3.0%) L V&
HEWCRohiz, BLFEOERTIE, ZHEOF
B (15.6%) & BHEORIIBEA (14.2%)
DBEEDS IR R HEE Th - 72,

AT SR D 2,3,4,7,8-PeCDF v~V (I
BhiERE, pg/g Lipid) ORMESE (KA. L
P94 13 85.5 (25.3~307.3) pg/g (lipid)
T, 3.3 25 2121.6 pg/g (lipid) FTHMLT
Wiz,

28 DR L FERIT D W TS E 2 fFHT L 7223, 1F
&AL DR &R CBHEREERE L P iRE 2,3,
4,7,8-PeCDF v~ v OB HE T MEF FHICHEE T
Iedpofz. BIZERIER OBEIXA v X (95%1F
FEXME) H2.77 (1.14 ~6.76) L#EH¥#MICE
BREOEENR Sh: (P=0.03). fbici, &
M OB A v XM (95%FHEXE) 431.53

(0.97~2.39) & et BRI A = 7 BasE A3
Hohlzick EE -7 (P=0.06).
K1 NREORE
[
BEE R B (%) ZE (%) it
i
39 8 (2.4) 4 (1.2) 12 (1.8)
40-49 80 (23.7) 65 (18.8) 145 (21.2)
50-59 82 (24.3) 64 (18.5) 146 (21.4)
60-69 52 (15.4) 71 (20.5) 123 (18.0)
70-79 78 (23.1) 90 (26.0) 168 (24.6)
80-89 33 (9.8) 47 (13.6) 80 (11.7)
90-97 4 (1.2) 5 (1.4) 9 (1.3)
e
fERIE 140 (41.5) 175 (50.6) 315 (46.1)
FIFIR 137 (40.7) 128 (37.0) 265 (38.8)
Zofft 60 (17.8) 43 (12.4) 103 (15.1)
it 337 (100) 346 (100) 683 (100)
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R2a MEEOHEE (201)
[
I ¥ DR Bk (%) 7 (%) it (%)
A v 1 (0.3) 0 (0.0) 1 (0.1)
TP 6 (1.8) 3 (0.9) 9 (1.3)
CIo% 4 4 (1.2) 1 (0.3) 5 (0.7)
filiz > 7 (2.1) 2 (0.6) 9 (1.3)
A > 2 (0.6) 0 (0.0) 2 (0.3)
JHD 5 % > 3 (0.9) 0 (0.0) 3 (0.4)
TV >~ 3 (0.9) 0 (0.0) 3 (0.4)
FEAY - () 8 (2.3) 8 (2.3)
YRR > - () 2 (0.6) 2 (0.6)
JBERE A > 4 (1.2) 2 (0.6) 6 (0.9)
HISIRRAT > 5 (1.5) - () 5 (1.5)
FERE A >~ 1 (0.3) 0 0.0) 1 (0.1)
FRRIR A > 1 (0.3) 6 (1.7) 7 (1.0)
5 M7 0 (0.0 0 (0.0) 0 (0.0
DIS2a 2 (0.6) 5 (1.4) 7 (10)
s (RN
B | b 23 (6.8) 25 (7.2) 48 (7.0)
x21b WAEEOHEE (202)
{3
Bk (%) ZE (%) i (%)
TR I 110 (32.6) 132 (38.2) 242 (35.4)
gz 6 (1.8) 4 (1.2) 10 (1.5)
JifEgE 19 (5.6) 19 (5.5) 38 (5.6)
MEZE 6 (1.8) 10 (2.9) 16 (2.3)
ProlE 24 (7.1) 32 (9.2) 56 (8.2)
TEERR 84 (24.9) 91 (26.3) 175 (25.6)
I A 37 (11.0) 47 (13.6) 84 (12.3)
iR 4 (1.2) 4 (1.2) 8 (1.2)
JHD 5 % 10 (3.0) 26 (7.5) 36 (5.3)
BAIFFR 13 (3.9) 12 (3.5) 25 (3.7)
CHIATF% 7 (2.1) 9 (2.6) 16 (2.3)
A RESLE 64 (19.0) 45 (13.0) 109 (16.0)
ZDMDHF% 18 (5.3) 21 (6.1) 39 (5.7)
TR 10 (3.0) 13 (3.8) 23 (3.4)
BR 98 (29.1) 121 (35.0) 219 (32.1)
B 65 (19.3) 46 (13.3) 111 (16.3)
+ IR 43 (12.8) 21 (6.1) 64 (9.4)
JBE I 26 23 (6.8) 104 (30.1) 127 (18.6)
TENEE - () 30 (8.7) 30 (8.7)
T HEmiE - () 54 (15.6) 54 (15.6)
YHE.D 5 i - () 17 (4.9) 17 (4.9)
AL RRAEA 48 (14.2) - ) 48 (14.2)
fE g ME 60 (17.8) 67 (19.4) 127 (18.6)
PERIE 36 (10.7) 31 (9.0) 67 (9.8)
Jeé A 41 (12.2) 19 (5.5) 60 (8.8)
Zfil 51 (15.1) 109 (31.5) 160 (23.4)
BR 20 (5.9) 29 (8.4) 49 (7.2)
£HDE L& 183 (54.3) 222 (64.2) 405 (59.3)
SEE 148 (43.9) 219 (63.3) 367 (53.7)
R i 200 (59.3) 245 (70.8) 445 (65.2)
FROL U 04 193 (57.3) 239 (69.1) 432 (63.3)
XA 163 (48.4) 151 (43.6) 314 (46.0)
BHLU x5 10 (3.0) 79 (22.8) 89 (13.0)
P 73 (21.7) 126 (36.4) 199 (29.1)
kP 6 (1.8) 22 (6.4) 28 (4.1)
FRBR 4 (1.2) 34 (9.8) 38 (5.6)
TEHME 75 (22.3) 89 (25.7) 164 (24.0)
AR 117 (34.7) 114 (32.9) 231 (33.8)
7 b e 19 (5.6) 35 (10.1) 54 (7.9)
ARH 150 (44.5) 117 (33.8) 267 (39.1)
BIER 2 (0.6) 7 (2.0) 9 (1.3)
PR - 241 (71.5) 241 (69.7) 482 (70.6)

I 24

RI DHEESE & mMPARE 2,3,4,7,8-PeCDF L~V OB

. F v A

BEEE (95% I PE
B (BT 0.74 (0.35-1.54) 0.42
e I 1.53 (0.97-2.39) 0.06
fifEZE 1.36 (0.61-3.04) 0.45
BDMiE 0.73 (0.38-1.40) 0.34
TEEJR 0.74 (0.47-1.19) 0.21
M IS 0.91 (0.51-1.63) 0.75
FFBERESL 0.88 (0.52-1.49) 0.64
BR 0.98 (0.64-1.51) 0.94
ERiEe 0.72 (0.42-1.24) 0.24
+ RS 1.33 (0.64-2.78) 0.44
BEBEA 0.68 (0.42-1.12) 0.13
FENE 0.55 (0.23-1.31) 0.18
TEfiE 1.31 (0.65-2.61) 0.45
B2 BRAEA 2.77 (1.14-6.76) 0.03
TR IMAE 1.30 (0.80-2.11) 0.29
BRI 0.78 (0.40-1.50) 0.45
Zlfil 0.83 (0.52-1.31) 0.42
Bk 0.60 (0.30-1.19) 0.14
LHDEL X 1.07 (0.68-1.68) 0.78
SR 0.94 (0.60-1.46) 0.78
ESJERT 1.04 (0.64-1.69) 0.88
FREOLUI = Witk 1.23 (0.75-2.00) 0.41
TE A 0.99 (0.65-1.51) 0.96
A 1.00 (0.61-1.62) 0.99
ERE 1.10 (0.67-1.80) 0.71
R 1.18 (0.76-1.85) 0.46
K 0.95 (0.62-1.46) 0.82
BRI - e 1.08 (0.67-1.75) 0.75

* 2001 £ D S 2005 EEEICHIE S P IRE 5 A 4 v vV
OV D, R 2 LT 2005 EEOMTIEE 5 A 4 F
VHV OV EHEE LT, GEINZASCER)

% =

N F TOSEFINGE o —RER L OH
BRIk, WMERZCBLTHNAZET OB,
BED YuCheng BETHET LIVF—, HIRIR
fE, B CHEREOEM, kO, HEZE, %S
2 X BT DOHEIY? % ERRE SN T W5, Ly
L, SEOREHERD SEBDERFIZOWT—
WER D2 T 2 FIRETH Y, FHE
DR ERD TH L v, FoNTRERIE—HETY
FEIRICRE, b2viX, EREARLHOHE
T, BRFETOEREEZRT HOTIE RV, Fo,
FEARBERCIIERLIEDOZ S F LT
WAATREMED D 2 I OB EHEE T E 2w,
FEBAIGIFEI b BB L T 2R & REA R 720, 4
WP L AR Th - To. —EREZRRE L
AR R ERED T — 2 b RO o ¥, SEO
FERGR T —RER LT 2RI TE R L7,
L L2 o5 EOFHEIC X D EOME~RE D
FZ TV LEREZOEEVSTETE, SO
i FRH DR B O FEREE R & L TR D HH
Fahs,
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BRI DWW T, 1986 44 5 1997 4F %
TOLEMERZ IS L -8 E BE OB FHFEIX
EH BRI (60 ~76%), UHE - Ef(mw
68%), L UHUE (52 ~71%), WEWKE OWEHEE (41
~57%) LG SN TV 39, SE O TSR IZEE
EIET, & 2 WRFEWTH OB & j 7z g ¢
RV, SEHOFAEHEHTIN L IZFEYT 3,
2505, BHE, FEOLUTN - wizh, ¥
& RADOBEREZ T 5 L, EEROFHRED
HPHA P IZIZFZETH - 72, HHRINE D kIR
L EHABEFHEDECL DY, NRETHREZS
FHLREMERE DR D 55, WHRAERRO
FEOLHNE Ip o Te BT BRI,

A AsE 2,3,4,7,8-PeCDF v ~L & 0 BE5E A3
SHEEHNCETE T H - 12 D EILARTA O BEERE O
HThH oIz, BINIEREKIIERZCETT 2 D —
T, o, FEERL2HBIFICHENS 2 L 13E
bhizwnicw, BERITD 2EERREZKBLL
TWward Lz, SR ORI
KDV A 275 2,3,4,7,8-PeCDF L ~Liz & D #E0
T BAREM A EN R SRIRL TV 5,

I O BEAE R 13 I AR 2,3,4,7,8-PeCDF v
)V EIEOBENHEZE S N, BEIME R
FCEETh-> 7. BEDY A7 EHRFNTH 3
MyEAEE & MM EE 2,3,4,7,8-PeCDF v ~L D H]
WZEE BNERE I N T W AERLERT 2 L, @il
FE & 2,3,4,7,8-PeCDF L~ VOB EICEELTH
ARETHSD,

SEIOFHEZ b L1, WERE OEFREE
BRE, LT, EROBEFRFRICOVWT, —fkE
M & Il 2 iEil e A, & 2 vk, BE
BFZE=0 2 R — MFSED & 5 st ge oS i
Kl SNHEEIARFL 720,

5t 22
HHEMHRE B O EER, HEesE, IIREET
BRICHERZFET 5.
Z £ X @
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Serum Levels of Estradiol, Progesterone and
Prolactin in Patients with Yusho

o+

Hiroshi Tsujr and Masaharu IKEDA

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

Abstract To evaluate chronic effect of polychlorinated biphenyls (PCB) and polychlorinated
dibenzofurans (PCDF) on sex hormones and prolactin, serum levels of estradiol, progesterone
and prolactin were studied in 71 female patients with Yusho and 23 controls in 2006. A negative
correlation was found between blood PCB concentrations and estradiol levels. There were no
significant correlations between blood PCDF concentrations and estradiol levels, progesterone
levels or prolactin levels. However, the mean serum estradiol level was significantly lower in
29 patients with high PCDF concentration (higher than 200 pg/g lipid in blood) than in 30 patients

with low PCDF concentration (lower than 200 pg/g lipid in blood).

We conclude that abnormal-

ity of estradiol levels may be associated with blood PCB concentration and blood PCDF

concentration in patients with Yusho.

X L ® [

AFLIZBWTI968F 4 AE L H RV LY
7 z=)V (PCB) BAZ A AA A4 NVEEUC X DL
LN % i FEAE U 7 E T, FESPIOE
EBIOMAEFTRIZ B W TREZ DRENHE ST
W3, Z LT, ZOREEM O H & HHE O R
g L TR (LYY 75> (PCDF) 0%
MEFENRE D EEZ 5N T B9, JMEFED
3K 38 MR LA 2 OFERIZIEIL L TV 223,
FEBNZ BV TIHEN O PCB 2 % X UF PCDF #
JEMNE 7% B < M1 PCB ORI 3R 1B
W70/ — DD 9, BEFEICEATL T
W3 EHEES NS, PCDF IZ, DS A 4 F v
YORVIEAY RV NT 4 F v (PCDD),
2755 —PCB & L HIzF 44 Fy LB
INTEY, s OVEOFHEISHIIE I FE
27 VIVERALKFZZENE (Ah ZH5E) 207 5
EEZHNTWS, LLads, FOHEOT
MXARICARHTH 5. IHHFE, PCB, ¥4 4 Fv >~
B, RVECOER, W, WK, AR
fier, TFHD 20 NEbEZHET 2 21k
D EROEFEMEMERE, A, FFE, TEhclEET

3 IEH kv E AAER 2 EE T 2 4R EOYE,
WMMEELE & L CEHE R TW 3,

Z 2T, SHEEME—FRZOLEZZE IS
WTHBEERE L LTI A NI Y4 — L, Fo
FATurBIUTuI 75 EHEL, WIEC
B35 PCB B X * PCDF OM:IREERE N DFE
DWTHRES L7z,

HRELUVHE

SR 18 FEAR A R iE — AR O L 22 98
BT T —NZEBA YTy —ARarET b
PERL, TANIYVLE—N, FTuFATarB
FO7a s 7 FroHlBICRENE S N:%2H
96 &, 15 WLALD 94 Bl Et5RE & L, M5
FHOWFUTHEBE 71 4, KREEHE 1241, &
214, wlE=E2HE 10 fIT, FHFkIE 64.3+
13.5 % (23-871%) Thol.

WZOWFFEREER, BIERE, KK, ¥
WP R, AR, ZRIMERICREREE, RIBMBRE,
MM, By > N7 v, OENB
X OSSR 2 L XD 2D, BRILERT
DZEERRCAT 2 o 7z, HERBERERE L LT A b
IIF —NBIONTar AT o FBLRALESL



THAE & PEIRE

HIFEH: (electrochemiluminescence immunoas-
say, ECLIA) #E (7 V—y ZAREE2 B L Of
IINV—YARE T ZA7u v, uva ¥
ATV I AT 4w 7 A% kY, FuszrFr
WAk F O i 9E I E 5 (chemiluminescence
immunoassay, CLIA) ¥ (7 —%7 7 b7 17
7Fv, TARY PV roUt) K DHEIEL .
% 7z, PCB O#IE (31 i IR PR EERBEIT ST, Rk
ARk, JLIUNTIERERIFENIERTE L OF
— SRR T, PCDF O 1 1 i I AR
EBRBESERT CIT 2 o 72,

o 13 ) L EEHE(R A (mean®=S.D.) THEL,
SEED BRI D W TR t BRE & w7z,

& ES

SRR 18 AR M IR E —FRZ Ic BV T X
NoYF—N, TuFATurBriOus s s
> OWECEBENIE > NI 15U D& EZ2
HoBI, Far AT a U MEREEERLIZDO
A SNE LT, TANT Y F—IVED 10
pg/mL LAFDET 2R L7z D% 48 #1(51.1%)
L% BDI, £z, 7uF 7 FOIERT % 1541
(16.0%) 12, E&H%Z 441 (4.3%) CFED7-.

HIEIC B 1T 5 MEIREEEE © PCB ORI 2 & 5 72
DI EZZH M HIc O » T PCB R &
TANTIIOF—VH, YarsrATa sl
077 F UfEE OB OV TR L, Mt
PCBIEE & FiORICEEDOIEOHE 2R 7
(r=0.5517, P<0.001). IH PCB#@E L Fa’
Z7a Ml (r=—0.1482) BL V707 7 F E
(r=—0.0814) ORNCAHEI % &7 p o 7228, M
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An Epidemiologic Examination on the Prevalence of the Periodontal
Diseases and Oral Pigmentation in Yusho Patients in 2006

Isamu HasHicucHIY, Yoshito YosHiMINEY, Hidefumi MagDpAY, Yasuharu GotouY,
Masaki Isnikawa®, Shinsuke Fujin?, Atsushi Tomoxiyo?, Hiroshi Fukuyama?,
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Abstract An epidemiologic examination was carried out to reveal the prevalence of the
periodontal diseases and oral pigmentation in patients with Yusho in 2006. The results obtained
were as follows. 1) 98 patients out of 106 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, 343 teeth out of a total 494 examined teeth showed periodontal

pocket with more than 3 mm depth.
patients with Yusho.
pigmentation.
higher than that in female patients.

2) Oral pigmentation was observed in 61 patients out of 116
In this study, gingival pigmentation was most predominant among oral
The prevalence of oral pigmentation in male patients seemed to be somewhat
In addition, this examination revealed that the patients
below the age of sixty had a high prevalence of oral pigmentation.

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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Abstract We analyzed sixty-eight PCB isomers and determined their concentrations and
characteristics in fifty-eight individual blood samples collected during the annual Yusho inspec-
tion in 2006. The method used in this study consists of a rapid GPC clean-up and sensitive PCB
isomer-specific identification with HRGC/HRMS. As a result, the highest total PCB concentra-
tion in inspected subjects was 6.6 ppb on a blood weight basis, which was 8.1 times higher than
that of a control blood sample. When blood PCB patterns were compared among twenty-seven
persons in undergoing examinations both 2004 and 2006, the longitudinal classifications in the
respective individuals hardly changed between these years. Mean concentrations of each PCB
isomer in the blood of pattern A subjects (n=4) were compared with those in the blood collected
from Fukuoka prefecture residents (n=127). Consequently, the respective blood concentrations
of PCB #157, #156, #189, # 137, #195, # 170, # 99 were obviously higher than those of Fukuoka
residents, while those of PCB # 118, # 105 was evidently lower than those of Fukuoka residents.
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Table 1 Blood PCB concentrations of Yusho patients, Yusho suspected persons and Fukuoka prefecture residents.

Concentration (pg/g whole blood basis)*

Congener Yusho patients (n=15) Yusho suspected persons (n=43) Fukuoka pref. residents (n=127)**
Min Max Mean Min Max Mean Min Max Mean
245-triCB (# 29) nd nd - nd nd - nd 0.29 0.07
244’ -triCB (# 28) 2.6 18 5.7 nd 26 6.4 2.3 43 8.5
344’-triCB (# 37) nd nd - nd nd - nd nd -
22’55'-tetraCB (# 52) 1.3 9.4 3.9 0.11 19 3.4 1.3 16 4.1
22’45'-tetraCB (# 49) 0.54 2.9 1.5 0.47 4.2 1.8 0.33 2.3 1.0
22’44’ ~tetraCB (# 47) 0.71 4.3 2.7 nd 5.7 1.7 0.81 4.6 1.9
22’35'-tearaCB (# 44) nd 3.1 1.2 nd 2.8 0.93 0.35 3.3 1.5
23'4'6-tetraCB (#71) nd 1.7 0.63 nd 1.6 0.50 nd 1.2 0.61
234’5-tetraCB (# 63) nd 1.1 0.35 nd 1.6 0.39 0.057 2.0 0.47
244’5-tetraCB (# 74) 6.8 150 53 1.8 190 48 12 240 64
23'4’5-tetraCB (# 70) 0.17 2.2 0.99 nd 1.4 0.49 0.17 2.2 0.83
23’44’~tetraCB (# 66) 1.37 15 5.5 nd 25 5.7 1.4 40 7.7
233'4’-/2344-tetraCBs (# 56/60) 0.87 6.4 2.4 nd 10 2.6 0.52 16 2.9
22’35’6-pentaCB (# 95) nd 4.9 2.7 nd 8.7 2.9 0.86 9.5 2.7
22’355"-pentaCB (# 92) nd 6.3 1.7 nd 8.9 1.5 0.50 16 2.8
22’455-pentaCB (# 101) 2.8 13 6.1 0.70 21 5.2 1.3 26 6.1
22’44’5-pentaCB (#99) 7.7 350 74 2.0 100 30 10 120 40
234’56-pentaCB (# 117) nd 27 4.1 nd 8.9 1.9 0.63 14 3.0
22’345’ -pentaCB (# 87) nd 6.0 2.5 nd 4.0 1.1 0.63 8.2 2.2
22’344’ -pentaCB (# 85) nd 0.70 0.30 nd 1.4 0.27 0.16 2.8 0.70
233’4’6-pentaCB (# 110) nd 1.9 1.2 nd 1.8 0.97 0.39 2.9 1.3
233’4’5-pentaCB (#107) nd 4.8 2.0 nd 9.2 2.0 0.56 17 3.2
2’344’5-pentaCB (# 123) nd 2.7 0.95 nd 4.6 1.1 0.24 8.0 1.5
23’44’5-pentaCB (#118) 9.2 120 54 3.8 200 50 16 360 79
2344’5-pentaCB (# 114) 0.63 23 7.4 nd 16 3.8 1.6 17 5.5
23344’-pentaCB (# 105) 2.3 26 11 0.87 37 10 3.0 78 17
22’355'6-hexaCB (# 151) nd 14 3.5 nd 9.2 2.1 0.83 18 4.0
22’33’56’-hexaCB (# 135) nd 2.6 1.0 nd 3.4 0.52 0.43 6.3 1.5
22’34’56-hexaCB (# 147) nd 5.1 1.2 nd 4.9 0.77 0.14 6.1 1.6
22’344'6-hexaCB (#139) nd 7.7 2.9 nd 5.8 1.1 0.44 9.5 2.6
22’33’56-hexaCB (# 134) nd nd - nd nd - nd 0.55 0.090
233’55’6-hexaCB (# 165) nd nd - nd nd - nd nd -
22’34’55'-hexaCB (# 146) 5.2 190 50 1.2 100 27 15 150 44
22’33’46’-hexaCB (#132) nd 3.0 0.77 nd 3.1 0.33 0.044 3.7 0.91
22’44’55'-hexaCB (# 153) 35 1100 360 6.5 650 190 93 880 290
22’3455’-hexaCB (# 141) nd 1.2 0.30 nd 2.4 0.13 0.12 4.9 1.1
22’344’5-hexaCB (# 137) 1.3 140 23 nd 20 6.9 2.9 33 9.6
22'33’45’-hexaCB (# 130) nd 92 14 nd 23 5.7 1.9 35 8.4
233'4’5’6-hexaCB (# 164) 7.3 340 76 1.8 120 37 nd 190 62
22’344’5'-hexaCB (# 138) 14 870 200 5.3 280 85 41 420 130
22'33’44’-hexaCB (# 128) 0.59 3.9 1.9 nd 5.1 1.4 0.43 9.2 2.8
23’44’55'-hexaCB (# 167) 1.5 16 8.7 0.41 25 6.5 3.4 47 12
233’44’5-hexaCB (# 156) 2.9 670 92 0.49 538 18 8.9 92 26
233’44’5’-hexaCB (# 157) 1.3 170 24 nd 16 4.8 2.3 21 6.5
22’33’566’-heptaCB (# 179) nd 2.3 0.838 nd 2.5 0.54 0.13 3.0 0.67
22’33’55’6-heptaCB (# 178) 3.1 50 22 nd 45 14 7.4 62 20
22’344’56-heptaCB (# 182) 14 210 110 1.89 210 63 32 280 90
22’344’5'6-heptaCB (# 183) 2.0 93 33 nd 50 15 6.5 59 20
22’344’56-heptaCB (# 181) nd 12 1.6 nd 2.3 0.47 nd 0.8 0.23
22’33'4’56-heptaCB (# 177) 4.0 33 27 0.73 65 15 5.1 60 18
22’33’455’-heptaCB (# 172) 1.4 65 14 nd 19 6.0 3.4 31 9.5
22’344’55’-heptaCB (# 180) 30 330 250 4.2 460 120 74 650 190
233'44’5°6-heptaCB (# 191) 1.0 32 5.9 nd 10 1.8 0.85 6.6 2.4
22’33’44’5-heptaCB (# 170) 9.9 550 110 1.6 140 39 22 180 55
233’44’55’-heptaCB (# 189) 0.77 84 12 nd 8.6 2.5 1.3 11 3.3
22’33’55'66"-octaCB (# 202) 1.4 16 7.3 nd 20 5.1 nd 130 9.0
22’33'45'66’-octaCB (# 200) 0.47 3.0 1.7 nd 2.9 0.88 nd 39 2.2
22'33'4556-/22'33'455'6-octaCBs (# 201/198) 5.0 91 34 nd 67 20 12 130 32
22’344’55’6-octaCB (# 203) 3.0 130 33 nd 48 15 8.9 91 25
22’33'44’56-octaCB (# 195) 1.5 53 13 nd 20 5.6 1.9 21 5.8
22’33’44’55’-octaCB (# 194) 5.5 150 39 nd 58 19 8.6 130 27
233’44’55’6-0ctaCB (# 205) nd 7.4 1.6 nd 2.3 0.49 0.33 2.7 0.99
22’33’455’66’-nonaCB (# 208) 1.3 8.5 3.5 nd 9.2 2.0 0.44 7.4 2.5
22’33'44’566’-nonaCB (# 207) nd 6.5 2.0 nd 3.3 0.99 0.18 3.2 1.1
22’33’44’55’6-nonaCB (# 206) 1.9 33 8.6 nd 12 4.5 2.2 20 6.3
22'33’44’55’66’-decaCB (# 209) 1.9 7.3 4.0 nd 8.0 3.0 1.6 12 4.4
Total triCBs 2.6 18 5.7 nd 26 6.5 2.4 43 3.6
Total tetraCBs 20 170 73 7.1 230 65 18 320 85
Total pentaCBs 29 460 170 13 400 110 41 680 170
Total hexaCBs 69 3600 860 16 1300 390 200 1900 600
Total heptaCBs 67 2000 580 3.6 990 280 160 1290 410
Total octaCBs 17 440 130 0.66 200 66 38 420 100
Total nonaCBs 3.8 48 14 0.045 23 3 2.8 29 9.8
Total PCBs 210 6600 1800 52 3200 920 520 4600 1390

*nd : not detected (<0.03 pg/g whole blood basis)

**Kajiwara et al. (2005)
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Table 2 Mean concentration ratios of dominant PCB
congeners detected in Yusho patients and
Yusho suspected persons to those of Fukuoka
residents.

Mean concentration ratio for
Fukuoka residents (n=127)

Yusho patients Yusho suspected

Congener

(n=10) persons (n=19)

244’5-tetraCB (# 74) 1.1 1.3
22’44’5-pentaCB (# 99) 2.5 1.1
23’44’5-pentaCB (#118) 0.87 1.0
2344’5-pentaCB (# 114) 1.8 1.1
233’44’ -pentaCB (# 105) 0.85 0.98
22’34’55'-hexaCB (# 146) 1.5 0.94
22’44’55’-hexaCB (# 153) 1.6 0.99
22'344’5-hexaCB (#137) 3.2 1.1
22°33’45'-hexaCB (# 130) 2.3 1.0
233'4’5’6-hexaCB (# 164) 1.6 0.92
22’344’5'-hexaCB (# 138) 2.0 0.95
23'44’55’-hexaCB (# 167) 0.95 0.89
233’44’5-hexaCB (# 156) 4.8 1.1
233’44’5'-hexaCB (# 157) 5.1 1.1
22’33’55’6-heptaCB (# 178) 1.4 1.1
22'344’56-heptaCB (# 182) 1.5 1.1
22'344’5'6-heptaCB (# 183) 2.2 11
22'33'4’56-heptaCB (#177) 1.9 1.3
2233455’ -heptaCB (#172) 2.0 0.97
22’344’55’-heptaCB (# 180) 1.7 1.0
22'33'44’5-heptaCB (# 170) 2.5 1.1
233’44’55’-heptaCB (# 189) 4.7 1.1
22’33'4'556-/22°33'455°6~

octaCBs (#201/198) 14 0.94
22°344’55’6-octaCB (# 203) 1.7 0.94
22'3344’56-octaCB (# 195) 2.9 1.4
22'33'44’55’-octaCB (# 194) 1.8 1.1
22°33'44’55’6-octaCB (# 206) 1.7 0.97
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Trend of PCB / PCDF Concentrations in the Blood of Yusho
Patients for 38 Years after the Incidence

Yoshito Masupa?, Takesumi YosuiMUurAa?, Jumboku Kajiwara? and John Jake Ryan®

Y Daiichi College of Pharmaceutical Sciences 22-1
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Abstract Concentrations of 2,3’,4,4’,5-pentaCB (PCB118), 2,2’,4,4’,5,5-hexaCB (PCB153), 2,3,3’,4,
4’ 5-hexaCB (PCB156) and total PCB congeners (PCBs) in the blood of Yusho patients, surveyed
by the annual medical examination in Fukuoka Prefecture, have been gradually decreased from
1974 (7 ppb) to 2006 (3 ppb). The patients are classified into 3 types of Yusho, namely, Yusho
A : having typical Yusho gas chromatogram (GC) pattern, Yusho B: between Yusho A and
Yusho C, and Yusho C: having GC pattern similar to those of Controls. The concentrations of
PCB153, PCB156 and PCBs in the blood of Yusho A were higher than those of Yusho B and
Yusho C in order. However, the concentrations of PCB118 in the blood of Yusho A were lower
than those of Yusho B and Yusho C in order. Simple correlation coefficients between the
concentrations of PCB118, PCB153, PCB156 and PCBs in the blood of Yusho patients and their
ages at the blood sampling were examined from 1974 to 2006. The significant correlations were
rather rare among them from 1974 to 1991, increasing number to 2000, and finally almost all to
2006, as observed in the blood of Fukuoka Controls in 1999 in which all the correlations are
significant. However, the correlation coefficients between the concentrations of PCB118 and
PCB156 in the blood of Yusho patients have been insignificant throughout from 1974 to 2006 with
a few exceptions. By the use of the data of 3 Taiwan Yucheng patients and 5 Fukuoka Yusho
patients, chronological concentrations of PCB118, PCB153, PCB156, 2,3,4,7,8-pentaCDF (23478F)
and 1,2,3,4,7,8-hexaCDF (123478F) in the blood of Yusho patients were figured out from the
outbreak of the poisoning to the present for 38 years. Very high concentrations of PCBs (20-90
ppb) and PCDFs (100-500 ppt) just after the onset were gradually decreased to 0.04-1.3 ppb of
PCBs and 0.3-5 ppt of PCDFs in 2005 with the biological half-lives of 3.84, 6.31, 7.24, 4.98 and 4.
30 years, respectively. The particular declining mode of the PCB congeners during 38 years and
the correlation coefficients between the concentrations of PCB118, PCB153, PCB156, 23478F and
123478F in the blood of Yusho patients indicated that PCB118 concentrations have been de-
creased by the coexisting PCB156, 23478F and others which have very strong enzyme inducing
activities and the PCB118 has been metabolized by the enzyme inducers to hydroxyl-PCBs which
firmly bind to transthyretin (thyroxin transport protein) in the blood and disturb the hormonal
effects.

Address correspondence : Yoshito MASUDA
3-6-6 Maimatsubara, Higashi-ku, Fukuoka 813-0042
Tel: +81-92-682-0396, E-mail : yoshito.masuda @nifty.ne.jp
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Table 1 Concentrations of PCBs in the blood of Yusho Patients having pattern A, B and C and of Controls.
The blood sampls were collected from 1974 to 2006.

Yusho A Yusho B

Yusho C Control

Concentration (ppb)

Concentration (pph)

Concentration (ppb) Concentration (ppb)

0
Average Min Max

Average Min Max

0
Average Min Max Average Min Max

1974 18 6.61 3.0 14.0

1976 23 739 20 16.0 2 4.00 2.0
1977 57 6.96 1.0 21.0 16 444 1.0
1978 65 6.60 1.0 29.0 18 314 05
1979 30 583 1.0 240 4 250 1.0
1980 14 879 3.0 290 7 484 09
1981 14 6.21 2.0 300 11 4.00 1.0
1982 40 6.48 2.0 250 15 393 2.0
1983 28 7.75 3.0 240 5 440 2.0
1984 64 5.00 1.0 17.0 15 3.87 1.0
1985 61 733 1.0 250 18 3.61 1.0
1986 34 721 2.0 22.0 12 419 13
1987 48 7.02 22 310 15 3.26 2.0
1988 38 6.35 2.3 320 13 423 1.8
1989 31 6.32 1.0 20.7 23 3.61 12
1990 39 581 1.8 22.0 17 397 1.0
1991 38 613 16 166 17 411 1.3
1992 29 611 2.0 15.7 16 348 11
1993 37 6.95 1.7 268 21 422 13
1995 30 5.6 2.7 238 21 298 0.6
1997 35 3.56 09 138 22 255 12
1998 33 385 08 141 14 259 1.0
1999 25 356 06 103 11 290 0.8
2000 30 463 1.7 138 13 296 15
2001 20 425 15 114 34 3.69 0.6
2002 40 401 1.1 134 33 238 05
2003 52 313 0.7 109 38 239 07
2004 27 368 13 75 38 227 03
2005 34 339 03 83 32 2.06 0.8
2006 43 293 03 81 41 1.68 0.7

6.0
25.0
7.0
5.0
19.0
10.0
7.0
7.0
10.0
7.0
8.0
5.8
8.0
8.3
10.6
13.9
5.6
13.6
9.5
5.0
5.5
7.1
6.5
17.5
5.3
6.5
5.7
4.0
4.1

10 310 2.0 5.0

18 356 1.0 6.0 31 3.84 20 80
58 3.33 1.0 200 35 349 20 7.0
68 296 1.0 130 37 332 20 8.0
14 186 1.0 50 3 167 1.0 2.0
19 268 1.0 50 3 233 1.0 3.0
29 3.02 05 80 12 425 20 7.0
31 263 04 80 20 285 1.0 5.0
19 3.00 1.0 6.0 16 3.25 20 50
39 3.28 06 120 9 1.87 1.0 29
60 276 06 70 8 266 1.7 4.0
54 282 05 65 12 267 20 43
39 318 08 13.0 12 264 19 4.0
50 292 08 79 12 200 15 33
56 352 04 111 12 223 12 4.0
36 263 05 6.7 12 169 09 27
40 282 1.0 64 12 165 1.1 21
39 257 06 59 10 195 1.2 27
25 345 16 86 12 192 13 27
34 241 09 54 12 136 1.1 1.6
32 229 05 63 10 1.01 04 1.6
32 181 05 45 12 142 1.0 1.9
36 233 03 63 12 143 08 2.7
33 269 07 56 12 1.02 06 14
30 212 06 42 12 1.03 06 14
45 176 03 54 12 095 07 12
24 147 02 31 12 087 07 1.1
38 164 02 50 12 090 05 1.3
27 153 02 3.7 12 083 05 1.3
36 191 02 72 12 079 04 1.2

* A case of Yusho B was transferred to Yusho A in 1974
* Small numbers of Yusho BC (between Yusho B and C) were transferred to Yusho C
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Fig. 1 Concentration trend of PCB118, PCB153,
PCB156 and PCBs in the blood of Yusho A,
Yusho B, Yusho C and Controls from 1974 to
2006
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W, FEFEAE S S 38 FHNCHIE & M7z MR D
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Fig. 7, Fig. 8 B X U* Fig. 912, HFEFHKLEDL
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BEBMEBE B L OCfEREREmH O PCB B
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s Sl L il & e ]
7 S
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Ao FOBIth  pOBAN pomiss poHa

Yusho | n=59 Age PCB118 PCB153 PCB156 PCBs
A Age 1 0.4002 0.3191 0.1643 0.3191
PCB118 | 0.4002 1 0.6476 0.4609 0.6476
PCB153 | 0.3191 0.6476 1
PCB156 | 07643 0.4609 0.8563 1
PCBs 0.3191 _ 0.6476 1 0.8563

0.8563 1
0.8563
1

Yusho n=17 Age PCB118 PCB153 PCB156 PCBs
B [Age 1 -0.0436  -0.1535  -0.0601  -0.1535

PCB118 | -0.0436 1 0.7815 0.7186 0.7815

PCB153 | -0.1535 0.7815 1 0.8688

PCB156 | -0.0601 0.7186 0.8688 1

1
0.8688
PCBs -0.1535  0.7815 1 0.8688 1

Yusho | n=55 Age PCB118 PCB153 PCB156 PCBs
Cc Age 1 0.4552 0.4442 0.4338 0.4442

PCB118 | 0.4552 1 0.7762 0.5716 0.7762

PCB153 | 0.4442 0.7762 1

1 0.8964
PCB156 | 0.4338 0.5716 0.8964

1 0.8964
PCBs 0.4442 0.7762 1 0.8964 1

12Pointbold:p<0.01
10Pointbold:0.05<p<0.01
9 Point italic:p>0.05

Fig. 2 Yusho Patients (n=131) in 1985

(60)

Ellipse of Constant Distance (95%) between
concentrations of PCB118, PCB153, PCB156
and PCBs in the blood and Age at blood
sampling of Yusho A (Red), Yusho B (Blue)
and Yusho C (Black).

Histograms of Yusho A (Lower), Yusho B
(Middle) and Yusho C (Upper) are in the
diagonal squares.

Simple Correlation Coefficients between
them are separately listed in the Tables of
Yusho A, Yusho B and Yusho C.
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Yusho n=30 Age PCB118 PCB153 PCB156 PCBs
A [Age 1 0.5701 02356  -0.0542  0.2434
PCB118 | 0.5701 1 0.5185 00798  0.4061
PCB153 | 0.2356 0.5185 1 0.7798 0.9479
PCB156 | -0.0542  0.0798 0.7798 1 0.8762
PCBs 02434 0.4061  0.9479 0.8762 1

Yusho | n=21 Age PCB118 PCB153 PCB156 PCBs
1

B [Age 0.1971  -0.0436  0.1479  0.0381
PCB118 | 0.1971 1 0.7132 03767  0.7729
PCB153 | -0.0436 0.7132 1 0.3640  0.9710
PCB156 | 0.1479 0.3767 0.3640 1 0.5442

PCBs 003817 0.7729 0.9710  0.5442 1

Yusho n=34 Age PCB118 PCB153 PCB156 PCBs
(o] Age 1 0.5679 02970  0.4131  0.4287
PCB118 | 0.5679 1 0.5192 0.6571 0.7575
PCB153 | 0.2970  0.5192 1 0.6757 0.7670
PCB156 | 0.4131 0.6571 0.6757 1 0.8525
PCBs 0.4287 0.7575 0.7670 0.8525 1

12Pointbold:p<0.01
10Pointbold:0.05<p<0.01
9 Point italic:p>0.05

Fig. 3 Yusho Patients (n=85) in 1995
Ellipse of Constant Distance (95%) between
concentrations of PCB118, PCB153, PCB156
and PCBs in the blood and Age at blood
sampling of Yusho A (Red), Yusho B (Blue)
and Yusho C (Black).
Histograms of Yusho A (Lower), Yusho B
(Middle) and Yusho C (Upper) are in the
diagonal squares.
Simple Correlation Coefficients between
them are separately listed in the Tables of
Yusho A, Yusho B and Yusho C.
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H (105F) HcBWT—RADZDEE X DKL
BoTWwh, L1eh->7T, ZOBMEREICHEY
L Cw2 PCBIISIEE IZHIED T A4 A A A Vi
S50HDTIRRL, BEORFELZEL THILSN
TbDDEERZRLTWEEHEZ 605, D
@ PCB % & UF PCDF DO IMETEE 13— A D %
NODOEEXD HTHTENDT, HHERERIC
BILL DR BEMICO-L D EHAL T
ZIRENEI T E 5, BBMERE B W THEE
#% 2 FE[13 PCB ¥ X O PCDF R Z[F U v ~v
THELTBVHZVEASL Ty, Licdis

:mf.--l-ll.

=
g

T ) e R

pemie  peos

Yusho n=34 Age PCB118 PCB153 PCB156 PCBs
A |Age 1 0.4004 03342 03250  0.3411
PCB118 | 0.4004 1 0.8117 0.5294 0.5815
PCB153 | 03342 0.8117 1 0.7806 0.7185
PCB156 | 0.3250  0.5294 0.7806 1 0.8907
PCBs 0.3411 _ 0.5815 0.7185 0.8907 1

Yusho | n=32 Age PCB118 PCB153 PCB156 PCBs
1

B Age 0.2496  0.3799  0.2349  0.5944
PCB118 | 0.2496 1 0.8184 0.2665 0.4946
PCB153 | 0.3799 0.8184 1 0.3334  0.5968

PCB156 | 02349  0.2665  0.3334 1 0.5897
PCBs 0.5944 0.4946 0.5968 0.5897 1

Yusho | n=28 Age PCB118 PCB153 PCB156 PCBs
Cc Age 1 0.7151 0.6209 0.6603 0.7689

PCB118 | 0.7151 1 0.9119 0.8701 0.8829

PCB153 | 0.6209 0.9119 1 0.8694 0.7785

PCB156 | 0.6603 0.8701 0.8694 1 0.8854

PCBs 0.7689 0.8829 0.7785 0.8854 1
12Pointbold:p<0.01

10Pointbold:0.05<p<0.01
9 Point italic:p>0.05

Fig. 4 Yusho Patients (n=94) in 2005
Ellipse of Constant Distance (95%) between
concentrations of PCB118, PCB153, PCB156
and PCBs in the blood and Age at blood
sampling of Yusho A (Red), Yusho B (Blue)
and Yusho C (Black).
Histograms of Yusho A (Lower), Yusho B
(Middle) and Yusho C (Upper) are in the
diagonal squares.
Simple Correlation Coefficients between
them are separately listed in the Tables of
Yusho A, Yusho B and Yusho C.

T



500 < 9 oyey Jod 6 100 > d > 60'0 - Plog Wiod 0} 10'0 > d: ploq juiod g}

3 0.£6'0 9¥.6°0 81L68°0 6¢v.0| saod 1 65180 SZ18°0 02620 zs9zo | s8Od 3 ZvZ8'0 81160 LZB8E'0 8610 | sADd 3 0£.8°0 1 o9t OLOYP'O| sa2d
0.£6°0 3 0868°0 1808°0 LEv.10|9sigod 65180 3 8€L8°0 s60c0 6200 |95180d Zreeo l 08020 €000 #i000- {951L90d 0€.8°0 3 0€28°0 00900- 09820 | 95:80d
9%.6°0 08680 L 9E¥8°0 6269°0 | £5180d S118°0 8€.8°0 3 ZELY'0 99920 | €5189d 81160 0800 3 0VZr0 szsio [€5192d L o0€lg80 I 01940 QLOV'O | €5180d
81680 18080 9t¥80 l S0v¥9'0 | 81180d 0262°0 sgs0z0 2ELVO I 60020 | 81190d 128€°0 coso0 OPZYO l 98620 [81190d 0I9L'0  0090°0- 0190 I 0Z8€°0 | 811a02d
6EVL’0 LEPL'0 62690 SOV9°0 | aby 25920  6v240 99920 60020 l aby/| 28610 #1000~ 828,0 98670 1 aby 0LOY'0 098Z0 0LO¥P0 0ZBE0 ] oby
S80d  95190d €£5190d 81180d 9By | LSi=u |6661} Sg2d  95180d €5460d 81L180d  eBv | 1i=u 000z SH0d  95180d £6182d 8L18dd @by 16=¥ (0661 Sg90d  95190d £5190d 81183d  obv | gl=u |Z861L

Bjomyng Uf sjonuo)

1 LS80 680 6V0C0 16620 | sdADd L V618’0 Z8Y6'0 LELE0 152¢°0| sdOd 1 86280 I LLEE'0  86£€0 | $EDd
vi$8°0 b 80990 #5zo0 czoi0 | 951ADd 6180 3 0192°0 ro0t0- #8€2°0 | 951E@Dd 86280 I 86280 ¢cc00 59210 | 96180d
6vv8'0 8099°0 1 06€2°0 z8zi0 | €5192d 28v6°0 01920 l GZEE'0 L6EE 0| €5190d } 86280 1 LIEE0  86€€°0 | £5180d
600 rszoo  06£Z'0 1 0S92°0 | 81182d LEVEO »00i0- SZTEEO L 118¢2°0)81180d LIEE'0 €600 LLEEO 3 ovvb 0| 81iand
L6ET0  £20L0 282010 0S9TO 3 aby| 1SLE'0 ¥8cT0 LBEE0 ZIBEOD b aby| 86EC°0  Gozi0  86EE0 OPVPPO0 L 8By
$g90d  95180d £5180d 81180d  oBv | zi=u |6661L S80d  96190d £51E0d 81190d  #6v | zo1=u |6861 S80d  951890d €S183d 81i80d  eBy | eb=u [L86]

I 00€8°0 022G 08250 00VS'O| ssod ! 8PL8°0 9216°0 99S¥°0 LZ0S'0| s83d 3 06€8°0 09660 06SE0 ors00 $89d L 12160 i §962°0- 08200- | SEADd
00£8°0 L 0220 oerio OESE0|95180d 8v.8°0 L T6LL0 0900 LEEE'0Q|95LA0d 06€8°0 L 08Z8°0 os600 0£500 |96180d 12160 L 1ZL6'0 OL6Y'0- :sze00- | 95180d
0ZLL'0 022L0 L 07950 06.£°0 | £5190d 9Z160 26110 } 1S85°0 £68€°0 | £s199d 09660 08280 3 08S€°0 00600 | €5180d L 12160 L $962°0- 0820°0- | £5199d
0825°0 ocrio OV9S0 3 0SSP°0 | s1190d 996¥'0 0900 L1S8G°0 I 188€°0|81180d 065€°0 06500 08SE0 1 08€Z°0 | 81182d 59620- Qb6F'O- S962°0- I 66.£°0 | 81180d
00¥S°0 0£SE'0 061£°0 0SS0 3 oby 1Z0S'0 16E€'0 £68¢°0 188E0 i oby 0600  0€S00 00600 08€Z'0 l oby/| 0BZO'0- 12600~ 08200~ 6S1€°0 1 aby/|
$80d 95180d €5190d 81189d  #Bv | ozi=u |900Z $80d 95180d €5160d 81180d oby | gi=u [8661 S83d  95180d £6180d 8LLAdd @By | ooL=u |86 SH0d  95180d €5190d 8L18dd 9By | se=u |0861

3 vve8'0 0L62°0 0£25°0 €550 saod 3 6V.LL'0 89€8°0 55920 sz6LC $80d 1 02980 } 08110 08120 $895d 1 06060 X 69500 9€940 $99d

Nl vveso l ¥6S.°0 v6sZ0 LEIE 0| 95180d 6v.L0 3 90620 91900 59500 |95180d 02980 l 0Z98°'0 09:t00- 0/¢i0 | 95183d 0606°0 3 06060 <09:0- 0v820 | 961890d

o 0164'0 ¥65L°0 3 2199°0 ¥69¥°0 | 51924 89€8°0 90S.°0 3 €S0¥'0 r02:0 | £5180d X 02980 2 08L4'0 08120 | £5180d l 06060 1 69500  9£94°0 | €5180d

~ 0€25°0 v6sz0 Z199°0 b £69%°0 | 81182d SE9T°0 91900 E€S0¥V0 l §TSZ'0 | 841804 08140 09L00- 0840 1 00€Z0 | 81189d 69500  [09:0- 69500 1 2824°0- | 8LLEDd

mm €G15°0 L£9€°0 ¥69¥°0 £69V°0 l aby 82610 §9500  v0l4'0 STSZTO 3 aby/| 08LZ0 0810 08LZ0 00E£T'0 1 oy 96940 O0¥BZO  9E9L0  Z8/L°0- 1 oby

~ SH0d  95180d €5190d 81E8dd 9By | ve=u |500Z s42d  95180d £5180d 81183d  9Bv | gs=u |66l S80d  95190d £5180d 81189d 8By | ooi=u |1861 SH80d  95180d €5180d 8118dd 9By | zv=u |6.61

< l 06980 0958'0 O¥S9'0 0S5L9°0| sadd 0000’1 0928°0 1868'0 ¥8SZ0 19610 s80d L 608870 I TyEe0 €08Y'0( sdod l 28980 3 oocto LLOy'0| saod
06980 L 0Z8L°0 0LZ¥'0 0LSY 0| 9s1a2d 09z8'0 | 8659°0 89010~ #i800 | 95189d 6088°0 1 6088'0 ro900 G9EE°0|95180d - |c8980 I 2998°0 90cz0- 612€°0 | 95189d

B 09580 0Z8.'0 8 02€L°0 09.¥°0 | es180d 1868°0 86590 1 00LE'0 se500 | €5480d I 60880 3 ZYEE'0 £08Y°0 | £5190d 3 I 78980 3 oosto LIL9Y'0|£5189d
0¥S9'0 012v'0 0ZELO 3 0605°0 | 811924 v857°0  890i0- 00MLEQ | TZ9Y°0 | 81190d TYEE'0 r0%00 TPEE'O 2 8V6€°0 | 8L192d 00£L0  90£20-  00EL0 } 2Lye0| s1igod

H 0S19°0 0LSY'0 09.¥°'0 06050 3 oby 19610 vigoD L8500 TTIVO L oby £08Y°0 G9EE'0 €080 BP6E0 3 oby| LI9V'0 61220 LI9Y'0 TLVEO I 9By
S9Dd  95090d €5180d 81180d  oBv | coi=u |y00Z $80d  95180d £51690d 81480d  °bv | sg=u |Ge61 S80d  95180d £6160d 8ti80d 9By | 96=u [986) sg90d  95180d £5199d 8L1Gdd By | sci=u [816)

= 3 0Z€9°0 06680 0.9Y0 00550| sd2d 1 LIE80 LOB6'0 Z89Z'0 isri0 s90d 3 L1060 I 85610 Z.SZ°0| sad 1 61980 I 9£2T0 6€2Y'0| s897d
0zeg'0 l 04S2'0 oi9t0 00ZE0|95180d 11€8°0 3 WSL0 ru200- S0e0°0- | 95180d 1106°0 l L106°0 99:00- 68ri0 | 95189d 6v88°0 3 6V88'0 /800 E€LYE0}95183d
06680 0.G5.0 3 0885°0 02950 | £5190d 10860 L¥SL0 3 GEEL'0 oit0 |£518Dd I 11060 1 8561°0 Z.LGZ'0|€5190d I 61880 3 9€ZZ’0 6ETY0 | £5180d
0.9Y°0 o030 08850 1 0€EY'0 | 811GDd 28920 #./L0- GEEE0 A €29€°0 | 81199d 85610 99200~ 8S6L'0 1 121€°0 ] 81182d 9€Z2°0  /8.0°0- 9ETTO 8 80.2°0 | 81182d
00SS°0 _00ZE0 0T9S'0 0LEv0 L ad 18610 S0800- 04240 €T9L0 3 aby CLSTO esri0 TISTO LLLEQ l 8by| B6ECY'0 €LPE0 6E2V0 80120 I 8By
S80d  95180d €5480d 81180d 9By | vii=u |€00Z | s8Dd 9518Dd £5L80d 81LEDd 9By | £8=u |C661 S80d  95189d £5189d 81183d oBv | I€l=u |5861L S80d  951890d £6190d 81190d 9By | 9zi=u [1/6}

L VS16°0 61L06°0 ¥P.iv'0 90EV'0{ sadd 3 G0.8°0 ZZL6'0 68.Z0 G920 | sadd I G260 | ¥2SZ0 €i11zo | saod 1 08€.°0 3 €v800- TTLY'O| sdOd
V5160 3 €280 £00Z0 v21£°0|95180d S0.8°0 3 €ELL'0 #8900- 66910 |95180d ST6L0 l SZ6L°0 06iL0- 9850 |95180d 08€2°0 l 08€L'0 iveeo- 690 |95180d
61060 €280 1 06¥P'0 L8S¥°0| es1a0d 2ZL6'0 €eLL°0 I 1S9€°0 69520 ) £5189d L GZ6L'0 b PZSTO0 €L1Z°0 | £5180d I 08el0 3 er800- ZTLY0 | €5199d
Priv'0 co0zo 06¥V0 I 291%°0 | 8r1add 6£L2°0 rg900- 1S9L0 3 S88€°0 | 81180d P2ST0 osti0- ¥TSTO 3 L1170 81190d £4800- LVZEO-  £r800- 1 1£9¢°0 | 84189d
90EV'0 VZLE0 L8S¥'0 Z9L¥°0 1 aby| S9.T°0  669:0 59520 SBBE0 L d ELZ0  9sri0 €LZ0 LLLIZO 3 oby TTLV'0 6810 TTLV'O 1£9E°0 L abBy
S80d  95180d £€5080d 81183d @By | g1)=u |Z00Z [ sadd 9518Dd €5180d 8L1EDd 9BV | t8=U |Z66L SH8)d  95180d £6180d 8L182d 9By | gii=u [p86)L S80d  96190d £5189d 81180d 9By | ey=u |9/61L

3 0v08°0 0.82°0 006Z2°0 0.£€0| saod } SYY8'0 LYS60 sc2t0  6pviv0 $80d } 0vZ60 2 0S0£°0 06.p'0| s85d 3 00€6°0 3 6:200 6YEY0 | sADd
0v08°0 3 09690 o0co00- 0¥ZZTO | 95180d S¥v80 1 91920 ecato-  orro0 |96182d ovZ6'0 l 0¥26'0 ocoro 066€°0|95180d 00€6°0 3 00€6°0 erii0-  ezeco | 95180d
01810 09690 i 0L€2°0 0SVE'0 | £518Dd LyE6°0 919L°0 l 9EL0 92640 | €518Dd l 0260 3 0s0€'0 06.¥°0 | €5180d 3 00£6°0 A 6200 6¥EY0 | €5180d
0062°0 oc900- OLETO 12 0v6Z°0 | 81190d LETL0 EE8L0-  9HELD l 6¥.2°0 ) 81i89d 0S0€0 0c0L0  0SOE0 l 069%°0 | 81190d 62400 E£¥ILO- 62000 L 0ZezZ0 | 81180d
0.£€°0 o0vzz'0 0SPE'D OV6Z O I oby 6#61°0  0pv00  92€L0 6PLTO | oby 06.¥'0 066£°0 06.¥'0 069Y0 1 aby/| 6VEV'D  £2LE0D  OKEVO 02620 1 oy
$890d  95180d £5180d 8148d0d 9By [ pg=u |[Lo0Z S80d  95190d £5192d 81182d  oBv | ge=u |1661L SH0d  95180d £5180d 81183d eby | zg=u |£861 S82d  95180d £5180d 81180d 96y | sz=u |pl61

P4 6661 UI SJOIIU0D JO pue 9()(Z 03 ¥.6] Wwoiy a1e sjusrjed oysnx jo ejep oy, -Surdues
—

pooiq 3e sjuaed 9y} Jo 93y pue sjusrred oysng Jo poolq 9yl ur sgOJ PUB 9ST 40d ‘€ST Dd ‘STT I0d JO SUOIIBIUSIUO)) USIMII] SIUSIDIFJO0D UOIIR[9L1I00 [dwIS g d[qe],

(62)



——

HERE PCB / PCDF 0 38 S EZESE 189
100 1000
S
|
8 o
10 & 100 o
- 0 BS(Yucheng) S %iﬁ 5 0 BS(Yucheng)
K 0 SS(Yucheng) § H a o 0 SS(Yucheng)
s & RK(Yucheng) 2 ARK(Yucheng)
3 = KK(Yusho) S 4 5} = KK(Yusho)
N Bl o TS(Yusho) s o5 o © TS(Yusho)
L]
£ o * YUM(Yusho) £ x5 0, 09Xy . © YUM(Yusho)
- §a ga gr A TH(Yusho) 2 ae®gy 4.9 %@ A TH(Yusho)
ey and w x® Koy o g 8" 3%, 08xx 0o _©0
o ST Al xR, L % HH(Yusho) , -o_.xo N I o0 agee X HH(Yusho)
g 3 %% Y | X T w
d A :;o ® aa® " Ql.!“?éoél s te o " <.>: 30800‘.
A 2 ® x ,e 2°e% o o o 2 f 00
) . o
iy . a
001 . . L5 . . ) 01 . . . . )
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
Days after contamination Days after contamination
5 10
ne
L ¢
‘ - - A9 8 o
o 4 g0 ° 0% o
L] 2
. !_ 006,° O BS(Yucheng) 7 : [l ° O BS(Yucheng)
0 o .  4° 0 S8(Yucheng) £ el 0 ° 0°3%400,8  |OSS(Vucheny)
g3 O™ A RK(Yucheng) R O R Tabo0 R - A RK(Yucheng)
> Jlatxgs, o X * KK(Yusho) G 5 NETH S = KK(Yusho)
% nat® 0% e © TS(Yusho) g E %o ox , X; % : ¥ © TS(Yusho)
;; 2 I zx *§ Xo © YUM(Yusho) % 4 Q & @ o X :;il-]}(‘z(yf';o)
a & 'usho,
A A TH(Yusho) z ax x3§  ° X HH(Yusho
A X HH(Yusho) 3 <] o %
u] I X
1 5 o 2
2?8
b 1 o
o} o
0 . . . . . . P . . . . . J
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
Days after contamination Days after contamination

Fig. 5 PCBI118 (2,3’,4,4’,5-pentaCB) in Patients with
Yusho or Yucheng
Upper Graph : Elimination for 38 years
Lower Graph: Biological Half-lives calcu-
lated from the data of Upper Graph
Half-lives are average 3.84, range 3.08-4.62
years during 30-38 years (11000- 14000days)
after the poisoning
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Fig. 6 PCBI153 (2,2,4,4’,5,5-hexaCB) in Patients with
Yusho or Yucheng
Upper Graph : Elimination for 38 years
Lower Graph: Biological Half-lives calcu-
lated from the data of Upper Graph. One
point of SS and 2 points of RK are out of the
scale
Half-lives are average 6.31, range 4.77-7.54
years during 30-38 years (11000-14000 days)
after the poisoning
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Fig. 7 PCBI156 (2,3,3',4,4’,5-hexaCB) in Patients with 0 2000 4000 6000 8000 10000 12000 14000

Yusho or Yucheng

Upper Graph : Elimination for 38 years
Lower Graph: Biological Half-lives calcu-
lated from the data of Upper Graph. One
point of SS and 3 points of RK are out of the
scale

Half-lives are average 7.24, range 5.09-8.80
years during 30-38 years (11000-14000 days)
after the poisoning
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Fig. 8 23478F (2,3,4,7,8-pentaCDF) in Patients with
Yusho or Yucheng
Upper Graph : Elimination for 38 years
Lower Graph: Biological Half-lives calcu-
lated from the data of Upper Graph. One
point of SS is out of the scale
Half-lives are average 4.98, range 4.30-5.79
years during 30-38 years (11000-14000 days)
after the poisoning
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Fig. 9 123478F (1,2,3,4,7,8-hexaCDF) in Patients with
Yusho or Yucheng
Upper Graph : Elimination for 38 years
Lower Graph: Biological Half-lives calcu-
lated from the data of Upper Graph. One
point of SS and one point of RK are out of the
scale
Half-lives were average 4.30, range 3.72-4.88
years during 30-38 years (11000-14000 days)
after the poisoning
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Fig. 10 Concentration trend of PCBI118, PCBI153,
PCB156, 23478F and 123478F in patients with
Yucheng and Yusho for 38 years
Upper Graph: BS (Yucheng) and KK
(Yusho)

Lower Graph: RK (Yucheng) and YUM
(Yusho)
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Yusho Patients, n = 107

Age PCB118 PCB153 PCB156 PCB126 PCB169 23478F 123478F Lipid%
Age 1 0.4092 0.5311 0.4268 0.4967 o1660 0.4027 0.3996 0.1017

PCB118 | 0.4092 1 0.4433 01872 0.7246 00361 00971 01130  0.2316

PCB153 | 0.5311 0.4433 1 0.8361 0.4481 0.1904 0.7740 0.7626 0.2835
PCB156 | 0.4268 o0.7872  0.8361 1 0.2783 o0.77671 0.8390 0.8388 0.2196

PCB126 | 0.4967 0.7246 0.4481 0.2783 1 0.0495 02167  0.2347 -0.2018
PCB169 | 07660 00367  0.1904  0.1761  0.0495 1 02117 01825 00498

23478F | 0.4027 0.0977 0.7740 0.8390 0.2167 0.2117 1 0.9701 0.2497
123478F | 0.3996 07730 0.7626 0.8388 0.2347 017825 0.9701 1 0.2578
|Lipid% | 01017 02316 0.2835 0.2196 -0.2018 0.0498  0.2497 0.2578 1

Controls in Fukuoka, n = 151

Age PCB118 PCB153 PCB156 PCB126 PCB169 23478F 123478F Lipid%
Age 1 0.6891 0.7037 0.7536 0.6684 0.7077 0.6278 0.4488 0.3124
PCB118 | 0.6891 1 0.8395 0.8136 0.8803 0.8197 0.8483 0.6098 0.3421
PCB153 | 0.7037 0.8395 1 0.8707 0.7149 0.8733 0.7842 0.5144 0.3354
PCB156 | 0.7536 0.8136 0.8707 1 0.7344 0.9334 0.8272 0.5988 0.3539
PCB126 | 0.6684 0.8803 0.7149 0.7344 1 0.7772 0.7726 0.5695 0.3372
PCB169 | 0.7077 0.8197 0.8733 0.9334 0.7772 1 0.8688 0.6229 0.3533
23478F | 0.6278 0.8483 0.7842 0.8272 0.7726 0.8688 1 0.8141 0.3468
123478F| 0.4488 0.6098 0.5144 0.5988 0.5695 0.6229 0.8141 1 0.2725
|Lipid% |0.3124 0.3421 0.3354 0.3539 0.3372 0.3533 0.3468 0.2725 1

12 Point bold : p < 0.01 10 Point bold : 0.05 < p <0.01
Fig. 11 Yusho Patients (n=107) in 2002 and Fukuoka
Controls (n=151) in 1999
Ellipse of Constant Distance (95%) between
Age, PCB118, PCB153, PCB156, PCB126,
PCB169, 23478F, 123478F and Lipid% of
Yusho Patients (Red) and Controls
(Black).
Histograms of Yusho Patients (Upper) and
Controls (Lower) are in the diagonal squares.
Simple Correlation Coefficients between
them are separately listed in the Tables of
Yusho Patients and Controls in Fukuoka.

9 Point italic : p > 0.05
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Analysis of Residual Nature of Dioxins in Blood of Yusho Patients and
Controls in Relation to the Yusho Oil and Food as Respective Exposure Routes

Takahiko MATSUEDAY, Jumboku Kajiwara®, Sinji IwamoTo?, Takao Iipa?,
Chika Izuno® and Takesumi YosSHIMURAY

Y Fukuoka Institute of Health and Envivonmental Sciences
39 Mukaizano, Dazaifu, Fukuoka 813-0135
D Kitakyusyu Life Science Center 1-4 Nakabaru—Shin-cho,
Tobata-ku, Kitakyusyu 804-0003
8 Kurume Institute of Technology 2228-66
Kamitsu-cho, Kurume 830-0052

Abstract In this study, we examined the dioxin levels and congener distributions in blood
samples of Yusho patients and normal control subjects, especially in relation to the respective
exposure routes. Remarkable differences were observed between the blood of Yusho patients
and general population in terms of both congener distributions and concentration levels.
Cumulative dioxin intake for Yusho patients was estimated using the mean Yusho oil consump-
tion and congener-specific dioxin contamination data for Yusho oil ; for control subjects, it was
estimated from food consumption and dioxin congener contamination data. Estimated total
intake of dioxins was 2.4ug-TEQ for control subjects and 357ug-TEQ for Yusho patients,
respectively. The total intake of some congeners such as 2,3,4,7,8-PeCDF and 1,2,3,4,7,8-
HxCDF for Yusho patients was more than 100 times higher than those of control subjects. The
congener distribution of PCB and PCDD in the blood of control subjects was similar to those of
the food. In the case of Yusho patients, however, the congener distribution did not resemble
those of either the food or the causal Kanemi rice oil, nor did not match that of control subjects’
blood. Selective metabolizing of congeners was suggested to have occurred in the Yusho
patients. In a 2001 fiscal year survey, the concentration ratio of TEQ between Yusho and
normal subjects was 4.5. However, the level of 2,3,4,7,8-PeCDF, thought to be the congener that
had the closest relation to various symptoms of the Yusho patients, was ten times or more in
Yusho patients than in controls. It is suggested that further examinations should be conducted
in the future to follow up this survey monitoring the blood levels of toxic congeners in Yusho
patients.
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Tablel ® #ll £ fH % 3 & 12 PCDD, PCDF,
Non-Co-PCB B O* Mono-Co-PCB £ o [&] f& 14
ANCIRERERREI G 2R LR % Fig. 1 1TR T,
PCDD Tz 7 v—7%& 12 OCDD 28 80% LA _F
i, MOFRBEEIZ 10% LT Th -7z, HER
# & —% A DRI PCDD [A A DR EIE 12K
XEVWIEIED SN o7z, PCDF Tlxii 7
NV—7"t b1z 2,3,4,7,8-PeCDF 23 50-70% L I %
o, o wT1,2,3,4,7,8-HxCDF, 1,2,3,6,7,
8-HxCDF (10-20%) DIETHOYE X 10%LLT
TH -7z, Non-Co-PCB iz D\ CIIEEFZ IC
BT PCB169 DEIGH 70% %150 % 58, —f A
T PCBI126 25 60% % 5 & HiiE B3 & #EES
DL 5 T %, Mono-Co-PCB 12D s T I3 HiE

Table 1 Mean concentrations of dioxins in blood of Yusho
patients and normal controls

Concentration Concentration
C (pg/g lipid) Ratio
ongeners Yusho patients*  Controls** Yusho /
(N=178) (N=127) Control
2,3,7,83-TCDD 1.8 1.9 0.9
1,2,3,7,8-PeCDD 20 9.0 2.3
1,2,3,4,7,8-HxCDD 2.4 3.6 0.7
1,2,3,6,7,8-HxCDD 57 28 2.0
1,2,3,7,8,9-HxCDD 4.6 4.5 1.0
1,2,3,4,6,7,8-HpCDD 27 79 0.3
OCDD 668 1222 0.5
2,3,7,83-TCDF 1.8 0.0 —
1,2,3,7,8-PeCDF 1.1 0.7 1.6
2,3,4,7,8-PeCDF 256 17 15
1,2,3,4,7,8-HxCDF 33 4.9 17
1,2,3,6,7,8-HxCDF 30 5.7 5.2
2,3,4,6,7,8-HxCDF 1.7 1.3 1.4
1,2,3,7,8,9-HxCDF 1.1 0.0 —
1,2,3,4,6,7,8-HpCDF 3.9 2.2 1.8
1,2,3,4,7,8,9-HpCDF 1.0 0.0 —
OCDF 2.0 2.1 0.9
344’5-TCB(PCB 81) 5.4 5.6 1.0
33'4'4-TCB(PCB77) 7.8 8.4 0.9
33'44’5-PenCB(PCB 126) 84 113 0.7
33'44’55-HxCB(PCB 169) 207 64 3.3
2'344'5-PenCB(PCB 123) 330 468 0.7
23'44'5-PenCB(PCB 118) 19019 24440 0.8
2344'5-PenCB(PCB 114) 3025 1697 1.8
233'44’-PenCB(PCB 105) 3693 5082 0.7
23'44'55'-HexCB(PCB 167) 3785 3648 1.0
233'44'5-HexCB(PCB 156) 44899 7945 5.7
233'44'5-HexCB(PCB 157) 12780 2011 6.4
233'44'55"-HpCB(PCB 189) 5034 1046 4.8
PCDD-TEQ 29 15 1.9
PCDF-TEQ 140 10 14
PCDD/PCDF-TEQ 169 25 6.7
None-ortho-Co-PCB-TEQ 11 12 0.9
Mono-ortho-CoPCB-TEQ 26 9.0 2.9
Total Co-PCB-TEQ 37 21 1.8
Total TEQ 206 46 4.5

* I Quoted from Ref? ** I Quoted from Ref'?
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Fig. 1 Congener distributions of PCDD, PCDF,
Non-Co-PCB and Mono-Co-PCB in the
blood of Yusho patient and normal control
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Table 2 Estimated total intakes of dioxins forYusho

patients and normal controls

Total intake of dioxins (xg/person) Ratio
Yusho patients*  Controls**  Yusho/ Control

2,3,7,83-TCDD 0.0 0.060 -
1,2,3,7,8-PeCDD 5 0.36 14
1,2,3,4,7,8-HxCDD 7.6 0.14 54
1,2,3,6,7,8-HxCDD 32 0.41 78
1,2,3,7,8,9-HxCDD 20 0.0 -
1,2,3,4,6,7,8-HpCDD 53 1.9 28
OCDD 35 10 3.6
2,3,7,8-TCDF 57 1.1 52
1,2,3,7,8-PeCDF 247 0.4 694
2,3,4,7,8-PeCDF 373 0.79 475
1,2,3,4,7,8-HxCDF 405 0.39 1029
1,2,3,6,7,8-HxCDF 70 0.27 255
2,3,4,6,7,8-HxCDF 1.5 0.0 -
1,2,3,7,8,9-HxCDF 47 0.38 -
1,2,3,4,6,7,8-HpCDF 114 0.58 198
1,2,3,4,7,8,9-HpCDF 2.0 0.0 -
OCDF 120 0.0 -
344’5-TCB (PCB 81) 823 2.1 390
33'4'4-TCB (PCB 77) 8229 27.1 304
33'44’5-PenCB (PCB 126) 760 10 77
3344'55-HxCB (PCB 169) 29 2 14
2'344'5-PenCB (PCB 123) 1772 36 49
23'44’5-PenCB (PCB 118) 39246 1027 38
2344'5-PenCB (PCB 114) 4115 18 227
233'44'-PenCB (PCB 105) 1962 307 6.4
23'44'55-HexCB (PCB 167) 5634 219 26
233'44'5-HexCB (PCB 156) 5950 122 49
233'44'5'-HexCB (PCB 157) 1709 54 32
233'44'55"-HpCB (PCB 189) 519 15 34
PCDDs-TEQ 12 0.49 23
PCDFs-TEQ 258 0.63 413
PCDDs/PCDFs-TEQ 270 1.1 241
None-ortho-Co-PCBs-TEQ 77 1.0 76
Mono-ortho-Co PCBs-TEQ 10 0.24 43
Total Co- PCBs-TEQ 87 1.2 70
Total TEQ 357 2.4 151

= Calculated from the concentration of dioxins in Yusho oil
(Iida, Ref.13) and the estimated intakes of rice bran oil ( mean
total intake per patient, 688 ml and 0.92 for oil density) report-
ed by Hayabuchi et al. Ref. 14). = : Mean intake of Kyusy
area in 1998, Quoted from Health and Welfear 1999, Ref. 10.

(73)
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The Effect on the Expression of Testicular Steroidogenic Enzymes in
Fetal Mouse by Maternal Exposure to TCDD

Junpei Muton??, Takumi IsHIDAY, Yuji IsHi® and Hideyuki Yamapa®

Y Graduate School of Pharmaceutical Sciences, Kyushu University,
Fukuoka 812-8582, Japan
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Abstract A number of studies have reported that reproductive and developmental disorders are
produced by prenatal or postnatal exposure to dioxins such as 2,3,7,8-tertachlorodibenzo-p-
dioxin (TCDD). These effects would be more serious compared with other toxicities with
dioxins, because those injuries appear at much lesser doses than those needed for acute toxicity.
Although the mechanisms regulating reproductive and developmental disorders are still unclear,
we have recently reported that maternal exposure to TCDD causes the suppression of fetal
testicular steroidogenic enzymes in rats. In the present study, we examined whether the same
occurs in mice, using C57BL/6]J and DBA/2N strains. The result showed that TCDD does not
show any effect on the expression of steroidogenic acute regulatory protein mRNA in both
strains. To the best of our knowledge, abnormal sexual behavior by fetal exposure to TCDD
has never been reported in mice. Therefore, our result supports a possibility that abnormal sex
behavior by exposure to TCDD at the fetal stages occurs in rats but not in mice. In addition,
the data obtained suggest that the suppression of fetal testicular steroidogenic enzymes is, at

least, one of the key mechanisms for impaired sex behavior induced by dioxin.

& L &

2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) #i3L®» 32544 FyFHICL S
EARANDZENL, HFEES PFHY T uE—v 3
ER™ 2 ELIKICE S Z EBFISNT W3,
w77y N ARRGIRE S, HilE
DOAE B CFET 5 HEHRRAK R Z A
(AhR : aryl hydrocarbon receptor) ~OFEEDS,
FA L F Y EHEUFHFRICB T S ERERD—D
ThdEFEZSNTWEO LanlL, AhRIC &
D FHWFF #2202 5 o7 BORITEEA-TEE
WKHRATEBY, D, Zhs LML oBHE M
WOWTIEIAZ AL LW, RIS A 4+
YHNOWEER 2T 1256, FOLERE OFRE

(77)

BAEDMEATENRE, S o TEIRAE O LT
REREE 2 AWM SN TV, Zhoid, 20
BOMRICHFELRIZLES Z o, MERN
RKEweBbhs, Lrd, ¥4 43y K
2 BT RAORE L, MOFE L TR RY,
RHAICEENBN L WWVEAEOERE CTER I
21, 2O &S afEE & E#E L RO
ZHERT 2720, FHAOFMEFRBIEE O,
W2 DO FRREORFESIARF I NS, HITEIEE
R EOBMROBEEL, 5144 %y v HEBRBEI
Lo TRITEEL, AT aA FRLE HE
N7 AEERBERCZBROKIBICB VT HHE
Zaxhd, flziE, TA a7 rERERETH
aromatase [cytochrome P450 (CYP) 19] ®
androgen receptor, & 512 estrogen receptor M
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I TR TARBNT, [FAREOREE B
INTWBM - Aromatase /v 77 7 b=
2 BWTE, FEFH» S ORI TR o
7y OGN, HEROWTE 2 IEFIRERICEIE
ERDBEDOH|E DL EINTVB2, ZDEE I, K
RREICZA bary v e2RE5 L THBEIhZ W,
ZDZ Exro, FEBROMTHREESICIE, FE
B X OFEFHOKICER T a4 RRVE B
RSN BER DL EFEZ 5N TWS, L
ET, FA44Fy VERBRCLVERINSE
HROEEZ, BFICBT2EAT a4 RRLVE
YR OREFICGERL Tws EF 2,
7 v MRHEKAO TCDD BEEED, REFREEOMEA
TuA FRVEVEEGRBRANRIZTEEICOWT
MET LTz, ZORER, I VAR—Y —BIUVE
BHERED% {12, FKEECEEDETEZ 2
ZERBICHHSIZ LTV A, £, ZOERT
23, BRI B W TER S N2 BB R V£
>~ (LH : luteinizing hormone) D IMHEEET
R 2R EZ R IR LB TV 919, K
Wi, BIFBEORAT oA RRvEe v EERK
] & tRic s U 2 REE & OBIEEIC DWW THE
WHAS 2T 5720, 54 4 v ERMAREE I
L2 FOMWTEREPHS LTIV Y A% [
W, BP0 R T a4 RRVE CESRK TG
ZEDEDPERIELI:, Thbb, A4+ Fv >
I L TR 2 FFIMED AhR % b D R D
~ v A (C57BL/6] ~ 7 A ; @AM AhR, AT
2 DBA/2N 2~ v 2 S ARBIFIE AhR) %2 A v,
A7 a4 KRV E VEEGEOEEEEICHER
steroidogenic acute regulatory protein (StAR)

DFEBNCRINETT T A A F ¥ VEOFE R LT,

X B 7

1. RERMH

TCDD %, Acc Standard #: (New Haven, CT,
USA) X 0#EA L7, Cornoil i, BRDOFE (BF)
HEOTHRSZHER Lz, ZOMORER, FEir
W LD b DR H L,

by

2. EYuiE

AIENC B 2B FEEL, [ TWUNKFRF S
FWHFEbE, RFEGEEEFT R OFEFEIC B 1T 2 Eh
BT 2 1R8] ey, EEREHEOAR % Z

I 34

HINIT-DBIEmL 7.

TCDD ¥ D%

HoPCOHFTFEL, —20°Cic TERIFEL 72 TCDD
VW (40 ug/mL 7% b Y ¥W) %, corn oil IZ
DEEMZEMLUL, Ny VAT 2 b 28E
L, mERIZ 1 g TCDD/2 mL corn oil &7 %
KO WL, ERcHL 7.

C57BL/6] 3 & ' DBA/2N ~ 7 2 ~ D FEH4L
i |

C57BL/6] %~ A8 X ¥ DBA/2N R~ 7 A
X, HERF ¥+ — VXV N—3X DAL, W%
e bR 12 HEORNE AL, MR 14 HE
2 TCDD 20 ug/kg Z#O#%5 L7z, TCDD 0%
5813, BFrese OB, I KBENE
FansBE5E2EMELE L THRELYD, BE54,
IR 18 H HICRHMAZBIRE L, BafF & 0 s 2=
L7z, avra—i e LT, corn oil Z2#%51L,
[RIRRD 50 THATF DlifiEs 2 FH U7z, f§HI L 72
a1k, WAEERTHEL, AT 25ET-80C
I TERFEL T2

3. FEEM reverse transcriptional-poly-
merase chain reaction (RT-PCR) %
AERE R it
HENRE D S O total RNA ol 1%, RNeasy
Mini Kit (QIAGEN, GmbH, Hilden, Germany)
ERWTITo 7z, WIRE KL, total RNA %
DNase I (Amplification Grade ; Invitrogen
Corp., Carlsbad, CA, USA) /L L 72D 5, Super
Script™ II RNase H™Reverse Transcriptase %
AwnwTiT- 72,

PCR K

FEL L 72 cDNA % template & L T, FFERY
primer % fv> (Table 1), PCR KIaz1T- 7.
Ibb, 1 uL cDNA B, 5 L 10 x Ex Tag™
buffer, 4 xL 2.5 mM dNTP mixture, 2 L 10
#M primer W B L F1.25 units TaKaRa Ex
Taq™ (TaKaRa Bio Inc., Ohtsu, Japan) %<&
tr 50 uL W ERIDER E L, y—<L¥ A 2
7 —IZTC PCR Rtz fTo7z. iz, AIE#EL L
TB-actin IZ D\ T b [A#kIC PCR 2175 7.
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Table 1 Primer sequences

Product
size (bp)

Target Primer sequences

(65— 3)

Cyplal Sense CTC ATT GAG CAT TGT CAG GAC AG
Antisense TGG TCT GGT GAG CAT CCT GGA CA

736

StAR  Sense GAC CTT GAA AGG CTC AGG AAG AAC 981
Antisense TAG CTG AAG ATG GAC AGA CTT GC

B-actin Sense CAC CAT GTA CCC AGG CAT TGC 194

Antisense AGG GGC CGG ACT CAT CGT ACT

Table 2 PCR program

Target PCR program

Cyplal 95 °C, 3 min—(95 °C, 30 sec—64 °C, 60 sec—72 °C, 60 sec) x
29 cycles—72 °C, 5 min

StAR 94 °C, 3 min—(94 °C, 30 sec—60 °C, 60 sec—70 °C, 60 sec) x
30 cycles—70 °C, 5 min

B-actin 94 °C, 2 min—(94 °C, 30 sec—56 °C, 40 sec—72 °C, 30 sec) x

23 cycles—72 °C, 3 min

PCR X cDNA template &, i ONZH A 7 VEHkK
FEHNCHEIE 9 2 b2 FOUEL (Table?2),
NIZHE> THEIT LTz, & 512, PCR I & % HiERE
Yz 2 5 DNA HERYISREL Twianwl &%
R T 2720, PEEEZTbROY Y TNV A
T4 7arrua— kLT PCR IZ& 2R
IHRWNWT ERRERL T,

-
—

7 W a— A7 VESKE

AR D PCR EVID Y A R E L 72 IR E
D7 Ha—=A7NEERL, EERTRICTEO R
72 PCR #iEEY % 1 x TBE buffer 1 TikE L
7z, VkEit%, 7 Vi3 ethidium bromide #a L, b
7 Y AA )N & A —%—[UVP,INC. (San Gabliel,
USA)] ET UV (302nm) ZHEHL TN K%
ML, R7uAf P2 XTI THRE L., g llz
HH % GT-7000U flat scanner (SEIKO EPSON
Co., Nagano, Japan) ZHWTHEHEHR7 7 A v E L
TayEa—F—IKMVAATZDL, &N Nif
& % NIH image software (public domain, U.S.
A) WEDERL, &5, &N NEER,
[EfED % CER L 72 f-actin D /N> R &I
K OFHIEL 72,

et
BEZME L, Fischer’s Protect Least Signifi-

cant Difference (PLSD) test % H W TiF- /2.

& X

TCDD 2 EDF A4 4 F ¥ VI X BHEREMH Y
VRN IVBEORBETFOFTYH, BT 3
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Cyplal O E 13 % b sensitive &5 FEE O
—Dr L THI N TWwSE, 22T, TCDD fHE
BB OIBFMEA T a4 FRVE CEEHREEA
DB LG 2R & U ¢, 4k C57BL/6]
<7 28 L UDBA/2N ~ 7 2 DERRTFIFIRIC B
7 % Cyplal mRNA O FH & %2 EENRT-
PCRZETER LTz, 2 OFER, Bk L HEikc,
R DOBBIFIC B W T, T Cyplal mRNA &
TCDD LRI X D BRICHEML Twiz (F— K
BE)., coZhre, v ARMKICES L
TCDD i fafF O#EEFRENHE ST 5 Z & W
E NIz, Rz, TCDD RMABRERR I B 1) % 517
MR T a4 NERIVEVESERNOEEZRET T
L1z, HBHIZB T 5 StAR mRNA OFHE%
FERMN RT-PCRIZEICTER LT,

MR~ 7 2 ORGFREHE StAR 13, Rl—® PCR

(A) C57BL/6J
Control TCDD
StAR
B-actin
DBA/2N
Control TCDD
StAR
B-actin
(8)
200
T
3£ 150
c
< o
Zo
= -§ 100 - =
K]
2w
+ o
Sx 901
m N~
0
Control TCDD Control TCDD
C57BL/6J DBA/2N

Fig. 1 Change in the expression of StAR mRNA in
mouse fetal testis following exposure of the
dams to TCDD. (A) Comparison of the mRNA
profiles between control and TCDD exposure.
(B) Relative level of the mRNA in the testes of
mouse fetuses normalized to B-actin. The
values represented are the mean *+ S.D. of 3
mice.
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ST TNy ROBENTRETH > 7205, Z D
X LAY A4 F Y VHICEIGE YD DBA/
ZN%ﬁ@ﬁ#%w@ﬁ#ﬁ & h7: (Fig.

) X510z, MRFED~ 7 2128\ TCDD iR

I & % StAR mRNA OFBET IR sk
i?)cf: (Fig. 1A, B). ZhoDZ ens, FBITFR
B StAR OFEIZ, V7 b~ ATk TCDD

MR CAFE T, X OEBREFRBL L AhR I
$ o CTEQHIIZZ T 0 2 LAV S e,
= £

FA &y BB EE W, LR
ETLROEEICOWTE, 12V T DERYT
oMb 77 v PEBICH S TCDD BRES
HIcBEE L ¢, BEBEEUELLHTH 255, BR
HAERMET T2 2 ENPWEINTHBEID, L
L, BELZEEREE T2 FOBLHIZONT
X, BEFEIEFFED SN TR,
inated biphenyl 5> polychlorinated dibenzofur-
an & X TR E 32 5 2 SHESE, L EDE
HERFOSLETIE, HEEZBHET 2 TFOHE
HEHZ DL THRE FHRE SN T iRnD?),
EEBREYICB VTR, BIZIET Y N TR, BHEH
TIA A F Y VHICBBEI NIRRT 570D
HEREEGIE, 2> P u—VICHANET T 2 2 LR
EHEEINTWEY, 2D X, 14 F v FHERE
S KR oM IO Wik, BiiE, BEL
TBOMER], SSCBBEINITA 4 F Y VHEHD
FBEICX > TREB R EHE 2605, ARG
T, 7 ARHRD TCDD BRI 3 5 R {Fo
P 2Rt L7zds, 2> buo— VB OfICER
D & NIgd» o Tz (AEARNEED . Bl P
b (—HOBTFH=12~24 ; RHME¥=3), iz
RS 2EY 25, v A TRBFOMTIC
PEUBZOLAEEENE W EFH Z STz,

Rz, BBFRHEICBT 2HAT 04 FRVE Y
EERBROFHLE 2BIZ L. ZOHE, ¥
A& F v I L CERBRZED C57TBL/6] <
TARLBNWTE Z, TCDD 12 &L % StAR mRNA
DFBETRR SN »ro7 (Fig. 1), —&H
2, %L OB T, KEBROIEF &M
TEIOFRBICIX, FEHICB W THADEA T o
A RNKRNVEVOBEPEETHL EEZ 6N T
5. L»L, ZOHFGOREL, BYEICL-ST

—7, polychlor-

X7z,

(80)

I 34

iz ZrbHonTw» 32, #z21F, C57TBL Rl
M~ 205G, BERCBT2AMa7 0
KIBIC &0 REOMTHRENERL I 5,
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Using Microarray Analysis to Evaluate Genetic Polymorphisms
Involved in the Metabolism of Environmental Chemicals
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Abstract The field of molecular biology currently faces the need for a comprehensive
method of evaluating individual differences derived from genetic variation in the form of
single nucleotide polymorphisms (SNPs). SNPs in human genes are generally considered
to be very useful in determining inherited genetic disorders, susceptibility to certain
diseases, and cancer predisposition. Quick and accurate discrimination of SNPs is the
key characteristic of technology used in DNA diagnostics. For this study, we first
developed a DNA microarray and then evaluated its efficacy by determining the detection
ability and validity of this method. Using DNA obtained from 380 pregnant Japanese
women, we examined 13 polymorphisms of 9 genes, which are associated with the
metabolism of environmental chemical compounds found in high frequency among
Japanese populations. The ability to detect CYPIAI 1462V, CYPIBI 1432V, GSTPI
1105V and AZR R554K gene polymorphisms was above 989, and agreement rates when
compared with real time PCR analysis methods (kappa values) showed high validity : 0.
98 (0.96), 0.97 (0.93), 0.90 (0.81), 0.90 (0.91), respectively. While this DNA microarray
analysis should prove important as a method for initial screening, it is still necessary that
we find better methods for improving the detection of other gene polymorphisms not part

of this study.

Introduction

The field of molecular biology currently
faces the need for a comprehensive method
of evaluating individual differences derived
from genetic variation in the form of single
SNPs
in human genes are generally considered to

nucleotide polymorphisms (SNPs).

be very useful in determining inherited
genetic disorders, susceptibility to certain
diseases, and cancer predisposition.

Quick and accurate discrimination of
SNPs is the key characteristic of technology

used in DNA diagnostics?. While PCR-
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RFLP analysis and real-time PCR analysis
have been the standard methods for the
discrimination of SNPs?% it is impossible to
simultaneously discriminate multiple SNPs
using PCR-RFLP analysis, while real-time
PCR analysis requires access to an expen-
sive device. Since multiple genetic factors
tend to play a part in increased susceptibil-
ity to diseases related to chemical com-
pounds, it is important to develop a method
that allows for the quick discrimination of
multiple SNPs simultaneously and without
the use of expensive machinery. DNA
microarrays are powerful tools for genomic
analysis and enable one to discriminate
many SNPs simultaneously®~®. However,
DNA microarray methods used today

remain expensive since a special device for
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measuring fluorescence signals is required.
Therefore, we developed a new DNA mi-
croarray method for quick and accurate
discrimination of SNPs at a lower cost.

We selected 13 polymorphisms of 9 genes
(Cytochrome P450(CYP)IA1 1462V,
CYPIA2-3860A>G, CYPIBI All19S and
L432V, CYP2A6 deletion and I471T,
CYP2C19 636A>G and 681G>A, CYP2D6
P34S, GSTPI 1105V, NAT2 R197Q and
G286E and AZR R554K), which are found in
high frequency among Japanese popula-
tions. Environmental chemical compounds
are considered to be the cause of harmful
influences such as male congenital anom-
alies (cryptorchidism, hypospadias, etc.),
endocrine disruption, and child motor devel-
opment”~. CYP enzymes, the GST fam-
ily, and the Ah receptor (AhR) are all ele-
ments influencing individual susceptibility
to environmental chemical compounds!®?.

In this study, we examined the usefulness
of this array by determining the accuracy
and ability to detect genetic polymorphisms
using DNA from 380 pregnant Japanese
women.

Material and Methods

Study population
A prospective cohort study was conducted
between 2002 and 2004 in Sapporo, Japan

(the Hokkaido Study on Envivomment and
Childven’s Health). In this study, the sub-
jects comprised 380 pregnant women who
enrolled at 23-35 weeks of gestation and
successfully delivered single, live births at
the Sapporo Toho Hospital. The study
was conducted with the informed consent of
all subjects and was approved by the Institu-
tional Ethical Board for Human Gene and
Genome Studies at Hokkaido University’s
Graduate School of Medicine.

DNA sample

Peripheral blood samples were collected
at the time of enrollment in the study.
Genomic DNA was extracted from the
peripheral blood sample by standard tech-

niques'?.

DNA Microarray

We selected 26 alleles from 9 genes:
[CYPIA1 1462V (X02612), CYPIAZ2-
3860A>G (dbSNP ID: rs2069514), CYPI1BI
A119S and L432V (U56438), CYP2A6 dele-
tion and I471T (U22027), CYP2C19 636A>G
and 681G>A (NT_030059), CYP2D6 P34S
(M33189), GSTPI 1105V (M24485), NAT2
R197Q and G286E (X14672) and AZR R554K
(dbSNP ID: rs2066853)], all of which may
be influenced by the metabolism of certain
environmental chemicals (Table 1). In

Table 1 Polymorphisms of genes on the glass array

Mutation

Gene Accession No. Polymorphism Positi Base
osition
CYPIAI X02612 @ 1462V 6819 A/G
CYPIA2 dbSNP ID: rs2069514 @—3860A>G —3860 G/A
® A119S 4160 G/T
CYPIBI U56438 @ L432V 8131 C/G
® Deletion
CYP2A6  U22027 ® 71T 6416 T/C
@636A>G 180546 G/A
CYP2C19 N'T_030059 681G> A 1806252 G/A
CYP2D6 M33189 © P34S 913 C/T
GSTPI M24485 1105V 2627 A/G
R197Q 1311 G/A
NATZ - X14672 @G286E 1578 G/A
AhR dbSNP ID: rs2066853 R554K 181 A/G

(83)
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cooperation with Nisshinbo, we developed a
glass array, to which the oligonucleotides of
26 alleles of 9 genes were tethered.
Amplification of 13 fragments from the
genomic region containing the mutation
positions was performed in a multiplex PCR
assay in a 50-x L volume containing 100 ng
of genomic DNA, 50 pmol each of multiplex
PCR primer and QIAGEN multiplex PCR
(QIAGEN).
carried out in the GeneAmp PCR System

master mix Reactions were
9700 (Applied Biosystems) according to the
following condition : 95°C for 15 minutes, 40
cycles of 95°C for 1 minute, 60°C for 30
seconds, 72°C for 30 seconds, and 72°C for 3
minutes. After the multiplex PCR assay,
the PCR products were then treated at 95°C
for 1 minute, on ice for 1 minute, followed
by the addition of 10 4L of hybridization
buffer.
the reaction solution for 2 hours at 37°C.

A glass array was hybridized with

After hybridization, the glass array was
washed with the wash buffer for 5 minutes
and put in the conjugate buffer at room
After wash-
ing, the glass array was treated with the

temperature for 30 minutes.

coloring buffer at room temperature for 30
minutes. After the drying, the glass array
was scanned and gene polymorphisms were

discerned.

Real-time PCR

CYPIAI 1462V, CYPIBI 1432V, GSTPI
1105V and AZR R554K polymorphisms were
genotyped by allelic discrimination using
fluorogenic probes and the 5" nuclease (Taq-
Man®) assay according to the manufac-
turer’s protocol. SNP genotyping products
were used as probes (Applied Biosystems,
Foster City, USA). For the CYPIBI
L432V, GSTPI 1105V and AlR Rb554K
the
TagMan® SNP genotyping product c_

polymorphisms, we purchased

S. Ban et al.

3099976 30 (dbSNP : rs1056836), c_3237198_
1_(dbSNP: rs947894) and ¢_11170747_10
(dbSNP : rs2066853), We
used Custom TagMan® Genomic Assays for
the CYP1A1 1462V (dbSNP : rs1048943) and
the primers were designed as follows: for-
ward, 5-ATGGGCAAGCGGAAGTGTA;
reverse, 3'-CAGGATAGCCAG-
GAAGAGAAAGAC. PCR was performed
in 10 ul, with approximately 40 ng of
genomic DNA, 0.25 uxl 40 X Assays-by-
Design SNP Genotyping Assay Mix or 0.5
ul 20 X Assays-on-Demand SNP Genotyp-
ing Assay Mix (consisting of unlabeled PCR
primers and TagMan® MGB probe, FAM
and VIC dye-labeled) and 5.0 ul of 2 X
TagMan® Universal PCR Master Mixture.
Cycling conditions were 2 minutes at 50 °C,
followed by 10 minutes at 95 °C and then 40
cycles of 92 °C for 15 seconds and 60 °C for
1 minute. PCR products were measured at
490/520 nm excitation/emission (FAM) and
530/560 nm excitation/emission (VIC) at 60
°C for 1 minute and genotyped using allelic

respectively.

discrimination with the Applied Biosystems
7500 Real-Time PCR System (Applied
Biosystems) according to the manufacturer’
s instructions.

Results and discussion

The discrimination results of the CYPIAI
1462V, CYPIBI L1432V, GSTPI 1105V and
AhR Rb554K for 380 pregnant women are
summarized in Table 2. The rates of dis-
crimination of CYPIAI 1462V, CYPIBI
L1432V, GSTPI 1105V and AZR R554K gene
polymorphisms by the microarray were
10095, 10094, 98.494 and 99.79%, respective-
ly, which demonstrates high detection rates
On the
other hand, we could not determine other

for these gene polymorphisms.

polymorphisms taking place in genes other
than the four genes mentioned above.
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Next, we compared the results of the four
gene polymorphisms by microarray with the
results of real time PCR analysis, which is
considered to be a highly reliable method.
We calculated the agreement rate and
kappa values to estimate the validity of the
microarray method and the real-time PCR
method for CYPIAI 1462V, CYPIBI 1432V,
GSTPI 1105V and AZR R554K polymor-
phisms. Agreement rates (kappa values) of
four gene polymorphisms were 0.98 (0.96),
0.97 (0.93), 0.90 (0.81), 0.90 (0.91), respec-
tively (Table 3).

The microarray system was then used to
evaluate the susceptibility to specific dis-
eases or to determine compounds influenc-
ing human genes'®¥. In this study, we
developed a glass array to evaluate the
susceptibility to environmental chemical
compounds commonly found in Japanese
populations. For the CYPIAI 1462V,
CYPIBI 1432V, GSTPI 1105V and AR
R554K gene polymorphisms, the microarray
analysis showed high detection power
(above 98%) and the discrimination results
by this microarray analysis compared with
the results by the real-time PCR method
shows very good validity. The results indi-
cate that our microarray method is useful
for initial screenings meant to detect
CYPIA1 1462V, CYPIBI L1432V, GSTPI1

1105V and AhiR Rb554K gene polymor-
phisms.

As for gene polymorphisms other than the
CYPIA1 1462V, CYPIBI L1432V, GSTPI
1105V and AZR R554K gene polymorphisms,
signals were obtained, but at similar levels
for both alleles.
determine the likelihood of gene polymor-

Therefore, we could not

phism. This may be due to hybridization

conditions. However, the efficiency of
hybridization and the thermal stability of
hybrids between the target nucleic acid on
the glass array and the probes is strongly
Other

approaches such as minisequencing®®,

sequence dependent. microarray
solid-phase primer elongation!”'®, or solid-
phase PCR'29  utilize the fidelity of DNA
polymerase enzymes, but require a fluores-
In general, DNA
extension reaction by DNA polymerase uses

cence scanning system.
an unlabeled target. Therefore an im-
proved assay will be required to discrimi-
nate other gene polymorphisms quickly and
at a low cost.

In conclusion, the microarray method
used in this study has demonstrated good
detection and high validity rates, and thus is
appropriate for use in to initial screenings
for some gene polymorphisms such as
CYPIA1 1462V, CYPIBI L1432V, GSTPI
1105V and AZR R554K. The ability to

Table 2 Determination of CYPIAI 1462V, CYPIBI1 1432V, GSTPI1
1105V and AZR R554K polymorphisms in 380 pregnant women

by microarray method

CYPIAI 1462V

CYPIBI 1432V

Genotype n (%) Genotype n (%)
Ile/Ile 233 (61.3) Leu/Leu 286 (75.2)
Ile/Val 132 (34.7) Leu/Val 86 (22.6)

Val/Val 15 (3.9) Val/Val 8 (2.1)

undetermined none undetermined none
GSTPI 1105V AhR R554K

Genotype n (%) Genotype n (%)
Ile/Ile 274 (72.1) Arg/Arg 148 (38.9)
Ile/Val 96 (25.3) Arg/Lys 156 (41.1)

Val/Val 4 (1.1) Lys/Lys 75 (19.7)

undetermined 6 (1.6) undetermined 1(0.3)

(85)
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Table 3 Validity of the microarray method for CYPIAI 1462V,
CYPIBI 1432V, GSTPI 1105V and AhR R554K polymor-
phisms in 380 pregnant women

CYPIAT 1462V

Results of Microarray

Results of

Real-time PCR

380

GSTPI 1105V

ay

CYPIBI 1432V

Results of Microarray

5
RS-
n U
Z g
7 B
QL
[a= RS,
Q
~

AhR R554K

5 S
o x s & 122
n QO v QO
5 Rl /| 27 | 148] 0 | 175
&3 < = MMERERRAE
[ o~
274 | 96 4 374 148 | 156 | 75 | 379
Gene polymorphism  Agreement rate*! Kappa value*?> P value
CYPIAI 1462V 0.98 0.96 <0.001
CYPIBI 1432V 0.97 0.93 <0.001
GSTPI 1105V 0.90 0.81 <0.001
AhR R554K 0.90 0.91 <0.001

* 1: Agreement rate = X/Y

(X: Number of samples which have same discrimination results for both
microarray and real-time PCR tests, Y : Number of determinable samples by

microarray analysis)
: Kappa value = O-E/1-E

(O: Rate of the same results for both microarray and real-time PCR tests, E :
Expected value of the same results for both microarray and real-time PCR

tests)

discriminate multiple polymorphisms using
this microarray analysis allows for conve-
nient, quick, and low-cost estimation of
susceptibility to harmful influences and
disease stemming from environmental
chemical compounds commonly found in
Japanese populations.
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Excretion of Causative PCDFs Congeners of Yusho by
One Year Intake of FBRA in Patients with Yusho
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Abstract Thirty-eight years have passed since the outbreak of Kanemi rice oil poison-
ing, 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 the 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, dietary fiber and chlorophyll have
been shown to promote the fecal excretion of dioxins and to reduce their levels in rat liver.
In this study, we examined whether such kinds of effect were also observed by FBRA,
which was the health food and relatively rich with dietary fiber and chlorophyll, in
eighteen patients with Yusho, which were divided into two groups, namely group A, ten
patients (Male : 3 and Female : 7) with the mean age of 67.7 years old and group B, eight
patients (Male: 4 and Female: 4) with the mean age of 64.1 years. Respective mean
concentrations of the three PCDF congeners, that is, 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 whole weight basis just before initiating this study
were as follows ; group A: 1.36, 0.491 and 0.150 pg/g, and group B: 0.571, 0.159 and 0.
064 pg/g. Contamination levels of these PCDF congeners in group A were 2 to 3 times
higher than those in group B. Group A took 7.0 to 10.5g of FBRA after each meal and
tree times a day for the first one year and for second one year, they did not take FBRA
any more. Group B took FBRA with the same manner as the group A only for the second
one year. The concentrations of these PCDFs congeners in the blood of groups A and B
were also measured at the end of first and second year, respectively. Assuming that the
lipid content of the blood is 0.39 in order to convert their concentrations on whole weight
basis to those on lipid weight basis and also that the body fat is contaminated with these
PCDF congeners at their concentrations on lipid weight basis and the content of body fat
is 2094 of the body weight (60 kg), we computed the average amounts in the net excretion
of these PCDF congeners from the body of the patients due to the intake of FBRA in
groups A and B. As a result, in group A, 120, 372 and 96 ng/patient of 2,3,4,7,8-PenCDF,
1,2,3,4,7,8-HxCDF and 1,2,3,6,7,8-HxCDF, respectively, were excreted from the body of the
patients. In group B, however, 36 ng/patient of 2,3,4,7,8-PenCDF only was excreted, but
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other two PCDF congeners were not.

J. Nagayama et al.

Accordingly, promotive excretion of theses PCDF

congeners 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.

Introduction

Our environments including foods have
been polluted with extremely toxic dioxins
such as polychlorinated dibenzofurans
(PCDFs) and polychlorinated dibenzo-p-
dioxins (PCDDs) not only in Japan? but
also other Consequently,
human beings also have already been
We
already have investigated the effects of this

countries®~".

contaminated with these dioxins®~'%.

kind of compounds on the foetus and suck-
lings which are considered the most sensi-
tive stages of human beings as well as
animals, and observed their unfavorable
effects on thyroid hormone and immune
response systems in Japanese infants per-
inatally and lactationally exposed to
them!V~'%, Their

developmental condition have also been

adverse effects on
found in 10-month-old breast-fed Japanese
infants!®19,

PCDFs have been the most important
etiological agents of Yusho!”, a mass food
poisoning that occurred in western Japan in
1968 and even now!®. At present, namely,
more than 38 years after the outbreak, many
patients with Yusho are still suffering from
several objective and subjective symptoms.
In order to improve or to cure various symp-
with Yusho, their
promotive excretion from the body of the

toms of patients

patients is considered very useful. In rats,
dietary fiber and chlorophyll have been
shown to promote the fecal excretion of
dioxins, probably due to the restriction or
some inhibition of their absorption and re-
absorption in the digestive tract and there-

fore to reduce their levels in rat liver!®?9.

In this study, we examined whether such
kinds of effect were observed by FBRA,
which was the brown rice fermented with
Aspergillus-oryze and rich with dietary
fiber, or not in patients with Yusho.

Materials and Methods

FBRA has been manufactured for over 35
years with Genmaikouso Corp., Sapporo,
Japan, and taken by more than 100,000
people as one of the health foods. Ingredi-
ents of FBRA have already been reported in
our previous study??.

Eighteen patients with Yusho were volun-
tarily participated in this study, and divided
into two groups in compliance with their
wishes, namely, groups A and B. Group A
consisted of 3 males and 7 females with the
mean age of 67.7 years old and group B 4
males and 4 females with that of 64.1 years
old. In group A, they took 7.0 to 10.5g of
FBRA after each meal and three times a
day for the first one year and didn’t for the
second one year. In group B, they took
FBRA in the same way as group A in the
second one year, but not in the first one
year.

Just before starting this study, 20 ml of
the peripheral blood was individually taken
by venipuncture in both groups A and B,
These blood
samples were analyzed for 2,3,4,7,8-pentach-
lorodibenzofuran (2,3,4,7,8-PenCDF), 1,2,3,4,
7,8-hexachlorodibenzofuran (1,2,3,4,7,8-
HxCDF) and 1,2,3,6,7,8-HxCDF, which were
the most important causative compounds
for Yusho disease, by HRGC-HRMS tech-

nique using a Micromass Autospec Ultima

twice at one week intervals.

NT mass spectrometer directly interfaced
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with an Agilent Technologies HP-6890A
gas chromatography??.

The average concentrations of these three
PCDF congeners in the two blood samples
of the same patient were expressed as the
individual original ones in both groups A
and B.
FBRA on their excretion from the patients,

In order to evaluate the effect of

their blood concentrations were determined
again exactly with the same manner as
those measured just before beginning this
study at the end of first and second year in
both groups. Their concentrations mea-
sured at different times in each group were

statistically examined by student’s t-test.
Results and Discussion

Changes in concentrations on wet weight
basis of three PCDF congeners in the blood
of patients with Yusho during the period of

this study were shown in Table 1. Just
before starting this study, concentrations of
2,3,4,7,8-PenCDF, 1,2,3,4,7,8-HxCDF and 1,2,
3,6,7,8-HxCDF in group A were 1.36 £ 1.
71, 0.491+ 0.734 and 0.150 = 0.195 pg/g
wet weight, respectively, and those in group
B 0.571 4+ 0.465,0.1594 0.113 and 0.064 +
0.037 pg/g wet weight. Although their
concentrations were 2.3 to 3.1 times higher
in group A than in group B, even in group B
these were 3 to 10 times greater than those
in healthy Japanese people, and the concen-
trations of 2,3,4,7,8-PenCDF, the main caus-
ative congener of Yusho, were the highest
and 10 times over those of healthy per-
sons?®. These results clearly indicate that
patients with Yusho are still contaminated
with high levels of PCDFs and in order to
improve their objective and subjective
symptoms, promotive excretion of these

Table 1 Changes in concentrations on wet weight basis of three PCDFs
congeners in the blood of patients with Yusho

Concentration, pg / g wet weight*

Congener Initial After 1st year  After 2nd year
2,3,4,7,8-PenCDF
Group / A 1.36 + 1.71 1.32 + 1.68 1.31 £ 1.67
B 0.571 += 0.465 0.570 £ 0.476  0.561 £ 0.473
1,2,3,4,7,8-HxCDF
Group / A 0.491 = 0.734  0.410 £ 0.609* 0.423 £+ 0.648*
B 0.159 + 0.113  0.148 = 0.107 0.144 + 0.113
1,2,3,6,7,8-HxCDF
Group / A 0.150 + 0.195 0.128 £ 0.159* 0.133 + 0.174®
B 0.064 = 0.037 0.061 £ 0.037 0.060 = 0.040

* Mean + S.D.
a1 Significantly different from the initial concentration in group A, p<0.05

Table 2 Changes in mean concentrations on lipid weight basis of three PCDF
congeners in the blood of patients with Yusho

Mean Concentration, pg/g lipid weight*

Congener Initial After 1st year  After 2nd year
2,3,4,7,8-PenCDF
Group / A 453 440 437
B 190 190 187
1,2,3,4,7,8-HxCDF
Group / A 164 137 141
B 53 49 48
1,2,3,6,7,8-HxCDF
Group / A 50 43 44
B 21 20 20

* I Lipid content of the blood was supposed 0.3%

(91)
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Table 3 Changes in average body burdens of three PCDF congeners in

patients with Yusho

Average Body Burden, ng/patient*

Congener Initial After 1st year  After 2nd year
2,3,4,7,8-PenCDF
Group / A 5,436 5,280 5,244
B 2,280 2,280 2,244
1,2,3,4,7,8-HxCDF
Group / A 1,968 1,644 1,692
B 636 588 576
1,2,3,6,7,8-HxCDF
Group / A 600 516 528
B 252 240 240

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

PCDFs congeners seems quite useful.

As indicated in Table 1, mean concentra-
tions of 2,3,4,7,8-PenCDF, 1,2,3,4,7,8-HxCDF
and 1,2,3,6,7,8-HxCDF gradually decreased
from the beginning to the end of this study,
except those of 1,2,34,7,8- and 1,2,3,6,7,8-
HxCDFs in group A, in which their concen-
trations increased from the end of first year
to the end of second year and in this period
they did not take FBRA.

In order to convert the mean concentra-
tions in Table 1 to those on lipid weight
basis, we presumed the lipid content of
blood was 0.39, and the results are shown
in Table 2. Again, on the assumption that
the body fat was contaminated with these
three PCDF congeners at their blood concen-
trations on the lipid weight basis and the
content of body fat was 2095 of body weight
(60kg), we calculated their total body bur-
dens and the results are indicated in Table 3.

As a result, effects of the intake of FBRA
for one year on the excretion of the three
PCDF congeners from the body of patients
with Yusho in groups A and B are demon-
strated in Figs. 1, 2 and 3.

Net reduction of 2,3,4,7,8-PenCDF in the
body of patients with Yusho were 120 and 36
ng / patient in groups A and B, respectively,
as shown in Fig. 1. Net reduction of 1,2,3,4,
7,8- and 1,2,3,6,7,8-HxCDFs were 372 and 96

Group A
FBRA
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=
& 100
e
=
-150
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-200
Fig. 1 Effects of the intake of FBRA for one year on
the excretion of 2,3,4,7,8-PenCDF from the
body of patients with Yusho
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Fig. 2 Effects of the intake of FBRA for one year on
the excretion of 1,2,3,4,7,8- HxCDF from the
body of patients with Yusho
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Fig. 3 Effects of the intake of FBRA for one year on
the excretion of 1,2,3,6,7,8- HXCDF from the
body of patients with Yusho

ng / patient, respectively, only in group A,
as indicated in Figs 2 and 3. However, we
could not find any significant reduction of
these two HxCDFs congeners in group B.
We have already reported the promotive
excretion of PCDFs and PCDDs from
healthy Japanese people by one year intake
of FBRA?D2425)
confirmed the reduction of PCDFs con-

Results of this study also

geners from the patients with Yusho by the
intake of FBRA, and showed that this reduc-
tion seemed more effective in the patients
with higher concentrations of PCDFs, name-
ly, in group A.
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Dioxin Concentration in the Blood of Patients Collected
during Medical Check-up for Yusho in 2004-2005
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Abstract We measured the concentrations of polychlorinated dizenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs), and non-o7tho coplanar polychlorinated
biphenyls (non-ortho PCBs) in blood collected from 242 Yusho patients and 74 Yusho-
suspected persons in 2004 and 237 Yusho patients and 114 Yusho-suspected persons in 2005.
The sums of toxic equivalents (TEQ) concentrations of PCDDs, PCDFs, and non-ortho
PCBs in the blood of Yusho patients in 2004 and 2005 were 126.1 and 124.2 pg TEQ/g lipid,
respectively, and the concentrations were 3.4 and 3.3 times higher than those of normal
controls that had been previously reported, respectively. Those of the Yusho-suspected
persons were about 0.8 and 1.0 times higher than those of normal controls, respectively.
Although the TEQ concentrations of PCDDs and non-o7tho PCBs among Yusho patients,
Yusho-suspected persons, and normal controls were nearly the same, the PCDFs levels of
Yusho patients were about 9.8 and 9.5 times higher than those of normal controls in 2004
and 2005, respectively. The concentration of 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8~
PeCDF), which was the highest among PCDF's congeners for Yusho patients, was about 10.
6 and 10.2 times higher than that of the normal controls in 2004 and 2005, respectively. In
the case of Yusho-suspected persons, the concentrations were 0.9 and 1.4 times higher
than those of normal controls, respectively. However, some of the Yusho-suspected
persons showed a high concentration of 2,3,4,7,8-PeCDF that was approximately 15 times
greater than concentrations in normal controls. Of 74 Yusho-suspected persons measured
in 2004, 7 persons were officially registered as Yusho patients based on the “New
Diagnostic Criteria” that officially became the diagnostic criteria for Yusho exposure on
September 29, 2004, which included a concentration of 2,3,4,7,8-PeCDF in the blood, and in
2005, 14 persons of 114 Yusho-suspected persons were officially registered as Yusho
patients.

biphenyls (PCBs),

Introduction

polychlorinated diben-

In 1968, over 1800 persons in western
Japan developed a strange skin disease,
later named Yusho disease, which found to
have been caused by the ingestion of rice
bran oil contaminated with polychlorinated
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E-mail address: todaka @fihes.pref.fukuoka.jp

zofurans (PCDFs), polychlorinated dibenzo-
p-dioxins (PCDDs), polychlorinated quarter-
phenyls (PCQs), and polychlorinated ter-
phenyls (PCTs). Over 36 years have pas-
sed since the Yusho outbreak, and although
almost all of the typical symptoms affecting
improved, some
patients are still afflicted with subjective
symptoms.

Yusho patients have

From the results of extensive
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research by the Yusho study group inves-
tigating this disease, PCDF's were concluded
to be the primary cause of Yusho disease
symptoms?. However, the concentrations
of PCDFs in the blood were not included in
the diagnostic criteria because the amount
of blood that can be collected from Yusho
patients is restricted, and thus there were
practical difficulties involved in measuring
these concentrations. Recently, however,
the measurement of PCDDs, PCDFs, and
non-ortho PCBs in blood has become pos-
sible using small amounts of blood collected
from participants in an annual medical
check-up for Yusho patients?®. We mea-
sured the concentrations of PCDDs, PCDFs,
and non-ortho PCBs in blood samples col-
lected from 78 Yusho patients living in
Fukuoka Prefecture in 2001 for a prelimi-
nary study®. Moreover, we measured the
concentrations of these dioxin-like com-
pounds in blood samples collected from 279
Yusho patients and 92 Yusho-suspected
persons living in Japan in 2002 and 269
Yusho patients and 74 Yusho-suspected
persons living in Japan in 2003, and we also
measured the concentrations of PCDDs,
PCDFs, and non-ortho PCBs in the blood of
127 normal controls unaffected by Yusho
living in Fukuoka Prefecture whose ages
were similar to those of the Yusho
patients®~". The results showed that
PCDFs in the blood of Yusho patients, in
particular 2,3,4,7,8-PeCDF, are still present
at a much higher concentration than in the
blood of unaffected people more than 35
years after the Yusho incident. Therefore,
2,3,4,78-PeCDF was indicated to be the
most important compound for the establish-
ment of new diagnostic criteria for Yusho
disease®~". To establish the new criteria,
however, it has been necessary to measure
the PCDFs concentration in the blood of
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many more patients and to statistically
analyze the relationship between the con-
centration levels and clinical symptoms.

In this study, we measured the concentra-
tions of PCDDs, PCDFs, and non-ortho
PCBs in blood collected from 242 Yusho
patients and 74 Yusho-suspected persons in
2004 and 237 Yusho patients and 114 Yusho-
suspected persons in 2005, and compared
with concentrations of these dioxin-like
compounds among the groups of Yusho
patients, Yusho-suspected persons, and nor-
mal controls that had been previously repor-
ted.

Materials and Methods

1. Sampling

Medical check-up for Yusho patients
have been conducted annually to determine
their health status since the outbreak of
Yusho incident?. The medical check-up is
open not only to those persons officially
registered as Yusho patients but also to
Yusho-suspected persons who regard them-
Both offi-

cially registered Yusho patients and Yusho-

selves as potential victims®.

suspected persons are examined based on
the
The blood samples examined in this study

“Diagnostic Criteria for Yusho”V®.

were collected from 316 and 351 partici-
pants, each of whom received a medical
check-up in 2004-2005, and each of whom
gave his or her informed consent to partici-
pate in this study. The 316 participants
were 242 Yusho patients and 74 Yusho-
suspected persons in 2004, and the 351 par-
ticipants were 237 Yusho patients and 114
Blood
samples of 10 ml were collected using a

Yusho-suspected persons in 2005.

vacuum blood-collecting tube containing
heparin and were stored at 4°C until ana-
lyses for concentrations of PCDDs, PCDFs,
and non-o7tho PCBs.
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2. Materials

Native PCDDs, native PCDFSs, and native
non-o7rtho PCBs, as authentic standards,
were purchased from Wellington Labora-
tories (Ontario, Canada). ['*C,,]-PCDDs,
[1*C,,]-PCDFs, and ['*C,,]-non-ortho
PCBs, as internal standards, were also pur-
chased from Wellington Laboratories. An
active carbon column was prepared as fol-
lows: active carbon was purchased from
Nacalai Tesque (Kyoto, Japan), refluxed 3
times with toluene for 1 hour, and dried in
vacuum, after which 500 mg of the active
carbon was mixed with 500 g of anhydrous
sodium sulfate (Wako Pure Chemical Indus-
Ltd., Tokyo, Japan). A
nitrate / silica gel was purchased from
Wako Pure Chemical Industries, Ltd. All
reagents and solvents used in this experi-

tries, silver

ment were of the analytic grade of dioxin
that is commercially available.

3. Analysis of PCDDs, PCDFs , and non-
ortho PCBs

The extraction of PCDDs, PCDFs, and
non-ortho PCBs from the blood was perfor-
med using a previously reported method??.
Concentrations of the PCDDs, PCDFs, and
non-ortho PCBs were measured using high-
resolution gas chromatography/high-reso-
lution mass spectrometry (HRGC / HRMS)
equipped with a solvent cut large-volume
injection system (SGE Ltd., Victoria, Aus-
tralia)®?®.
follows: the gas chromatograph was an
HP-6890A (Agilent Technologies Inc.,
California, USA) equipped with an Autospec
Ultima NT, (Micromass Ltd., Manchester,
UK) and an SCLV injection system ; the
column used was a BPX-5 fused silica pre-
capillary column, 0.25 mm i.d.X6 m, 0.25
um film thickness (SGE Ltd.) ; the analytic
column (BPX-Dioxin I) was 0.15 mm i.d. X

The analytic conditions were as

T. Todaka et al.

30 m (SGE Ltd.); the column was heated
from 160°C to 300°C at a rate of 20°C/
minute, maintained at 300°C for 12 minutes,
cooled to 195°C at a rate of 70°C / minute,
maintained at 195°C for 1 minute, heated to
300°C at a rate of 3°C/ minute.
tion temperature and ion source tempera-

The injec-

ture were both maintained at 280°C, and the
carrier gas (helium) flow rate (constant
flow) was 1.3 ml/ minute. The ionizing
current, ionizing energy, accelerating volt-
age, and trap current were 750 pA, 40 eV,
8.0 kV and 750 u A, respectively. PCDDs,
PCDFs, and non-ortho PCBs were analyzed
in a single-ion record mode. The resolu-
tion was maintained at 10,000 at 59 valley.
For the analysis of tetrachlorodibenzo-p-
dioxin (TCDD), pentachlorodibenzo-p-diox-
in (PeCDD),
(HxCDD), heptachlorodibenzo-p-dioxin
(HpCDD), and octachlorodibenzo-p-dioxin
(OCDD), we used [*°C,,]-2,3,7,8-TCDD, [**
C:.]-1,2,3,7,8-PeCDD, [**C,,]-1,2,3,4,7,8-
HxCDD, [**C;,]-1,2,3,6,7,8-HxCDD, [*C,,]-
1,2,3,7,8,9-HxCDD, ['*Cy,]-1,2,3,4,6,7,8-
HpCDD, and [**C,,]-1,2,3,4,6,7,8,9- OCDD as
internal standards, respectively. For the

hexachlorodibenzo-p-dioxin

analysis of tetrachlorodibenzofuran
(TCDF), pentachlorodibenzofuran (PeCDF),
hexachlorodibenzofuran (HxCDF), heptach-
lorodibenzofuran (HpCDF), and octachlor-
odibenzofuran (OCDF), we used [**C,,]-2,3,
7,8-TCDF, [**C,,]-1,2,3,7,8-PeCDF, [**C,,]-
2,3,4,7,8-PeCDF, [**C,,]-1,2,3,4,7,8- HxCDF,
[*Cy2]-1,2,3,6,7,8-HxCDF, [*C,,]-1,2,3,7,8,
9-HxCDF, [%C,.]-2,3,4,6,7,8- HxCDF, [
Cy.1-1,2,3,4,6,7,8-HpCDF, [*C,,]-1,2,3,4,7,8,
9-HpCDF, and ['2C,,]-1,2,3,4,6,7,8,9-OCDF
as internal standards, respectively. For the
analysis of 3,3",4,4’-tetrachlorobiphenyl
(TCB), 3,4,4,5-TCB, 3,3,4,4 5-pentachlor-
obiphenyl (PeCB), and 3,3’,4,4’,5,5-hexach-
lorobiphenyl (HxCB), we used [*C;,]-3,3" /4,
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£-TCB, [**C,,]-3,4,45-TCB, [**C,,]-3,3 4,
4’ 5-PeCB, and [*C,,]-3,3,4,4’,5,5-HxCB as
[13C12:|*1,
2,3,4-TCDD was used as a syringe spike.

internal standards, respectively.

4. Data analysis

To estimate the sum of TEQ concentra-
tions of PCDDs, PCDFs, and non-ortho
PCBs, we introduced ND (less than the
detection limit) values to half values of the
detection limit and the estimates based on
the toxic equivalency factors (TEF) values
proposed by the World Health Organization
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(WHO)?.
Results and discussion

The concentrations of PCDDs, PCDFs,
and non-o7tho PCBs in the blood of Yusho
patients and Yusho-suspected persons in
2004-2005, including the dates in 2002-2003
and the normal controls that had been previ-
ously reported, are presented in Table 1-
4~7 The sum of TEQ concentrations of
PCDDs, PCDFs, and non-ortho PCBs in the
blood of Yusho patients in 2002-2005 were

136.4, 125.0, 126.1, and 124.2 pg TEQ/g

Table 1 Concentrations of PCDDs, PCDFs, and non-o7tho PCBs in the blood of Yusho patients collected in 2002-2005

Concentration (pg/g lipid)

Yusho patients

Normal controls

2002 (n=279) 2003 (n=269) 2004 (n=242) 2005 (n=237) 2005 (n=127)

Congeners Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
2,3,7,8-TCDD 1.7 0.8 1.7 0.8 1.4 0.8 1.6 1.4 1.9 0.8
1,2,3,7,8-PeCDD 11.1 5.9 9.7 5.4 9.7 5.6 10.4 6.0 9.0 3.4
1,2,3,4,7,8-HxCDD 2.9 1.8 2.6 1.6 2.6 1.6 3.0 1.9 3.6 1.9
1,2,3,6,7,8-HxCDD 53.0 41.7 50.4 42.6 49.2 41.5 50.8 40.8 27.7 11.0
1,2,3,7,8,9-HxCDD 5.1 3.8 3.9 2.7 4.3 3.1 4.8 3.2 4.5 2.8
1,2,3,4,6,7,8-HpCDD 63.4 53.7 38.6 22.9 49.8 25.9 46.8 30.2 78.7 55.5
OCDD 877.2 728.2 763.3 4389 716.8 370.3 797.4 636.9 1221.6 940.4
2,3,7,8-TCDF 1.4 0.9 1.2 0.7 1.8 1.6 3.0 3.8 1.0 0.7
1,2,3,7,8-PeCDF 0.9 0.8 0.8 0.7 0.9 0.8 1.3 1.7 0.7 0.6
2,3,4,7,8-PeCDF 192.0 252.1 176.2  240.2 181.8 241.7 175.1 240.1 17.1 6.6
1,2,3,4,7,8-HxCDF 59.0 99.6 52.0 87.2 50.4 83.8 48.1 86.2 4.9 2.7
1,2,3,6,7,8-HxCDF 22.4 29.1 20.4 27.0 18.6 24.5 18.3 26.1 5.7 2.6
2,3,4,6,7,8-HxCDF ND ND ND ND ND
1,2,3,7,8,9-HxCDF ND ND ND ND ND
1,2,3,4,6,7,8-HpCDF 3.2 4.0 2.8 2.6 2.7 3.1 2.7 2.7 2.2 2.1
1,2,3,4,7,8,9-HpCDF ND ND ND ND ND

OCDF ND ND ND ND ND
3,4,4'5-TCB (#81) 5.6 3.1 5.3 1.8 5.5 3.0 5.5 2.3 5.6 2.3
3,3,4,4-TCB (#77) 11.0 7.2 8.6 6.4 11.0 8.2 11.0 20.5 8.4 4.8
3,3,4,4,5-PeCB (# 126) 103.1 71.7 98.1 65.3 92.3 70.4 94.6 64.4 113.1 80.6
3,3,4,4’,5,5-HxCB (# 169) 200.0 154.5 183.8  139.2 1354 98.5 155.4 113.2 63.7 27.0
Total PCDDs 1014.3 782.0 870.3 469.5 833.8 407.5 914.8 673.1 1346.9 1005.7
Total PCDFs 284.3 374.6 258.8 352.3 261.8 3479 253.7 353.7 36.9 13.5
Total PCDDs / PCDFs 1298.7 866.0 1129.1 602.3  1095.6 561.5 1168.4 769.8 13839 1012.2
Total non-ortho PCBs 319.9 186.5 295.9 167.6 244.3 138.2 266.6 147.6 190.7 106.3
Total 1618.6 947.8  1425.0 703.4  1339.9 644.9 1435.0 837.1 1574.6 1047.6
PCDDs-TEQ 19.5 10.4 17.6 9.9 17.3 10.1 18.4 10.7 15.3 5.8
PCDFs-TEQ 104.6 137.9 95.8 131.1 98.3 131.3 94.8 131.2 10.0 3.8
PCDDs/PCDFs-TEQ 124.1 146.7 113.3  139.7 1155 139.8 113.2 140.2 25.4 9.0
Non-ortho PCBs-TEQ 12.3 7.7 11.7 6.9 10.6 7.3 11.0 6.8 11.9 8.2
Total of TEQ 136.4 148.3 125.0 141.2 126.1 140.7 124.2 141.5 37.3 15.9
Lipid (%) 0.34 0.06 0.36 0.06 0.35 0.05 0.34 0.05 0.33 0.05
Age (years) 63.6 12.6 65.7 11.7 65.5 11.8 67.3 11.3 68.0 5.4

The participants of the medical check-up for Yusho during 2002 to 2005 were 371, 343, 316, and 351, for each year

respectively

ND: less than the detection limit: S.D.: standard deviation: TEQ : toxic equivalents.
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Table 2 Concentrations of PCDDs, PCDFs, and non-o7tho PCBs in the blood of Yusho-suspected persons collected in

2002-2005
Concentration (pg/g lipid)
Yusho-suspected persons Normal controls
2002 (n=92) 2003 (n="74) 2004 (n="74) 2005 (n=114) 2005 (n=127)

Congeners Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
2,3,7,8-TCDD 1.4 0.9 1.5 0.7 1.5 0.9 1.6 1.1 1.9 0.8
1,2,3,7,8-PeCDD 7.8 4.0 6.6 3.2 6.8 3.3 7.9 4.1 9.0 3.4
1,2,3,4,7,8-HxCDD 3.1 1.9 2.4 14 2.8 15 3.2 1.9 3.6 1.9
1,2,3,6,7,8-HxCDD 28.7 18.8 26.0 17.1 25.7 13.0 26.5 14.4 27.7 11.0
1,2,3,7,8,9-HxCDD 5.4 3.9 3.6 2.1 4.2 2.0 4.8 2.7 4.5 2.8
1,2,3,4,6,7,8-HpCDD 76.4 55.1 39.8 24.1 59.0 35.6 51.2 29.3 78.7 55.5
OCDD 908.9 560.1 796.2 589.2 849.9 535.8 856.4 568.3 1221.6 940.4
2,3,7,8-TCDF 1.0 0.8 1.0 0.6 1.0 0.6 1.8 2.8 1.0 0.7
1,2,3,7,8-PeCDF 0.8 0.6 0.7 0.6 0.7 0.4 1.1 1.3 0.7 0.6
2,3,4,7,8-PeCDF 33.2 51.9 30.0 50.3 15.1 15.6 24.7 36.4 17.1 6.6
1,2,3,4,7,8-HxCDF 9.2 15.5 8.3 14.6 4.4 3.4 6.0 7.2 4.9 2.7
1,2,3,6,7,8-HxCDF 6.9 5.2 6.3 5.7 4.8 2.5 5.4 3.7 5.7 2.6
2,3,4,6,7,8-HxCDF ND ND ND ND ND
1,2,3,7,8,9-HxCDF ND ND ND ND ND
1,2,3,4,6,7,8-HpCDF 3.3 4.0 3.6 3.9 2.6 2.1 2.5 2.1 2.2 2.1
1,2,3,4,7,8,9-HpCDF ND ND ND ND ND
OCDF ND ND ND ND ND
3,4,4'5-TCB (#81) 5.4 1.6 5.2 0.9 5.1 0.8 5.9 4.1 5.6 2.3
3,3,4,4'-TCB (#77) 10.6 6.7 7.8 4.2 11.3 7.2 15.1 27.6 8.4 4.8
3,3,4,4,5-PeCB (# 126) 91.6 78.0 75.9 61.4 78.2 65.3 98.2 91.5 113.1 80.6
3,3,4,4’,5,5-HxCB (# 169) 83.1 68.2 74.0 58.7 49.7 34.3 70.2 82.3 63.7 27.0
Total PCDDs 1031.7 617.7 876.0 620.9 949.8 580.8 951.6 609.8 1346.9 1005.7
Total PCDFs 59.9 72.2 55.3 69.1 34.0 21.4 46.6 47.3 36.9 13.5
Total PCDDs / PCDFs 1091.6 643.9 931.3 652.8 983.8 588.7 998.2 625.2 13839 1012.2
Total non-o7tho PCBs 190.8 136.8 162.9 113.6 144.4 96.9 189.3 156.0 190.7 106.3
Total 1282.4 732.4  1094.2 719.9 1128.2 646.2 1187.6 707.4 1574.6 1047.6
PCDDs-TEQ 13.8 6.9 11.7 5.4 12.2 5.6 13.6 6.8 15.3 5.8
PCDFs-TEQ 18.7 27.8 16.9 26.9 8.9 8.3 14.0 19.2 10.0 3.8
PCDDs/PCDFs-TEQ 32.5 31.3 28.6 30.2 21.1 12.0 27.5 23.5 25.4 9.0
Non-ortho PCBs-TEQ 10.0 41.9 8.3 6.6 8.3 6.8 10.5 9.5 11.9 8.2
Total TEQ 42.5 35.2 37.0 32.9 29.4 16.9 38.1 29.8 37.3 15.9
Lipid (%) 0.33 0.07 0.35 0.05 0.33 0.06 0.33 0.05 0.33 0.05
Age (years) 54.1 17.4 51.8 20.3 54.7 17.0 54.7 17.0 68.0 5.4

The participants of the medical check-up for Yusho during 2002 to 2005 were 371, 343, 316, and 351, for each year

respectively

ND: less than the detection limit : S.D. : standard deviation : TEQ : toxic equivalents.

lipid for each year, respectively, and the
concentrations were 3.7, 3.4, 3.4, and 3.3
times higher than those in the normal con-
trols for each year, respectively (Table 1).
In the case of Yusho-suspected persons, the
concentrations were 42.5, 37.0, 29.4, and
38.1 pg TEQ/g lipid, respectively, which
were slightly higher than those of the nor-
mal controls (Table 2).

The TEQ concentrations of PCDDs,
PCDFs, and non-o7tho PCBs in the blood of
Yusho patients were 19.5, 104.6, and 12.3

(100)

pg TEQ/g lipid in 2002, respectively, 17.6,
95.8, and 11.7 pg TEQ/g lipid in 2003,
respectively, 17.3, 98.3, and 10.6 pg TEQ/g
lipid in 2004, respectively, and 18.4, 94.8,
and 11.0 pg TEQ/g lipid in 2005, respective-
ly (Table 1).
ed persons, these concentrations were 13.8.
18.7, and 10.0 pg TEQ/g lipid in 2002,
respectively, 11.7, 16.9, and 8.3 pg TEQ/g
lipid in 2003, respectively, 12.2, 8.9, and 8.3
pg TEQ / g lipid in 2004, respectively, and
13.6,14.0, and 10.5 pg TEQ / g lipid in 2005,

In the case of Yusho-suspect-
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Table 3 Concentrations of PCDDs, PCDFs, and non-o7tho PCBs in the blood of Yusho patients collected in 2002-2005

Concentration

Yusho patients Normal controls
2002 (n=279) 2003 (n=269) 2004 (n=242) 2005 (n=237) 2005 (n=127)
Total of TEQ concentrations of PCDDs, PCDFs, and non-ortho PCBs (pg TEQ/g lipid)

Maximum 1126.1 1176.6 980.3 1005.0 99.7
Minimum 7.0 5.5 5.6 8.7 12.3
Mean 136.4 125.0 126.1 124.2 37.3
S.D. 148.3 141.2 140.7 141.5 15.9
Concentration of PCDFs (pg TEQ/g lipid)

Maximum 1029.4 1074.4 897.4 910.4 21.6
Minimum 2.1 1.8 2.0 2.1 3.5
Mean 104.6 95.8 98.3 94.8 10.0
S.D. 137.9 131.1 131.3 131.2 3.8
Concentration of 2,3,4,7,8-PeCDF (pg /g lipid)

Maximum 1889.7 1953.5 1641.5 1672.6 36.8
Minimum 3.1 2.6 2.9 3.2 6.0
Mean 192.0 176.2 181.8 175.1 17.1
S.D. 252.1 240.2 241.7 240.1 6.6
The participants of the medical check-up for Yusho during 2002 to 2005 were 371, 343, 316, and 351, for each year
respectively

ND : less than the detection limit : S.D. : standard deviation : TEQ : toxic equivalents.

Table 4 Concentrations of PCDDs, PCDFs, and non-o7tho PCBs in the blood of Yusho-suspected persons collected in
2002-2005

Concentration

Yusho-suspected persons Normal controls
2002 (n=92) 2003 (n="74) 2004 (n=74) 2005 (n=114) 2005 (n=127)
Total of TEQ concentrations of PCDDs, PCDFs, and non-o7tho PCBs (pg TEQ/g lipid)

Maximum 178.0 1885 93.5 175.7 99.7
Minimum 6.7 3.9 3.8 7.4 12.3
Mean 42.5 37.0 29.4 338.1 37.3
S.D. 35.2 32.9 16.9 29.8 15.9
Concentration of PCDFs (pg TEQ/g lipid)

Maximum 145.2 150.9 69.9 136.2 21.6
Minimum 1.6 1.1 14 1.6 35
Mean 18.7 16.9 8.9 14.0 10.0
S.D. 27.8 26.9 8.3 19.2 3.8
Concentration of 2,3,4,7,8-PeCDF (pg /g lipid)

Maximum 262.7 272.4 131.9 259.5 36.8
Minimum 2.2 1.2 1.9 2.2 6.0
Mean 33.2 30.0 15.1 24.7 17.1
S.D. 51.9 50.3 15.6 36.4 6.6
The participants of the medical check-up for Yusho during 2002 to 2005 were 371, 343, 316, and 351, for each year
respectively

ND: less than the detection limit : S.D. : standard deviation : TEQ : toxic equivalents.

Table 5 Relative concentration ratios of the concentrations of PCDDs, PCDFs, and non-ortho PCBs to the total

concentrations
Relative contribution ratio (%)
Yusho patients Yusho-suspected persons Normal controls
Isomers 2002 2003 2004 2005 2002 2003 2004 2005 2005
PCDDs 14.3 14.1 13.7 14.8 32.6 31.8 41.5 35.6 41.1
PCDFs 76.7 76.6 77.9 76.3 43.9 45.7 30.2 36.7 26.8
Non-ortho PCBs 9.0 9.3 8.4 8.9 23.5 22.5 28.3 27.6 32.0
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respectively (Table 2). On the other hand,
the TEQ concentrations of PCDDs, PCDFs,
and non-o7tho PCBs in the blood of normal
controls were 15.3, 10.0, and 11.9 pg TEQ /
g lipid, respectively. The TEQ concentra-
tions of PCDDs and non-o7tho PCBs were
nearly the same among Yusho patients,
Yusho-suspected persons, and normal con-
trols in 2002-2005. However, the PCDF
levels of Yusho patients were significantly
higher than those of Yusho-suspected per-
The PCDFs con-
centrations of the Yusho patients in 2002-
2005 were 10.5, 9.6, 9.8, and 9.5 times
higher than those of normal controls for
each year, respectively (Table 1), and those

sons and normal controls.

T. Todaka et al.

of the Yusho-suspected persons were about
1.9,1.7,0.9, and 1.4 times higher than those
of normal controls for each year, respective-
ly (Table 2).

The relative contribution ratios of the
concentrations of PCDDs, PCDFs, and non-
ortho PCBs to the total concentrations are
shown in Table 5. The ratios of the
PCDDs, PCDFs, and non-ortho PCBs con-
centrations to the total concentrations of
these dioxin-like compounds for normal
controls were 41.1, 26.8, and 32.095, respec-
tively.
sons, the contribution ratios of these three

In the case of Yusho-suspected per-

concentrations were 32.6, 43.9, and 23.5%
in 2002, respectively, 31.8, 45.7, and 22.5%

Table 6 Concentrations of each congener for 138 Yusho patients in whom the concentrations of PCDDs, PCDFs, and
non-ortho PCBs were measured every year during 2002 to 2005

Concentration (pg/g lipid)

2002 2003 2004 2005

Congeners Mean S.D. Mean S.D. Mean S.D. Mean S.D.
2,3,7,8-TCDD 1.6 0.8 1.6 0.8 1.3 0.7 1.6 1.6
1,2,3,7,8-PeCDD 11.2 6.3 9.7 5.6 9.7 5.4 10.6 6.3
1,2,3,4,7,8-HxCDD 3.1 1.8 2.6 1.5 2.7 1.6 3.0 1.8
1,2,3,6,7,8-HxCDD 55.5 44.1 52.4 46.5 50.7 41.0 52.8 41.5
1,2,3,7,8,9-HxCDD 5.4 3.3 4.0 2.8 4.3 3.0 4.6 3.1
1,2,3,4,6,7,8-HpCDD 715 61.7 38.8 22.6 51.5 27.2 46.5 26.9
OCDD 949.9 871.7 769.8 407.9 745.1 388.7 772.3 434.4
2,3,7,8-TCDF 1.4 1.0 1.3 0.7 1.5 1.1 3.0 3.9
1,2,3,7,8-PeCDF 1.0 0.9 0.9 0.7 0.8 0.7 1.2 1.7
2,3,4,7,8-PeCDF 205.1 280.4 184.0 262.9 178.9 245.6 180.6 251.1
1,2,3,4,7,8-HxCDF 59.9 102.7 55.4 100.5 49.1 85.9 49.5 87.1
1,2,3,6,7,8-HxCDF 22.3 29.6 21.2 31.0 18.1 23.9 18.7 25.1
2,3,4,6,7,8-HxCDF ND ND ND ND

1,2,3,7,8,9-HxCDF ND ND ND ND

1,2,3,4,6,7,8-HpCDF 3.2 3.8 3.0 2.7 2.8 2.7 2.8 2.5
1,2,3,4,7,8,9-HpCDF ND ND ND ND

OCDF ND ND ND ND

3,4,4 5-TCB (#81) 5.6 3.0 5.4 1.8 5.4 2.3 5.4 2.3
3,3°,4,4-TCB (#77) 11.7 7.7 8.1 5.1 10.6 8.5 8.8 13.8
3,3,4,4,5-PeCB (# 126) 103.3 71.1 91.7 57.5 88.7 60.1 93.8 60.8
3,3,4,4’,5,5-HxCB (# 169) 205.5 162.2 185.0 148.5 141.6 104.1 157.9 118.9
Total PCDDs 1098.3 930.7 878.8 433.2 865.3 423.2 891.5 465.7
Total PCDFs 298.5 410.3 271.2 392.9 256.6 353.4 261.0 365.6
Total PCDDs/PCDFs 1396.8 1003.7 1150.0 585.2 1121.9 555.4 1152.4 594.3
Total non-ortho PCBs 326.2 188.8 290.2 170.0 246.4 133.0 265.9 148.5
Total 1723.0 1079.7 1440.2 694.2 1368.3 634.7 1418.3 678.6
PCDDs-TEQ 20.1 11.0 17.7 10.4 17.4 9.7 18.8 10.9
PCDFs-TEQ 111.3 153.0 100.1 144.3 96.6 133.4 97.7 136.8
PCDDs/PCDFs-TEQ 131.4 162.5 117.8 153.5 114.0 141.7 116.5 145.9
Non-ortho PCBs-TEQ 12.4 7.5 11.0 6.2 10.3 6.3 11.0 6.5
Total of TEQ 143.7 163.8 128.9 154.9 124.3 142.4 127.5 147.1

ND: less than the detection limit : S.D. : standard deviation : TEQ : toxic equivalents.

(102)



Follow-up survey in 2004-2005

in 2003, respectively, 41.5, 30.2, and 28.3%
in 2004, respectively, and 35.6, 36.7, and
27.6% 1in 2005, respectively.
the ratios of these concentrations in Yusho
patients were 14.3, 76.7, and 9.09§ in 2002,
respectively, 14.1, 76.6, and 9.3% in 2003,
respectively, 13.7, 77.9, and 8.49% in 2004,
respectively, and 14.8, 76.3, and 8.99§ in
2005, respectively. Yusho patients had the
highest contribution ratio of PCDFs to total
of TEQ concentration of these dioxin-like
compounds. When the PCDFs ratio to the
total of TEQ concentrations of PCDDs,
PCDFs, and non-ortho PCBs in Yusho-
suspected persons was compared with that

Interestingly,

of Yusho patients and normal controls, it
was at an intermediate level between that of
How-
ever, of
PCDFs in the Yusho-suspected persons
group during 2002 to 2005 were 145.2, 150.9,
69.9, and 136.2 pg TEQ /g lipid for each
year, respectively (Table 4).

Yusho patients and normal controls.
the maximum concentrations

These finding
indicated that some of the Yusho-suspected
persons have a high PCDFs concentrations
in their blood.

Among PCDFs congeners, the concentra-
tion of 2,3,4,7,8-PeCDF showed particularly
high concentration for Yusho patients
compared with that of normal controls
(Table 1). The concentrations of 2,3,4,7,8-
PeCDF in the blood samples collected in
2002-2005 for Yusho patients were 192.0,
176.2, 181.8, and 175.1 pg / g lipid for each
year, respectively. These levels were 11.2,
10.3, 10.6, and 10.2 times higher than those
of normal controls for each year, respective-
ly (Table 1). The maximum concentrations
of 2,3,4,78-PeCDF in the Yusho patients
group during 2002 to 2005 were 1889.7, 1953.
5, 1641.5, and 1672.6 pg /g lipid for each
year, respectively (Table 3). It is surprising
that 2,3,4,7,8-PeCDF in one patient with
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severe Yusho symptoms remains at a much
higher concentration than normal controls
even now. In the case of Yusho-suspected
persons, the concentrations were 1.9, 1.8,
0.9, and 1.4 times higher than those of
normal controls for each year during 2002 to
2005, respectively (Table 2).

maximum concentrations

However, the
of 2,3,4,7,8-
PeCDF in the Yusho-suspected persons
group during 2002 to 2005 were 262.7, 272 .4,
131.9, and 259.5 pg / g lipid for each year,
respectively, which suggested that some of
the Yusho-suspected persons were in fact
exposed to PCDFs (Table 4). From the
results measured in this study, we reconfir-
med that Yusho patients still have a much
higher concentration of PCDFs in their
blood than do unaffected persons and that
some of the Yusho-suspected persons
showed high PCDFs concentrations in their
blood. We also reconfirmed that the con-
centration of 2,3,4,7,8-PeCDF, which was
the highest among the congeners of PCDFs,
was about 10 times higher than that of the
normal controls.

Among 279, 269, 242, and 237 Yusho
patients who received medical check-up
between 2002 and 2005, the concentrations
of PCDDs, PCDFs, and non-ortho PCBs in
the blood of 138 patients were measured for
The average PCDFs
concentrations for the 138 Yusho patients in
2002-2005 were 111.3, 100.1, 96.6, and 97.7
pg TEQ / g lipid, respectively, and the con-
centrations did not significantly decrease
during 2002 to 2005 (Table 6). The concen-
trations of 2,3,4,7,8- PeCDF among PCDFs
congeners were 205.1, 184.0, 178.9, and 180.
6 pg/g lipid in 2002-2005 for each year,
respectively, and the
remained unchanged from year to year
(Table 6). These findings suggest that the
PCDFs remained in the blood of Yusho

4 consecutive years.

concentrations
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patients for a very long time, 37 years hav-
ing passed since the outbreak of Yusho,
have a very high persistency.

We measured the concentrations of
PCDDs, PCDFs, and non-ortho PCBs in
blood collected from 279, 269, 242, and 237
Yusho patients during medical check-up
performed in 2002 to 2005, respectively, and
92, 74, 74, and 114 Yusho-suspected persons
respectively.
Based on the results of this follow- up sur-

during those same years,

vey study, the concentration of 2,3,4,7,8
-PeCDF in the blood officially became part
of the diagnostic criteria for Yusho expo-
sure on September 29, 2004. As a result, of
74, 74, and 114 Yusho-suspected persons
measured during 2003 to 2005, respectively,
18, 7, and 14 persons were officially regis-
tered as Yusho patients based on the “New
Diagnostic Criteria,” respectively. Because
Yusho patients and Yusho-suspected per-
sons have become older, it has become diffi-
cult to distinguish their age-related senile
clinical symptoms from symptoms peculiar
to Yusho disease. By continuing this fol-
low-up survey in the future, some of Yusho-
suspected persons will finally be registered
as Yusho patients based on the new diagnos-
tic criteria.
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Analysis of Polychlorinated Quaterphenyls in Yusho Diagnosis in 2005

Yuki AsHIZUKAY, Reiko Nakacawa?, Hironori HiIrakawAY, Tsuguhide Horr?,
Jumboku Kajiwara?, Takao Iipa? and Takesumi YOSHIMURAY

Y Fukuoka Institute of Health and Environmental Sciences, 39,
Mukaizano, Dazaifu-shi, Fukuoka 818-0135
2 Kitakyushu Life Science Center, 1-4, Nakabarushinmachi,
Tobata-ku, Kitakyusyu-shi, Fukuoka 804-0003

Abstract The polychlorinated quaterphenyl (PCQ) concentrations in the blood are important
discriminative parameters in Yusho patients. The blood samples of 81 persons were analyzed
for PCQ in the 2005 annual inspection for Kanemi rice oil poisoning. PCQ was detected in 28
blood samples (ranging from 0.02 to 4.05ppb). The means of PCQ concentration in the blood
were 1.80 ppb (0.33-4.05ppb) in pattern A, 0.71ppb (<0.02-2.26ppb) in pattern B, 0.03ppb (<0.
02-0.14ppb) in pattern BC and 0.02ppb (<0.02-0.45ppb) in pattern C, respectively. PCQ was
still present at high concentration in the blood of patterns A and B. Since PCQ concentration
is a useful diagnostic criteria, it is important to follow up on this survey of blood PCQ levels.

X L ® I

RVE7 7T Vv 7 2 = (PCQ) X, PCDF &
[Eff1c PCB % 2k & U ChnvE ATz £k L,
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SNV ~LD PCQ BRI N TWwWEY, Z0D
7z % PCQ R 1% 1981 4512 JHE O 2 I Ee e 1258
s, BUE S HEICR BRI » OF 2 BEED—
D Lo T3, ZORHETIE, MF PCQ EE X
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DI EIT o7z, IHTOBE X HER T 5720 DU
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W 1 O Mg 2 HH L7z,

2., ZER
PCQ =¥ (10 ng/ml) = 52eEE b L T PCQ
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T 72, C OBMEEIE A AL, 0.2~2ng / ml
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ANFYY, Y =i F v SRR ORE
B3« PCBaoWHAERAWE, Y2 F Vv —7),
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VS FIE A7 18O Aluminiumoxid (70~230
mesh) % 130°CC 3 Ky L, FEUKE 2 %
MZTESEE LD EH W,

4. {ERKES
HAzua~x b7 7 ECD . Hewlett-Packard
# HP5890A (®*Ni-ECD)

5. BIESRM

FrE 7 V—h 7 A B 7 A Quadrex f H
007-65HT (K& 25m, W 0.25mm, fEE 0.1
um), B 7 A~y NJE25psi, HADRE:
300°C, HEAFE ALYy NV R, BT LRE
80°CT 5 /rFIFRFF L 72, 320°CE T 1 4w
30°COENE TR 45 S HIREE, AR 144l
TR © 350°C

6. SMHE
Mk & IRAIL, $92 g% 10 ml OFUE
BB WCIEMCERE L2, 1.5 N OKBB{Es Y 7
N/ xTH =B 35mIMZTELBEELRE,
90°CT 1 B S 72, Bupntk, ~F¥ %2
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Mk, FEEAKZ 2 %MZTEISEELIZHOD)
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Fig.1 The ECD / GC chromatograms of six skeletal types of perchlorinated PCQ congeners

(ODCQ)

Peakl: 2,2-0DCQ, Peak2: 2,3-0ODCQ, Peak3: 2,4-ODCQ, Peak4 : 4,4°0DCQ, 3,3~

ODCQ, Peak5s: 3,4-0ODCQ

A : PCQ standard (2ppb), B : Sample (Yusho patient)

M ORERE 2 HESR T 2 728, B H O MK %2 v
THMENGRER (n=3) #1T-o7%. ZOFE, [
IVERIZ ) 98.59% (90.0~109.29%) T, RSD 3
10.0% & REFRFER DB S 0Lz, HEZE Tl
HTRREE LT 0.02ppb Z3EKT 5 2 &AL
THh3. &E0 ECD/GC 2B 2 HH TIREIX
0.2 ppb (MK H T 0.02 ppb DFH FERE) T
HY, BIFZEENE SN, BEHITRTFRERS
M2 5 7z, Fig. 112 2 ng / ml BR¥EEW S OV
YN (ZZH14) OECD/GCr7u~x 73
VAR NI

TMENNERBR 1 B 0 B [EICR K O 40 M B g
(ECD/GC) cB 2MHBENRIFTHL Z &
EHER L I8, BB OST RFB LI, RO T 4
Zarvbhu—k UTEE 1 AOMEE ST LI
fEFIL 4.05ppb TH Y, HIFEED 4.15ppb LT
WETH- 7z,

2. 2005 FERE—FRZICHE T3 PCQ AT
DFER

2005 FEME—F 222 H T8l 4 (RER
# 26 %4, RAESH 55 $4) DI IZ DWW T PCQ M
HEEMLI, 2OHTPCQBIMHEENTEDIZ
28 4T, IEBE1X 0.02 ppb~4.05ppb TH o7z, &
EEHE (n=26) OMMEF PCQ ¥ E O FHIHE 13
0.88 ppb T, KRFEH (n=55) DOFHEIX 0.02
ppb A FTH -7z (Table 1).
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DTH5., PCQEEDFHEIZFA ST —2 N
1.80 ppb (0.33-4.05ppb), B¢ ¥ —> 230.71
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Table 1 Levels of PCQ in the blood of Yusho-patients
and Yusho-suspected persons in the 2005
annual inspection

Concentration (ppb)

Yusho-patients Yusho-suspected

(n=26) persons (n=55)
Mean 0.88 <0.02
Minimum <0.02 <0.02
Maximum 4.05 0.05
5
34 .
=
5 .
g . :
° °
. | .
0 H At 2
A B BC C

Fig. 2 The blood PCQ levels of subjects classified to
each PCQ pattern in the 2006 annual inspec-
tion; bars indicate the means of concentra-
tions.

Table 2 Number of subjects classified to each PCB
pattern and PCQ levels in the 2005 annual
inspection

PCQ concentration PCB Pattern

(ppb) A B BC C
1< 3 5 0 0
0.1-1 2 10 0 3
0.02-0.1 0 0 1 4
<0.02 0 3 4 46
Total 5 18 5 53

0.02 ppb &\ 5 G5 341, WfEEH & W0 H
TERWC AR =D ANTPCQ230.1ppb AL
DEWEERZRITFI3FIR SN, £, 2W
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75 —2AFBCRXY—>T1%4, CXF¥—>T3
#“Thoie.

8 &
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(109)

235

HERE O PCQIBEX, 1979 FD 7 —5 & g
T25E35D205 350 1 RBECED L Twiz
23, 30 FEDA R U 72 BIFE S % 7RIS RIRE
B LBy, M#Eh PCQ #EE X, PCB, PCDF
BEE &b ICHEZHERE L L CEELHIARTH
eFzohd, —F, PCBO/XY—VR B
§—>Th-o>Th PCQHH SN nfle,
KWHEELRSTINTELVWC NI —VDAT
PCQ 23 0.1 ppb A O RERE TR S L7261
Honl., £/, ZHEREICE1T 5 0.03~0.1ppb
DB FEBEE 2Rt 7 —AF BC /Xy —>T1
%4, CXF =2 T3HTHo7z, HREIELRS
PCB, PCDF & & OB L1 DWW TOHIA
BELOICH, 5% b PCQIEEIC DWW TS
7B R 21T T CENEETH S 5
2o,

E| Fa
ARG R 17 T B A 57 B R i e B i Bl
EWCHEIDBDTHS, ZWXRLCHEL2ELZ
KR
z £ X #
1) SRR, IR, BEwE, MEEA @ HE

JRER 3 & ONE B3 ik o PCB, PCQ 8
L O'PCT, fERMEGE 76  126-131, 1985,
HHEA, SEEM  MEZEI L4 AL
ANV OBEYE, @KL 70 D 229-237,
1979,

ARHEREERE, PrhEss, LT, EETRIZE, =iE
wl, JHE E— D IEEEHOIKHRVIENRY 7
TNT7 = )VIRE, @EEERE 78, 305-308,
1987,

Kashimoto T, Miyata H and Kunita N : The
presence of polychlorinated quaterphenyls in
the tissues of Yusho victims. Fd. Cosmet.
Toxicol. 19: 335-340, 1981.

HTHEIS—ER, A [ KRB SLARE 45
Pk RafdEsm, 9, 89, 1978.
AREHBERE, VRETRIZE, MrdhdEss, JIfLF, &6
WEIRVELLZ T T T VDFE T
V—HAr70av NI T 74—k BER,
b5 37 1 230-235, 1988.

FEElkL, IFLT, P, 8 ek, fkE
REfE @ EMRZ I BT MRV EL Y 7 7
V7 == v D5, fEAERE 96 1 227-231,
2005.

2)

3)

4)

5)

6)

7

(ZAfF 2007-4-2)



236 fabdEEEE  98(5) 1 236—244, 2007

2,2,45,5-AI8FIEEZz=) (CB101) DF v b, NLARXRI—BLV
ELEY MFI 2OV —-LIZL BRH

D IR R RIS R A e E
D —IERERY: EREY =
DRSO A ZEFTER S BRI
REIRUSEIER SN 28 S R e S o
X H T8, &MY, ) O, kS A,
Y, i E fF =

Metabolism of 2,2’,4,5,5’-Pentachlorobiphenyl (CB101) by Liver
Microsomes of Rats, Hamsters and Guinea Pigs

Chiho OnTa, Mikiko MaTsuoka®, Koichi HaracucHI?, Yoshihisa KaTo®,
Tetsuya Enpo? and Nobuyuki Koca®

Y Faculty of Nutritional Sciences, Nakamura Gakuen University,
5-7-1, Befu, Johnan-ku, Fukuoka 814-0198
D Daiichi College of Pharmaceutical Sciences, 22-1
Tamagawa-cho, Minami-ku, Fukuoka 815-8511
8 Faculty of Pharmaceutical Sciences at Kagawa Campus, Tokushima
Bunri University, 1314-1, Shido, Sanuki, Kagawa 769-2193
Y Faculty of Pharmaceutical Sciences, Health Sciences University of
Hokkaido, 1757, Ishikari—Tobetsu, Hokkaido 061-0293

Abstract Our previous studies have shown that six metabolites, namely 3-hydroxy (OH)-, 3’-
OH-, 4-OH-, 3,4 -dihydroxy (diOH)-, 3’-methylsulfone (CH;SO,)- and 4-CH;S0,-2,2’,4,5,5" -
pentachlorobiphenyl (CB101), were found in the serum and liver of rats, hamsters and guinea pigs
4 days after administration of CB101. In this study, the in vitro metabolism of CB101 was
studied using liver microsomes of rats, hamsters and guinea pigs, and the effect of cytochrome
P450 inducers, phenobarbital (PB) and 3-methylcholanthrene (MC) on CB101 metabolism was
also compared. 3-OH-, 3’-OH-, 4-OH- and 3’,4-diOH-CB101 were formed by liver mi-
crosomes of rats, hamsters and guinea pigs except that 3-OH-CB101 was not formed by hamster
liver microsomes. In untreated animals, both 3-OH- and 4-OH-CB101 were major
metabolites. By treatment of PB, 3’-OH-CB101 was increased remarkably to 140-fold of
untreated in rats and to 79-fold of untreated in hamsters, and was also increased slightly to
4-fold of untreated in guinea pigs. Moreover, PB-treatment showed a significant increase of 3’,
4-diOH-CBI101 in rats and hamsters. In contrast, MC-treatment increased 4'-OH-CB101 to
2.0-,9.6- and 3.4-fold of untreated animals in rats, hamsters and guinea pigs, respectively. In
all animal species, the formation of 3’,4’-diOH-CB101 from 3’~-OH- and 4-OH-CB101 proceeded
at much higher rate than that from CB101 and was accelerated by PB-treatment. Only in
hamster, MC-treatment decreased 3’,4’-diOH-CB101 from 3’-OH- and 4-OH-CB101 to less than
509 of untreated. Addition of 5 mM reduced glutathione suppressed the formation of 4’-OH-
CB101 to 439% of control by liver microsomes of MC-treated hamsters, suggesting that 4-OH-
CB101 can be formed mainly via 3’,4-epoxide from CB101. These results indicate that the
metabolism of CB101 to 3’,4’-diOH-CB101 is principally catalyzed by CYP2B enzymes, which
prefer 4-OH- and 3'-OH-CB101 to CB101.
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Faculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1, Befu Johnan-ku, Fukuoka 814-0198, Japan
Tel: +81-92-851-5415, Fax : +81-92-841-7762

E-mail : nobuyuki @nakamura-u.ac.jp
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2,2’,4,5,5-Pentachlorobiphenyl (pentaCB)
(CB101) i, Clophen® % Kanechlor'®3® 7z &
PCB BEYIOEEREK T D 1 D TH 25, LI
UISBRE L EEN IR S Tw 3930, %
72,2 A5-ZHREHAN V¥ VR EH T 2 IV HE
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P RBH 4 [HLUF Tk, BF cytochrome P450
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20, EHERBH 5 A EO b D b LI
B ST K55, BT, 245-ZHFRELN
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phenyl (heptaCB) (CB180) i%, B4 E b
DO, FEIAEMES X MK 7 & NOBRE WL
I C ERE S LT 010101936 - ;s i
PIERE 5 AL LT, CB101 @ X 9 iZmeta-
para fLICBEEE T 2 KR 2FED b D%, HIKINE S
WAL, HANcHRit s,

1976 &, Chen & 13"C 5% CB101 % 0.6 mg/
kg OB GETHMEZ v MICEIRES L & 2 2,
G U7 ERE O 84% 53 7T HAW e # iz
Mz e, FFPOBEREEITVIR LR
#HThY R L LT3R (OH) &
2, S CHERBY L LTI L-ZKEAL
(diOH) g a s 2 & 23E L7729, &L,
Haraguchi 5%, 7 v M2 CB101 25 L7z &
Z %, 3-OH 1%, 3-OH 1%, 4-OH 1., 3',4-diOH
R 2RED A FNVANVK MK (3-8 L 4-
CH;S0,-CB101) 38 X Ui» skt s s
Z&, 3-OH kL 3-8 X O 4-CH;SO A ER
HFHYTHYICEHZ W L, & 512 3 4-diOH i
Zv MIFIEEHZ E2HRE LD, 3512, T
FASIZT T A, NAAY —BIUELEY NT
bR RET 2Nz, £ OFEE, ~ v A3
=Ty FEFEBIRIIBPTNVE ZE, TV
Ty MNFTIE3-OH B b % < 3-OH fk» %
NIZHE 2 &y, NAARY —IIFTIE 3,4-diOH &
DEIR TR L MM S50y, B X Uimf
D CH;SO BB T T b D72 2 & 28] 5
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L7z,

—77, CB101 8 X ' O O A BEH 1B
LT, wlI, W ODDOMENZENTHS,
Kato 51, CB101 #8577y b &~x VAT
M FRIR RV E VEMET T2 2 L, S5,
s DA H CB101 @ CH,SO A& Tt % <,
CBI0l RELFIC Lo CEHEBESNTWDE I L%
W& L, % Jz, 33-CHsS0,-CB101 28
phenobarbital (PB) &FE{LL 7z 3V AEEER O
BWBERERET S 2 LY, —J, 4£-CH,S0,-
CBIO1 iz X bu s U ElZET 5 2 L%, &
512 3,4-diOH-CB101 8= X h u % »HE{ER %
BT nEbHEShT0DS,

L 25T, CB101 @ CH,SOf&D4: ik T H
203, £9 P450 12 L 21k, 974 H 3,4 -epox-
ide R DAL 2FE T, 7 V¥ F4 > (GSH) #
ERIG, 7V e Ny 3 UBORBEE, C-SiE
GO, 51213 S-AFMEKIGE X O S-18
fERIGICE D ERENE EFEZHNT WD, —
77, 3,4’-diOH 7% £ ® catechol 41, P450 1 X
D EEKRRILE N, H DWW 3,4 -epoxide Z %
L TER Sz OH k23, & oickmbainT
EshzeHzons, LeLians, PCBO
OH &> & diOH A~ DEEL GBI T 2 #id 1k
ZEAERWD, 2T, AiFFETIE CB101 225
34-diOH DR ZH S 123 5729,
79 b, EVEYIBLUONLZAY -7 0
V'—2 (Ms) %HwT CB101 @ in vitro 4%
FNTz, F e, RHICEES 3 % P450 43 FHE 2 HH &
MPICT B0, RER L P50 FHEA L LTS
N Tw % PBE L Of3-methylcholanthrene
(MC) THIALER L 728 C & RIFRICHES L 7z,

= BR 5

1. EBRM#

(1) CBI101 &R

CB101 1% Cadogan O HETER LD, T4%b
5, 2,4,5-trichloroaniline (1.0 g) & 2,5-dichlor-
obenzene (1.2 g) % tetrachloroethylene (10 ml)
TYEf#E L, isopentyl nitrite (0.5 ml) 21z, 110°C
T, 4 WHRIGLTz, RIGK T, #130°CTh
i U T tetrachloroethylene & {3k S% % 2= L
7o, BEWE, TV FATA (P F100g,

*
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Merck) 8 £ 03 HH TLC THRELL 72, HPLC
WP U7z, HPLCE&FRXRDEY TH S, B 7
2, YMC-Pack ODS (250%X20 mm id., 5 gm,
YMC &) ; # # 4, 100%methanol ; ¥ 2, 4
ml/min ; BHWE, 254 nm, %35, CB101 O
ETHENRERNTA 2o 77 7 4 —
(GC-ECD) 1z & D FNTAER, HAKHINC 99.0% LA
EThot,

(2) PO E R

3-Methoxy (MeO) -CB101 & X UF 4-Me0-2,2’,
3,5°,6-pentaCB (CB92) &k, 2,3,6-trichlor-
oanisole ¥ X ©f 2,5-dichloroaniline # H \» T
Cadogan D HETEK L2, KB, #idoO
CBI101 & DGE L EkIE, ¥V A7V 60h F
AB LU HPLC 2 X D REHIL 72,

3-OH-CBI101 1%, 6 Vud Wistar 7 v b
wEhpoER L, $0bb, 7w M 3 HIE PB
THILEEE, CB101 (20 mg/kg) % 1 [HIfEREN#&
Hl7:. ##5% 6 HEO#EA2 X TEINL, Hok
¥z, chloroform THiHT U7z, HliH R O AR
Y, V)71 60Ah 75 (120g, Merck) B £
UHBES VA7V 60 4725 80g) iz,
HPLC 12 & D RBL 21T o 7z, Sf@ NI I389 10
mg Tholz. &8, XF Wi, diazomethane
WL DiTo 7z,

4-OH-CB101 O & HE, 2,4,5-trichloroaniline
B & U 2,5-dichlorophenol % A v» T Hutzinger
5DHETIT- 7219, KWL, 3-OH FEH O
BE LRI, YUV 60 4T A () ATV
120 g 5 X V80 ) 2 [MIH T TERAER 2 L, &K
EIC HPLC I X DRSRIL 72, B, X F it
1¥, diazomethane I X V47572,

3 4-dimethoxy (diMeO)-CB101 @ & % 13,
Haraguchi & D F#ETIT-7212, T%bb, 24,
5-trichloroaniline & veratrole ® 7 v 7V > 7
RIGZ L& s iz 2,3-8 & U3,4-diMeO-2,4,
5-trichlorobiphenyl DIREWI» &, TV FH F
L (Activity grade II, Merck) 2& 9, 24,
5-trichlorobiphenyl-3,4-veratrole Z 3Bt L, X
12, 2% 0.1 M potassium chlorate (KC1O,)
LEbi, 154, BRTEREET Y, FEA
) & LT veratrole BRI i REF I Iz 3O
DEMEOBEEGY 2137, Zh s % HPLC THHEE
F8L L7z, HPLC O & RDOED Th 5.

X OH T M

(112)
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717 2, Mightysil (250X20 mm i.d., 5 gm ki
£, B b))  BEMH, 100% acetonitrile &
%\ 1 acetonitrile-H,O (9 : 1) ; ¥ 2, 4ml/
min ; R, 254nm, %8, GC-ECDIZ & %
MR 99.0% A ETH o7z,

(3) B Ms il

Wistar RS Z v b (FRER 200 g), Golden
Syrian RIEHENL A Y — (KEHI0g) B LU
Hartley i€V €Y b (BERER 300g) % 15
4PC L LT, RALEEE, PB B X OF MC HiALEREED
3BT 7z, PB-Na i3 M AEKICERL,
80 mg/kg/day ®HET, MC k3 — Vil IE#
L, 20 mg/kg/day ® & T 3 HEEER IS
L7z, EBREYIL, EERSGHOFEHICERL T,
FFaEfH L, ik O Ms 258 /2,

2., FFMs & 35

BPIAT Ms 1 X % CB101 O i3 B> o %
CTiTo7z. 3%bbH, 40 M CBI01 H2Wix*%
® OH RE#Y (3-8 XU 4-OH &) % NADPH
A %% (0.33 mM NADP, 5 mM glucose-6-phos-
phate, glucose-6-phosphate dehydrogenase 1.0
unit), 6 mM MgCl, B X U8 Ms (1 mg pro-
tein) % 100 mM HEPES #&E (pH 7.4) & &
biIHEIml & LT, 37°CT 10 ~ 20 min A >
Fa— b, Y % chloroform-methanol
(2 1) 1ml & n-hexane 3ml T 3 [E]9 OHhH
L 7z, #hiHi¥& 13 diazomethane T X F W1k, GC-
ECD % 7z 3 E &5 GC (GC-MS) cff L
7o, REMOERE, CB101 OMEMR % AW T
To7z.

GC-ECD O&MFIFRDED TH 2. srHiHkeR,
ECD fJ HP 5890 Series IZ A7 u~= 2777
(Hewlett-Packard #) ; # 7 4, DB-1 fused
silica capillary column (30 mXx0.25 mm i.d.,
0.25 ym ), J&W Scientific &) ; # —7 ik
&, 230°C 5 AR, 250°C ; 6 Hi 88 iR,
250°C ; F ¥ V7 —#4 A, N, (1ml/min).

—7%, R#OSFEIE GCMS-QP2010 (4 —
P77 —AOC-20s BELUOA— M Y7
5 —AOC-20i ff, BHEERE) M T, EI
E—FTHIEL 7z, OMEHEROBEY TH 5,
# 27 ., DB-1 fused silica capillary column (30
mXx0.25 mmi.d., 0.25 gm S, J&W Scientific



B S 7 v Y — 20z & % CB101 A3

) s A —7 | E, 70°C (1.5 min) —20°C/
min —230°C (0.5 min) —4°C/min —280°C (5
min) ; EALRE, 250°C ; MH#EE, 230°C ;
¥y V)7 —HFA, He (1 ml/min).

3. (D

HMs D8 3780 EREE, Lowry 5D
F T o Tz, B, EHEY R IEELT
TYIME T VT S W,

X B & R

1. BT Ms (& 3 CB101 fXEH

Zv b, NAAY—BLUENVEY NI Ms IZ
X % CB101 ofR# 23 ~7-. 7z, REHc Iz s
P450 FHEF|OFE b F NIz, Fig. 12, 7 v b
FF Ms 12 & 0 RS iz CB101 R H A 7
ux I LAERT, RAUEEB XU MC LT
Ms Tk SADRHE — 7, T72b b M-1(FREF
FRFfE 11.27 min), M-2 (13.25min) ¥ £ ' M-
3(13.75 min) %, Z7- PB Hi#LE Ms T& 3 &AD
REEe—r, $%bb M1, M28 X UM~
4 (15.00 min) 2SHH &7z,

Riz, 7v by NARAT—BLUSENVEY M
Ms 12 & % CB101 A% O & &5 H % Table 1
WRT ., REP O E R CB101 RE LR DR ESR
PRHW], 27, RUEZ» M Ms TIZM-2 &
M-3 BEIEEAK S, WIiLd 3 pmol/min/
mg protein Hife TH > 7. %72, M-1 HYEPIFRE
M shiz, £ 2225, PBALEE S v T Ms Tl
M-2 OERIEEVPIEE CTRUED 14050 OF

A) Untreated B) PB-treated C) MC-treated
CB101 CB101 CB101
M-2
M-4
M-2
M-1 M-1 M-1 M-3
l M3 u\ M2

i T T I 1T T T I LI f T I !

0 5 10 15 0 0 5 10 15 0 0 5 10 15 20

Retention time (min}) Retention time (min) Retention time (min)

Fig.1 Gas chromatograms of methylated derivatives
of CB101 metabolites formed by liver
microsomes of untreated (A), PB-treated (B)
and MC-treated (C) rats.
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S ThHolz., & 512 M-12 3.3 pmol/min/mg
protein THEK I N2 L L HIT, KU Ms T4
& N otz M-4 3% 7212 24.2 pmol/min/
mg protein THEK SNz, —J7, MCALHEZ v k
FF Ms Tix, M-3 b % B S hiza8, KAL
HMs D2 Ehmot, £72, M-1 & M-2
bR I, »wIitd 3pmol/min/mg pro-
tein AT & & o 7z,

INAAY —[FMs TH, RUWHTIE M-2 L M-
SWERI NI, 7y N EX VDot LA
78, PBALEIC X D, M-2 BRMED 79 512, M-
3R 215, &5 1XH 212 M-4534.2 pmol/
min/mg protein THRK & 7z, MC ALE T,
M-2 & M-3 233 & AR D 10 fF iz L
728, M-3 OEEMIE N LAY — TR TH Y
Zv hORAEDE S THoT, £72,M-4 X PB
WD 25%FRE L& 5Tz, 5B, M-1IZwih
DINLAY —fF Ms Thbe BRIz hroT.

512, BVE Y MFMs T, RAAEHIZBWT
M-2 & M-3237 v M NLARY — L RRELR
SN7z. M-2 1k PBALERCHRALED 3.8 Fi2, *
72 M-3 13 MC 4L T 3.4 fZic8in L 7223, 2K
FICPBB X OUMCULE DEE I 72D D
holz. 7B, M-1 £ M-4 1% PB B X Of MC 4.8
Ms THRE I Nz ds, FHEIFTVWI D 0.5~2
pmol/min/mg protein 2 TH - 7z,

2. KBYOILEEE
AR D CB101 RV DL FEE 2 RE S 5 72

Table 1 Effect of P450 inducers on CB101 metabolism by liver
microsomes of rats, hamsters and guinea pigs.

Metabolite formed (pmol/min/mg protein)

Treatment M-1 M-2 M-3 M-4
Rat
Untreated B.D. 21 + 05 3.8 £ 1.3 N.D.
(1.0) (1.0)
PB-treated 3.3 + 0.3 290.6 + 2.9 N.D. 242 + 8.3*
(140.0)
MC-treated 2.9 + 1.5 0.9 £ 0.9 8.4 + 2.1 N.D.
0.9) (2.0)
Hamster
Untreated N.D. 0.5 + 0.2 35 £ 0.7 N.D.
(1.0) (1.0)
PB-treated N.D. 224 £ 3.9* 51 = 2.3 4.2 £ 04*
(79.3) (2.1)
MC-treated N.D. 3.7 £ 09 324 = 42 1.1 £ 0.7
9.7 9.6)
Guinea pig
Untreated N.D. 35 + 14 22 +£09 N.D.
(1.0) (1.0)
PB-treated 0.5 + 0.4 133 £ 2.0* 54 + 2.0 2.0 £ 1.2
(3.8) (2.5)
MC-treated 0.9 + 0.7 32 £ 15 74 £ 0.9* 1.9 + 22
0.9) (3.4)

N.D,, not detected. B.D., below detection limit.
Each value represents the mean + S.D. of three or four animals and those
in parentheses are the relative ratio of untreated animals.
* Significantly different from untreated animals (p<0.05).
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W, 508 D X 7 —) (50ml) TCBI0l %
NADPH 4% 5 X ' PBEiALEE 5 » b fF Ms
B3 iE MC BIALEE AN 2 —FF Ms & & b 12,
37°CT 60 min £ > ¥F 2X— h L7z, K&, chlo-
roform-methanol (2 : 1) X U n-hexane T
HHL, VA7V 607 LT CBI01 RE A
Tz, FREYE S 1 dimethyl sulfate T X 7
Mbts, GC-MS 12t L7z, Z D%, M-1, M-2
BXUM-3DXFNVFEERIL, wIhbaTE
34 EELTEY, 72, M-1 B XU M-2 30
A A > [M-43]128, — 7, M-3 134 4 > [M*-
B E sz 2o, M-1BXUOM-2
V& 3Ed B IE 3T, £72 M-3 13 4 62d % i
LA P F¥ (MeO) EZ2FHT 2 I RS
Nz (F— 7 RIBE) . 72, M-4 DX F)VFEE
3 TFREI Z2ET 2 Ehs, 3,4-diMeO £
EHEE STz, BIREHR LU T-AEHER L i L7 &
2%, GCHRFRMB L N~ A A7 Mvi—E
L72Z &5, M-1, M-2, M-3 5 X ' M4 i3,
% # i 3-OH-CB101, 3-OH-CB101, 4-OH
-CB101 & 18 3’ 4-diOH-CB101 TH % Z & 8
MR S 72919,

3. 3-8 &£ U 4¥-0H-CB101 » 5 3',4’-diOH-
CB101 &Rk

CB101 @ in vitro A& Tix, 3-OH & (M-1),
3I-OH & (M-2), 4-OHf& (M-3) BX U3 4~
diOH & (M-4) 234k s iz, Lo L, 37,4-diOH
A3, 3= 5 ik £-OH s o 2 KIIZ AR X
Naz»ESNIXAHEHTH S, 22T, 3-OH-
CBI101 & 4-OH-CB101 #&&E & L THWw, 34~
diOH fANDOBILKIE % 7 v by NARAY —B X
tENMEY M Ms THEE L 72,

% 3, 3-OH-CB101 %= NADPH 4 % R F1£
T, BWIFF Ms & & 12, 37°CT 20 min K& &
7o BREEBE TR L 7o @13 X 7 v1big, GC-
ECD icff L7z, Fig.2A 12 % OFEHREZRT. KA
HIFF Ms 128\ T, 3-OH #h» 5 3,4 -diOH fh~
OBALEEDE L, ELEY P> NLARY —>
7y FOIETHY, ELVEY MIT Y FD8ED
DI TH-oTz. Ric, PB U Ms TAIz & Z
5, WIENOETH 3,4 -diOH KD AR E L
RSN, 7y P TRAED 12,96, NAX
I —T3.0fZFLTCENLEY PTIT4.21FL%2>

X OH T M

(114)
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2. — 77, MC JLEAT Ms 12 8T, 3,4'-diOH &
DEREIZTZY PEELTY PTHRIMLE L IZTEA
EEZRDP TN, NAARAY —TIIRNUE LD E
BIBEWHRER ko7,

Kz, £-OH-CB101 #HH & L W TR
WHRET L7z, A4 v Fax—y g VEEIE 10 min
& L7z, Fig. 2B ICHER #2723, R Ms 128
W, 4-OH k5 37,4-diOH R~ DEALIEM: D
B S X, 3-OH-CB101 054 L FkRIC, ELVE Y
F>NLRXT—=>F v MDJETH -7, Wi
DEYTH I-OHEDLE DK 35 b E» - Tz,
ZOWEHEZWTROEYTY PBALHEIC LY, #F
LB S Nz, 753, MC ALERAF Ms I B 2%
{B¥EME, T v b EEEY D CIEARMIE L N

BELhEIRsNLL ST, NARY —TIER
JPRD 20% £ TEL {AETL Tz,

500 500

A) 3-OH-CB101 [

B) $-0OH-CB1#1

D Con

PR |

200

Formation of 3" 4'-diOH (pmol/min/mg protein)

Formation of 3'4'-diOH (pmoUmin/min/protein)

Hamster Guine: Rat Hamster Guinea pig

a pig

Fig. 2 Hydroxylation activities for 3’-OH-CB101 (A)
and 4-OH-CB101 (B) to 3’,4’-diOH-CB101 in
liver microsomes of rats, hamsters and guinea
pigs.

Values are means = S.D. (vertical bars) of

four animals.

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

4. GSH O EmshR

CBIOI XY o AR h Ak e L T34
epoxide G L TWAE M EI nEFRSL 20,
GSH =@l TR RIZ T B2~z b
L, GSH#IMZ L 3-OH 4k, 4-OH &k L f
3 4-diOH RO AEE» AT 1, 2h oREY
DAL, Pk & LT 3 4-epoxide ZRZHL T
HETL TWBEEEZ DI ENTE L1290 5 mM
GSH T, MC Bl N X ¥ —fF Ms 12 £ %
CB101 i 2 i~7z. Z DR, 2 DOERHY
D>5B, I-OHEM-2) 3L g r2Z0ehr -

72738, 4-OH & (M-3) 1%, 5mM GSH O@hic



B S 7 v Y — 20z & % CB101 A3

£, EREIRFNRED 43% F THERICETL
7z (Table 2). 2D Z Ems, £-OHARIEXIS 4~
epoxide ZFEHL T—EERKINT WS Z EWR
X7z,

Table 2 Effect of reduced glutathione (GSH) on CB101 metabolism by
liver microsomes of MC-treated hamsters

Metabolite formed (pmol/min/mg protein)

M-1 M-2 M-3 M-4
N.D. 1.1 = 04 119 + 22 0.6 £ 0.1
(1.00) (1.00) (1.00)
0.8 £ 04 52 +01 = 0.4 + 0.1
(0.75) 0.43) (0.66)

Addition
None

5 mM GSH N.D.

N.D., not detected.

Each value represents mean + S.D. of triplicate determinations.

= Significantly different from the data in the absence of 5 mM GSH
(p<0.05).

% £

CBI01 ORR# %2 T v by, NARY —BLUVEN
Ty M Ms W TRz, 2 DFEE, Fig. 312
AT LI, TNFETO in vivo B DL~
£L—%L T, 3-OH#& (M-1), 3-OH & (M-
2), 4-OH & (M-3) 8 X 18 3",4'-diOH & (M-4)
DER SNz, WTFNOFECBWTH 3-OH 1k
L 4-OH EnEREchH->7:. —7, 3-OH ik
W NOEY)TH RLEEIF CIIER S g >
Jeds, 7y hEENLEY MIFMs TlE, PBH B0
i MC HiLEE TR 2 28 o Bk S vz, F 7z,
WEFNOEPICBWT H, 3-OH 413 PB JLETF
Ms 12 & > T, —7, 4-OH 1% MC ALEAT Ms 12
FoTwRbE ARSI, &5, 3,4-diOH
HIZTXRTOEYORNEF T2 AR S LR
o 723, PB RIS X 0 FzicHIER LU 7z, B
7 v NTHEE T, RIZNLAY—, EVEY D
JETH-7z, ZhsDHEHE»S, CB101 O 3-0OH
kB Xk O3 4-diOH & d 4 B i 1% PB & %
P450 3, & 7z 4-OH & d 4 512 1d MC 3% & 1%
P450 R FEIWBEEG L TWwW5 2 ERB I iz,

PCB R#HIcBI5§ 2 P450 © 5 b, PBFHEM
P450 £ L T, 7 v I CYP2B1 & CYP2B2'7,
N2 A ¥ —CYP2B (HPB-1)%, € )V € b
CYP2B18?Y, £ b+ CYP2B6? 8 X f v % ¥
CYP2B4®? i3fI5 T E Y, 2,255 -tetrachlor-
obiphenyl (tetraCB) (CB 52) % 2,3’,4’ 5-tetraCB
(CB70) 7z & 2,5-"HFiEHL PCB O 3-/KEA1L
e % FAEE L Tw 5, AHF5EToO CB101 O
3K IS IZ I 26 D P450 2335 L ¢
Wb EeFEzonsd, 2712, v ¥ CYP2B4 i
CB52 @ 3-8 & O 4-/KIAb I i & [5] 742 B fl 5
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1l
2 2
B B
Cl

\CYPIA or CYP2A

A cBin
[34"-epoxide|

CYP2B
CYP2B
i OH \ Ccl
O
1

3'-OH-CB101 4 -OH-CB101

(M-2) (M-3)
CYPA& /YPZB

3-0H-CB101
M-1)

3',4'-OH-CB101
M-4)

Fig. 3 Postulated metabolic pathways of CB101 in
animal liver.

2 T, il P450 & B 5 T3 %3, Tablel @
ENLVEY NFTOFREAZ L, CYP2BI8 b A
BRiZ, 3-BIL UL KBIEEOW A E2FL T
2X>5Ths. %72, ELEY I CYP2BI8 I,
CB52 % CB70 @ 3-7K & At K202 LAt i, 2,
3-epoxide ZFEHB L CAEKE 2 tBEbh 3
CB118 %> CB153 @ 2-7KF&ILI D), S 51T 2,2,
3,455 6-heptaCB (CB187) ™ 4-3 X Of 4'—/K[ig
ERIG? I E Rl d 2 2 EBBHSIZEINT
w523, CB101 @ 3K LEMEICDWTIE, 7 v
F CYP2BlLICEE R DKL, NART—D
CYP2BBER L [AREE D, TR VETEN &
DIRB S Nz, Fx DEIC k% &, CYP2BI8 28
RY CBI87 @ 4-8 L O 4—kEfbiEtElx, 7 v b
PNLAY —D CYP2B BE#E & D #if5mo - 7292,
Zh o OFERY» 5, CYP2BIS @ PCB 2% d % %
BRI MO CYP2B 43 FREIC T D A
{, &5 PCB EMEMAIC & 0 KBILIAL Y Z 1
FRICHEZ D Lo L BIREWEENHS » &
wolz,

—7, PCB#cEi5 9 2 MC #FEM P450 &
LTlX 72y FCYPIAIY B X UL X ¥ —
CYP2A8™* 315 T w3, J v b CYP1AL
1% 3,3 4,4'-tetraCB (CB77) @ 4- & 5-KBAL G
B X 13,3,5,5-tetraCB (CB80) 0 4-7KFR1bKIG
Z, £72, "AAZ—CYP2A8 13 CB52 & &
CB70 @ 4-7KEAL Kt % il 9 2, & < i,
McGraw & Waller ic & v, & +» CYP2A6 »®
CB101 @ 4-KBALiEME A2 B T2 2 LGS
7229, SEOBWIFF Ms 12 & % 4£-OH kDA
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BWwWT®H, 7v F CYPIAL ¥ N & R ¥ —
CYP2AS B bEHETH 2 L Bbihd, ELVEY

M Ms 12 X % 4-OH D 45 1& MC LB TR
JERDK) 3 fE L 7228, €€ v + CYP1A
EZDOABIEEIC OV TIE L L bhro Ty,
DR IFSHBOMFEFTETH 5.

3,4-diOH-CB101 B WS h oY TH, 3-8
XU L-OHEh s BB ICERKEIND 2 &, £
PB HILEEIC X DL & Z OEREDSBENT % 2
£, S5WKI-OHHE LY L-OHMED /06 XD
ZLEREND 2 ENHe M E RS T (Fig. 2).
Bwnwl-z iz, TvEY P TIREH L L TCBI01
EHAWEEICE, 34-diOH &0 4 k& K
molzDixt L, T OHEE2BWIGEIIZT v
FONARY —DFEL S ARSI NIz, ZORR
i, ENLEY » CYP2BI8 %3, CB101 5 3-5 5
Wit 4-OH DI E £ D 1%, W-OH
5 3,4 -diOH HADBL G LT, 3o &
WIS 2 E T A 2 L BRB L TWE, —,
MC HALE N A X & —T 1% 3,4-diOH & 0 4= %,
T, 3-& 4-OH K2 flvni5a, 2h2 Rl
D 42% & 20% WP L 7z, Z DFERIZ,
A A Y —CYPIA2 B %\ 13 CYP2A8 8 3-H %
WiZ 4-OH & 37,4 -diOH A\ DL K G I
o U BEE AR L Z L 2RIR L T b,

PCB O /KL L L TRD 2 D DRI INFH
Z6NTWw3, 12XV UEDO C-HEBEEI
BRETHHEASNTERT 2B (EHEAE
1B)3 T, 3-H2WIEF-KBIEKIGR N TH
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