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Foreword

Hidetoshi YosHIMURA

Chief, Study Group for the Therapy
of “Yusho”, the Ministry of Health and Welfare,
and Professor, Nakamura Gakuen University, Fukuoka 814-01

This is the 16th collection of reports of study on Yusho conducted by the members of the
Study Group for the Therapy of Yusho. It deals primarily with the results obtained during the
past 2 years from April 1995 to March 1997. We have already established a therapeutic method
utilizing a combination of rice bran fiber and cholestyramine as accelerator of the fecal excretion
of PCDFs and related compounds still retained in the tissues of Yusho patients. In practice, this
method seems good, but not so excellent with respect to the effectiveness and so our efforts have
further been made to continue to find out better methods. As the result, chlorophyll and its
dervatives, and also green tea powder were suggested to be much more effective excreting agents
for PCDFs than rice bran fiber. Apart from the elimination through this intestinal route, that
through the sebaceous gland was also examined extensively for PCDFs and related compounds in
Yusho patients, but a trial to develope methods to accelerate the elimination of PCDFs through
this route has not yet been attempted. Other valuable findings of the basic researches for better
understanding Yusho are also included in this collection, together with some clinical reports. We
would appeciate any comments and advices of readers regarding our studies.

1968 EDMMEFED 6 SER L H 29 EQEMZ 2, 1, BEAMERFNEHORIE W X 2 KAFREER
BIOERZEA5bnd, 2EFCTITISNARRER I, RCRERTF4RLVPHRIFEIAETOER
RPN S N TwE, —HNZ29FE WIS, ZORA BTHEL CEG S O TR, IIERE LR 40 moE
BBV ThHoIBEIADL, STRIROSRETHY, ENTHLZWHERS, 0 BOEECREENT LS
ZERES L, BEWBEETHL, WEREDOLY, S KRFTHPHERCY Sh, FLNEEE2RENLE O
FEPEML, BERHZONLD T TCRIEALZOENTEY, k) OWMEDF OEEL /- W BHFEHICEA R
NTETHA,

HEEEBLERPEICOVWTE, WHERLLEHAI AL OO, FLOBREEORREITEL ¥ U THEYTE
MO YRV 2, L LBNOFELD, BAL IR Kbl v AT 7 2 v OAREOEREL,
OREOME - EEMECBRESADRIb Do THREN, LrLIDHES, hRVRKEOELEHRAL
T, BNEREORRE O, Lo P 2~ 3@ EESRZ VI BDTHL, Licho> T, REOHEHAIH
BEINBDIE, PCDFEQMAV_AVDEGREIA LV LR Y, REFOFLEZEXELDTHR L, 5&
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5 X DIROBE WEL % PCDOF S 0EN R EEEOMAEBIE I NS,

FEVFQOHbLIZun T 4 A2 OBEERIC, R 10 50 < kE 2 PCDF F0RIIEER 2 &5+ % 2
EMAEHER, SR b I Tw S, ZOBRIIGFHER SWwS o, mA L Y MELRSo/NEEECHE AL S
PCDF &%, 2 BRI 2T CEOE BT APHEE ¥ 2 2 L 2EKR L, AWEE PCDF 0§ S HhiEE
Hle s BEREME RS T b, ZOERT, ZOFANMI L Wb 70V I8 IZDE, 3o REBED SN
BZEMEEND, iz, SEHLOBETHI »SHERAINTOR2HE L eELEL, 7ovr7in%
PEB B DD, Kaviis LE2 PCOF RIGEIERE2ET 2 C cBXREINTwS, ERCRZH 707 4
NISEEN, LEOEAZRET 2 L Bbnsds, JIOFERS L L THBMEROMY: (—) 2¥h 7 F 3%
BECZEELTCWS, fIOH 15 ETHAN:, PCDF SOHMFERBED 1 D& LTBILHWA M ABbiFon
Twd, Lo, BEEZPCOFZIz L 0BT 2 LHEE SN2 COBUBROBEEICS, NERHETL LN
EZONE., INOXDWTO—BOWMFEHESTRIEAN S,

BB, OFRE & b, FEE%1T % PCDF Z03Rte DWW h, HERBELBIFEONTW S, RFIE
WFZEHEC 1k, BIEOMEICEIRE S 1994 4F, 1995 FRICHI L 72 AR D» T, & PCB O#RMRI % F8%, METL
Twd, Zhicksds, FRCL D EEFANOHUBEOEE EH E D &<, BFRIZIF—FLHEMTbhTn3
CEDHERINTWS, EREHcHLLETRIOPRIEREIRBD L Tw 5 Ewnd, JUNKEREREITZEHT
T, BEOEREKIE L MROE Az Dow T PCOF F0BESH 2T-> T80, Kigd L md oz idiE e
BHD, PO—REEEC SBEOEE, MPOEEE, CHESETHLIEWRENTWS, IORKE?
AU T O EEEDOHEESEERED 1 D TH M, FOBRDERIEIHIEV LN TR,

FIELSRR 30 E2 RGBT 2 BERNK, 28 CWOKRERYEIBRET 20 2HoPIKT 2281}, ELOTE
ErEZ 5158, S0 1995 £O—FRZ2OZZEEDOMIEIZ O, PCDD, PCDF ¥ L Uf PCB O&{REMEMED
HEMaS T - NI N RLVEELRAPELEZ SN TV S 2,3,4,7,8 Ry 7unvdRy )y
7 > (PenCDF) D BEIMHPEBEER, WELB—BREEEOZNLIVEICELHBL T2t 8bhol, Th
AN, B OWERE IR D W T b AEERE M Th T %98, PCB hREOAMEREE 2R T 3,4,5,3, 4
vy runt 7 =)L (PenCB) i3, BEMFOHS—REZEDZNLVEL R>T WS LD BRELHR
YELSNT WS, REREETEDEL, 5hed DL DEMNFAEOKENEEBbh 3,

EBORRIC BT L BHEREE L FE U D WL ODORENE SR T WA, 20 1 DFREI R S5
PenCB Iz & 27EHEENEROES L, ThicE I {BINA N AD LR CET 2EEORRTH L, ZNET
DOIFFEs 5, PenCBHIZ R b BZHOBEWELE Y P IEZBWTIE, ThIDVERZEHOT v LD bEEBRENE
FROBENBEOEEZ SN, UL, BRIIVET, HERD1DTHEI NG F4 v =4 F v ¥ —¥iEER,
Sy P TRBEIET LR, ELTy bTRBLIMSHEINL- L v, B & 2 BHATRBIEOR VISR
Bah, b TIRITLRRES D—HEAE DT oNIEVTH S,

55 1D PenCBIZ X D BENFEIE L REBIZBWT, Iy MNFFA4 by, ELEH IS 54KDa ¥ >~
RIBRZDWTOWETH S, SHZOBEEFNERLBIAT L7020, 205 HOREB X U'% OREKH
HOEEN TN, B2 OEBMREEESL L L b, SBOFEERRBEHEAOFLWEG LR 5 I L B
iz,

FRFEH OB DR & SHO [ DTNz, RFEEI TR BL  OERM, ZERERTZE R HIE
ANTBY, INOBMEC DWW TOEREY ~[BIRD, ¥BEORBECEFREHICEIPINE I ER2HE> T3,
% BARGE ORE N KA GEF R ILREE ST, WO ERR O I LB L iThinl b
OTHDL I EERMTL, TIREH LY, 702 2SS TERRIITER 7, 8 EEEEREHRERY
SWr2b0ThY, bbeTEERIBEERL IV,
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Production of Antibody against Cytosolic 54kDa Protein in Rat Liver
— Evidence of the Significant Induction by a Highly Toxic
Coplanar Polychlorinated Biphenyl —

Takumi IsHmpA, Yuji IsHn, Kenji Tasakr, Noritaka ARIYOSHI
and Kazuta OGURI

Faculty of Phavmaceutial Sciences, Kyushu University, Fukuoka 812-82

We have reported that a 54kDa protein in rat liver cytosol is highly inducible by treatment
with 3,3 4,4’ ,5-pentachlorobiphenyl (PenCB) or 3-methylcholanthrene (MC) using SDS-
polyacrylamide gel electrophoresis. Internal amino acid sequences of this protein in the rat liver
were highly homologous to those of selenium binding protein (SeBP) or acetaminophen binding
protein (APBP) in mouse liver cytosol. In this paper, the purification and characterization of this
protein were demonstrated. MC was given at a dose of 20 mg/kg for 3 consecutive days. The liver
cytosolic 54kDa protein was purified twice from the MC-treated male Wistar rats by Rotofore
Cell™ procedure to apparent single on SDS-polyacrylamide gel electrophoresis, and the rabbit
antiserum against this protein was obtained.

Male Wistar rats were given PenCB in corn oil at a single dose of 25 mg/kg i.p. The liver
cytosol was prepared on the bth day after the treatment and subjected to immunoblot analysis.
The 54kDa protein was markedly induced in the liver cytosol of PenCB-treated rats. Immunoblot
analysis after two-dimensional gel electrophoresis suggested that there could be isoforms of
54kDa protein. The induction of the 54kDa protein with PenCB was assumed to be mediated
through Ah-receptor. The physiological role of the 54kDa protein was discussed together with
SeBP and APBP, the role of which has not yet been elucidated.
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12X D upregulate SN TWAE I EBHISNL TV S
CYP1A subfamily B3 5 ¥ b 7 2 A P450 ODFEE
OFRE = PCB oaMHE O s L O RiFaMHE
WA BB 7 & DEED, Ah-receptor %
MU AEREEE 2 2 RS RBHATHS, 1992
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D—REEDEVHHE N RS> TS, BHEXT
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EMIZENTWBEY, 277F—PCB S TCDD O
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FF vV — LR B L RBERIE M B L U
4O key enzyme TH % phosphoenol
carboxykinase {17 23, TN T Y P TREEI N,
Zw bTRIEIESNE Z eV Z ST, kT,
T MZBWTIE, BHERERTDH 5 Aldolase DI
# isoform T&H % Aldolase B2S, Z X7 v~ T
ELLETT2ZLbHGLIER > TWAD,

TEE, MEE T, 2775 — PCB W L V&EMENIFE
HURBIZBW TR, EEREEEZ LD VX 7E
DHBFENE LSBT S LS FERSE T, 2
7557 —PCBIZELBYA MNINY VNI BEDOHKEE
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RIMERPIZIE T 229 s, L Ofl
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HWEBEThHEEZONS,
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REBRERTHHPH0ICL>TCT T I /T =i
ARAEMAI N TH U B N-acetyl-p-quinone

(NAPQD MEETH 2 £FEZ 5T 5172040
APBP OBEEIZ DWW T b REHZ S35 w28, 7 b
737 x>k APBP OfF&0, MildEEORE L
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2, HREEO—@EEESTWws LI HENDH S,
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B L UBRENZIEOESE%ITY, PenCBIiz & % 54
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ZHE LT,

imine

¥ B F &

1. EBERHEH

PenCBIZEH S D FE? K-> THREK L 72,
Nonidet P-40 (Nacalai Tesque Co., R#F), Am-
pholine (pH 3.5-10.0 for IEF, Uppsala, Sweden)
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2, EMirE
3 M4 Wistar R 2 » b &, Charles River
Japan (f&3%) L DEEA L, AMNKRFEZFEE T
EMEbs ek, EBCHEL 72, PenCB i, 25

mg/kg/4 ml corn oil DAETEENICHERS L /2,

SRR X, free-fed 2> b w— LEE & pair-fed 7 >
bo— VEER R 72, Freefed o0 b 0 — VB 1T

corn oil #IEEN KRS L, BEHLAREFRHIE 27,

% 7z, pair-fed 7 >~ b u— B DWW T, cornoil %
BrENEE L, REHDOREE% PenCB 5
Bz, K3gBeSs . B55 0%, FEERH
L, BB, A rYrRRE UL MCi
20 mg/kg/2 ml corn oil DFEE TIEFENIC 3 B REES:
Be L, mERS 1A%, B4 MY v RFEEL 7,
3. 54kDa 7 >/ HDREE

54 kDa & > 7 H ORI, Bio-Rad ftD ¥ >0 ¢

7 BEEE A IEEE Rotofore Cell™ 2HR L 72, MC
MEEZ» FFFY A4 b Y v50ml (500-600 mg protein)
% 10 (A8 D 10 mM Tris-HCl buffer (pH 7.4 at 4
C) T A8 BERDEMN LT, BN, WEYDRD S0
7o, AR urea BX U 10% (w/v) Nonidet P-
0%, TNTNEREENSAM B L U3.16%WCRD
XD WHA 7%, 4Murea T24hr B L 7=, BHK
T#H, A4 MY LRKEEEL, 2% (w/v) Ampholine

(3.5-10) (in 4 Murea-3.16% Nonidet P-40) %1
% T, Rotofore Cell™ iz L7z, Rotofore Cell™ &
£ HERUKENL, 12 W EBETITY, BEIVHAEOD
EBETT I M~k B TIiTo 7o
Cell™ 20 518 5 iz 5 H % SDS-PAGE & L, 54
kDa & v X7 B %% { GLAE 82, Ihkibd
Ty, 4 Murea 22 TE£ES0ml & L7z, 2000V &

BEET, BRENZLWERHREL T, HE M
Rotofore Cell™ izff L7z, 2 OHE 2 RBEMEL - LT
T&ﬁfﬁ L.

. SDS-Polyacrylamide gel &
PAGE)

Laemmli & D 5ES Wit TiT-o 7z,

5. ZRTERXE

O'Farrell & DRSO 12 fEvs, —RITH I HEFH
pH 77 v = v ¥ VEKWKEN(NEPHGE), Z#%&itH
12 SDS-PAGE 205 7 2 ZRTTERIKEI 21T o /2.

Rotofore
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6. 54kDa 7 37 EHIZHT 2 HENREOEE

JUADBELE 3¥ B2 E - 72, Rotofore Cell™ 12 & 0
5 7:54kDa 8 v X 7 B O FEEAE & B Wessel &
Fliigge DA TRMEEL, ZXITTEIKBENICfT L 7,
VkER, SV ER vy =TV —THEL, HLEW ]
Exrg54kDa 7 > X7 ERYIOH LT, 207w
Fagmiel fot, SEREKcBE L, Freund com-
plete adjuvant (Difco Lab., [, Detroit Michigan)
LDy a v ERFELT, vHXFORBCEREL
7z, 2 8%, R FESL 727 v B & Freund incom-
plete adjuvant (Difco Lab., #[E, Detroit Michigan)
Loxwny s yEREL, BHETERICT RS

— LTS U7, 1 HEE%, BHEks 0 FMmL Cim
EEE, % 56°C T 30 A EFEENL U CHUMLE &

L7z,

7. Immunoblotting

SDS-PAGE ® % Wi ZIRITBESKKENC TS > X7
B h5BEL 7%, Towbin & DFES® itvy, L3I F
AR 2y T 4 > 7 EEE T polyvinylidene difluor-
ide BWERE U7z, 5% A F A 227 T37°C, 609
blocking %17 7248, 100 fZ&HM L 7z 54 kDa & >~
IS 2 —RYUE L LT, 37°C, 60 HHERG%E
1T 7z, S LA 72 36603, Guengerich & D 57E®
CHENTo Tz,

X B & R

1. 54kDa ¥ » /X HDEL

LHETH, PenCB® MCHLEIZ XD 7 v MNFY
A MIND54kDa ¥ R IBNEEEINLEIERR
HLTws20 3, plfEQBERESN TV
e, TDF NV BEEREY T HHEELT, %

DO FEEEBAEHL, FhoriEEe Uk,

54kDa & 87 B OF5ELIC X, Bio-Rad #:D ¥ >3

7 BEE S HUEEE Rotofore Cell™ ZEA L /2.
B E @ Rotofore Cell™ 12 & 253 E %175 72 & ST i,
oD F 8 BPRET 25 DD, 54kDa ¥ >80 B
B HUHE RS (Fig. 1), 2ok s, EELT
BT oLz z®, SDS-PAGE TOMERE A2

2, BERREMED 1 OFEERIC XSS Cnsvys, —EIBED
Rotofore Cell™ i X % 43 T 5 ir7: 54 kDa & >
N BIWE B A FHE Rotofore Cell™ 1z {F L 7z,
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Fig.1 SDS-Polyacrylamide gel (109%) electro-

phoresis of 3-methylcholanthrene induci-
ble 54 kDa protein preparation. Migra-
tion is from top to bottom. The protein
band was stained with Coomassie bril-
liant blue R-250. Lanes: 1, liver cytosol
(10 ug protein) of rat treated with 3-meth-
ylcholanthrene ; 2, 54 kDa protein rich
fraction from first Rotofore Cell™ (15
ul); 3, purified 54 kDa protein (1 zg pro-
tein); 4, molecular weight marker pro-
teins.

ZOFEICED,54kDa ¥ o7 E1%, SDS-PAGE £
FIZE—wEoEElan (Fig ).

2. 58kDaZ 08B0 75F+—PCBIZ& 3

FE

FEELL 72 54 kDa 5 YN 7 BREBE L LT, v F
WRAEL TG 2 EE L, 861, ZofimEz—
WHILE X LT immunoblot 347 2 1T - 7z (Fig. 2).
Free-fed 8 & ¥ pairfed 7 > b v — WV EE I HE N,
PenCB ALHEEIC B W T 54 kDa ¥ > N7 EBEL L
FEINT WD T EBEPITE - T,

Wiz, TUROLBESIKEN % 1T o /2% immunoblotting
51T o 72, Fig. 3A B X U Biz/R 7 freefed B & U
pair-fed 2 > b @ — 2T, Fig. 3C @ PenCB 4L

E 4

&
&
Q
&8
St
&L
Free-fed Pair-fed PenCB %».
— 1 1 I 1

Immunoblot analysis of rat liver cytosol
using antiserum toward purified 54 kDa
protein. Liver cytosol (6 ug protein) from
free-fed control, pair-fed control and
PenCB-treated rats were subjected to
SDS-PAGE. Each lane corresponds to
each animal in the group. Purified 54 kDa
protein (1 ug protein) was used. The
protein in the gel was transferred to
polyvinylidene difluoride membrane. Im-
munochemical visualization was perfor-
med according to Guengerich et al'®.

BT, B 54kDa & v o7 @MU THB Y, B
THHRHE plEERT /Y B2, PenCB 4LHEE I &
DZELCHEIMLTWS I EBAShE R -T2, $72,

3154 kDa & > /X7 BHUME TR S 8> Figid,
F—3FET, plEOABELR 2D L OHBFO O
Do, IHH DNV FEE DL PenCB iz & - THEM
DEMIEH o, TDEIE, Ty MFYA V54
kDa # >3 278 i, pl ED A 38 7% % isoform N7F
T3 2 AMREME SR 3 e,

Z =

AKFFEIC X0, PenCBALE I k- C, 7 A D
SeBP 8 & tF APBP 2 JEE cHEMEOF Y, v MF
FA YN 54kDa g VNI ENREL BT A I L
#% immunoblotting & & D R & iz,

<7 AD 56 kDa SeBP OEBIIHALIC DV T, »
ERBHHI TR LABE {EIN TS, L,
Lz & 5 DNA SRFHERER & 56 kDa SeBP O
v R AHED parallel THB I LM, LoD
®IH >R E R & SeBP O 45 HmaNIFIE—F L
TWBZEREDHED S, v OEEERCES
WTEBELREE - TWw2 EE 2 5T &z, &if,
t b fifi adenocarcinoma cell 8 X U T cell @B W T,



Fig. 3

Ty MFFA PV 54kDa ¥ VoS o Bir T A RENTEOES

low <— pH—> high

SDS-PAGE

Immunoblot analysis after two-dimen-
sional gel electrophoresis of rat liver
cytosol using anti-serum toward purified
54 kDa protein. First dimensional, none-
gilibrium pH gradient gel electrophoresis
was performed according to O’
Farrell®®®®, Second dimensional, SDS-
PAGE was performed by the method of
Laemmli®®. Immunochemical visualiza-
tion was described in legends in figure 2.
Liver cytosols (120 g protein) from free-
fed control (A), pair-fed control (B) and
PenCB-treated (C) rats were subjected.
Arrow head shows the 54 kDa band with
highest pl value.
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57 kDa subunit @ homodimer T % % thioredoxin
reductase D CRBIC LV /) VAT A4 VMEHET 2 2
EDBE S LR o 1219, SeBP F R D RE i,
Medina 523, ~ 7 AMEEERNI Na,"*Se0, % H[EH5
L7, FAEC B W T™Se TI NI EN DS 56 kDa O
FURTBEERRHL, ZD56kDa ¥ v 2B wt
LHIE%R Fuo—7: LTEsnl-7 a— 2% SeBP
EREEROT LB, L Lads, IRET
12, BIiZSeBP i Vo BEEGLTWwA 2 2 RHL
TeRE X, Ik, B < F THEITH % 7%, Medina
5, °Se 7 UL & L7z thioredoxin reductase %
THEEL, A—0TFEOS VSV B g LB E 5T
B U THERBEE LD, vV v icBfoknsy
PRIBE 70— MEL T LE sl WO HEEMEL T
DI, SeBP DA AE 2 552 T, 2V D
BEOEREIFEECERERMETH 220, $%B85
BLMRVBLETHED LEZ NG,

PCBitk - TBl &z an2HEED—D I, fRER
BEEND D, WERE L, WERED? S PERIC
b, ZLWE N 7Y Y FIMEASFED ST 550,
i, REERELTHORTWAER=FE LML
PORBRBBESER TCHAL LELLND, YHE
Th, TNETI, PenCBAH T v Mz BT, g
BiFOFE, M2 v A7 a—V b~ VOETB LU
RNV 2770 20 R ER o 2BRBEL
20N, ELEY FTRIFIVAFO— L L~
ODERABIUTE N 7V LY NIEAFET 2 2 L8
HEINT VLB, PenCBIC & 2 JSERBIAENTED
AHZALEDNTIE, INETHEVHSIIESR
TWwizdrolz, Tilf, BHE BT, PenCB 4UHE
v M B 2 IR BREA R RN EE, HalsE
KBU27 2% FrBROFEFIHBCEAILTWEC
LS & T o 7230, % e, FFEIRE 1B T bRl
W7 7% RUVBOEIEWERECEILTED, Zhis,
HigeBF 27 7%  VBOESREZABLV
A6 desaturase OIFNC L 2 2 EBRTRBEI RT3
(K. Matsusue, Y.Ishii, N. Ariyoshi and K. Oguri,
unpublished data). PenCBLE S v Mz R o5 35
BBV, FFEO MY 770 2 Y Fid, EiElhRE
KAkTs-Ez6N5, YV REZBEEATT Y
T, B VLDL OHPMEE S NS LW OIFREND
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34 KEFETD, PenCBALE T v NFH A b YL
BT, w7 AD SeBP L IEF RO R 54 kDa
TR EWRE LS FEINLERLEDLYTE L,
BE, g 5132 54kDa & > 282 B OB T
ROV DEREREENSY, ZOKS, VLDL ©
BHEZMEI L CW2ARRENEZ 5N 5,

—%H, Tv NI, 77 F P UBORBRAETS
Y —VEBEEIILIES, MUV Y FOS
PHIE S D EWOIMENH 249, BHEIWCB W,
PenCBLEBIC L ooy VFEBEC BT L7 7 %
FrBoOE&GED L, A —VEBOEIES B
T2 PSR- 1Y, F iz, FEE L D
ENBH IV LY R, FW VLDL IKFELTWwE
LEZONE, INODIEEBRDLETEZES,
PenCB AL Z v » QPR ONZ NV 7D 2
FLr~vo LR, RIFBEROZEICHEL T3
AR H 2 2 s, ZOBRROVTL ISR B
NRLBETHELEEZOND,

PenCB 858 % 54 kDa & > X 7 BH & WHERFE 2
T3 APBP oW T b, FOEBENMEEIC REEIH 5
BEHELEENTRS, LhL, TN E/ 720k
APBP D#E& S, #ilaEE O & parallel TH 599
ZEb, APBP I, 72 M7 3/ 7 2 v ORERR
WX VAU EESRO—BE S H> TwE EE 2
sNTWS, Lal, PRE7E /722 % 5
fasEse 1k, Z ORBEY T H 5 N-acetyl-p-quione
imine (NAPQI) 12 & 28t X bV ARERTH
D, APBP 13, NAPQL iz X b & U 2B LAY A b v A
SHBEF > TS T AWME S H 5020,

PenCB W L 3FE L WHEEMBIHOMER >T2F v b
BF¥-4 h Vv 54kDa ¥ > o8 2B, EBCEER
LT Do T0dEEZHNDE T Y ADSeBP %
APBP LB WBREELE V., T s, Iy b
o 54kDa 7 v oS 78 b, SENCERELEESE
T2 ENRBEND, KY 7 HOAHEIERED
fiZBA I, PenCB O EMHIEBRE OB R R %

525bDEEZOND,
# &

S w MFY A4 vV 54kDa ¥ > o878 58 PenCB
CEoTHEINLE L2 L VAR T 201, 54

2 H £ B

Eh 44

kDa & v 7B 202 EET 5 I L2 BN
& L 7z, PenCB & [ # i Ah-receptor # it L T
CYPIAl 2 X OBEAFEIT 2 Mo Tw3
MC THHEL 725y b4 F Vs, 54 kDa & >~
NOBREEL I, Bio-Rad#oy v 7 BEEEAS
EVEE Rotofore Cell™ 2 BT 2 Lz kb, 54
kDa & > /327 E %, SDS-PAGE LIZITE—IC £ TH
L7, ZhEHFIRELT, Bonifiuiigz A
immunoblotting DFEEMN S, UTOMEEET-,

DPenCBALEB W X > TZ v MFY A bV VD 54
kDa & > /7 EBZ L FEENE JEPHEEE X
o7z,

) —wWIEHWIEFE pH 77 ¥ x> b FIIVELUKE,
ZWIJtH iz SDS-PAGE 20 & 75 2 “IRTTEB S KEIR
immunoblotting %475 7:f5%, PenCB MLE 7 v AP
FA MYV, ST ES4kDa T, pl DAHER BN
RBEEED 6N, 7y MFYA bV 54kDa ¥
VN7 B IFER D isoform BIETE T A A BEME MR
aniz,

ZD54kDa & >80 HOEBEIHEERZ DT,
RIBEHZ SO FERENT WS, LaL, &Ky Xy
BOFHEBEE DRI, WEPEIHEINTWER WS
%> PenCB OFBEMWFTBEE OB cH - 2R %
52550 ThsEeEZHNE,
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Co-planar PCB MDAT glutathione peroxidase-redox system

XT3 HE Sy bBELUELEY P TOKRE
SRS A - b
5 X M-F % B OB
lf | % ZeA B — Xk

Effect of Co-planar Polychlorinated Biphenyl on the Hepatic Glutathione
Peroxidase Redox System in Rats and Guinea Pigs

Miho Hori, Noritaka ArrvosHi, Hideyuki Yamapa, and Kazuta OGURI
Faculty of Pharmaceutical Sciences, Kyushu University 62, Fukuoka 812-82

The effect of 3,3’,4,4’,5-pentachlorobiphenyl (PCB 126) on hepatic glutathione peroxidase
(GPx) redox system was studied i» viwo in rats and guinea pigs. PCB 126 treatment caused
significant reduction of Se-dependent and -non-dependent GPx activity in rats. In agreement with
this, the content of glutathione (GSH) and the activities of GSH reductase (GR) and y-glutamyl
transpeptidase (y-GTP) were also decreased in this species. On the contrary, guinea pig liver
Se-non-dependent GPx activity was significantly enhanced by PCB 126 treatment, while no effect
on Se-dependent activity was observed. Neither the content of GSH nor the enzyme activities
responsible for GSH supply in guinea pig liver was affected by PCB 126. These result suggested
that the damage on GPx redox system is, at least, one of mechanisms by which co-planar PCB
induces the toxicity in rats. However, in guinea pigs, this is not the case, and different mechanism

from the damage on active oxygen quenching system is likely to be involved.

#

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) %
& # M co-planar polychlorinated biphenyl (PCB)
X aEEE, Ahbzo—EiEIhs DAY
WEo THEEESNIBIEMA PRI - TS K
brEz o, TCODALHET v + DI HEL
FIOPFHEZ > THIHlah 2 EWIEED 1L, Zhk
FFEL T3, TCDDHiC & 2BALAR + v R,
BE BRI OBEASY, MR SH ZE R4, i
WEIM: DT B L O DNA U £35 2, Zh
SR T LEBIIFENIC A S N T n, 55
ML ERRKERRIC L 2 EEBRREERDOEEN
ZOFLIO—DLHMESI NS, BE, TCDD B LU
Z OEVYE T D Se- K7 -glutathione  perox-
idase (GPx) {EME>1420 % catalase 1M (RERT —

7)) BETEEE, Lal, HEBREERCRHT S
BHELZAZ L > THEEINZBIBR b v ARSI
FUEFEBRROKREOEERB EORERS T2
PEWVS HkE CHEBES N TORY, AW I O’
MO, SRR 2BYEECEHLT
WA Mz b DTH S,

TCDD o#M (LD f8) 1, |LEZEMHOBEWEN
Ty b ETEEYNLR Y — & BHARDS EHTRE,
TeHIE & T v P RERTHHTE~HEZDOECD D
%9, [AkkzHEEOEREE, &M% co-planar PCB T
5 3,3,4,4 5-pentachlorobiphenyl (PCB 126) % f§
WTHBEINE, E L, IR b v ARSIERN
FERRACKROFELEEFRBIEL o, HHBRER
HERDOBEORE XHEDR Y LT 2 & FAS
N3, ZZTHEFFETR, PCB 126 12k - (Bl &2
ENLIWEEROEEEELEY P T v NETHEL,



Co-planar PCB DT glutathjone peroxidase-redox system iZ%1§ % 28

ZORREMEEBR L, SekfEE-GPx IX catalase
EHCHBEAOBBLARLEBIEEOHECEE
RIRE R RS T\0dY, %7, Se-FEKEFM-GPx &L
T glutathione S-transferase (GST) WEET S, &
BRICISTERESD 225, BOorOSTRITEN
AR YRR 2O, LS - T, PCB 126 #%
EHOEMBEANEROELF L LT, LT 2ED
GPx ZEUHEONRE L, Zh 5O GPx 25l
EERHET 5201, TR b ETTH glutathione
(GSH) DHEHERNETH 5. & T TEHEPFFR T, GPx
DEBOAZ 5T GSHEE Zhofticlsy 2B
ROEENI OV TH ALY TR 2 72,

£ B F &

1. EERMH

PCB 126 i Saeki DK I Lizdi> THEEL
Jz. t-Butyl hydroperoxide 3 & Uf cumene hydroper-
oxide W ZNFNAILMEETE (BF) B & CREMET
E KR LVBALTL

2, BHRESL LUFRESF— P OFRHE

Hartley REEMEENE Y b (fFEH 300-350g) B L
Wistar B2 v b ((KE 80-100 g) # 1 EREHE,
Btz e7z0b6MA L%, Bk PCB 126 55,
free-fed 7 > b @ —VEEB L U pair-fed 2 > b o —)v
BEO 3N, PCB 126 5813 PCB 126 %
0.5 mg/kg/2 ml corn oil (BENVEY b) B XU 25 mg/
kg/2mlcornoil (7 v ) OFE CHEENICHERRS
L 7z, Free-fed 8 X Fpairfed 7> + v — VB IZ I
corn oil DA ERE LI, FIHEGHHKESSE, £
B AIREY D OFEHEIE S PCB 126 ALEE: & [
Cwwizs k5 cfBs25 27, B8iiieT#lEsH
HiEHL, HEEmHL 2, FEL, KGEERE
KTHERE, BRI LTIEBEFED1.15% (w/v)

KC1-50 mM Tris-HCl (pH 7.4) I THREYF 4 AL 7o,

HELREYA—MIISTL, FRET-80CIZ
BERL 7z,

3. oA *

Total GPx %5 M X Lawrence 8 & ¢f Burk @ 5
BRI 2 fE Vs, cumene hydroperoxide #3E & U CHl
5 L7z, Se-AfEME-GPx &ML, kD 78T £-butyl
hydroperoxide %% r U THE L 7z, Se-JEREE-
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GPx {3, total GPx {EMEL & Se-kFE-GPx ¥&
HrEELF L > TRD 2P, Glutathione
reductase (GR) ¥#EHE®, y-glutamyl transpeptidase
(y-GTP) B BEUGSH §8? k72 h ZhnH#H
Ul THIE L 72, %7, 1-chloro-2,4-dinitro-
benzene (CONB) 233 % GST &M 1 Habig D H
Y R HWTHEL .,

x B OB R

PCB126 MEZ v b B L UENLEY N DIFGPx &
% Fig. 1 \WRT, 7 v b T, free-fed & pair-fed [

Rat

60

O Totagrx
B Se-depend. GPx

m non-Se-depend. GPx

GPx activity (umol/min/g liver)

Free-fed Pair-fed PenCB
Guinea pig

60
§ [ TotaiaPx
= 50 I Se-depend. GPx
g m non-Se-depend. GPx
‘e 40
£
£

- t

5 %0 *ok Tt
2
£ 20
=
14
©
x
[N
S

PenCB

Effect of PCB 126 on hepatic glutathione
peroxidase acitvity in rats and guinea
pigs.

Each bar represents the mean+S. E. of 4~
5 animals.

Significantly different from free-fed
control: * P<0.05; ** P<0.01
Significantly different from pair-fed con-
trol: Tt P<0.01

Pair-fed

Free-fed

Fig.1
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TRIEHIZEEAEEVRRD OREP- T2, LDL,
Se-fcfE M GPx M 13 PCB 126 lBic X > T, 2D
DAy ba—VEEEENTERIET LR, 72, Se
~FEREMEIEME S pairfed 2> b u— VBRI LTI
BETERZWHOO, HHETOERSED &,
TTEHEINTWB LI Y, ELEY b Se-fiifF
HGPxEMEIET v MICHNRBZ ERDMEITH - 72,
ZOWFEMIX PCB 126 &0, 3BT LA
CESRBD SN Tz, —T, TVEY b Se-FHEHE
1% - GPx ¥ T i3, pair-feeding iz & - ¢#in L,
PCB 126 MBI ko TEZEMLU )2, s DR X
v, PCB 126 4Lz & % GPx {HME OB 28 &
STELLERY, Iy NTRRERAL, ELVEY NT
BZEAL R & T2 g 2 2 BB L o T,
FFGSH &85 L U'GR, y-GTP B & U GST &M
L8k % LT Tablel WRT., GPx BERERISOLAE
HFTH 5 GSH OEEB XU Ihottsh, FFAK
BLGRE y-GTPOEMR, vy txBWwTR
PCB 126 {2 k> TW TN FREET LIz, B
y-GTP QA ZEL &, BITFEHEL Iz HEY
W, EALEY b p-GTP 13 PCB 126 BRIz L » THE
WETT 52000, ZORER/NE»>T, 72, GR

£ B E»34%

EHIEZ Yy POEE L HEEINL:, 2o 2ED
ERELHEESLT, ELEY VFGSHEE R
PCB 126 T4 83, Hl- T pair-fed 2>} v — V&
X oyl 7. CONB s % GST i1k X iEhyy
& pair-fed 2> P o — O 2 &I TEML .

% =

PCB126 Uz L 2 5 v b Se- kM-8 X F-FEK
EM-GPx EEOE T, BeRRINTLIEER
FERW® L —F LT/, FGSHEEDET (Table
1) ® TCDD 47 v s ECHE s % FIEE EE1L
DT b ZhE LI SXFLTWS, Lrl, TV
Ty MZBWTE, FEVBEZEOEWETHD I
barbsd, GPxEEOETERED shkr o,
TCDD-#LBEE L E v M IZBWT b RIERBEIEE
BENTWBENY, KHFETiE pair-fed 2> ho—n%
BT TEVBEECHER L, 361, BVEY PEIB
WTIEGSH 8258 L 28¥L, £7-GRBIUV -
GTPiEME LR b L ZhefFE L. GPx Rt
A v 2AEc@ S EITh D, ZhrBEEZD
L8 50Ho THINT 2 £ WwHEER, GPx fF
ENBHEEBRREEROEG & i SBRIERA

Table 1 Effect of PCB 126 treatment on the hepatic activities of GR, y-GTP and GST, and the
content of GSH.
Activity or content in
Parameter Species Free-fed control Pair-fed control PenCB-treated PenCB/Pair-fed
Reduced glutathione Rat 9.17+0.52 5.32+0.17 3.65+0.21 04 0.69
(zmol/g liver) Guinea pig 5.15+0.30 4260172 5.93+£0.154 1.39
Glutathione reductase Rat 12.8£0.99 10.6£0.47 8.51+0.71 %4 0.80
(¢mol/min/g liver) Guinea pig 4.87+0.80 7.43+0.17° 10.4+0.56 b4 1.40
y-Glutamyltranspeptidase Rat 0.51%+0.10 0.46+0.17 0.0140.00 > 0.02
(#mol/min/g liver) Guinea pig 2.53+0.14 2.83+0.04 247+0.14¢ 0.87
Glutathione S-transferase® Rat 79.5+£11.8 66.6+10.1 122+12.53¢ 1.83
(mol/min/g liver) Guinea pig 172+5.44 115+5.74 ® 250+19.5 > 2.17

The content and the activities in liver homogenate were assayed.
Each value represents the mean=S. E. of 4-5 animals.

Significantly different from the free-fed control: ?, p<0.05; °, p<0.01
Significantly different from the pair-fed control: ¢, p<0.05; ¢, p<0.01

¢CDNB was used as the substrate.

(14
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Blood samples of Yusho and control persons were analyzed for individual congeners of
PCDDs, PCDFs, and PCBs by high resolution GC/MS. Concentrations of 2,3,4,7,8-penta-CDF,
1,2,3,4,7,8-hexa-CDF and 2,3,3,4,4’,5-hexa-CB in Yusho blood were up to 56 times higher than the
corresponding concentraions in the control blood. These high concentrations have persisted for
23 years after the incident. Concentraions of 3,3',4,4’,5-penta-CB and 2,3’,4,4’,5-penta-CB in some
Yusho blood were lower than the control blood. In Yusho blood, 2,3,4,7,8-penta-CDF contributed
the highest toxicity (TEQ 77-248 ppt in lipid) among the congeners determined and toxic contribu-
tion of PCDFs was very large (41-77%) in the chlorinated pollutants.

Thirty PCB congeners were identified in the blood of Yusho patients in 1996 by GC/MS. The
average total PCB concentration in Yusho blood were 4.9 times higher than that of the controls.
Characteristic PCB congeners in Yusho patients were 2,2’,3,4,4’,5-hexa-CB, 2,3,3’,4,4’ 5-hexa-CB
and 2,3,3",4,4",5’~hexa-CB and their concentration ratios to the controls were 8-19.
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Table 1  Concentrations of PCDDs, PCDFs and PCBs in Yusho blood and control serum

Concentration (Lipid basis, ppt)

Cont 1 Cont2 Cont TS Yushol Yusho?2 vYusho TAK  Yusho KEY

TEQ : ' Serum Serum Blood Blood Blood Blood Blood
Factor | 1991 1992 1992 1990 1991 1990/91 1990/91
Total sample amount (g) 40 35.41 29.73 10.1 10.17 9.46 9.21
Total lipid amount (g) i 0.202 0.214 0.102 0.052 0.052 0.044 0.036
2,3, 7, 8-Tetra-CDD 11 3.3 2.9 1.7 2.3 2.2 2.4 2.4
1, 2,3, 7, 8-Penta-CDD 0.5 9.4 8.9 7.6 7.4 7.0 11.6 19.8
1, 2,3, 4,7, 8-Hexa-CDD 0.1 5.0 3.5 3.0 2.4 3.4 nd nd
1,2,3,6,7, 8-Hexa-CDD 0.1: 38.0 39.6 42.1 34.0 37.3 72.7 134.0
1, 2,37 8 9-Hexa-CDD 0.11 7.9 8.7 9.4 5.9 4.9 2.7 5.0
1,2,3, 4, 6,7, 8Hepta-CDD 0.01: 49.0 43.2 40.4 16.8 17.0 31.5 36.8
OcizCDD  0.001} 1220 1054 427 537 6 18T 288
Total PCDDs i 1322.6 1160.8 531.1 605.8 587.8 307.9 486.0
2,3, 7, 8-Tetra-CDF 0.1 4.4 5.0 7.1 2.5 2.5 4.1 7.0
2, 3, 4, 7, 8Penta-CDF 0.5 17 .4 17.4 8.9 243.0 240.0 153.0 495.0
1,2, 3,7, 8-Penta-CDF 0.05; 0.8 1.5 12.4 1.7 1.5 1.1 2.7
1,2,3,4,7, 8-Hexa-CDF 0.1 12.1 11.7 9.0 157.0 148.0 194.0 367.0
1, 2,3, 6,7, 8-Hexa-CDF 0.1 8.7 7.8 6.6 34.5 34.3 42.7 98.8
1, 2,317, 8, 9-Hexa-CDF 0.1 0.4 0.5 nd 0.6 0.7 nd nd
2,3, 4, 6,7, 8-Hexa-CDF 0.1 3.3 3.4 5.8 4.0 4.4 6.1 7.4
1,2,3,4,6,7, 8-Hepta-CDF 0.01} 10.4 6.8 8.0 16.6 16.7 9.7 17 .4
1,2, 3, 4,7, 8 9-Hepta-CDF 0.01: 0.9 0.8 nd 2.9 3.8 nd nd
Octa-CDF 0.001 : nd 2.7 2 5  na na50 5.0
Total PCDFs 53.3 57.6 60.3 462.8 451.9 415.7 1000.3
3,3, 4, £-Tetra-CB 0.0005 25 24 18 22 24 na na
3,3, 4, 4, 5-Penta-CB 0.1: 149 134 29 46 44 26 29
3,3, 4, 4,5, 5-Hexa-CB 0.01! 84 99 32 127 125 281 362
Total Coplanar PCBs 258 257 80 195 193 307 391
2,4, £-Tri-CB 0 4194 4133 10400 2277 2620 13100 15200
2,3,3, 4, £-Penta-CB 0.0001 ! 11304 8603 3600 3326 3717 7900 9400
2,3, 4, 4, 5-Penta-CB 0.0005 | 2745 2756 2000 3279 2952 6100 10500
2,3, 4,4, 5-Penta-CB 0.0001 | 43599 41021 17100 15040 13081 17600 15200
2,3, 4, 4, 5-Penta-CB 0.0001 : 676 789 Incl up <400 <400 Incl up Incl up
2,3,9, 4,4, 5-Hexa-CB 0.0005 | 13962 18216 5400 31976 34795 153000 130000
2,33 4 ¢ 5-Hexa-CB ~ 0.0005 ! 3131 4092 1700 8533 9002 49800 39600
2,3, 4,4, 5 5-Hexa-CB  0.00001 ! 8325 8455 2700 4545 4845 9400 6700
2,3,3,4,4,5,5-Hepta-CB 0.0001 | 850 925 1300 2058 2696 16000 19700
Total Mono-ortho PCBs 88786 88990 44200 71034 73708 272900 246300
2,25, 5'-Tetra-CB 0 1326 1867 31800 2483 2534 13900 35600
2,2, 4,5, 5-Penta-CB 0! 3039 4210 10000 4960 5219 10600 25900
2,2,3,4, 4, 5-Hexa-CB 0! 111042 116614 49200 111475 123648 328000 364000
2,24, 4,5 5-Hexa-CB 0 146885 136531 51500 100753 109826 245000 285000

2,2,3 3,4, 4, 5-HeptaCB 0.0001 | 17531 20820 15400 22710 27060 161000 149000
2,2,3,4,4,5 5 HeptaCB  0.00001 ! 84082 79759 31200 51611 61453 200000 197000

2,2,3,3,4,4,5,5Octa-CB 0! 7948 7166 3900 5261 6893 31600 28500
Total Diortho PCBs | 371853 366967 193000 299253 336633 990100 1085000
Deca-CB 0f 1710 1670 nd 915 1175 nd nd
Total PCBs L 462607 457884 9237280 371397 411709 1263307 1331691

nd: Not detected na: Not analyzed
Incl up: This concentration is included in the value of upper line

(19)
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BHEW, W 1.5ml/min THo iz, & T AEEI,
B4 100°C T 2 SR L, 200C/min T 250°C £ TH
BLT, 15 5HEEFL 72, T, 2°C/min T 280°C %
THEEBL, THBEELL FAOBLIUA VY —7
2 — ADREIF280C IR 72, BIRA 4 il
(SIM) wix=3b, gk, REdl, ~iEfh, b
it ®» PCB $ X 1811 -dichloro - 22 - bis{(p-
chlorophenyl)ethylene (DDE) D43 TF A4 4 >~ ¥ — 7
M*) 8 X ¥ [M+2]* (m/z 255.95, 257.95,
289.90, 291.90, 323.90, 325.90, 357.85, 359.85,
391.80, 393.80 35 & U 315.95, 317.95), /b, Ju
B, +HEEOPCB® M+ 2]t BLU [M+ 4]+
(m/z 427.75, 429.75, 461.70, 463.70, 495.70,
497.70) Z AW THIE L 7. PCB BEMEOBE IS 1
FrO¥Y¥— o EER 2,2,3,4,5,5,6-hepta-CB » [M+
2] O — 7R L g A NSRRI X DR 72,

wRCEERE

1. PCDD, PCDF, PCB &St

MEEHE DMK S & —RADIMES & VI &
H3 % PCDD, PCDF, PCB EMM&DBEE % Tablel
AT, BERBEEmMESATBELSD OETRE
nTwa, 2MEHZH OBRE X Z o iEze
DEFRBEL2EEEP SFHELTRDZ I LHTE
5.

THE B D 2,3,4,7,8-penta-CDF, 1,2,3,4,7,8-hexa-

Table 2

B oH & A

E 4%

CDF B &£ 181,2,3,6,7,8-hexa-CDF OEE T —#& A D

o OWE LD 5~56, 12~41 B L U 4~15 {SEE
Bt %7, 2,344 5-penta-CB, 2,3,3°,4,4'5-
hexa-CB, 2,3,3 4,4',5-hexa-CB, 2,3,3 4,4’,5,5-hepta-CB
B L 12,2,3,3 4,4 5-hepta-CBDIEE b fERE DS
21.1~5.3, 2~8, 2~29, 1.6~238 X U'1.1~10.5f%
ENTNE» o, IR DILEYPBEECB T

MERERNCEWEE TEET 20, ZH8ER
W74 AZ AN ERICEIL 72 5RE O PCDF, PCB
BEREABIZO I D ENICERBEEL Tw 570 TH 5.
I T, 3,344 5-penta-CB B X 182,3°,4,4',5-
penta-CB OBEIZHERE O/ BHLEAICEL, —
BADREDZNLEFN1/5.6 BLU1/3.317%> T

550 Ths., WEBE BT S 2,3,4,4 5-penta-
CBOERERLUEI»OHSNTEY, BXHEsh
T 3999, 2 0 PCB O{REEAL & iliE B 1 R 1R
BB EN T3 2,34,78 penta-CDF 7 £ O BER
FEMEOEMz LY, REMEESITELCDD

EEZHRTNG,

ALRFEERAEREY TE® 5h iz PCDD, PCDF @
ZEMEPRD TEQ Factor B & UME R Tk
57z PCB £ A D TEQ Factor % Table 1 7R L
TWwb, ZEEEOEBEIZZ O Factor 2#i7 3 &, #
D% TCDD OB CHBE L 74 (TEQ) £ LTk
55, ik PCDD, PCDF, PCBD 7 V—7 T &
WEEDIEEN Table2 WiREa LTS, 07—

Concentrations of TEQ in Yusho blood and control blood and serum

TEQ Concentration (Lipid basis, ppt)

Control 1~ Control 2 Control TS Yusho 1 Yusho 2 Yusho Yusho

TAK KEY

Serum Serum Blood Blood Blood Blood Blood

1991 1992 1992 1990 1991 1990/91 1990/91

PCDDs 14.80 14.02 11.73 10.94 10.95 16.19 26.86
PCDFs 11.74 11.69 8.00 141.64 139.27 101.35 295.83
Coplanar PCBs 15.75 14.40 3.23 5.88 5.66 5.45 6.48
Mono-ortho PCBs 15.65 17.75 6.78 23.98 25.37 108.69 94.55
Di-ortho PCBs 2.59 2.88 1.85 2.79 3.32 18.10 16.87
Total PCBs 33.99 35.03 11.86 32.65 34.35 132.24 117.89
Total TEQ 60.53 60.74 31.58 185.22 184.57 249.78 440.58

(20)
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FELPOIPTVELICKC Lz DHFig 1 TH
%, MEEBREMER D 2,3,4,7,8-penta-CDF @ TEQ &
X 77~248 ppt (FEEERY/20) THD, —HAD
FDERE (4.8~8.7ppt) D 10~50 5 TH 5, 2,34,7,8
-penta-CDF OFMHHS 12 2BMED 31~66% %2 5D T

BY, MEBSERFOEERLEDLEZ SN TS,

PCB ok, MESE T 2,3,3,4,4,5-hexa-CB @
TEQEENKLE 16~T77ppt TH DXL, —
A BT I3 3,3°,4,4°,5-penta-CB @ TEQ # [ 28
E< 3~15ppt TH o7z, Table 28 & U Fig. 112 X

(21)

Percent TEQ contribution in Yusho and control blood

3 &, MEREOFEEOTELS 1 PCDF TH %23,
PCB b7z » OBUES D 5, WEREBEMET O£
TEQ ¥ 13 185~440 ppt THH, — A D TEQ BE
D3I~ ERET, KERBEEZEIZW, —BAL—
BBEEREEO PR ) O TEQ 2ERICERL T
3,

PCDD, PCDF, PCB O0#&EMHS2EHSFEIL L TH
RY 5 EFig 2 DX 3%k, WERE T PCDF ©
EMFEIKRES 41~T7%) THY, RATPCB I
L L EEFES (18~563%) »H3, ZhiexL, —f#
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Fig.3 SIM chromatograms of the extract from blood of a Yusho patient (HM)
Numerals: IUPAC number for PCB congeners
1S : Internal standard (PCB 185) X : Artifact

ANZBT 2 EEFS RS BES (38~59%) 5 PCB
T¥dH Y, &K\wTPCDD (23~37%) ¥ & U PCDF

(19~25%) DEUFSSH 5.

2. PCB £k

WMEREMEE 7V —> T v L7727 ard
SIMZu<h72A%Fig3llRmT, MTB XU
M+ 2] (2720 M+ 21" BXU [M+4]1Y) D
2D — 2 BEUERFRE A S b D% PCB
%7:1xDDE o7z, AUAAZu< M &BBT
2 E#EPCB ORERE L —%T 25D %% D PCB
Fipfkr U7-, ¥ PCB 2FFA LT Wb O, FH
UDB-5 %% 5 U —2 2% B THES L2308
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T =1 ORFFR R o HEE L ¢, PCB £EMHEDH]
Ex Uiz, HE S iz PCB EE4R o EEMIER AL
S IUPAC) © PCB #5? % Fig. 3O E— 7 IR
L7z, ZOHEKE D EFEREMRFICHELET 51T L
AEDPCB BEEOBELRHET 2 LB TET,
PAZHER: TERSTHT L 724 PCB E14% & O Mg i
% Table 3 12R3., MWEEEMERO PCB O—i#
ADBRELDILHRL T, IHEEE 22 LMK
< PCBEEDFHIZ6.2ppb THY, —RADEE
(1.3ppb) ®4.9f5TH - 7. 1,1,1-trichloro-2,2-
bis(p-chlorophenyl)ethane (DDT) ORI TH %
DDE & PCB#E LRIUCEEDRET, MEBEB X
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Table 3 Concentrations and ratio of PCBs in the blood of Yusho and Control

PCB concentration in blood, ppb Yusho
IUPAC Yusho patients Control  Control
No PCB Minimum Maximum Average S.D.  Average Ratio
74 2,4, 4, 5-tetra-CB 0.027 0.363 0.099 0.078 0.063 1.6
101 2,2, 4,5, 5-penta-CB 0.026 0.171 0.062 0.031 0.019 3.3
99 2,2,4,4, 5penta-CB 0.084 0.638 0.291 0.150 0.047 6.2
149 2,2,3, 4,5, 6-hexa-CB 0.024 0.065 0.040 0.011 0.010 4.2
118 2,3, 4, 4, 5-penta-CB 0.041 0.189 0.104 0.045 0.076 1.4
134 2,2,3,3,5, 6-hexa-CB 0.013 0.056 0.029 0.012 0.007 4.2
114 2,3, 4,4, 5-penta-CB 0.011 0.051 0.031 0.012 0.005 6.3
153 2,2, 4, 4,5, 5-hexa-CB 0.437 1.997 1.052 0.415 0.266 4.0
105 2,3, 3, 4, 4-penta-CB 0.011 0.044 0.027 0.010 0.020 1.3
137 2,2,3, 4,4, 5-hexa-CB 0.034 0.208 0.092 0.046 0.011 8.2
130 2,2,3,3, 4, 5-hexa-CB 0.029 0.130 0.070 0.030 0.013 5.3
163 2,3, 3, 4,5, 6-hexa-CB 0.130 0.749 0.394 0.166 0.066 6.0
138 2,23, 4,4, 5-hexa-CB 0.229 1.383 0.749 0.343 0.105 7.1
178 2,2,3,3,5,5, 6-hepta-CB 0.022 0.176 0.068 0.036 0.021 3.2
187 2,2,3,4,5,5, 6-hepta-CB 0.144 0.750 0.294 0.144 0.094 3.1
183 2,2,3,4,4,5, 6-hepta-CB 0.026 0.198 0.089 0.044 0.024 3.7
167 2,3, 4, 4,5, 5-hexa-CB 0.012 0.067 0.032 0.014 0.011 3.0
177 2,2,3,3, 4,5, 6-hepta-CB 0.029 0.212 0.086 0.049 0.020 4.2
171 2,2,3,3, 4, 4, 6-hepta-CB 0.016 0.082 0.052 0.018 nd -
156 2,3, 3,4, 4, 5-hexa-CB 0.107 0.869 0.436 0.205 0.031 13.9
157 2,3,3, 4,4, 5-hexa-CB 0.028 0.225 0.112 0.055 0.006 18.7
173 2,2,3,3, 4,5, 5-heptaCB 0.010 0.109 0.057 0.025 0.016 3.6
180 2,2,3,4, 4,5, 5-hepta-CB 0.270 1.950 0.787 0.394 0.172 4.6
193 2,3,3,4,5,5, 6-hepta-CB 0.019 0.072 0.043 0.015 nd -
170 2,2,3,%, 4,4, 5-hepta-CB 0.157 1.077 0.556 0.242 0.076 7.4
201 2,2,3,3,4575, 6-octaCB 0.042 0.384 0.122 0.076 0.034 3.6
203 2,2,3,4, 4,55, 6-octa-CB 0.038 0.288 0.124 0.059 0.026 4.8
189 2,3, 3,4, 4,5, 5-hepta-CB 0.016 0.084 0.049 0.019 nd -
195 2,2,3,3,4,4,5, 6-octa-CB 0.034 0.096 0.061 0.018 nd -
194 2,2,3,3,4, 4,5 5-octa-CB 0.084 0.432 0.196 0.074 0.040 4.9
Total PCBs 2.339 11.121 6.207 2.394 1.278 4.9
DDE 2.242 13.060 6.253 3.070 1.866 3.4

nd: Not detected

UC—ADOIMETEET 5, HF &8 hi: PCB &M% 105TH o7z, T D3 H118, 105DPERE HNMEBE TH
D> bIEBREICBNT, —RAD4.9ELDEE BN » 2 & BI9TTEED SBREI T,
BE»o 72 b OlE, TUPACEST, 99, 114, 137, @ i

130, 163, 138, 156, 157, 17009PCBEMETH - "

Jz. 2 D3 B 114, 156, 157, 170 D PCBiZ 2w T 1., HEREME 4 BB L C—RAIME, MK 3
i3, FgEOEELSHEO PCDD, PCDFE, PCB D44 WEPEOMBET A 20 757 B REEE RS
RBOTHEHEINL TV A, MEEZBCBLT—HRA WEBIZ LI DO LT, BRIIEEEL Tw 3 PCDD,
L DB S HERI I /N & 2 PCB Bk x 74, 118, PCDF, PCB BEMEOBE 2R Iz,
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Tissue Distribution of Methylsulfonyl Metabolites Derived from
Kanechlor 400 in Mice

Koichi Haracucur and Yoshito MASUDA
Daiichi Coliege of Pharmaceutical Sciences, 22-1 Tamagawa-cho, Minami-ku, Fukuoka 815

Kanechlor 400, which caused the “Yusho disease”, was i. p. administered to mice and methyl-
sulfonyl (MeSO,) metabolites were investigated with respect to the concentration in liver and lung
during 28 days after the administration. Major components were 3- and 4-MeSQO, derivatives
from seven PCBs (IUPAC no.#31, #49, #64, #70, #101, #110, #132). In the liver, similar
concentration ratio of 3—and 4-MeSQO, derivatives was observed, whereas seven 4-MeSO, deriva-
tives were selectively retained in the lung. Methylsulfone metabolites of triCB (# 31) were rapidly
formed and eliminated. The highest concentration of the metabolites in the lung was 4-MeSO,-
2,2, 4, 5-tetraCB. Concentration ratio of MeSO,-CBs to residual PCBs was 1 : 2.1 in the liver,

whereas 4.6 : 1 in the lung 28 days after the administration.
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BHOECD AR Zaw r 77 A%RT, GC/MS 34D
FEER, MeSO,REMCHY 3 5 RUEAELET 30 R
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DOFER, FHES 14 7813 ITUPAC no. #31, #49, #64,
#70, #101, £110, #132 D PCB»5H¥ET 2 3-8 &
P 4-MeSOMBTH B Z G ote. 2D, #
31, #70, #101, #1100 WO W THIZIZEED 3-B LU
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ECD gas chromatograms of neutral frac-
tion obtained from liver (a) and lung (b) 28
days after the dosing of Kanechlor 400 to
mice.

peak 1:
peak 2:
peak 3:
peak 4:
peak 5:

4-MeSO0,-2, 4, 5-triCB;
4-MeSQ,-2, 2’, 4, 5-tetraCB,
4-MeS0,-2, 3, 4, 6-tetraCB ;
4-MeSQ0,-2, 3, 4, b-tetraCB ;
4-MeSO,-2, 2, 4, 5, 5-pentaCB ;
peak 6: 4-MeSO,-2, 3, 3°, 4, 6-pentaCB ;
peak 7: 4-MeSQ,-2,2, 3,3, 4, 6-hexaCB.
1S: 3-MeSO,-4-Me-2’, 3, 4, 5, 5-
pentaCB.
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pentaCB DFFi iR g ORIFE 2 BRFBREOE
PCB (#105, #153) LHE L 7-b D% Fig. 2 KRY,
PCB (#105) OHEEEIZRE» - Tehd, A FIVANVEK
VOBERBREE SO IS0 BB LY,
#153 LIZIFFEICBETHRE L., 528 HROAT
WANE Y EERE PCB DBEMIZ1:2.1ThH - 7z,

—7, Wfiz8 3 78D 4-MeS0,-CBs (Fig. 1{b),
peaks 1~7) DEEZ{LEERE PCB L& L-d D
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1
o —— #105
% o #153
2 0.8 3-MeSO,-
§ 2,2’,4°,5,5 -pentaCB
2 0.6
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O 047
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2 021
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4 8 12 16 20 24 28
Days after administration
Fig.2 Time course of the liver concentration of
PCBs (IUPAC no. # 105 and #153) and 3-
MeS0,-2, 2, 4, 5, 5-pentaCB after single
i. p. administration of Kanchlor400 (8 mg/
head)

% Table 1 iR d, PCBIBERFBOZAL LR LS
WHER L, #1058 L U118 DHENER oI, X F
WAV IR 3 HESRAbE > 4 SRk 5 BRI
ROIEW £RL, HAT BHEANR LN, #5528 HE
WBWT4IEFRETH 2 4-MeSO,-2,2°4"5-
tetraCB DEBEBNR LB L, AFIVALVKY DEYE
PCB e 4 2 BE LI 4.6 1 1 Th- 72,

% =

EES® LB L, KC400hiZix2,5-Y7uua”7
Lo VEREBTAPCBE LT, #31 5.0%), #
52 (5.8%), #70 (7.9%), #95 (2.5%), #101 (3.4
%), #110 (4.3%) BEWEEE (%) THALET 5.
% 7z Kannan & Q& TI3#49, #64, #87, #132,
#149  HERIZ L &b AP TR CERE T
BRAFNANVK OGRS LIz 25, 3HEFRL
% (#31), 4EFRME #H49, #64, #70) BL U518
1k G101, #110) DSHEETEIAFALANLKID
FERTHEESE P 20T, 2hEREIFL 2, 25-Y
suaa7 e VEKEE 2EE T 5#52, #95 HkDE
JAFNVANVEKY DEFZITS bTrThol, Zh

S5DRMEREORCEBRENTERRAFNVANEK Y E

LTEETS b DEEbh D, FE, GC/MSiz& D

m/z 446, 430 DFFA A B H DT AARY b U
BonTws, —F, KC400 Fiz 4. 1%FHES T5 2,
23,5 -tetraCB 2» S H2R T % A F 0 X Wik 2 JEiE
TEEdolz, TDI S, AFIVANKY DERR,
BRI AN 2 L&Y O#E X 2,45 trichlorobi-
phenyl B TH2 Z W REINS, LrL, B—
PCB#HWw/:7 v MREIEBRT 2,44 -8B L U344~
trichlorobiphenyl B#& % H 3 % PCB & 5-8 & Uf 6-
AFNANVKE AR 5225 PP ST

WEPD DT, 2D & D EKED D PCB R SHKT
ZEMABYLBREASMETIBCERCANTES L

DENH D,

Ko 2 F VAN R A5 &, #31, #70,
FI01 BIUHINZ D 3 BL U4 AFIVAINVEK VN
FIZEEERT 2004 & O BT, ZOMORME
EWIn S X A- A FNVANK Y DERBEDNE» 57z, 3
~/A-fED X F N ANV VEERERMLE YOS, &
CWIBRBW L - TEE L L Bbh 3, Iz
PCB-3,4-epoxide 37 V¥ F 4 VG RIG? &% T
BEE, 7 ORILEIOSEZR OERALE P EER I E
Ediordb L,

Fligiz R o h 3 3-MeS0,-2,2",4',5,5-pentaCB 1
THI RIS g EOWAEMCEBE TERL
TwBARERZBERY T, ZOLEWIET v MIFS
7Y — AOEYMEEES (CYP2B1/2) # < FHE
L, Bft&¥ o PB BIOFEEAEIC 3-X F VAR
BRELBEELTVBEZEBHELMITENT B,
% fe S EBH U 72 3-MeSO 139 X T PBRIOEBER
FEEHERT B> TERD,

—%, i Tid 4-MeSO,-CB »S38IRFNZERE L7z,
DOFERITHE— PCB % F v 7z in vivo {RBEERER?
E—B 5. 4,4 -bis (MeSO,)-2,2,5,5-tetraCB % &
FMEE R - EER T, MPBECBRC
BT 5 H I uteroglobin Ml 37 L OEWE
FMEWR E 25D ETEAINTWE 25 1LTC, AT
VAWK D uteroglobin & DFEE X H = X L% R,
Sv v ) OB & CBERE RIS S
TR DIEELHIOND & I Wik o 72919, KSR
THEND 4-MeSO,-CB OEREE XA &
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Table 1 Concentration of PCBs and MeSQO,-CBs in lung during 28 days after the dosing of
Kanechlor 400.
Compound Concentration(ug/g wet weight)
Day 1 Day 4 Day 7 Day 28

PCB(IUPAC no.)
#105 0.55+0.12 0.64+0.22 0.71+0.22 0.33+0.10
#118 0.56%0.20 0.601+0.23 0.56+0.18 0.15+0.03
#138 0.41+0.14 0.63+0.21 0.514+0.16 0.46+0.25
#153 0.2540.05 0.34£0.07 0.27+0.11 0.254+0.06
total PCB 1.77%£0.51 2.21+0.73 2.05+0.67 1.19+0.44

MeS0,-CB
4-MeSO,-CB-# 31 1.96+0.33 1.384+0.27 1.32+0.30 0.424+0.15
4-MeSO,-CB-# 49 1.26£0.28 1.84%0.38 1.96+0.36 2.044+0.33
4-MeSO,-CB-# 64 0.80+0.14 1.32+0.29 1.18%£0.39 1.02+0.20
4-MeSO,-CB-# 70 1.10+0.13 1.60+0.25 1.46%£0.25 0.76+0.22
4-MeSO,-CB-# 101 0.46+0.20 0.78%+0.18 0.64+0.14 0.66+0.21
4-MeSO,-CB-# 110 0.40x0.17 0.64+0.12 0.54+0.14 0.42+0.12
4-MeSO,-CB-#132 0.2240.03 0.24+0.05 0.2240.05 0.18+0.04
total MeSO,-CB 6.20+1.28 7.80+1.54 7.32+1.63 5.504+1.27

Ratio
MeSO,-CB/PCB 3.50 3.53 3.57 4.62

Values represent the mean®SD for four mice.

#105: 2,3,3 4,4~ pentaCB ; #118: 2,3,4,4’,5-pentaCB ; #138: 2,2’3,4,4",5-hexaCB; #153: 2,2’ 4,
455-hexaCB; #31; 2,4',5-triCB; #49: 2,24’ 5-tetraCB ; #64: 2,3,4",6-tetraCB; #70: 2,3',4’,5-
tetraCB; #101: 2,2°,4’,5,5-pentaCB ; #110: 2,3,3,4’,6-pentaCB ; #132: 2,2°,3,3",4’,6-hexaCB.

The numbering of the chlorine atoms of #49, # 101, #110 and # 132 is not according to the
TUPAC rules but was chosen to facilitate understanding of the structures of 4-MeSO,-CBs.
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Effect of Green Tea (Matcha) on Gastrointestinal Tract Absorption
of Polychlorinated Biphenyls, Polychlorinated Dibenzofurans
and Polychlorinated Dibenzo-p-dioxins in Rats

Kunimasa MoriTa, Takahiko MaTsuepA and Takao Iipa

Fukuoka Institute of Health and
Envivonmenital Sciences, Fukuoka 818-01, Japan

This paper presents the liver distribution and fecal excretion of polychlorinated biphenyls
(PCB), polychlorinated dibenzofurans (PCDF) congeners and polychlorinated dibenzo-p-dioxins
(PCDD) congeners, in male rats fed with powdered green tea (matcha). The rats were given a
treatment diet containing 109% matcha for the first five days. Then, the animals were administer-
ed 4g of 109 matcha diet containing 0.5ml of the casual rice-bran oil of Yusho that had occurred
in the Southwest part of Japan in 1968 and kept on the same diet for another five days. The fecal
excretion of PCB, PCDF and PCDD in the group fed with 109% matcha were 4.4, 2.4~9.1 and 2.5
~4.7 times higher (p<(0.01), respectively, than that in the control group. The liver distribution of
PCB, PCDF and PCDD in the same groups were 79%, 20~75% and 26~67% of the control group,
respectively. These findings suggest that administration of matcha is useful as a treatment of
Yusho patients exposed to PCB, PCDF and PCDD.
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TRy FEOERETH L, PEBIIEER,
7o AREIHER Y —u v EoE AV s, B
e LTHERFRELSERL, KA TS A
X, v YRBARBEETHLORM LT, EFEIEM
BYbricdh, XEPOBRERES Y, KOO
BRI L 2 bR T L SR EE R DR HREE
KThB, ZOf, BEREEEERUEEEDR
T, RiZ, ®B, FFL FEFuobosnTnwiY, &
W, FIEWwLHE EERMLD 10~18%) KE&EEh
BRY 7 x /= MEEBO L T VE R EIERLIEA,
HIEBERLSH 5 2 £ 8bn D98, Z OBEEEIC D
WK EZHERTE SR T WD,

1968 4, FEHAMIE TS 4 A4 A VORAETETH
VST EMEEDS T 4 A4 A VIZIBAT 5 PCB

(30)

FE GHE) P FAE L 729, Z OMHEREZ A A4 A iz
1%, PCB, Polychlorinated dibenzofurans (PCDF) K&
¥ Polychlorinated dibenzo-p-dioxins (PCDD)2SR A
LTl b ENTHEY, S rFy
#1 (PCDF KU PCDD) oHT, 2,3,7, 8-z @RS
ERL CEBREZEREHY T, b0 TREENSEY
7o ®%, O EEOEIY, BHEE I, 2,34,
7, 8-pentachlorodibenzofuran (PsCDF), 1,2,3,4,7,8
-hexachlorodibenzofuran (HsCDF) }&1*1,2,3,6,7,
8-hexachlorodibenzo-p-dioxin (H,CDD) »MEH#& X
D EVBETREHIN TV S,

$72, AL FY BRI IBAFRSErFRET S
MR LBREEIETH 2, TR0 2, AR 2R
U TERE N, BEEORIGER, SRro0MET
HBIRHENT B, 1996 &, BEEL XY 1 4+
Y UBOBIGEAE (A 1 HERE) % 10 pg/kg/H



7 v MZBIF S PCB, PCDF KU PCDD OEALEBIN W BT HZEZDORIE

CREREL., IhEFEILS»OERESTLHREL 1o,
BAEADOEBIREZ 3.5pg/kg/B &% DITBRL 7 8E
Th5.

A & F ¥ EDNEER R RRTE < W idE O
INEBHIES 22k, X512, BRCERLES A4+
VUERTERINCHER T A Z e s KYITh B, BES
YA A4 F v CEORMEER E BRI, BYEIES
PCDF OB RN JiZ 3 28 % P17,

* DFER, AR IIHEEE N T PCDF ORI KR UF
I &% L, PCDF 2&A~BEHT %2 2 Lothro
jo. Lodl, 0D BHEENRERIZDE0ID0RT
BEHEOSPIZENTVLRY, 22T, BFREHWT
PCB, PCDF U PCDD WRITHIHIZNER 2 ka5l L 72,

x® B F &

1. EBs

A IR AN TTIR B R D B & F v 7z,

HWERREZ A4 A4 A VITHEBRE» SREINLE
FEROY ORFEH Lz, Table 112, EERJHE 3 1cH#E
UTCEE L7 PCB, PCDF KU PCDD BEE2RT.

ANFYr, Ty, Zunkivh, X¥ ./ —),
vrzuuryy, BAREERF M)A, 7Y VN
LB OTRE BRABRHE A L7, THREY
U AV IEEEREE 10 g K5 ml 2MZ2 TR L TF
L, Thic2 N7 8 o Kieselgel 60 (70~230
mesh) 85 g MMz, WHETLEOL—EHELZHD
ERWT, £ OMORE IS BER L,

2. YRR

Ty N7 v 7 EHEHD S 5 HR D Wistar R
Sy bEEAL, 7y bOBEOIEAL Y, 2RIV

(Harper i2&), Y4 3> (Harper Bi&) 34 Y >
FVEEREELE A v Tz,

REH122g D7y b2 1E4LE LT 28HaV,
Table 2 R REMKOFER %52 /2. 5 HET#
fER, —KERsE, Thehof@e 4 g WlER
WA XA AN0.5ml BIFMMLTZ vy Micie L7k,
SRR ESICEREEB G SR, 51&kE, F
CERTs HEEBE L, 7y MidR#r—vic 1k
TOAN, RELAKBREHEICEZ . FEZEEAE
KTFSEER L TSRV, BiZs HO 2L,
WCT—REBRLEETHEL 1.

(31)
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Table 1 Concentrations of PCB, PCDF and
PCDD in the Rice-bran Oil used by
Yusho Patients
ng/g ng/ml
PCB 853000 780000
2,3,7,8-T,CDF? 501.6 458.7
1,2, 3,7, 8-P;CDF® 554.3 506.9
2,3,4,7,8-PsCDF 877.4 802.4
1,2,3,4,7,8-H,CDF® 822.6 752.3
1,2,3,6,7,8-H;CDF 128.9 117.8
1,2,3,7,8,9-H,CDF 11.9 10.9
2+ 3,4,6,7,8-H,CDF 224.3 205.1
1,2,3,4,6,7,8-H,CDF® 321.9 294 .4
1,2,3,4,7,8,9-H,CDF 16.9 15.4
1,2,3,7,8-PsCDD® 7.5 6.9
1,2,3,4,7,8-H,CDD? 5.6 5.1
1,2,3,6,7,8-H,CDD 34.3 314
1,2,3,7,8,9-HsCDD 24.5 22.4
1,2,3,4,6,7,8-H,CDD#® 133.0 121.7

a) Tetrachlorodibenzofuran.

b) Pentachlorodibenzofuran.

¢) Hexachlorodibenzofuran.

d) Heptachlorodibenzofuran.

e) Pentachlorodibenzo-p-dioxin.
f) Hexachlorodibenzo-p-dioxin
g) Heptachlorodibenzo-p-dioxin.

3. R ORISR © PCB, PCDF XU PCDD OEE

BHIMEON 7 ARSI AN, Vv 7 AV —
WEBEERHWT, 7ok bh—2AF /— (2.1,
v/v) 150 ml T 10 B¥REHM U 7z, HHEIEH 5 ml £
TREHEL, 700k ATE0 mlIZES L 7z, FR G £
¥ /—n32ml, Zuakisleml £I0Z, KEY R
— b L7t Zuuakis 16ml ZIZEERTY 3
— ML, K16ml 22 TR ZBL Iz, S50, BE
ZZuamRv A 30ml 202 REY A~ LS| A8
®’, SEOIREEDLY T, AEESIEDT— MIZAR
HER, sV ARBESRUEARES MY YA
Tk L 72, #30ml £ CEBHEL, 702RVAT
50 ml WERL 7=,

PCB OE &I I3Z O 0.5~ 3 ml B UHFED
K2 ml 2 FhFh 10ml ORBEIC LY, B
BE L7z, 2wl NARBREA U YAy ) —VIBK
2 ml &Mz, 80°CT1HFE 7 v VL 72, s
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#%, AKlml, ~F¥>2mEM2IEL S>HMBL
%, 2000 rpm T 5 R OODEEL, ~F Y BESE
Uiz, &5, ~F4 22 ml UYL ml & A TR
I L7z, A9 vl R &b ¥, K1 ml TH-
7ot B2 g OFEKEREES b v ATHRKRL 7o, ~NF
IR R 1 ml £ CEHL, 0.8g OREERIRS Y
HENH T L (T mmé) KIEAL, ~FH 6 ml T
PCB Z#Hi S ¥z, WHREEEL, ~*F 9> 22
<2 ml kL, Fift0.5ml T¥- 72, PCB 2 # R 7
o NS 7 TREGEERWTEE L, FAT7aw
k75 7 R BEEERTEL O ECD &% GC- 7 AG A
EERLI. FRAZO NI 78&EIE1.5%0V-1

(chromosorb W, AW-DMCS, 80~100 mesh) D7
WEEK|Z 2.1mX2.6 mme¢ OF T A4 T LCFEL, &
S LI 205°C, MRHIEBEE 300°C, ERA ARE 40
ml/5CHIE L 7z,

PCDF B0 PCDD OEEREOHEK 2~ 8 ml
EUFEBOWMEBEE 2 ml 2ZFFn 10 ml OFRE
EDEEEEL, ~F Yy 1l ml MR, hi
18C-2,3,4,7,8,P;,CDF % 288 pg, ZDfthd 2,3,7,8-
MRS ERL 72 4 - TR OREEDE % 200
pe¥RiIL, 1 NARELA YT ALY /=K1 ml
PMZERBT—ETNA ) SE LI, Ihie~FT
2ml, A0.5mlZMARES L, KEEREL 2,
B HEAFYUERKIml THREE, K2 ml TS
BILE L 7z, ZO~NFT B E 0.8 g DIEERERS Y
BENH T A (Tmme) WEAL, ~F¥ 2 8ml TH
HL, BEHEE ImlIcBfEL:, 256120.6g07 0
YUNHT A (Tmme) T ~FH > 4ml T PCB
B, BnwTYrun Xy 8ml ¢ PCDF kU PCDD
EUHU - EHEEEEEL, /9 v 15 pl B2 HEE
W% & LU72. PCDF KU PCDD i3 A~ v a2 #H8 SP-2331
DFEYEFY—HF A (0.32mmXx30m) 2EELL

GC-MS (HEWLETT PACKARD 5890-FINNIGAN
MAT-95) % F\v>CHfEEE 7000 1 EE U T Selected
Ion Monitoring (SIM) %k TEEL /.

® BR & R

1. RBROfRHERE, RERUFBEZK
Eerm -7 !

KR T IERRESH BT 20, BEE2EE
BLEAARSES Y bo—Viclw, SEHERR
iZ Table 2 IZ/RT &k D2, HEESR S F =2 —FETHi
EL, 20EFrOEERIE 2L bA—IC Lk, 208
B, EEROSHERE, AEEINE R CIHBES
HAABIUANTHEELZZIRDONE o T2
(Table 3), WOBHFEELBRAT L LICLD, 7
v P ORBEFBCEERAONZ 572, 5 AED
FHAETHE2EC T, HTRERES IR L
BEEE T,

2. PCB, PCDF E ' PCDD &gtz FiE 35k
HOR

WERKEZ 4 A4 4 V54 5 Afjo PCB, PCDF
KO PCDD Q#EHFEEE % Table 4 1R, PCBHE
MEIZEASHTREED 1.4%, HEFHT6.1%L,
HEHTRIAFOEEREREBEIN IRD S0

Table 2 Composition of diet (g/100 g)

Components Basal Matcha
Sucrose 70 60
Casein 20 20
Corn oil 5 5
Mineral mixture 4 4
Vitamin mixture 0.85 0.85
Choline chloride 0.15 0.15
Matcha 0 10

Table 3 Effect of diets on food intake, body weight gain and liver weight of rats

Diet Food intake

Body weight gain

Liver weight

(g/bdays) (g/5days) (g/100g B.W)
Basal diet 95.1+4.7 53.8+ 3.2 8.7+0.9
10% Matcha 80.3£9.6 53.2+11.0 8.0+0.6

Values represent the mean = S.D. for four rats.
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Table 4 Effect of matcha on fecal excretion of PCB, PCDF and PCDD in rats

Excretion (% of dose)

Basal diet 1096 Matcha diet
PCB 1.4%0.5 (1.0) 6.1+ 1.5 (4.4)
2,3,7,8T,CDF 0.4+0.2 (1.0) 3.7 0.52 (9.0)
1,2,3,7,8P;CDF 1.9£0.5 (1.0) 17.34+ 2.2 (9.1)
2,3,4,7,8-P;CDF 3.7£1.2 (1.0) 23.8+ 4.29 (6.5)
1,2,3,4,7,8-H,CDF 12.4+3.0 (1.0) 57.34+10.6® (4.6)
1,2,3,6,7,8-H,CDF 11.7£2.8 (1.0) 50.7+ 8.6® (4.3)
1,2,3,7,8,9-Hs,CDF 14.2+1.7 (1.0) 37.2+ 8.3% (2.6)
2,3,4,6,7,8HCDF 10.9+2.5 (1.0) 45,7+ 7.6% (4.2)
1,2,3,4,6,7,8-H,CDF 36.98.5 (1.0) 89.1+15.7% (2.4)
1,2,3,4,7,8,9-H,CDF 22.5+3.4 (1.0) 67.6+11.4% (3.0)
1,2,3,7,8-P,CDD 4.5+1.1 (1.0) 21.0% 2.8 (4.7)
1,2,3,4,7,8 H,CDD 13.1+5.3 (1.0) 48.4+ 8.8® (3.7)
1,2,3,6,7,8-H,CDD 15.0%5.2 (1.0) 53.9410.5% (3.6)
1,2,3,7,8,9-H,CDD 19.84+5.3 (1.0) 68.4+11.2% (3.5)
1,2,3,4,6,7,8H,CDD 31.6+5.4 (1.0) 78.6+£13.0® (2.5)

Values represent the mean + S.D. for four rats and numbers in parenthesis show ratio to

basal diet group.

a) Significantly different from basal diet group (p<0.01).

(P<0.01).

PCDF iz DWT, HREMHLERAREEANZ &, B
FEED 2, 3,7, 8-tetrachlorodibenzofuran (T,CDF) HE
W=1x9.01%,1,2,3,7,8-PsCDF ¢ 9.11%,2,3,4,7,8
-P,CDF T6.51%,1,2,3,4,7,8 H,CDF T 4.6 1%, 1,
2,3,6,7,8-HsCDF T 4.3%,1,2,3,7,8,9-H,CDF ¢
2.64%,2,3,4,6,7,8-H,CDF T 4.2 %,1,2,3,4,6,7,8
-heptachlorodibenzofuran (H,CDF) T 2.44%1,2,
3,4,7,8,9-H,CDF T3.0f&F &% b (P<0.01), 9
@ PCDF T, HREHEIEREHOD 2.4~9.1 SFHit=
DL 72,

PCDD oW T, HEHLERBHBILNE &, #
ZHED 1,2, 3,7, 8-pentachlorodibenzo-p-dioxin (Ps
CDD) HEMt & 134.745,1,2,3,4,7,8- H,CDD T 3.7
=,1,2,3,6,7,8- H,CDD ©3.61%,1,2,3,7,8,9- H
CDD T 3.5%%,1,2,3,4,6,7, 8 heptachlorodibenzo -
p-dioxin (H,CDD) T2.5 &% Y (P<0.01), 57&
D PCDD T, HEFHBELRRFD 2.5~4.7 FHn
LU 72,

(33)

3. PCB, PCDF .U PCDD ORIz RIETHZE D
hiE

Table 4 R L7z 5 HEOEDYEME 2 RIS &
#2725k, —KHAR ) PCB, PCDF & PCDD %4
PHOERIIL TRE L 2RO EEERINERIZ, AR
D% A, PCBT98.6%, 9 B4 o PCDF T
63.1~99.6%, 5 fE3H D PCDD T 68.4~95.5%C %
o7, HEBOERGEICHT 2 RIUIEIR] (RS
FEQWRIEE-BRATE D WINER) /AR R EE O PRI X
1001258+ % -, PCB *4.8%,2,3,7,8-T,CDF ¢
3%,1,2,3,7,8-P;CDF T 16%, 2, 3, 4, 7, 8- P,CDF ¢
21%,1,2,3,4,7,8- H,CDF T 51%,1,2,3,6,7,8 H,
CDF T 44%,1,2,3,7,8,9- H,CDF T 27%, 2, 3, 4, 6,
7,8-H,CDF T 39%, 1,2, 3,4, 6, 7, 8- H,CDF T 83%,
1,2,3,4,7,8,9-H,CDF T 58%,1,2,3,7,8P,CDD
17%,1,2, 3, 4,7, 8- H,CDD T 41%, 1, 2, 3,6, 7, 8- H,
CDD T 46%,1,2,3,7,8,9- HiCDD ¢ 61%, 1,2, 3, 4,
6,7,8-H,CDD T 69% Td - 7=, HREHEOWIHNSIZE
W2, PCDF Kk Uf PCDD OiEZEOBIS % gL
725G, WRBEESL AP0 b 0 X 0 IR
PR OTEER 2R L7z,
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4. PCB, PCDF KU PCDD OFFIgs 1 B g3 5k
FDOEHE

MIERKT 4 AL A VEE 5 B0 T v O
PCB, PCDF KU PCDD &% Table 5 iZ7R3. PCB
DATEE, FEHTREED0.63%, BARIET
0.80 % &, X CHERRBDOTIRBTHY, 21%
OHFET 258D 57z,

EARAR I T 2% O PCDF S4{E T & %5
g+ 2L, 2,378 T,CDF T38%, 1,2,3,7,8-P;
CDF T 62%,2,3,4,7,8 P,CDF T 25%,1,2,3,4,7,8
-H.CDF T 64%, 1,2, 3,6, 7,8 H;CDF T 67%,1,2,3,
7,8,9-H,CDF T 80%, 2, 3, 4, 6, 7, 8- H,CDF T 60%,
1,2,3,4,6,7,8 H,CDF ©79%,1,2,3,4,7,8,9- H;
CDF T 70% DA HE TH A Sz,

—7%, PCDD o4& T&i, 1,2,3,7,8-P;CDD T
33%,1,2,38,4,7,8- H,CDD T 63%,1,2,3,6,7, 8- He
CDD T 44%,1,2,3,7,8,9- H,CDD T 59%, 1,2, 3,4,
6,7,8-H,CDD T TA% KRN EABRIDET Lz,
Table 4 iZRL 7z & 512, HEFF Tk PCB, PCDF X
U PCDD #E eSS EML, BINEMET L2
Lk, ORISR E PCB TERABED 79%,

FHH - Wk - SR

9 #E#H @ PCDF T 20~75% K ' 5 #&#H ® PCDD T
26~67T%IW(ET LTz,

Z

BRYRBORERE LM T %k, ADPCB,
PCDF . tf PCDD OH{EEWRINE L2 Z L3S b
OTAY R Z L ThDHM, ThEPERCHT I &8
Ly, Abraham & 3RAE25 27288 (5 7H) »
5, EERL, PCB, PCDF & Uf PCDD O#it &
ZREEL Y, 2 OFKE, BhEtEBREgrstL
<, PCB ©1.2~1.5%,2,3,7,8-T,CDF T# 4%, 1,
2,3,7,8-P;CDF T#7 3%, 2,3, 4, 7, 8-P,CDF TH#J 5%,
1,2,3,4,7,8 H,CDF T#7 10%,1,2, 3,6, 7, 8-H;CDF
T#11%,2,3,4,6,7,8-H,CDF T#7 9%, 1,2,3, 4,6,
7,8-H,CDF T#149%,1,2,3,7,8-P;CDD T# 6%, 1,
2,3,4,7,8- H,CDD % # 12%, 1, 2, 3,6, 7, 8- H,CDD
7349 9%,1,2,3,7,8,9-H,CDD T# 20%, 1,2, 3, 4, 6,
7,8-H,CDD THI38% TH -z EHME L TW B, T#
25y b OBE LIRS E (Table 4), EXRAHD
PCB, PCDF KU PCDD HRElLE 3L R D Fh & iz
DIEWETHEZ bbb, ZOIEhd, AET

&

Table 5 Effect of matcha on liver distribution of PCB, PCDF and PCDD in rats.
Liver distribution at day 5 (% of dose)

Basal diet 1096 Matcha diet
PCB 0.80%+0.22 (100) 0.63+£0.10 (79)
2,3,7,8-T,CDF 0.83+0.17 (100) 0.52+0.08 (62)
1,2,3,7,8-P;CDF 3.5 £0.7 (100) 1.3 £0.1® (38)
2,3,4,7,8-P;CDF 62.8 £3.6 (100) 47.0 +£1.52 (75)
1,2,3,4,7,8-H,CDF 59.5 +3.4 (100) 21.2 +1.52 (36)
1,2,3,6,7,8-H,CDF 57.9 £5.6 (100) 19.4 +£2.09 (33)
1,2,3,7,8,9-H;CDF 21.0 £1.0 (100) 4.2 £1.2% (20)
2,3,4,6,7,8-H,CDF 46.9 £4.1 (100) 18.6 +2.29 (40)
1,2,3,4,6,7,8H,CDF 46.9 £4.9 (100) 9.9 +1.4% (21)
1,2,3,4,7,8,9-H,CDF 37.6 £4.0 (100) 11.3 £1.7% (30)
1,2,3,7,8-P;CDD 42.3 £4.9 (100) 28.5 £2.4% (67)
1,2,3,4,7,8-H,CDD 50.3 +2.0 (100) 18.4 £3.1» (37)
1,2,3,6,7,8-H;CDD 56.8 +3.2 (100) 31.5 £2.1% (56)
1,2,3,7,8,9-H;CDD 49.2 2.9 (100) 20.3 +2.2% (41)
1,2, 3,4,6,7,8-H,CDD 42.3 +6.2 (100) 11.1 £1.9* (26)

Values represent the mean &= S.D. for four rats and numbers in parenthesis show ratio to

basal diet group.

a) Significantly different from basal diet group (p<0.01).

(34)
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Concentrations of PCDDs, PCDFs and Coplanar PCBs in Blood
of 83 Patients with Yusho

Takao Ipa, Hironori Hirakawa, Takahiko MATSUEDA
and Reiko NAKAGAWA

Fukuoka Institute of Health and Environmental Sciences,
Fukuoka 818-01, Japan

Concentrations of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
(PCDFs), coplanar polychlorinated biphenyls (Co-PCBs) and total polychlorinated biphenyls
(PCBs) were analyzed in blood samples from 83 Yusho patients and 39 normal control subjects in
1995. The average concentrations of PCDDs, PCDFs and Co-PCBs in the blood of Yusho patients
were 14, 128 and 14 pg toxic equivalent quantity (TEQ)/g lipid, respectively. The levels of these
compounds in the blood of normal subjects were 14, 10 and 8 pg/g lipid, respectively. Thus,
although the average levels of PCDDs and Co-PCBs in the blood of Yusho patients were similar
to those of control subjects, the PCDF level in Yusho patients was 12.8 fold higher than in normals.
Average concentrations of total PCBs in the blood of Yusho patients and normal control subjects
were 789 and 339 ng/g lipid, respectively. Thus, the PCB level in the blood of Yusho patients was
2.3 fold higher than in normal subjects.

To test the reproducibility of determination of PCDDs, PCDFs and Co-PCBs, three normal
blood samples were analyzed twice. These analyses gave similar results each time. Since, these
compounds could be measured in five-milliliter blood samples, they can be monitored in Yusho
patients.

N — > DBHRENRIRS L, & 5, 1979 F
5 I PCQs (PCBs @ 2 &) IBEOHRE BN
niz, RN IHEREPBIL 274 A4 A v

x U ®» (<

1968 FALE TR TEBE L L THMA 2 L7z polych-

lorinated biphenyls (PCBs) 25 BA L7274 A4 A4 )V
Wk B HEES () BFEELLD, ZOoRBRLS
BE HESE) 20004 TH Y, MEREOKRS
PEEMSNCITbN TV, BEHSY IMEEZD
M PCBs R BEEHICENTEETH D, F,
FDHAZOAOR NI T AE—=T 85— (GC T —
) PEEBLRRDIERLNY —VERT IR
EL7z 1973 o BEFEOMT PCBs BE B &L ) GC

(37)
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PCBs 4 TEDORELES L 2E2 605, bhb
i, MHEERE S SR L 2 TR 5 PCDFs %
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LT, EEE 3941 D0nT AR M PCDDs,
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2. SWHE

2.1, MEORE L

2.1.1. BEEOIMK

MR 50 g % 300ml b — A E—d —icBRL 7 &
PrenFHy 2:1v/v) 50ml ZIMZARY b > T
BBREL0b, AEIMETOIZHELZ — %
L5284 2%, A2 EOBEEEOE -7 —KKEL
T hrenFYdr (2:1v/v)25ml BEUAK2ml %
Mz RY oy CEBRES VESYERLe - M2
UG 289 2, 2 OBRERFERDET, 28 300
ml T — bz bRk 100 ml ZHZESHIES
L, ¥ rvELKBERIMT 22 THET 5. KB

ROH B OE E»r3HL

%200ml /T — M IEED AF Y 60 ml TR »
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BTAFY MR EAEE> VY Y4108 TR
IS, 100ml FAMT7 SR aTa—F ) —x /K
V—3—T1ml UFEHETEEL, PREOANF >
THEEY (HEX2-3g) WHWAAERT1IEREL
THEEEE L OB BEOERYHIET 5,
2.1.2. BEMWE

MR 5g % 50 mlBELE ZHIL T 2 b >« AF
B (2:1v/v) 2oml 2HIZRY b0 TEEET S,
2000 rpm T 10 A& OABEL, LE% 200 ml 5w
— N, BN TR b enF Ty (211v/V)
25ml ZIZAHRREEGL 2 o BT RTES®, 2000
rpm T 10 REROSEE L, EEZEO 200 ml 457D
— b€, COBERHERVET. SEo—
WA 100 ml 22 L WRE L, ~F VB EKE
BT A ETRET 5, KB %R 200 ml A u— M iz
FHOAFYY 60ml TROUPKBAL TR, HER
SEELIcAF I UEREO200ml FE T — A
B 100 ml THE S . KB R TAF ¥ AR ik
Bl b U T L 10g TRBEEE S, 2.1 1 EERIK
DOFIEBHHIRIE L A0 HECIREEE2RD 5.,
2.2. AT AKIV—VT TS

ZZTRONERBECATEE (*CTI7 vl
10 #d PCDDs/PCDFs & 3 %®D Co-PCBs) DEAYE
WRMZA~FY > 10ml UTF CHERRS V 2 5 Vv 5
AR L, ~FH > 100ml TEHSE S, EHEE
a—% ) — xRV — & — T 2ml BUF e T IERE
UIEHRA 7408, 10%Y 700 x5 v« AFY
> 50ml TPCBs&% %, WWwT bz »100ml T
PCDFs, PCDDs 8 & Uf Co-PCBs 2 &€ 5%, =
OFEHHER 0.5ml ITFICORETEEL, BE-ZET
WREB L THEEPEET 2, ESHOAE Yy FICBELE
FE&®, n-/F > 5ul B CHRHE R BHSE 5,
ZD25ul BHAZORNT I TTAANRY bax
— ¥ —WEAT 3,

2.3. HRAZUR IS5 7 RAANT hURY —
BIERM

HAru<w 257 HP 5890 SERIES 11
RAANY b A —%F— ! Finnigan MAT-95
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AN ISP23B1F ¥y T Y —H T A (0.32X60
m; E, 0.25um)

SrFERE 1 7000-8000

A4 LB C 45eV

TERERE 5KV

A & AGER 450 A

o R

BEB L UEEE OIS PCDDs, PCDFs ¥ & O
Co-PCBs E DO¥F{E % Table 1 12774, PCDDs ¢
1% 1,2,3,6,7,8-HxCDD 23 8% (54 pg/g lipid) /5 o5
W (28 pg/g lipid) WHAT 2 BREER VA, il
& O MH PCDDs I#E 1XIZIZRBEE OB Th - k.
W & PCDFs T i3, 2,3,4,7,8 - PeCDF, 1,2,3,4,7,8 -
HxCDF 8 X 181,2,3,6,7,8-HxCDF DM (230,
98 B X U 30 pg/glipid) REEEOZNLS (14, 78
XU 6pg/g lipid) XENT, 2hEFh, 16, 4B
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U5 EmWwiEral 7z, fip PCDFs 2% L @E &
OIMPREOHICIZERIEIED Sl h-ofz, IMF
Co-PCBs T3, 3,3,4,4'-TeCB ¥ X 1} 3,3°,4,4’ 5-PeCB
BEIEHE (198 L0126 pg/g lipid) #EEHE (15
B U107 pg/g lipid) OIMFEE ZRBEOHETH -
7223, 3,3,4,4°,5,5-HxCB BE 3 B% (203 pg/g lipid)
DIE > »S, BEEHE (61 pg/g lipid) W~ TH 3 fE5E
WEERL 7, &5, PCDDs 8 X U PCDFs i
International toxic equivalent factors (TEF)!? %,
Co-PCBs |2 WHO European Center for Environ-
ment and Health @ TEF %\ 2,3,7,8-TCDD ¥4
& (TEQ) w#E L zE¥F D PCDDs, PCDFs & X O
Co-PCBs O#& TEQ 1% 156 pg/g lipid TREHD
32 pg/glipid KL TH S BEWETH 7. BEL
% % o 14 PCDDs PCDFs & & ¢f Co-PCBs @
TEQ#E % Fig. 1L wRd. ZOM»SH» 5 &5,
M Co-PCBs © TEQ BE X EE, HEE L b 14

Table 1 Concentration of PCDDs, PCDFs and Co-PCBs in blood of Yusho patients
and normal subjets (pg/g lipid)
Yusho patients Normal subjects
Congener

Mean SD Mean SD

2,3,7,8-TCDD 2 2 2 1
1,2,3,7,8-PeCDD 10 6 8 3
1,2,3,4,7,8-HxCDD 2 3 3 1
1,2,3,6,7,8-HxCDD 54 41 28 14
1,2,3,7,8,9-HxCDD 4 4 5 3
1,2,3,4,6,7,8-HpCDD 23 16 30 15
OCDD 620 716 559 388
2,3,7,8-TCDF 3 3 1 1
1,2,3,7,8-PeCDF 4 3 2 1
2,3,4,7,8-PeCDF 230 297 14 6
1,2,3,4,7,8-HxCDF 98 132 7 4
1,2,3,6,7,8-HxCDF 30 39 6 3
1,2,3,7,8,9-HxCDF 1 2 2 1
2,3,4,6,7,8-HxCDF 4 5 5 3
1,2,3,4,6,7,8-HpCDF 10 7 7 2
3,3,4,4'-TeCB 19 19 15 7
3,3'4,4’5-PeCB 126 72 107 54
3,3,4,4'5,5-HxCB 203 177 61 28
Total-TEQ 156 170 32 11
Total PCB(ng/g lipid) 789 663 339 223
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ROH B O

I 34

200

TEQ concentration (pg/g lipid)

Yusho Patient

Fig. 1

Co-PCBs D PCDDs

Normal Control

PCDFs

TEQ concentrations in 83 Yusho patients

and 39 normal subjects

pg/glipid EELUTCH D, PCDDs b, 21, 14 pg/
g lipid B L U 10 pg/g lipid LI FEAEFLU VLT
H3, 2L T, md PCDFs @ TEQ B B
128 pg/g lipid, %% 8 pg/g lipid & BEDIE > M@
HHEECIERTIEEEWEEL2R L BEETIE
PCDDs, PCDFs $ & Uf Co-PCBs OAEN LI, #h#
i, 31, 25 BL U 44% L IEIZRBETH B DKL,
BETIL9,82 5L U0 9% & PCDFs 283EH 12 K & 728
EREDHTVS, Kiz, Table2 WBEE 3 ZEEOM
o PCDF [ (2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF
B & 101,2,3,6,7,8-HxCDF), #& TEQ &, PCBs O
EBLUGC Y — % 2,3,4,78-PeCDF ¥4 D&
M3, BE8ILDS 5 PCBs D GC /85 — 48
A GBEORAKE GC /¥ —>) BRTHEERBEL,
C BEEEZBLPLSEVGC /Y —Y) T BHE 40
%, B (A& BoOHHEGC Sy —r) 2RTHEEL
HThH-12.GC Y — Y A, BBIUVC 2ZRTEED
2,3,4,7,8-PeCDF O IAEE (FHE) 1%, Zhzh,
476, 196 ¥ X U 70 pg/g lipid TH Y, BEH (14pg/
glipid) LHART, #RFh, 34, UBIULEEL
fE%R L7z, Table2 2255303 & 512, BEDKFEE
HGC Sy —v A FRRBTHS, A, BBIUC

(40)

oMt PCBs iBE i3, #h 74, 1232, 568 35 & UF 547
ng/g lipid THH, Ih o 3EEEOME (339ng/g
lipid) T, ZhZh, 3.6, 1.7TEXU1.6EH
ETHo12. GC8F — A BLUBOBEFZOMT
PCDFs 2kt LTEEBELYRL, 2hiewfLT,GC
RF— s C OBERF ORI Clid PCDFs i3{&
WEBEARL:, LL,GC 8y — v C 2Ry B
OF iz b PCDFs WEWBERRT r— X350, &
7z, GC XY =3B Th-Td PCDFs IBEMEW
BELASNI.

Table 3 FEEZ 3 &2V, M PCDFs EE %
Ek2EHEDIRLUSNTIL, FOEBEEEHRRI-LOT
B, ZORPLHLLZ LK, 2EOBIVRLEA
B, 13 & A YD PCDDs, PCDFs 8 & U Co-PCBs T
BFIE—E L ENE s, 1,2,3,4,7,8-HxCDD, 1,2,3,
7,8,9-HxCDD ¥ X 101,2,3,7,8,9-HxCDF Tid % Y
HRUBSENHEE Lo, 2hid, ZhAsDbed
DEERE DO TEWZ Lz, s 5 NERELE
MERFERL TN b EEZONE, &
i, 2378 DN EMWHEF/L S 2 PCDDs B & O
PCDFs ORNEERYB L AFCTEI-DT, 5%, i
5 DILEYOSTEOBREIRFT IS L3
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Table 3 Reproducibility of determination for PCDDs, PCDFs and

OB & #

3%

Co-PCBs in

blood samples of normal subjects {pg/g lipid)

T.M. H.H. K.H.

Congener

1 II I 1I 1 II
2,3,7,8-TCDD 3 2 1 1 1 2
1,2,3,7,8-PeCDD 8 8 7 6 6 5
1,2,3,4,7,8-HxCDD 1 2 3 1 4 1
1,2,3,6,7,8-HxCDD 25 28 20 16 34 36
1,2,3,7,8,9-HxCDD 7 10 8 7 4 10
1,2,3,4,6,7,8-HpCDD 15 14 24 22 26 27
OCDD 262 244 265 282 410 443
2,3,7,8-TCDF 3 2 1 2 1 1
1,2,3,7,8-PeCDF 3 2 1 1 0 1
2,3,4,7,8-PeCDF 17 17 13 10 12 9
1,2,3,4,7,8-HxCDF 6 9 5 5 3 6
1,2,3,6,7,8-HxCDF 6 7 3 3 4 5
1,2,3,7,8,9-HxCDF 6 2 2 2 4 3
2,3,4,6,7,8-HxCDF 7 5 7 5 8 7
1,2,3,4,6,7,8-HpCDF 5 4 5 5 5 6
3,34,4’-TeCB 17 11 11 8 14 8
3,3,4,4',5-PeCB 111 124 92 31 42 39
3,34,4’,5,5-HxCB 77 78 48 54 72 72
Total- TEQ 34 35 27 22 21 21

%, % 72, Co-PCBs @ 5 % 3,3,4,4- Tetrachlorobi-
phenyl (TeCB) X 3,3,4,4’,5 - Pentachlorobiphenyl

(PeCB) B X 1103,3,4,45,5 - Hexachlorobiphenyl

(HxCB) & N CHBRENE 3, 3,3°,4,4-TeCB 1345
HRER I E E L IIB R 2 2 EWHD L uEH
BEEAED 2 EBRRETH %4, TEF(BEHESMEL
730.0005 B TEEDB TEQEBEIZIERD K
ERFEIEIRV,

% =

WREFERED & 27 B U 72AE L BE oI+ PCB
D GC /% — > H0H PCDFs B BfFEL Tw3
Zr%5:L7, 9 v bz PCDFs & PCBs % F#Fiz#%
542 ¥ PCBs @ GC /3% — v »SHERE O GC /¢¥
— VT T ERREINT WY, HESF OIS
PCBs 8y —> %€= —3 % Z ki kY PCDFs %
EHEHNET A8 ELOTHETHS DT, PCB Y
¥ —v DR -TCPCDFs DFERHEL Tz

(42)

DTH 5, T, S oS X 0 50 ml FE DM
Win o PCDFs R E 2B T 22 LB TEL L DR
o e, EEFZ oM PCDFs 72 £ QEIE T 149 50 ml
DMz Ay, SHEEEORE CIRMmENs5ml ¢
PCDFs 24 5 Z EXHEETH - 7z, 241k GC/
MS O R, R0 B0 & 2 RTMEMROMA F, £
OFERFAERFOEBIZ L 2REOR EB LU
GC/MS "D EEMERREA R EEHE Uz, B
BE b fIRE S L E 23 - U 72, PCDFs OTFFE
B PCBs /8% — VIR 2B I T & T
REND X5 BEEN D PCDFs 12l DR %18
Bys L CRVBEELREREEZONS, 8517, 1k
FYEOER I OMFIEE t BB ERLTB Y,
DS, S b BEOIM PCDFs E 28T T 5
IERELY TEEREEND L, BE, BREANOD
—FIERZ OZ2E BFEEN 100 ZRETHHDT
Hifif 3225 oMy PCDFs # =% —¢ %
ZLRWEETH S, ZD Lk Sz, Md @ PCDDs,
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PCDFs B XU Co-PCBs #HIE T 5 Z LWk D EH
HERICEE T2 EEEWEC L 20 A2 OKERS 218
BTEEEZBN, LEL, B, BEHSY XEE
B L UHEE oMY PCDDs, PCDFs 8 & UF Co-PCBs
WNZTPCBs OF DY 7 = = WEED A VY DfL
EBEXERTIEELE2EERSNZE L VY -
PCBs (m-0-PCBs) 8 & Uf¥ 4 )1V -PCBs (di-0-PCBs)
OHEFEERIT 06 DILEYEII 2 72 TEQ FHf >
WTEHEL T b, m-o-PCBs 8 X U8 di-o-PCBs @
TEF GUHZMEAE0) 13 0.00001-0.0005 &b K &%
bOTIRE WD, s DEYOIEE I PCDFs 72
EWEEARTHHEYEHDOT, MEsShiEr 5HEEE
i m-0-PCBs 8 & 18 di-o-PCBs M8 TEQ &E - 5
D BENE BT LT 27, 30 BLU 4%, BHET 4,
16, 25 8L UB1% %2, Tihbh, BEE T mo
PCBs 3 & U di-o-PCBs 0¥ TEQ W24 2 & 134
30%TH 5P, BETIRI-BI% EBRBDINT Y FH
hY, RTEQEEDODHF:SELHD L7 —-Abb5, &
%, WEREDE =¥ —1Z mo-PCBs # X f di-o-
PCBs bz 2080355 £ Bbh b,

1. WEBREOMT D 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-
HxCDF 8 & 181,2,3,6,7,8-HxCDF 55 13 ¥ 3%
Lib~T, FHET, FhFR, 16, 4 BLUS5
EEWEER R L7,

2. ImH PCBs @ GC 7% — > kit PCDFs &
LESTERLTWA I ESRI N, L,
st PCBs @ GC /¥ — U SMBEHFH L b S 780»

(C¥ 4 7) BHETHMP PCDFs EBED F W E
ERTEILERD Sz,

3. MWK 5ml TPCDFs BE OB ENTEETH
o7z, ZOZ ks BEQMF PCDFs O EEEE
HiIagEeEz oM 5,

ARG 7 B & U 8 FEOBEERIFHIEMEE I &

250ThH5D, TIWRRLTHEERLET,
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HEBEDEEE LU ME+H® PCDDs, PCDFs
& L U Coplanar PCBs B
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Levels of PCDDs, PCDFs and Coplanar PCBs in Sebum
and Blood of Yusho Patients

Takao Iipa, Hironori Hirakawa, Takahiko MATSUEDA
and Tsuguhide Hor:

Fukuoka Institute of Health and Envivonmental Sciences, 39, Mukaizano,
Dazaifu-shi, Fukuoka, 818-01

Tomoko Nakao and Juichiro NakKAYAMA

Department of Dermatology, Faculty of Medicine, Kyushu University 60
Maedashi, Higashi-ku, Fukuoka 812-82

Polychlorinated dibenzo-p-dioxins (PCDDs) and it’s related compounds such as polychlorinat-
ed dibenzofurans (PCDFs) can be detected in the body in Yusho patients, a condition caused by
ingestion of contaminated rice oil with these compounds. These compounds are excreted out of
the body in small amounts directly in the feces from the wall of the intestine. We found the
PCDDs, PCDFs and coplanar polychlorinated biphenyls (Co-PCBs) in the sebum of Yusho patients
and normal subjects, and there was significant correlation between their concentrations in sebum
and blood in both patients and normal control subjects. The concentration of TEQ (toxic
equivalent quantity of 2,3,7,8-tetrachlorodibenzo-p-dioxin: TCDD) in sebum of Yusho patients
(106 pg/g lipid) was half that in the blood (215 pg/g lipid), while that of normal subjects (29 pg/g
lipid) was similar to that in the blood (34 pg/g lipid). On the other hand, in Yusho patients the
concentrations of TEQ in the sebum and in blood were 2.3 and 6.4 fold higher than those in normal
subjects. We concluded that dioxins and it’s related compounds in Yusho patients and normal
subjects were excreted not only in the feces but also in the sebum.

i L &

BRENTA AL A NEEELHEREOEN
2 PCDFs EOMERERMEN S L BEE L T3
ZEDBHSNT W BP9, WERERNICEE L TW
% PCDFs EOMEREME IB < DB Tldbh % 73%
BEhRAFR S T 29, WERRYE O X

(45)

ZOBERBOMICEIER 2N L TEEEE» SO
AR E 2 505, S0, BEOEREETOMH
EERNYEREZAET 22 0L EEPFAD
PCDFs E0HeH # 1B L, %72, 215 QMg &
OMBBRIC DV TR L7, s wdBe Loy
FHOEEB & Ui PCDFs &1z oW HEIE L 7=,
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1. FHH ORI

1.1 FHE 1 50% S A7 o — kg (s ixH o
CoAnFyy, P rB8IU0FL7a—Tt+
SICHEE L TRV T A 1R 10 B EEE 2R
QT ek DL Tz,

1.2 I ~oN) YA DEME ML, 575 2
EFTALCUTCREL 2.

2. HTHIE

2.1 BREORH

2.1.1 FigofgEmME  FlE2H ER- 7 va
— VR S0 ml BB W ANT 2 b Y enFH Ly (2
1) 30 ml Zh0x CEEE L, 2000 rpm T 10 4
IR L 7o, RhHE R 200 ml Do — b izREL, 251
2 B DB EITY, MR E SO0 e— M iZ
iR 7z, 7K 100 ml B2 A % 28 S w2k E 15
D 200ml P — b L, ~FHBEAR ML T
PR L7z, & BOKE R A F Y2 50 ml TH#H, KE

&

BT, ~FYUEBEY- K THEME AR L 72,

~FHUEERELYRARBES M) YA 10g TR
B, 100ml FRABE7 IR B L —F Y —x0K
V- —T1lml BT L, PEDAFY > CHE
Y (B3 2-3g) WHVLIAAERT I HRE L CHE
FERLIOBIREOEERHIEL /2.

2.1.2 MEOIREHRL

AR & ERRICIT o 1o,

2.2, ATZLTV=YT VT

HigR'Y L BRI T - 72,

2.3, HRZ7Uuw T I7 « TRAANRI PR AY—
BfEtt

HAru=w 7 F 7 HP 5890 A SERIES II

T AAXRZ b1 X —F — . Finnigan MAT-95

BT AISP2BIF Y ESY —hF A (0.32X60

m ; fEE, 0.25um)

S3HREE : 7000-8000

A4 1LERE 45eV

TIERERE (5 KV

A A LT ¢ 450 1A

3. 2,3,78-TCDD HED#E

FHes L Uilndr o PCDDs 8 & U PCDFs O#E 4%
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R OH & # O Eh5A

(i (%44 12 International toxic equivalency fac-
tors (I-TEF)'® %, Co-PCBs 21 WHO European
Center for Environment and Health® @ TEF % fw
T 2,3,78-TCDD ¥H& (TEQ) W&l 7z,

& x

BHEOF B L g PCDDs, PCDFs & & Of
Co-PCBs Ol E#EE % Table 1 1773, Tablel 25
5375 & 9z PCDDs X 8B#E Tz 2,3,7,8-TCDD, 1,2,
3,7,8-PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,6,7,8-HxCDD
D 4-6 BALYZEIEFHEIE (2, 8, 1B LU 26pg/g
lipid) ® /2SR (3, 12, 2 3 & (8 74 pg/g lipid)
X D{EWvs, 1,2,3,4,6,7,8-HpCDD % X tF OCDD @ 7-
R TRHB W EIEPIERE (1458 X U949 pg/g
lipid) OFHIMFERE (26 B £ 17530 pg/g lipid) &
D, ThEh, 3BIV2ESWETH> 7. PCDFs
TH AR DERISEED &4, RS I SR OB
LTw3 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF & X t*
1,2,3,6,7,8-HxCDF Tix# i 6 O FIRTIEE (145, 43
B & U 14 pg/g lipid) 3IMAFEE (326, 141 38 & 042
pg/g lipid) ®, #hZh, 1/2, 1/3BLUL1/3TH
o7, =75, 1,2,3,4,6,7,8-HpCDF 13 2 A5t (23 pg/
g lipid) MSMITERE (16 pg/g lipid) D 1.4 {EE W E
R U7z, Wiz, Co-PCBs DWW TA3 L, 3,3,4,4-
TeCB iZEAEHEE (269 pg/g lipid) »MF¥EE (9
pg/g lipid) @ 30 fZF& v 3 B EZRT D, 3,3,4,4,5
-PeCB 13 f2HEd (129 pg/glipid) T#H i (125 pg/
glipid) THE LA LRV RALTHY, S5z, 3,3,
4,4,5,5'-HxCB 1301z lZfgFiE%E (135 pg/g lipid) 28
MR (254 pg/glipid) @ 1/2 Thotz. BEOE
g PCDDs, PCDFs 8 & U Co-PCBs @ TEQ EE D
st (R TEQ 1) 13 106 pg/g lipid T, Zhizmmd
D# TEQ ¥ 215 pg/g lipid X EERTH 25D 1T
Hote,

Teble 2 i fi % & DR % & Clfiis PCDDs, PCDFs
B LU Co-PCBs DHIERER 27T, Table2 205434
25D WEEETH, KETRE L MPEE BRI,
BETRsW EABERNED 6D, Thbb,
2,3,7,8 - TCDD, 1,2,3,7,8 - PeCDD, 1,2,3,4,7,8 -
HxCDD, 1,2,3,6,7,8-HxCDD @ 4-6 5/t 13 2 Bg i
B (1, 5, 28 & U 13pg/g lipid) @ FHsill i
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Table 1 Concentrations of PCDDs, PCDFs and Co-PCBs in sebum and blood of 37
Yusho patients (pg/g lipid)
Sebum Blood
Congener

Mean SD Mean SD
2,3,7,8-TCDD 2 2 3 2
1,2,3,7,8-PeCDD 8 8 12 6
1,2,3,4,7,8-HxCDD 1 2 2 3
1,2,3,6,7,8~-HxCDD 26 21 74 59
1,2,3,7,8,9-HxCDD 4 4 4 4
1,2,3,4,6,7,8-HpCDD 74 81 26 16
OCDD 949 1135 530 432
2,3,7,8-TCDF 6 5 3 3
1,2,3,7,8-PeCDF 5 6 6 2
2,3,4,7,8-PeCDF 145 138 326 347
1,2,3,4,7,8-HxCDF 43 51 141 162
1,2,3,6,7,8-HxCDF 14 15 42 44
1,2,3,7,8,9-HxCDF 2 3 2 2
2,3,4,6,7,8-HxCDF 5 6 4 4
1,2,3,4,6,7,8-HpCDF 23 24 16 6
3,3,4,4-TeCB 269 336 9 9
3,3'4,4'5-PeCB 129 80 125 71
3,3,4,4'5,5'-HxCB 135 141 254 210
Total-TEQ 106 84 215 203

(2, 9, 3B LV 28pg/g lipid) X D&V, 1,234,
6,7,8~-HpCDD 3 & tf OCDD O 7-8 #{b4) T i3z j7
HEh8E (114 38 X 1% 2280 pg/g lipid) @ AhmeiE
B Bl B L6055 pg/glipid) 0, #1vFh, 3.78
LU38EHEWETH - /2, PCDFs i3, 2,3,4,78-
PeCDF, 1,2,3,4,7,8- HxCDF & X 181,2,3,6,7,8 -
HxCDF Tk Zzn & OREETEE (10, 58 LU 4pg/
g lipid) MmHEE (15, 9 8 L f6pg/g lipid) O,
FnEh, 2/3, 1/28XU2/3TH-7. 1,2,3,4,6,7,8
-HpCDF iz &g (20 pg/g lipid) »3Ime (7 pg/
g lipid) BEOD 3 fEEmWEERR L. K2, Co-PCBs
T3, 3,3,4,4-TeCB iZEfgAE (294 pg/g lipid)
MIMHIERE (15 pg/g lipid) @ 20 & 3 BWlE 2R
T8, 3,3,4,4,5-PeCB & REY (114 pg/g lipid) T
A (117 pg/g lipid) THIEF EAER LYV TH
D, 517, 3,34,455-HxCB i3 i hgdig s (31
pg/g lipid) MIMHERE (63 pg/g lipid) @ 1/2 TH -
7. ¥ TEQBE LKA HIEE 29 pg/g lipid, g

(47)

B 34 pg/g lipid L BB BU B R EKREREED
SNRPo T,

Fig. 1 \WHiESRE c BHE O KRR & M O®
TEQ #8 (PCDDs, PCDFs # & Of Co-PCBs D&Ef)
2R, ZOROABNIEESR & EEEOMmEHho
PCDDs, PCDFs % X U8 Co-PCBs @ TEQ i& ¥ (&
%117, 183 B X U 15pg/g lipid ; BEE 11, 10 B8 &
U 13 pg/g lipid) & ZOMEEG (BF 17, 878k
V6% ; BEHE 32, 298 LU38%) 2FLTWS, M
i PCDDs, PCDFs # & tf Co-PCBs I3RT#R'Y T
LTBEBEBIUEEENADD B, KR
BRTEEEN LB UVREEMUZOT—5 T,
BEIETHEZ > TwaH, PCDDs 8 & U Co-PCBs ®
TEQ BEIAE -EBEETCIIIZRAEENETHD, %
7z, 8% PCDFs © TEQ BE IEEEDME & T
FECEWEWIBERARR U TS, —F, FHEE
B§h1 o PCDDs, PCDFs % & Of Co-PCBs @ TEQ #&f

(BB 111, 81 BL U 14 pg/g lipid ; B¥EE9, 8%k
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Table 2 Concentrations of PCDDs, PCDFs and Co-PCBs in sebum and blood of
34 normal control subjects (pg/g lipid)
Sebum Blood

Congener
Mean SD Mean SD
2,3,7,8-TCDD 1 4 2 1
1,2,3,7,8-PeCDD 5 8 9 4
1,2,3,4,7,8-HxCDD 2 3 3 2
1,2,3,6,7,8-HxCDD 13 13 28 14
1,2,3,7,8,9-HxCDD 3 7 5 3
1,2,3,4,6,7,8-HpCDD 114 271 31 18
OCDD 2280 4122 605 448
2,3,7,8-TCDF 3 2 0.9 0.6
1,2,3,7,8-PeCDF 5 5 2 1
2,3,4,7,8-PeCDF 10 5 15 11
1,2,3,4,7,8-HxCDF 5 3 9 9
1,2,3,6,7,8-HxCDF 4 3 6 3
1,2,3,7,8,9-HxCDF 4 5 1 1
2,3,4,6,7,8-HxCDF 8 7 5 3
1,2,3,4,6,7,8-HpCDF 20 23 7 3
3,3,4,4-TeCB 294 310 15 8
3,34,4'5-PeCB 114 62 117 78
3,3,4,4'5,5-HxCB 31 14 63 30
Total-TEQ 29 14 34 16
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o o
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Fig.1

PCDDs PCDFs E Co-PCBs

Concentrations of PCDDs, PCDFs and
Co-PCBs in sebum and blood of 37 Yusho
patients and 34 normal control subjects
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LU 12 pg/glipid) & 2= OMEElE (BF 110, 7638
FU13% ; EEE 131, 288X U41%) BELTW
5. ZOEMPSS»S X 3T, BIETRO PCDDs B & U
Co-PCBs ® TEQ IBE &, BE L BEEHEOMICIZL A
EEIEFD Shizh o7z, —F, PCDFs @ TEQ &8
WREOHVEAPICE L, MK CERO LT
B LRI CEANED sl BEETE, KIEB
X U'indr @ PCDDs, PCDFs 8 & ©f Co-PCBs @ TEQ
VAOVIIZEEALRICTH O, BETIILIE
B & U F o PCDDs & & Uf Co-PCBs @ TEQ & B
IEIZFRBREOETH %58, Fig+ PCDFs @ TEQ 3
BRlEo 120 FTOETHho 7z, 20, &2
Table 1 DWW TNz &k 512 2,3,4,7,8-PeCDF, 1,2,
3,4,7,8-HxCDF 5 X 18 1,3,3,6,7,8-HxCDF @ EigtiE
ERMPEED, FhEih, 1/2, 1/3B8LU01/3TH
5T ri0k B,

Wiz, Table 3WHEBREBS L UVRBEZRCB T2
PCDDs, PCDFs % X Uf Co-PCBs D g% & U I
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Table 3 Correlation coefficients between concentrations of
PCDDs, PCDFs and Co-PCBs in sebum and blood of
37 Yusho and 34 normal control subjects
Congener Yusho Control
2,3,7,8-TCDD 0.1462 0.5112**
1,2,3,7,8-PeCDD 0.1347 0.4693**
1,2,3,4,7,8-HxCDD 0.3160 0.0075
1,2,3,6,7,8-HxCDD 0.5972** 0.5233**
1,2,3,7,8,9-HxCDD 0.2800 0.1984
1,2,3,4,6,7,8-HpCDD 0.0192 0.3238
OCDD 0.0352 0.0385
2,3,7,8-TCDF 0.0341 0.0667
1,2,3,7,8-PeCDF 0.0771 0.0390
2,3,4,7,8-PeCDF 0.8741** 0.6928**
1,2,3,4,7,8-HxCDF 0.8850** 0.2207
1,2,3,6,7,8-HxCDF 0.8760** 0.3291
1,2,3,7,8,9-HxCDF 0.2042 0.0665
2,3,4,6,7,8-HxCDF 0.1152 0.0586
1,2,3,4,6,7,8-HpCDF 0.1326 0.5715**
3,3,4,4-TeCB 0.1409 0.0435
3,34,4'5-PeCB 0.5098** 0.8227**
3,3,4,4'5,5-HxCB 0.8851** 0.8781**
TEQ(International) 0.8620** 0.7402**
** p<0.01
BEOHBEREKO—EL2RT. Z0ELOHNB LD = 2

BH T 1,2,3,6,7,8-HxCDD, 2,3,4,7,8-PeCDF, 1,2,3,
4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 3,3'4,4’5-PeCB,
3,34,4'55-HxCB & & TEQ BE THE Z1HE
BRI, —F, BEETY, 2,378-TCDD, 1,
2,3,7,8 - PeCDD, 1,2,3,6,7,8 - HxCDD, 2,3,4,7,8 -
PeCDF, 1,2,3,4,6,7,8-HpCDF, 3,3 4,4',5-PeCB, 3,3,
4,4'5,5-HxCB B X U8 TEQ i THE R EE»H
Hohlz (p<0.0D). ZheDdbEED234,78-
PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF, 3,3’
4,4 5,5-HxCB ¥ X U TEQ & JE T, #HE%%20.8
L EOMWIBEEBED bz, 72, BEETH 3,34,
45-PeCB B £ 103,34,4',5,5-HxCB THIBEI{% 5 0.8
DLED#EWEENTED Sz, BEEREENE S
HHIZDWT Fig. 2 WBE®, Fig. 3 EEE DA
M%E R,

(49)

WROETHEN L 51, BEBLREZDKIE
thd & PCDDs, PCDFs 3 X OF Co-PCBs 23t & 1
7o, BEOKIET D 1,2,3,6,78-HxCDD, 2,3,4,7,8-
PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF % X
183,3,4,4,55-HxCB BEEEDOZNL LD EWHEE
RL, IhIMEHERCERTH- 7. BEB LU
BHEEONFICBWT, IhsDL&WIRisTcs
FEEELD AMETOZNS OHFREEAETL
Jeo iz, IS DILEMORBERIES L VIMTOE
EoMiC3EREZMHEE (p<0.01) 8B oh, k<
iz, 2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-
HxCDF # & 11 3,3',4,4,5,5-HxCB @ 4 EH T 34HE8
TREH 0.8 LLEOEBWHENED s, Zis ik
EMIBEBSBERIBRENT T4 A4 4 VR
ENTWEY, &z, BEOFE PR Mg & X E#E
EHNRTHERECHBEENTEY, BRINEIA R
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AN ERERTEEENICED A E 17z PCDDs,
PCDFs # & t* Co-PCBs @ 3 % 1,2,3,6,7,8-HxCDD,
2,3,4,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-
HxCDF 8 & 10 3,3°,4,4',5,5-HxCB i3\ % b RPN F
HLTBY, ThoBFRENLTHEEINTHS &
Zzond, bhbhIFEEZE T, HERBLUEE
DEIDWT, BEERNEZEL Twv 3 PCDFs %
EOMECHEEYE IEEFTHMENLTBD, i
R PBRES L3V A F T S VR THEE#E S
N3 Z e 2ESMZ LY, #EFERO PCDFs 42 &
O—HOFRME L, 131, FOEE 1g &I BT
HB0, REBROCEEE LB ODWTTECIELL
fe8, BEWCA-REEDT A ELSER (~NFY
VEEEY)) RES, N OERBOPFHEEHEL L
A, 1HbRY 1gBETHLEEZ N, 20b
DB & F 3 PCDDs, PCDFs 5 & U Co-PCBs
O TEQ OKREPHFIFTEATE LI RE» R Ean
7z (PCDDs : 88%, PCDFs: 86%, Co-PCBs: 90
%, ¥WTEQ:89%). 25, BEEHLLIZDOVWTT
E (B »Y) TfBLBEZEINL R 1H
H712D 0.25-0.42 g/day, Fi50.36 g/day L) fEZ
Bi-. = OffeH o PCDDs, PCDFs 8 X Uf Co-PCBs
D3 TEQ ¥R 134y 31.8 pg/g lipid THEE » & B
a7z IR O TEQ B OFIE 31.4 pg/g lipid
LEEAPELUTH - e h M E 42.8 pg/g lipid
D 3/ATH- 12, Y vy VIHET 2EER2EMED
12 L RET B B SN 5 EIRI30.72g/day & %2
D, Eig#MAL TOERER» S OFHIBEFEL N LT
BERRTHH SN 2R TEQ Bty 2. o
B oDSA 4%y MAAOPEHEECTREESE Z &
ha, WERE QT4 BEBIUVEESE G44) #
D, Theh, FRLIFS 4%y AARBEEOMI
BOWHERRED o, o2 EEErmbhO
PCDDs, PCDFs 8 & Uf Co-PCBs I2E DORic %2 0 [k
WHRIBCHESE D > T d 2 L 2ERL T3,
Thbb, REFOS A 4%y VEHOBEIAEDIE
FrhEEL RT3 L E L 60D, Fhik, £ OFE
NEEBT 2544 F v HOE=5 ) v 7B %
AWTITy Zepiufig e Bbn s, AMRICEEL T
BYAFFYUEHOE=SY IR, FRBIFEESS
MPEAEEE N T B9 Unl, s OFEEO
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BRI E OO TR NIFMHD L & TUIAER TR,
Tixbb, REIZWS £ TH R HEREHMAD
B » o 0HHIARESHEETH Y, BHEBERZO
OISR BT ELFMRFCBHENLBEDATH
5. ZHIHAR, MEE—KOE &3ROS R
LT3N TELY, LRERTATHD, Ly
b, »rDEHE F50mD) WERT 3 o ERERRT
T2 % ED—EDEBDS & T BLENHD, DR
BRESND., 20m, HEOERTZASOHK S %
ELFHMHE (HH) 2HEPLERHORRHET
EHBEHEICTES, Lad, BPOELRY =F 1
YOI T OV T VR AR TER W X B RIS RE
THECHETH L, ERboy1 45y v EHoe=
FUVITHEERE P ENRE UREREOTFELEL
TERHEEZoN 5,
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RO s, BEENICEEL T2 MERRYE
BEEEN L THADBHEN T2 Z & 235FER
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4. MEBEBLTEBEZEDOTIEBWTY KR
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NERIBAEO Y 14 & %3 EROBESE L L
TEREEZEZ NS,
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5H5DTHS, WRLTHERRLET,
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Stimulation for Sebum Excretion of PCDDs, PCDFs
and Coplanar PCBs on Bathing Ceramic Sand Bath

Takao Iiba, Hironori Hirakawa, Takahiko MATSUEDA,
Matayoshi NakamurAa and Tsuguhide Horr

Fukuoka Institute of Health and Envivonmetal Sciences,
Fukuoka 818-01, Japan

We previously reported that high risk environmental contaminants such as polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and coplanar polychlorinated
biphenyls (PCBs) are excreted not only in feces but also in the sebum of the face and body in both
normal subjects and Yusho patients. A combination of administration of rice bran fiber and
cholestyramine increased fecal excretion of PCDFs and PCBs. In the present study, we stimulated
excretion of these compounds in sebum using a ceramic sand bath, a kind of sand bath using small
ceramic balls (3.5 mm diameter) instead of natural sand. Five normal volunteers participated in
this experiment. Sebum eliminated from the body on bathing ceramic sand bath was collected and
weighed and then concentrations of the compounds interest in the sebum were determined. We
also examined the effects varying the bath conditions such as temperature of sand, lengh of
bathing time and frequency of taking bath on the amounts of the compounds in the eliminated
sebum.

The results can be summarized as follows :

1. The average amount of sebum per one bath eliminated from the body during the ceramic
sand bath was 0.252 g, and those of PCDDs, PCDFs and coplanar PCBs in it were 2.2, 2.0 and 2.2
pg of TEQ (2,3,7,8-tetrachlorodibenzo-p-dioxin equivalent quantity). It was considered that the
amounts of these compounds corresponded to between one quater and third of those eliminated
through the sebum in a day. On the other hand, 0.05 g of the sebum was collected from the face
during the bath, included 0.39, 0.39 and 0.59 pg TEQ for PCDDs, PCDFs and coplanar PCBs,
respectively.

2. As the number of bathing times a day increased, the amount of sebum per bath gradually
decreased. However, we could not determine the influence of the conditions of the bath such as
temperature and time.
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Sz Uiz, S, ERE RN U7z PCDFs Z 3 it
T5%7 3y 74y /N (Ceramic sand bath:
CSB) DRHESNER 23T L 72, CSB stz £ E ok
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I =R DTV - VRN 50%, SRAEIRTTERAY v b
2 ETERD L ERRICAERIL TRV

(3) CSBiz & biE#s 2 HRWE (CSB &g @
HI 199 F 7R 15H, BEBERZ Y747 58%
CSB iz Ais&¥7:, CSB DB 44°C, ABHERD 20
FDONBEETERL Iz, SHEE O AWK T CSB
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1. #E&E M+ PCDDs, PCDFs 3 & U Co-PCBs

Table 1 iz CSB #E&# 5 4o PCDDs, PCDFs
BLUCoPCBs BERTRT, JORPEHPD LD
KIS 5 HOMREOWE R IFATHRY OBEE 39
ANDWfE & AR BRE R EERD s ko 72,
bbb, TEQEEDOFHERZ DWTHERTAS &,
g (31411 pg/g lipid | FEHELSD, 39 %) w5t
L CHiERE 5 £13 37+8 pg/g lipid (FIFELSD) &
FIZEREEOETH - .

2. HEEEZISH o PCDDs, PCDFs & &£ ¢ Co-PCBs

Table 2 IZ ABHIZ 7V 2 —VH TR L 7 BHE K
JEDEER X #HH X iz PCDDs, PCDFs B & U Co-
PCBs iBE%#/RY, ABTBLNEHOKIEZD
SEHGEASD 13 0.050+0.021 g Th - 7z, EEMEIET
O TEQ ¥ O FH{E +SD 1 28+5 pg/g lipid T,

1 4 £

ZRIZETROBEE 39 LOEAKES O TEQEE
(29+14 pg/g lipid) LFARDOMETDH 5.
3. CSB fzfigs PCDDs, PCDFs B & U Co-PCBs
Table 3w CSB iz X DiEo iRy E (CSB K
fg) mEE M2 N7: PCDDs, PCDFs 3 & U Co-
PCBs #E #77. CSB KRR TEQ B I 26+
4 pg/g lipid (F3fELSD) TIMFEE (37 pg/g lipid)
R 0BENEER L, £z, Table2 KRL 7
EHE O I h DBEE & IZIZEROETH -7, —EO
ABTES>N S CSB HIEDOYHIEIF 0.252+0.033 ¢
(EH9fE+SD) ¢, 2Oz & Eh b PCDDs, PCDFs
B & U Co-PCBs @#8 TEQ 13 6.4+0.1pg TH - 7z,
Fig. 1 w # B % 5 4 © PCDDs, PCDFs # & U Co-
PCBs @ CSB K lig, B OKIES & Ui TEQ BE
DB ERT., ZOR»PSHG 1R L 512, CSB Kl
B X OEEO KIS IX PCDDs, PCDFs # & O Co-PCBs
DTN BWT HIZIEEREED TEQ BE LRI 2,
Z s L TIiisfio PCDDs, PCDFs # & ¢f Co-PCBs
O TEQ BEIZEIEL D b 0UBEFT EEZFL .,

Table 1 Concentrations PCDDs, PCDFs and Co-PCBs found in blood of five volunteers
Lipid basis (pg/g)
Congener B-1 B-2 B-3 B-4 B-5 Mean SD
2,3,7,8-TCDD 1 3 3 3 3 4 3
1,2,3,7,8-PeCDD 6 7 8 9 14 9 3
1,2,3,4,7,8-HxCDD 3 3 1 3 2 3 1
1,2,3,6,7,8-HxCDD 20 43 25 35 32 31 9
1,2,3,7,8,9-HxCDD 8 0 7 3 3 4 3
1,2,3,4,6,7,8-HpCDD 24 37 15 47 37 32 12
OCDD 265 899 262 987 1180 718 428
2,3,7,8-TCDF 1 3 3 1 1 2 1
1,2,3,7,8-PeCDF 1 3 3 2 2 2 1
2,3,4,7,8-PeCDF 13 26 17 19 22 19 5
1,2,3,4,7,8-HxCDF 5 9 6 4 11 7 3
1,2,3,6,7,8-HxCDF 3 9 6 4 10 6 3
1,2,3,7,8,9-HxCDF 2 0 6 2 3 3 2
2,3,4,6,7,8-HxCDF 7 0 7 4 5 5 3
1,2,3,4,6,7,8-HpCDF 5 12 5 6 8 7 3
3,344’ -TeCB 11 11 17 14 10 13 3
3,3°,4,4 5-PeCB 92 117 111 189 84 119 41
3,3°,4,4,5,5-HxCB 48 46 77 89 79 68 20
Total-TEQ 26 45 34 44 38 37 8
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Table 2 Concentrations of PCDDs, PCDFs and Co-PCBs in face sebum on bathing ceramic
sand bath
Lipid basis (pg/g)

Congener FA-1 FA-2 FA-3 FA-4 FA-5 Mean SD

2,3,7,8-TCDD 3 2 4 2 1 3 1
1,2,3,7,8-PeCDD 5 7 4 5 7 5 1
1,2,3,4,7,8-HxCDD 0 5 2 0 0 1 2
1,2,3,6,7,8-HxCDD 10 5 2 1 13 6 5
1,2,3,7,8,9-HxCDD 16 0 0 0 13 6 8
1,2,3,4,6,7,8-HpCDD 84 90 77 20 60 66 28
OCDD 1116 1730 1284 267 1068 1093 530
2,3,7,8-TCDF 6 3 1 2 5 3 2
1,2,3,7,8-PeCDF 7 3 3 3 5 4 2
2,3,4,7,8-PeCDF 5 7 9 7 7 7 2
1,2,3,4,7,8-HxCDF 5 5 2 6 14 6 4
1,2,3,6,7,8"HxCDF 3 6 2 2 12 5 4
1,2,3,7,8,9-HxCDF 6 5 0 2 2 3 2
2,3,4,6,7,83-HxCDF 24 5 5 8 3 9 9
1,2,3,4,6,7,8-HpCDF 37 39 15 9 NA 25 15
3,3°,4,4-TeCB 380 125 147 101 181 187 112
3,3',4,4'5-PeCB 133 92 150 100 77 110 30
3,3°,4,4',5,5-HxCB 19 27 39 35 35 31 8
Total-TEQ 31 26 30 21 33 28 5
Collected lipid (g) 0.045 0.027 0.060 0.081 0.037 0.050 0.021

NA : Not available

ZORIEFO TEQ BE B REENLI b & T1%0F
—EDEERT EIFERE, THIMNEL KL
HEmEE R LB bRy e, TE (T8
—v W) 5 1HIZ0.345+0.085 g (FHELSD)
OFEEBESN, ZOFRIE&EnS PCDDs, PCDFs
B LU Co-PCBs 08 TEQ EIX 10+3pg TH - 729,
Fhbb, CSBABIETIHO REE»oHHE R
BEERECEEND (Tyy—vvYEfET3)
PCDDs, PCDFs % X U Co-PCBs @ 64% 2 #2457 %
B N5,

4. CSBi# 7 ¥ @ PCDDs, PCDFs 8 & Uf Co-
PCBs

Table 4 12 SGE ?» & /K CHRE S Wl iRYE %
B L 72 & DEskH O PCDDs, PCDFs % X U Co-
PCBs 7% ¥ O #~7, k¥ 0D PCDDs, PCDFs & &
U Co-PCBs DEE IFEEICERBETHS Z L3 TH

(57)

ENFOTHWIZIE11.320.6 L Lokt b S EOHK
% Fd\» 7z, PCDDs, PCDFs % X U8 Co-PCBs 02 TEQ
EEEOFEHMEI 0.048 pg/L TH o 72, Thix CSB K
Barb o TEQ BB OFHYME 26 pg/g & Ebx, 540,000 &
D1EVBS ELOTEWETH-72, Lrl, BAKD
BREIIv 7RO LEDI0cmED 7T TH 2641
<THh, CSB EIEDE 0.252 g d 1,000,000 fE It
L, 293y 7ROFE4M3L OBEBEADEET S &
BplcKkERB LS, BADo PCDDs, PCDFs 8
& V' Co-PCBs 0E i3 # 0% TEQ ¥ (0.048 pg/L)

H»BTEQErLTR.7pgllbEEZ R, ThiZ
CSB e #e TEQ & 6.4 pg O 2 S+ 5,
BEH 5D @AKEKA (B0L) 5D 6FH 1.2 pg/L O
OCDD %#H L7z, Table 4 RL7: CSBEAFD
OCDD % (9 2.4pg/L) FEHS OMEHED 2 15
BWETHD, IhiAED»SHEEEL 72 CSB KD



TEQ concentration (pg/g lipid)

190

BOH K&K

Eh 44

Table 3 Concentrations of PCDDs, PCDFs and Co-PCBs in sebum eliminated from skin of

body on bathing ceramics sand bath

Lipid basis (pg/g)

Congener TE-2 TE-3 TE-4 TE-5 Mean SD

2,3,7,8-TCDD 0.4 0.9 0.8 0.6 0.6 0.2
1,2,3,7,8-PeCDD 2 4 3 3 3 1
1,2,3,4,7,8-HxCDD 4 2 2 2 2 1
1,2,3,6,7,8-HxCDD 7 6 11 8 8 2
1,2,3,7,8,9-HxCDD 0 12 16 16 14 9
1,2,3,4,6,7,8-HpCDD 181 190 144 176 182 28
OCDD 2723 2733 1802 2019 2366 429
2,3,7,8-TCDF 5 3 4 4 5 4 1
1,2,3,7,8-PeCDF 8 7 10 7 7 8 1
2,3,4,7,8-PeCDF 9 6 6 3 4 6 2
1,2,3,4,7,8-HxCDF 7 9 4 6 4 6 2
1,2,3,6,7,8-HxCDF 5 9 5 6 6 6 2
1,2,3,7,8,9-HxCDF 0 7 18 13 3 8 8
2,3,4,6,7,8-HxCDF 4 3 28 20 7 14 10
1,2,3,4,6,7,8~-HpCDF 37 41 34 31 43 16
3,3,4,4-TeCB 1175 994 1064 777 936 207
3,3°,4,4'5-PeCB 138 74 84 52 83 32
3,3,4,45,5-HxCB 12 9 11 7 10 2
Total-TEQ 29 28 26 20 26 4
Collected lipid (g) 0.224 0.240 0.233 0.308 0.254 0.252 0.033
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Fig.1 TEQ levels of PCDDs, PCDFs and
Co-PCBs in CSB sebum, face

sebum and blood lipid
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TR ETH B D, T2y 2K s CSB R
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SEL T A EEREE B TE L E D ik
THTHZ, 2O Lo TiER, 5%, & DaHE
BREBREEEbh 3,
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CSB ABRI#, SGE OBEB L UABRMD 3D
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iz o TRET U 72, & 97, 1B A CSB AR
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MRT) 3EMEDELABIE L 2B oI CSB
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Table 4 Concentrations of PCDDs, PCDFs and Co-PCBs in bath water sampled after
collecting body sebum
Concentration (pg/L)

Congener SBW-1 SBW-2 SBW-3 SBW-4 SBW-5 Mean SD
2,3,7,8-TCDD 0.000 0.000 0.001 0.000 0.004 0.001 0.002
1,2,3,7,8-PeCDD 0.023 0.000 0.004 0.002 0.016 0.009 0.010
1,2,3,4,7,8-HxCDD 0.000 0.000 0.006 0.000 0.000 0.001 0.003
1,2,3,6,7,8-HxCDD 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1,2,3,7,8,9-HxCDD 0.000 0.000 0.087 0.000 0.000 0.017 0.039
1,2,3,4,6,7,8-HpCDD 0.16 0.12 0.10 0.14 0.27 0.16 0.067
OCDD 2.4 1.3 14 2.5 4.2 2.4 1.2
2,3,7,8-TCDF 0.006 0.008 0.016 0.009 0.014 0.011 0.004
1,2,3,7,8-PeCDF 0.023 0.011 0.029 0.015 0.019 0.019 0.007
2,3,4,7,8-PeCDF 0.028 0.009 0.014 0.014 0.022 0.017 0.008
1,2,3,4,7,8-HxCDF 0.036 0.000 0.014 0.014 0.019 0.016 0.013
1,2,3,6,7,8-HxCDF 0.027 0.000 0.004 0.012 0.009 0.010 0.011
1,2,3,7,8,9-HxCDF 0.035 0.077 0.014 0.010 0.031 0.034 0.027
2,3,4,6,7,8-HxCDF 0.073 0.093 0.041 0.070 0.224 0.100 0.072
1,2,3,4,6,7,8-HpCDF 0.070 0.078 0.082 0.102 0.182 0.103 0.046
3,3,4,4-TeCB 1.18 0.49 0.57 0.41 0.67 0.66 0.30
3,3°,4,4,5-PeCB 0.053 0.053 0.116 0.053 0.110 0.077 0.033
3,3,4,4°,5,5-HxCB 0.000 0.000 0.010 0.006 0.000 0.003 0.005
Total-TEQ 0.055 0.032 0.045 0.032 0.074 0.048 0.018
Water sample (L) 12.3 11.0 11.2 10.8 11.0 11.3 0.6

KlgR o TEQ 13, #N1 %N, 5.1, 4.4 B X0 4.1pg
Thotz, Wi, #EEFE Bz CSB AWK (1549
EEEL, SGE DEEDA %, 42, 45 BLT4TC &
EZTCABS L EE 517 CSB i@ TEQ
B, #1¥h, 3.6, 298X U3.0pg THote, &
iz, #WEE C i SGE 0EE (41°C) 2Tl T,
CSB A%, 5, 0 BIVIQLEZTABSE
7x 85507 CSB KEEF O TEQ ik, ZhZh,
5.3, 4.3 BLU3.0pg Tho . WHEDERME 14
T 1 EDAHDORER O THERNZ Z v z2ns,
CSB Az & 5 K lE» & D PCDFs 7z £ O 34
IHEER L 7B R 42-47°C, AWBEERD 5-16 HFRE D
ABFHOEB TRIRELEDLLILB3RVEEZS
na, Lyrl, BPEULABTSILICLD, PCDFs
B EOHRERFETRD T 2ERICH - Tz,

(59)

WECHRWETHY, i, BHEMBEERYE
T% H 5% PCDDs, PCDFs 8 & U* Co-PCBs iz 2T,
BEERI V74 7 5 AOHBRECHLT, 73y
¥ > PR (CSB) iz & % [lE & OFEHIEME 2 ik
L7, ZOfER, —ED CSB AR L 5 EIE0OHHE
125 ZOWERE DT T0.252g T, ZOFICEHEN
% PCDDs, PCDFs 8% UfCo-PCBs %z 5 Uiz 2 o
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L U0.59pg THEFl.dpg ThHoTz, Tbb, 1
DCSBABTHES>NS CSBERIELEERE2ED
R EEOEHIZ0.3022 T, Z0HhEEEN D
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PCDDs, PCDF 8 X tf Co-PCBs 3% TEQE & L T
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Induction of Micronuclei in Cultured Human Lymphocytes with the
Mixture of Highly Toxic Organochlorine Compounds
Retained in Human Body

Junya Nacavama and Mayumi NAGAYAMA

Laboratory of Ewnvivonmental Health Sciences, School of Health Sciences,
Kyushu University 90, Fukuoka 812-82

Takao Ipa, Hironori Hirakawa and Takahiko MATSUEDA

Department of Envivonmental Sciences, Fukuoka Institute of Health and
Environmental Sciences, Dazaifu-shi, Fukuoka 815

Abstract In this study, we investigated the effect of mixture of the organochlorine compounds,
which very resembled their contamination profile of healthy Japanese people in its composition,
on the induction of micronuclei in human whole-blood cultures in order to clarify their genotox-
icity as a whole. The following results were obtained. Regardless of the presence or absence of
7, 8-benzoflavone (ANF) in the blood culture system, we observed a fairly good dose-response
relationship between the concentration of the mixture and the induction of micronuclei. In
particular, we found that 509§ effective concentration of the mixture of the organochlorine
chemicals was considered only about 7 times greater level over the average concentration in the
healthy people, namely 70ppt as 2, 3, 7, 8-TCDD, in the absence of ANF and about 5 times more
than that in the presence of ANF. Based on these results, the mixture was regarded as ext-
remely genotoxic.

Our human bodies, however, have already been contaminated with a variety of chemicals
including PCDDs, PCDFs and Co-PCBs and accordingly one of the most important problems to be
solved is a further comprehensive genotoxicity and health consequences due to these chemicals

to the descendants.

Introduction

Micronuclei, which have been thought to
reflect chromosomal or genetic damage from
carcinogenic insults such as smoking and irradi-
ation, enclose acentric chromosome fragments
or whole chromosomes that have not been in-
corporated in the main nuclei at cell division,
and enumeration of micronuclei in mitogen-
stimulated lymphocytes provides a simpler and
statistically more precise method than kar-
yotypic analysis for quantitation of chromoso-
mal damage. A cytokinesis-block method, using
cytochalasin B(CYB), an inhibitor of actin

(61)

assembly?, was firstly reported in 1985%, and
the prevention of cytoplasmic division after
nuclear division by CYB, resulting in binucleat-
ed cells, facilitates the scoring of micronuclei
and increases the precision of the assay.

We have already been contaminated with
numerous chemicals which were intentionally
or accidentally made by human beings, includ-
ing highly toxic organochlorine compounds such
as polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs) and co-
planar polychlorinated biphenyls (Co-PCBs). We
have prepared the mixture of PCDDs, PCDFs,
Co-PCBs and PCBs, which closely looked like
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their contamination profile in healthy people in
the composition.

In this study, the induction of micronuclei
with the mixture was investigated in mitogen-
stimulated cultured human lymphocytes in
order to elucidate their genotoxicity.

Meterials and Methods

1. Chemical

PCDD, PCDF and Co-PCB congeners were
synthesized by Prof. Y. Masuda, Daiichi College
of Pharmaceutical Sciences, Fukuoka, Japan, or
purchased from Cambridge Isotope Labora-
tories, Woburn, USA. Their purities were over
99% by gas chromatography. The sources of

chemicals used in this study were as follows:

PCBs (Kanechlors 500 and 600), mitomycin C
(MMC) and 7,8-benzoflavone (ANF) from Wako,
Osaka, cytochalasin B (CYB) from Sigma,
St. Louis, phytohemagglutinin M (PHA) from
Difco, Detroit and penicillin, streptomycin and
RPMI 1640 from Gibco, New York. All other
chemicals and reagents were of the highest
quality commercially available.

2. Chemical treatment and lymphocyte cul-

ture

The total average concentration of PCDDs,
PCDFs and Co-PCBs in the tissues of Japanese
people was considered 70ppt as 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (2, 3, 7, 8 - TCDD) toxic
equivalent concentration on fat weight basis
and toxic equivalency factors (TEFs, relative

Table 1 Mean concentrations of PCBs, PCQs, PCDDs, PCDFs, and coplanar PCBs in the
adipose tissue of Japanese people, the composition of mixture, 2,3,7,8-TCDD tox.
eq. factors and the concentration as 2,3,7,8-TCDD

Organochlorine Mean Composition  2,3,7,8-TCDD Concentrations as
Compound Concentration of mixture* Tox.Eq.Factor 2,3,7,8-TCDD

PCBs® 891 ppb 8.9 mg — —

PCQs" 4 7 — - —

PCDDs

2,3,7,8-tetra 2 ppt 20 ng 1.0 2.0 ppt
1,2,3,7,8-penta 8 80 7 0.5 4.0 7
1,2,3,6,7,8-hexa 27 7 270 1 0.1 2.7
1,2,3,4,6,7,8-hepta 33 330 ”» 0.01 0.33 7
Octa 781 - 0.001 0.78 »
PCDFs

2,3,7,8-tetra 6 ppt 60 ng 0.1 0.6 ppt
2,3,4,7,8-penta 22 0 220 7 0.5 11.0 »
1,2,3,4,7,8-hexa 9 90 7» 0.1 09 »
1,2,3,6,7,8-hexa 70 70 7 0.1 0.7 7
1,2,3,4,6,7,8-hepta 3 30 » 0.01 0.03 »
Octa 0 0 0.001 0
Coplanar PCBs

3,4,3' 4" tetra 30 ppt 300 ng 0.001 0.03 ppt
3,4,5,3',4"-penta 192 » 1920 » 0.2 38.4
3,4,5,3',4",5"~-hexa 139 7 1390 7 0.007 0.97 »

Total Concentration as 2,3,7,8-TCDD : 62.44 ppt

2: Used in this study

b: The mixture of the same quantity of Kanechlors 500 and 600
¢: Polychlorinated quaterphenyls

(62)
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to 2, 3, 7, 8-TCDD) for each congener were
those as indicated in Table 1.

Heparinized peripheral blood was obtained
with venipuncture from healthy females (mean
age : 37 years old). Lymphocyte cultures (5.0ml)
were initiated from whole blood (0.3ml) aliquot-
ed into culture tubes containing RPMI 1640
medium (4.5ml) supplemented with 15% fetal
calf serum, 100 units/ml penicillin, 100 xg/ml
streptomycin and 0.15ml PHA (a final concen-
tration; 39%). At culture initiation, we treated
the lymphocyte cultures with MMC (1 X1078 to
3X107® M) as positive control for micronuclei
induction or the mixture of organochlorine
compounds, as shown in table 1, 2 to 60 times
higher concentration than 70ppt as 2, 3, 7, 8-
TCDD in the presence or absence of 8 X10™®* M
ANF. The whole-blood cultures were then in-
cubated at 37°C in 5.09% CO, and 10094 humidity.
At 71 hrs after the commencement of the cul-
tures, 7 uM CYB was added and the incubation
was further continued for additional 26 hrs.

3. Slide preparation and scoring

At the end of incubation, the whole-blood cul-
tures were centrifuged (1,000rpm X 5min), resus-
pended in 0.1IM KCI hypotonic solution for 15
min at 37°C and centrifuged again. Then,
lymphocytes were fixed 3 times in fresh fixative
(methanol : acetic acid, 3: 1lv/v) at room tem-
perature. Samples for microscopic observation
were obtained by carefully dropping cell suspen-
sion from a Pasteur pipette onto wet clean
slides. Slides were dried in vapor of water and
stained with 39 Giemsa (Merck) in distilled
water.

Slides were coded and scored blind under
magnification of 1,000 fold. A total of 1,500
binucleated lymphocytes with preserved cyto-
plasm were scored for each experimantal group.
Criteria for evaluation of micronuclei were
those suggested by Countryman and Heddle®.
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4 . Statistical analysis

Results are expressed as the average num-
ber+S.E. of micronuclei from 3 observations of
500 binucleated lymphocytes each on different
slides from the same group. Data were statisti-
cally analyzed by Student’s ?¢-test.

Results

1. Effects of MMC and ANF on the induc-
tion of micronuclei

The effects of MMC, a well-known genotoxic
chemical, on the induction of micronuclei were
investigated in human whole-blood cultures
with and without ANF. Results are shown in
Fig. 1. Regardless of the presence or absence of
ANF, MMC significantly increased the mi-
cronuclei frequency with almost linear dose-
dependent manner up to 2X107*M. In the
absence of ANF, a nontreated-control figure of
micronuclei/500 binucleated lymphocytes was
2.8£0.2 and in the presence of ANF, it was 3.1£

Micronuclei/500 Binucleated Lymphocytes

:[: L 1 [
o 1 2 3
Concentration of MMC (X 1078 M)
Fig.1 Induction of micronuclei by MMC (O)

and MMC plus ANF (8X10°M) (@) in
human whole-blood cultures
*: p<0.01
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0.3. At the highest concentration of MMC, 3 X
10~ M, in the absence and presence of ANF,
frequencies of micronuclei were 5.7+0.4 and
7.31+0.4, respectively and those were about 2.0
and 2.4 times higher than the respective nontre-
ated-control ones. Therefore, the micronuclei
assay system in this study seemed to work very
well.
2 . Effects of the mixture of organochlorine
compounds on the induction of micronulei
The experimental results for the induction of
In the abse-
nce of ANF in the lymphocyte cultures, up to 20

micronuclei are indicated in Fig. 2.

times greater concentration than 70ppt as 2, 3, 7,
8-TCDD, which is considered to be the average
level of their contamination in Japanese people,
micronuclei frequency was increased with dose-
dependent manner. At 20 times higher concen-

tration than 70ppt, micronuclei was significant-

/CL*

J. Nagayama et al.

ly induced and the figure was 4.3£0.4 micronu-
clei/500 binucleated cells. At greater concentra-
tions than this, micronuclei frequencies were
not increased and seemed to be a plateau.

In the presence of ANF (8 x107°% M), micronu-
clei were induced with almost the same con-
centration-dependent manner up to 6 times
more concentration than 70ppt as those in its
absence. However, in higher concentration than
20 times or more, the levels of the frequency
were not greatly changed and the figures were
4.0 to 4.7 micronuclei/500 binucleated lympho-
cytes.

In the absence of ANF, 509 induced level,
which was calculated by the equation of non-
treated-control micronuclei frequency plus
maximally elevated level over the nontreated-
control one/2, was 3.8 micronuclei/500 binu-
cleated cells as indicated in Fig. 2. According to
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Fig. 2

Effects of the mixture of PCDDs, PCDFs and Co-PCBs

retained in healthy Japanese people on the induction of

micronuclei

O Mixture of PCDDs, PCDFs and Co-PCBs only
@ : Mixture of PCDDs, PCDFs and Co-PCBs plus ANF

(8X10—° M)

* p<0.05, * : p<0.01
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the concentration-responce curve, this elevated
micronuclei frequency was observed at only
about 7 times higher concentration than 70ppt
and this figure is so-called 5094 effective concen-
tration (ECs). Similarly, in the presence of
ANF, 509% elevated figure was calculated to be
3.9 micronuclei/500 binucleated lymphocytes
and EC;, was considered about 5 times greater
than the average level in healthy Japanses peo-
ple.

Dicussion

The development of TEFs for extremely to-
xic organohalogen compounds has been neces-
sitated by the identification of complex mix-
tures of these chemicals in almost every com-
partment of the global ecosystem. the most
highly toxic congeners among PCDFs and Co-
PCBs are considered to be 2, 3, 4, 7, 8-pentach-
lorodibenzofuran (2, 3, 4, 7, 8-PenCDF) and 3, 4,
5, 3’, 4-pentachlorobiphenyl (3, 4, 5, 3’, 4-Pen-
CB), respectively and their respective proposed
TEF values are 0.5 and 0.2 (0.1 to 0.4)®, as
indicated in Table 1. These values of the above
two congeners seemed reasonable because 2, 3,
7,8-TCDD, 2, 3, 4, 7, 8-PenCDF and 3, 4, 5, 3, 4’
-PenCB enhanced the frequencies of both mi-
cronuclei and sister chromatid exchanges
(SCEs) in the lymphocytes of human whole-
blood cultures in almost the same dose-
dependent manner in terms of 2,3,7,8-TCDD
tox. eq. concentration!®*®. Consequently, they
were also considered very strong genotoxic
chemicals.

The types of mutations which may contribute
to spontaneous micronuclei include (a) muta-
tions to kinetochore proteins, centromeres and
spindle apparatus that could lead to unequal
chromosome distribution or whole chromosome
loss at anaphase, and (b) unrepaired DN A-stra-
nd breaks induced endogenously or as a result
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of exposure to environmental mutagens which
may result in acentric chromosome fragments®.
Therefore, the assay of micronuclei can detect
both clastogens and spindle poisons and can be
preferentially used to estimate the dose of ioniz-
ing radiation or truly radiomimetic (non-S-
dependent) chemicals to which people have been
exposed.

According to the results of this study, the
mixture of PCDDs, PCDFs and Co-PCBs was
considered to be a very potent inducer of mi-
cronuclei, because as shown in Fig. 2, the ECs,
value of micronuclei enhancement was only 7
times higher concentration than the average
level in healthy people, that is, 70ppt as 2, 3, 7,
8-TCDD.

SCEs, which are not readily induced by ioniz
ing radiation or non-S-dependent clastogens, have
proved to be the most sensitive mammalian
genotoxic endpoint for determining exposure to
S-dependent chemicals, because SCEs occur
during the S-phase of the cell cycle!®, probably
at DNA replication forks or sites where replica-
tion is incomplete”!®. We have already demon-
strated that SCEs frequency is significantly
enhanced with the same mixture of chlorinated
aromatics and the mixture also shows a very
strong S-dependent genotoxicity'?. Therefore,
not only highly toxic organochlorine congeners
but also the mixture of these chemicals has
demonstrated extremely potent genotoxicity in
both S-dependent and non-S-dependent experi-
mental systems.

In the presence of ANF, this modification
greatly enhanced the sensitivity of SCE assay in
detecting effects of cigarette smoking and acci-
dental exposure to a mixture of PCBs and
PCDFs in human peripheral lymphocytes?®9,
ANTF significantly and additively enhanced the
frequency of both micronuclei and SCEs in
cultured human lymphocytes simultaneously
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exposed to 2, 3,7, 8-TCDD, 2, 3, 4,7, 83-PenCDF
or3,4,5,3, 4-PenCB!¥*%.
cted that ANF also increased the sensitivity of

Therefore, we expe-

micronuclei assay in detecting genotoxic effects
of the mixture of the halogenated chemicals.
ANF, however, did not show any significant
additive effect on the induction of micronuclei
after co-treatment with the mixture, as indicat-
ed in Fig. 2.

Human breast milk has been contaminated
with the mixture of PCDDs, PCDFs and Co-
PCBs!®'W and daily intakes of these organoch-
lorine compounds in breast-fed babies of Japa-
nese mothers were estimated to be about 100 to
200 pg/kg/day as 2, 3, 7, 8-TCDD equivalent
values (TEQs)*?.
10 to 20 times greater than the acceptable daily
intake (ADI), namely 10 pg/kg/day. Therefore,
we should give due attention to the comprehen-

These TEQs values are about

sive genotoxicity and the possible health conse-
quences due to the mixture of PCDDs, PCDFs
and Co-PCBs in the breast milk to breast-fed
babies.
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Studies on Mechanism of Wasting Syndrome
in TCDD-intoxicated Rats

Masahiro NisHizumr and Yasuki Hicax:
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Saga Medical School, Saga 849

Abstract In order to examine a relevance of glucose metabolism and thyroid function in TCDD
-induced wasting syndrome, an insulin sensitivity assessment with chemical analysis of blood
plasma were carried out in male Wistar rats exposed orally to TCDD. Laboratory findings in
plasma showed elevation of glutamic-oxalacetic transaminase (GOT) and lipid peroxide value,
decrease in thyroxine (T,) with increase in triiodothyronine (Ts) value, and slight but significant
decrease in fasting blood glucose and basal insulin level. The glucose disposal rate in euglycemic

insulin clamp test was significantly elevated.

These data suggest that TCDD-induced wasting syndrome might relate to the disturbance of
glucose metabolism of the main organ through insufficiency of caloric intake, T, and insulin.

& U & [

2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD)
i, INETIKEREEYE & L T—RBREH R
AN, FLERWC IERCEL OERERT L
BIRESNTWERY, 20D bAMEER: LTHRE
%, HCERO D b I ARELE, RERD, RERLOR
ENHEITL, KTk AKX IE LR
TH1-¢ % wasting syndrome & FEIE N 2 fREEHIHT S
NT»39%, LarL ZOBRORBMOFEHE DWITER
SIS N TWRW, Liedd- T, TCDD &#5%0
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A7 u—)\ (Bkyk), HDL (EEbEEEE), rV S
Vo4 (B, @BRUEE (EX/ k), m
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BT b free-fed WD WUEBE OB CE L -
7z. Lo L, REEIINORE I free-fed XHHEE I L
~, L s ERNa e, 3BE%CEERNEH

BH SNz (Tablel). BEAEBBICENASNRH
> 7.

TCDD S RERSHOEHER L, Ehfist 4 AE
THREI0g Y20 THE L T free-fed W HEEE O
68% W IRA U, DA 1~3 38 22 1F T 68~73%12 41
il 2 43 & ERC, REEITXEE & i il & L, 2~3
BEr P TOREEMBELAEARALORE P> T2

(Fig. 1), %72, 2 TCDD FEHEHRLSEE X i, pair
~fed BB IZETHREIZE LS DD, free-fed FIEEE
I SREEINCE L CREBRRNE 2R L 2

(Table 1), EAREB DL TITNBECHANET, B
DB LN DDEER DT ok,

TCDD RAE®RES 1:B%OT v FOELE LTI,
free-fed SRRFEICLEANEEDIERT (2176 vs. 240+
5), MHMHIFFERZOEMG.9+0.3vs. 3.7+0.1),
BREEDET (0.22+0.04 vs. 0.74%0.14), T, fHD
BT (0.8£0.2 vs. 2.540.3) BEE (p<0.05) IZH
5, E»IC HDLE, T @A YR v

Table 1 Biomedical Parameters in TCDD-exposed, Free-fed and Pair-fed Control Rats after Three Weeks
of Experiment

TCDD-exposed | TCDD-exposed | Free-fed control | Pair-fed control
e Grow oL (150 ug/ke) | (30 e /ke) ) )

(n=4) {n=6) (n=6) (n=4)
Body weight (g) 21525 =+ 262122 * 295+15 223+£9
Relative liver weight 5.0-1.0 *§ 6.0+0.6 * 4.0£0.1 4.0x0.3
Relative spleen weight 0.27£0.04 § 0.30£0.06 = 0.22+0.03 0.19+0.02
Thymus weight (g) 0.07+0.05 +§ |0.15+0.06 * 0.63+0.12 0.43+0.06
GOT (U/1) 115425 = § 105£35 =* 63+4 6113
LDH (IU/1) 324 +107 251+88 396+75 177+58
Amylase (IU/1) 1222431 *§ 1788+146 = 2260187 2256190
CPK (IU/1) 111492 =+ 216+41 362150 10761
Total cholesterol (mg/dl) 5147 88+12 7014 53%5
HDL (mg/dl) 18.6+6.2 40.1+£11.6 32.4%5.1 18.8+3.2
Triglyceride (mg/dl) 15.0+6.0 25.2+13.7 11.0£5.4 10.5£5.4
Lipid peroxide (nmol/ml) 2.1+0.3 = § —— 1.5%£0.2 1.6%£0.2
T4 (ug/dl) =1.5 *§ 1.3£0.5 = 2.6+0.5 2.4+0.9
T 3 (ng/dl) 35.8+£7.9 *§ 32.4+6.8 = =26 <29
Fasting blood glucose (mg/dl) 105+16 = § 132+12 13611 153+14
Basal insulin (¢ U/ml) 9.8£1.9 *§ — 12.2+3.6 19.3+2.9
GDR (mg/kg/min) 19.3+4.6 =§ 20.8£4.6 = 12.4+3.8 2.2%+0.5

* : Significantly (P<0.05) different from the free-fed control group.
§ © Significantly (P<0.05) different from the pair-fed control group.

GDR : glucose disposal rate.
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WEECHED 6Nz, E» i HDLE, 2 7Y 254

FEDOEIMER S A 5 iz,

TCDD EHERSH TR 1 HEBOERLE LT, free
~fed XPHEHEIC LN, BEZAERD, HUHFEED
B0, MR OEHE, Mgt GOT O AN A ShiiE
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o, PRBICEELZE L L COMmEE (ki
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20.249 2 yu/ml), 7L —AEAZ (GDR) b (&
EAEE 16.94+5.9 mg/kg/min vs. pair-fed XHEEE 4.1+
5.6mg/kg/min) & KERZERRALI, 3HAEBOER
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HFEROHEMN, MFESEE L LcmiEd GOT Eo L&,
amylase (EOET, BEREEEO LA, T, HOEKT
ET HEOLA, E5WA YA Y »-7 5 o FEHBRICE
% GDR D EFEBA STz, T DEEBEEDOE% pair-
fed SRBEEDME L LK 2 &, 1ZIFMEDIL 7-AEN A
55, pair-fed SHEEEOME L, free-fed MEEED

FE{EER - 1eEiE

Ik, EHERTGEE, HRE AU UETHE, &
DEEEZRL,GDRETRLIVEEL2RT IO Z
OFEF—BEE I NI,

W BET 2D LT, ZdiEH, TSH, 7
ANATFOY, TANIVF—NVE, R EDHEE DT
o7z, WNEELOMEARLREE»TDd o 7,
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FaOEAZENICERS, T 2R 4R /NER
ERAANCRD 2. BTRIRMEE, BCRRnE
TROBE, ZiEGE IR, MR TIEEEOIE
#Hb, VNREROREEDERTHA SN,

& =

DRI B3 TCDD GHAEREH TORS =
BXBETASZ EY, T 2D LDy WIHWETHD,
ERw 5% 3 HE & TOBEZ R EERMOIE, &
BHED T0%H%E TOET, & sz on TiEER
&R BAEE O 2R uZN M - SRR S MR
BHLNBEZ L6, PEVOFEERLTVS LE
2 6N%, 1272, TCDD #54 3 BHE ORI TDER
Frie, EESHREOREFBEASNENIE, &5
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AL EBIZ L 7235 5 O FRERORKERD o T 2
£, ZD®% I~ BEBNIFET T2 REB L IE L s
v, Fie, 015 BOEAERST, £RICELD
BESE 25> TW3 I LR&h, TCDD 0HFMHD
AEREEORH EEZ SN,

TCDD #5112 & - T W E LD wasting  syn-
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orie NEWC L 2FELEHT 2ELNH 59, KER
TERE L 7z pair-fed WREEOFER 2 45 L, FE, 2
VAT u—, FEERL ETRENLEREARS
n5h3, MEE, A >RV fEx CEABEEL
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%, ZDOE»S L TH, wasting syndrome DARFED S
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ZOFEBRTHE S NI MRILFE O R TEE L S,
2FE 1L GOTHOBBEIIRES W HEER2RT
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V0 7, MABEER{LIEEOEEIZ TCDD i £ %
glutathione peroxidase DFEMAK T IZRLE L 7z L
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V359,

TCDD @ HURER RV E > ~DBEE 2\ U RRE I
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WETT 52 e28HEL Twa 2, T, i >n»Tid—
EOEH TRV ERRTEBY, %5 d glucur-
onide EFEE L THRH S N3 RBEIC L » THEL2ZT
LEAGOHELRLZEEZ TWS, £72,Rozman 59 i
FURERHR DS TCDD I2 & 23R %38 5 ¥, (EED %
Mz 2 rpfEs L CEY, TCDD &I LTI
—RA R R K T S W 2 ERE B L Tw3 &
E 2 3E0%E W, UL Potter 57 1k TCDD OERE
RHEANDOEEDIIIIE SN o fo LT, Fk
st 2EMEI DS, DLUAERERVE VL
TCDD L OHEERBMEC TV EDOTREREVRED
BERbLH 5, BIOEBHER T, TSHERNERLEO
MTEEPFO Lo/, O ELEEMITS
L OLbEINE WL,

BB, fOORFEE» S OBEL &Rk
WA, SEOFEFEROBT, HERECEET 2EER
FFMLPERE, 1 >RV VME, SHRAVAV Y« 7T
FHEC LV EONI VO — RFEARRE LR A SN
el & TH%. TCOD DEAEHRS TR ) EE T
S, BREERSHTIIZEERME#ES L RS
YA EOETER SRS 5, Fa—AEAR
ML Tz, Ik pair-fed LT 2 &, &
DOXTERE 1L free—fed XTREEIC L MBEE, 1 >R Y~
&2 EH, GDREMETL T3, Z0ERZ—E
BHE Loz, ZOFERE, TCDD 051z L 2 %1k
DHEZ2BHEZOBAICL 2D L BERD, T3
—VEOE DB 2 Lo EEEEOBEEL H 2 &
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DENBoTVWELDEEEENS,

WFII LTy, 20X RBEORBREEL T,
DETRRSNE &S 228 OMigx L £ —HH
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AEEER DS, COETESFLVNVTOER L%
BPLErEbh%, &8, pair-fed SREOEHEE
DI, freefed WBREEL B 2P RLIEBEDIE
T oz X5 a—n, HDL, Mm#E, 12
>, GDR O&ED > BB I BE S 2 MFEE, 1 >~
AV >fH, GDR {Ei%, FILHMT - 7BMER T, 2
O, BRCHEHZESE 2 L 3 HEBW X free-fed
BEOELBEREN 2D, s HEKKEIEL{EL R
WEERLZ, ZOEMoRECEL CRFERLE
U724t B, AEo@EfEe, MTRERIERRL
EUPEETLEEZONDY, BlOBS TR LR
W,

&

2

Wistar 27 v Mt L, &O/ TCDD 2% 5
L, 1%L 3BERBICA VAV Y« 25 FRERTT
O i o &, FHEERBhE L 7-BER, BBE,
FARIR RV, I, 4 v RA) U EREIEL 2.
Z OFER, GOT, MEEEEOZOEY,, T, [EOW
P, T, BO LR, M s A v 2D EOETE
MEA YA VEEEOERPTED shIz, ThHD
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Yearly and Seasonal Fluctuation of PCB Concentration
in Skin Surface Lipid

Masahisa WaTanNaBe?, Keiichi Tanaka? and Fumi Torivama?

Y Nagasaki University, School of Medicine, Department of Dermatology
B Saga National Hospital, Devmatology Clinic

Abstruct PCB concentrations in the skin surface lipids of Yusho patients had been examined for
6 years (in July, 1990-1995). The concentrations in each patients showed a little fluctuation every
yvear. It suggests that the cutaneous sebaceous system is one of the excretory systems of PCB. In
1995, measurement of PCB was performed also in October. The mean ocncentration of PCB was
lower than that measured in Summer (692.7 ng/g in July versus 633.3 ng/g in October, p<0.05). To
explane the fluctuation, seasonal change of sebum composition should be examined.

i U & I

bhvbhixINE TOWET, WEREOKET I
PCB #3iZ1F 100% a5 Z &9, FE—BETRE,
1990~93 £ FE O T3 EE+ PCB A 1Xi2iIF—E L
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FHEH PCBBEIZ YW T & 512 2 EMOBMB L U
B e AT oOtERE RN e,

MNEE L UHE
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PCB concentrations in skin surface lipid
of Yusho patients from 1990 to 1995
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Fig.2 PCB concentrations in skin surface lipid

of Yusho patients in July and October in
1995
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BENED LTV (p>0.05).
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In vitro (& 1+ % Polychlorinated Biphenyls (PCBs)
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In Vitro Analysis for Cellular Toxicity of Polychlorinated
Biphenys (PCBs) on HeLa Cellular Proliferation (IV)
—— The Effect of Kanpo Preparations on Cellular Toxicity —

Kazutada MATSUOKA

Division of Hospital Pharmacy, National Kikuchi
Hospital, Kumamoto 861-11

Masahisa WATANABE and Fumi Torrvama

Department of Dermatology,
Naguasaki University School of Medicine, Nagasaki 852

Abstract In this study, we investigated the cell toxicity of polychlorinated biphenys (PCBs) as
an indicator of the quantity of cellular protein in Hela cells. Assay for protein concentration was
performed by Lowry’s method using a commercially available bovine serum albumin as standard
preparation. The reductive action of inchinkou-tou, inchinkou, sansisi and daiou on the PCBs
toxicity was investigated. The relationship of cell number (0~40,000) to protein concentrations
(0~80ug) was shown R? =0.993 (Y=5.0X10"% X+0.027). The final concentration of these drugs
and PCBs was used for 100ug/ml, respectively.

The cellar protein concentration increased to 209§ with the addition of inchinkou-tou.
Inchinkou and sansisi were revealed slightly elevation, but daiou was not.

These results suggested that inchinkou-tou, kanpou preparation, was better effective than
constructive crude drugs, but statistical evidence could not find.

& L & (=

Polychlorinated Biphenys (PCBs)Diffazm{%: 07
A 88T AR LTI ohEZONEY, T
THEHEOENELEE (PobE) WL icFiks
v, ZofifuEtEBER 2RI Thb2S LEbh
TEARA T REERBRETL, NHEESES X ULRE
BOZEEICET PCB OFE 2B & ¥ 2508015
LZZERRELIY. SEBFAL ZEOEREFD

ILEHEESB B L U2 O EELFWTPCB D#F
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BERIZZD LI RMREBEC B pEP R LI, &
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HRHRMAEEL TR TR - 72 DOBBORAD
HRRACEE L RITT I ENEETERLVDOT, K
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1) FERIZEA]
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W 3 Iz T BRI B oD R AEIREE 1 B VT 5 B E
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Effects of Polychlorinated Biphenyls on Regenerating Myelin
of Peripheral Nerve in Rats

Toshiro YosumMuraY, Minoru Okrra®, Hirobumi Urvyama?, Hijiri ITo?,
Hirofumi Goro? and Takashi SUEMATSU®
Y School of Allied Medical Sciences, Nagasaki University, Nagasaki 852

D The First Department of Internal Medicine, Nagasaki University, Nagasaki 852
8 Central electron micvoscopy laboratory, Nagasaki University, School of Medicine, Nagasaki 852

The effects of polychlorinated biphenyls (PCB) on regenerating myelin of the peripheral
nerves were investigated in rats. The sciatic nerves were crushed at the mid-thigh level on the last
of 32 days of oral administration of PCB. The sciatic nerves were biopsied from the crushed
regions at 4, 8 and 12 weeks after crushing. The nerves were fixed in 2.5% glutaraldehyde
buffered with 0.1 M sodium cacodylate and embedded in epon 812. The ultrathin sections were
analysed by JEOL JEM-1210 with EDAXDX-4. The chloride which was composed of PCB was
increased in myeline on 4 weeks after crushing. Freeze fracture study of myelines of sciatic
nerves on 8 and 12 weeks after crushing showed an increase of intramembranous particle on 12
weeks and an increase of caveolae on 8 weeks. These results suggest that PCB may affect the
plasmamembrane of shwann cell and induce the disturbance of myeline.

U & (2 % b

Polychlorinated biphenyls (LAF, PCB &#83) @ 1. XBREY

B IR, RERE, REMREEL C oMmE
FERE Loh97, REHERE T2 OnEHED
BESIE SN T 39, PCB SRR DA @R
WBWT, J\EERECT L TREEESEZ RV, B
BRI Ll FEAER O 8 8 & Cio KRR
DREFET LI e eilE LY, SEBERTDH
3 PCB#RE #% < BB EET 2 pHEL,
% )z, BEES % freeze fracture Sh CEZE L - O THRE T
5.

SZERENY) 12 13 8 YIS @ Sprague-Dawley % v b
24 V5 (A2 280~320g) ZHwv, 12805 PCB &S
BEOSRRED 2R B0 7z, B H 2o T,
TIRF Y I —LEAG, 1 =Bz 3~4LE
L7z, &7z, EEEIL22+2°C, BEDY A 70k 12
WM, 12 R & L, BB &K E BB S ¥k,

2. PCBoi%s

PCB &, BE 42% D PCB-42 EF LR T3) %8
vy, ZREY T Y 5 meg/ml OB THEEL, —IL
H720 1.6g/kg D8R 7y VAV VT ERAWT
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RO = To 3 EMRS Lz, Afkic, Xt
BRI 7 MO & 2R E T o 3 E, &0
B IRE Lz,

3. HEOMRK

PCBEESIHABBIEY 2 F L —F VR TICKE
EriBE L, MHOAEHREEEL, AEHRIIAR
FRSLEATIE € 30 mm —RRIZ AT 2T TR L, S D
BaeriTo .

4, HEEAER

PCB #58, ST E b oSl 4 8%, 88
#, 12:BRIZ 3D DY 2.5 VL —F UREE F izl
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25% 7 NEF—NVT AT e FTEEL .
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> 812 B L -, YA 2ER L, JEOL JEM-
1210127 4 Vv 7D EDAXDX- 4 #EE L - EE
TRHE S OHR (C) TREAA Y (S) TEDOE—
7ERDI, BENIEA NS T LD — 7 DEEY
NIH 4 A —vZHwEEEKD, ClotE L STHRD
aEkoiz,

6. Freeze fracture %

2.5% 7N — LT T e R CEE SRR
%30% 70D VIZBELM, 7 LT, FED-B-1200
2w, —110C, 5 %1077 Torr D&M T THIW %17
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U7z, 82 U7 MRRS i3 B O REER & caveolae DFF
E3 B EML 2 IR 7o, FEHLE I IS D 72 v Stu-
dent’s O t B E B & O Mann-Whitney ® U #i%E %
WV, HEKEES%E LT

& R

1. T3V F—0HE X BoHiEE

Fig. 1w PCB#58Lr o> a— LVEOBBO S
iR OB %R,
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Fig.1 Data of energy dispersive X-ray analysis

for mylines of PCB and control
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Fig.2 Ratios of peaks of CI versus S with

energy dispersive X-ray Anlysis PCB
Ratio in myeline on 4 weeks is higher.
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FLTWwWi HERTRE CLITROE— 7 3R
27z,

2. Freeze fracture %

Fig. 3 1= PCB # 5 B & control @ freeze fracture
HBELDT,

a, BRKTFEE

THE IR 8 iz BT, PH, EELE i PCB
5 - R CHEANFEECZIIFED o LB 1o
72 (Fig. 4). L L, 128w, PHE, EX
Ly PCB B EGE TN THEER ML T

myeline

wm
2000 -

[Jcontrol

1500 +

1000 -

500 -

P-face E-face

Fig.4 Intramembrannous partiticles in the
Schwann cells on 8 weeks after nerve
crush
No significant differences are observed.

Wiz (Fig. 5).

b. Caveolae F¥E

caveolae ZEE 1%, MR 8 T, PCB &5/ T
AEHEML CWwic (Fig.6). Lal, 12 BETH,
PCB #58 - nfEEc Z 2o o7 (Fig. 7).

% =

S, BEEAO Cl OBREHEE, 4888 < 8
H, 128 RFEERE & L ES L Twiz, Freeze
fracture W & 2 JENRLF iddidfs, 8 IR Ld3 7%k <

i e

Fig.3 P faces of myelines in PCB and control on § weeks. A: PCB, B: control. Bar=100nm » :
@ ; Cavolae « : intramembranous particle
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1600 [Jeontrol
B XX P<0.01

1200 A

800

400

P-face E-face

Fig.5 Intramembrances partiticles in the
Schwann cells on 12 weeks after nerve
crush
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Fig.6 Caveolar densities in the schwann cells on

8 weeks after nerve crush.
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IANE — G X RO EBE REFRETRIC
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TAEERL, * JWFET 2MEOERICIEAE N
T 32,
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JLEE PCB MARE L Rtk A L, 128 Tl >
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SENI A RER O 2 R T & 1B ORI T
& caveolae DEE R R Iz, TOIALIEY 27 #
BB OME L E 2 5 5P, KEMHEET D freeze frac-
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PO AF Y RNV ERRLTS EHRESIN T
200 12 BTN 2 ENRLFIZ, BN TO PCB
WA L7z 1258 T Nat-KrATPase OEMEMNE L 7
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Fig.7 Caveolar densities in the schwann cells on

12 weeks after nerve crush.
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Elevation of Serum Creatine Kinase in the Patients with Kanemi Yusho

Toshiro YosHIMURAY, Minoru OxITAY, Toshio HicasHIY,
Hirobumi Uevyama? and Hijiri ITo?

Y The School of Allied Medical Sciences, Nagasaki University, Nagasaki 852
D The First Department of Intenal Medicine, Nagasaki University, Nagasaki 852

18.99% of the patients with Kanemi Yusho showed an elevation of serum creatine kinase,
however, the cause is still unknown. The relation between exercise, dehydration, thyroid hormone

and concentration of PCB was studied.

Dehydration, hyperexercise and PCB affected the

elevation of creatine kinase. No relation between PCB and thyroid hormon or creatine kinase and
thyroid hormone was observed. PCB may change the permiability of muscle plasmamembrane.
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Fig.1 Histograms of serum CK, free T, and concetration of

PCB from the subjects in 1995
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Fig.2 Results of multiple regression
Table 1 Pearson’s correlation coefficient
CK Hct BUN PCB WORK
CK
Hct —0.17**
BUN 0.21** —0.04
PCB 0.18** 0.03 0.23**
Exercise 0.25%* 0.09 0.10 0.01
*x I P<0.01
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Symptoms and Blood PCB Level among Chronic Yusho Patients,
Twenty-five Years after Outbreak

Yoshio HiroTa and Shoji TokUNAGA
Kyushu University, School of Medicine, Department of Public Health

Kyoichiro KaTtaoka and Shiro SHINOHARA
Fukuoka Institute of Health and Envivonmental Sciences

To investigate the frequency of symptoms and signs and their relationships with blood PCB
(polychlorinated biphenyls) levels, twenty-five years after outbreak, we analyzed the data of 276
Yusho patients (male/female : 137/139) who had received health examination in 1993. For this
purpose, 31 examination items which correspond or relate to the diagnostic criteria for Yusho
(1976) were selected from the examination form. Mean blood PCB concentration in the subjects
was 4.69 ppb with the highest value of 31.0 ppb (median: 4.0 ppb). The symptoms for which
the proportion exceeded 609 were general fatigue, headache and numbness in extremities.
Chronic bronchitis-like symptoms, such as cough and sputum, were observed in 509 of the
subjects. Next, the subjects were classified into approximate quartiles of blood PCB: <3.00,
3.00-4.06, 4.07-5.99, and 6.00+ppb. The distributions of subjects at four levels of blood PCBs
were compared between the groups with or without each symptom or sign, using the Cochran-
Mantel-Haenszel test. Significant differences were observed for comedones in the trunk (P=0.02)
and other regions (P=0.02); acneiform eruptions in the genital regions (P=0.01) and gluteal
regions (P=0.01); and hypersecretion in the Meibomian gland (P=0.04). Thus, the typical skin
and eye symptoms in Yusho patients still persist showing a close relation with blood PCB
concentration.
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Table 1 The frequency (%) of symptoms or signs either corresponding or related to the diagnostic
criteria for Yusho at the chronic stage.

Examination in 1993

Results
Symptom or sign Fukuoka Nagasaki Other areas Total in 1988
Internal medicine
1.General fatigue 76.8 61.8 73.6 69.7(184/264) 76.1
2.Headache 63.4 52.7 59.7 58.0(153/264) 67.3
3.Cough 59.8 40.9 51.4 49.6(131/264) 51.0
4 Sputum 62.2 27.3 52.8 45.1(119/264) 52.0
5.Abdominal pain 39.0 23.6 45.8 34.5 (91/264) 43.2
6.Numbness in the extremities 65.9 56.9 52.8 58.6(154/263) 61.9
7. Troubles with menstruation 20.0 11.1 11.8 14.1 (9/64) 19.3
8.Abnormal breath sounds 1.3 0 2.8 1.2 (3/260) 2.7
9.Hepatomegaly 1.3 55 2.8 3.4 (9/261) 7.8
10.Splenomegaly 1.3 0 0 0.4 (1/260) 0
11.Paresthesia in extremities 5.4 2.8 12.5 6.3 (16/254) 7.5
12.Abdominal ultrasonography 63.4 30.0 30.0 48.0 (73/152) 33.7
Dermatology
13.Liability to suppuration 18.5 6.5 278 16.2 (42/260) 16.6
14.Comedones in the face 4.9 10.0 11.4 8.8 (23/261) 12.1
15. in the auricles 3.7 5.5 16.7 8.0 (21/263) 74
16. in the trunk 3.8 13.6 194 12.2 (32/262) 11.8
17. in other regions 16.7 0 0 2.0 (4/197) 2.9
18.Acneiform eruptions in the face 9.3 0 18.1 7.8 (20/257) 4.7
19. in the genital regions 7.4 0 7.0 4.2 (11/262) 4.7
20. in the gluteal regions 75 0 18.1 7.3 (19/262) 35
21. in the trunk 5.0 0 31.9 10.3 (27/262) 6.3
22. in other regions 5.0 0 0 0.5 (1/192) 15
23.Pigmentation in the face 2.6 0 13.9 4.6 (12/260) 2.7
24. in the fingernails 1.2 0 20.8 6.1 (16/263) 2.3
25. in the toenails 11.1 0.9 8.3 6.1 (16/263) 6.3
26. in other regions 5.0 0 12.1 4.6 (9/194) 0
27 Deformity of nails 12.8 4.6 16.7 10.4 (27/259) 10.3
Ophthalmology
28 . Hypersebum 34.9 1.8 33.8 20.8 (54/260) 15.3
29.Pigmentation in palpebral conjunctiva 18.1 1.9 45 7.8 (20/258) 44
30.Meibomian gland, cystic degeneration 43.4 2.8 8.8 17.3 (45/260) 12.0
31. hypersecretion 17.3 0 9.0 12.7 (20/157) 46

® From the reference?.
% The number of subjects with symptoms or signs in the numerator, and the number of total subjects
examined in the denominators.

BRERPRIZOWTY, ARZEEIED R (P= BRI 1.04-18.69 (P=0.04), BRI — ARk
0.31~1.00). FEZBEZFED 72 55 (Table 2) PIEHT&%2.15, 1.10-4.18 (P=0.02) THY, Z
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The distribution of subjects with or without selected signs based on the blood PCB level,

and the results of the trend test (Fukuoka)

No. of subjects by blood PCB level (ppb)

Signs and category <3.00 3.00-4.06 4.07-5.99 6.00+ Total Trend-p®

Comedones (trunk)
Presence 0(0) 0(0) 0(0) 3(16) 3(4) 0.02
Absence 21 13 27 16 77

Comedones (other regions)
Presence 0(0) 0(0) 2(29) 2(50) 4(17) 0.02
Absence 5 8 5 2 20

Acneiform eruptions (genital regions)
Presence 0(0) 0(0) 2(7) 4(20) 6(7) 0.01
Absence 21 13 25 16 75

Acneiform eruptions (gluteal regions)
Presence 0(0) 1(8) 0(0) 5(25) 6(8) 0.01
Absence 21 12 26 15 74

Meibomian gland, hypersecretion
Presence 2(10) 1(7) 5(19) 6(33) 14(17) 0.04
Absence 19 14 22 12 67

2 Cochran-Mantel-Haenszel test.

® Proportion (%) of positive sign in each PCB level.
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An Epidemiologic Examination on the Prevalence of the Periodontal
Diseases and Oral Pigmentation in Yusho Patients in 1996
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An epidemiologic examination was carried out to reveal the prevalence of the periodontal
diseases and oral pigmentation in patients with Yusho 28 years after PCB exposure.

The results obtained were as follows.
1) 162 teeth out of a total of 309 examined teeth had a periodontal pocket deeper than 3 mm,
although 32 teeth out of 162 teeth had a periodontal pocket deeper than 4 mm.
2) Oral pigmentation was observed in 47 out of 82 patients with Yusho. It was particularly
noteworthy that gingival pigmentation was observed at a much higher frequency in younger
patients while pigmentation of the buccal mucosa, the lips or the palate was observed at a much
higher frequency in older patients.
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RLIZIFFEETHY, MEBFCBOTRER R v
N OBBENS LI EWEER AN, BABIORE
Ry b DOEBELFR6EELIET 2 EETER
ZELBDHOSNEY, FIRHCENTT VT T —
I OUENL L BFOERLEETH L L b T
Y/ NFERRABICBLWTRERNE L -T2, 20
X3, MESFEKKBLTLABREEELOREDHE
BOERELTEF Y INTI— 2k ¥ ORFETF
HiF s, PCB 3 & v o e 2 H 12 FTFI1E TR
ERHLTCWS L REIRBL TR EEZ 6N,
Tk 6 EEOME—FRZICBE LTI, OEANEER
B DOHIREZ 33.8% ThH - 729, ZhwextL, ¥k 7
EEIX55.8% (F—5 —KFHEK), FREFEITH7.3
% L FBHHIC LHE L Twiz, faill 69 PRI S 1%, 1HiE
BHOOFENORLE IBFHCRI L Tws L%
WELTw3, FRBERCEERHEICB T LR
R ERE ITRB IR L TB Y, SERED R
TREEO FREOERIEODWTRAHTHY 8 5% 3
MBEBLLETH S, B2 IIFR 6 £EOME—Fk2
DRERL YD, BEETEORBD & e BRILSE OFRBE
BOETHREDSNE I EE2MEL LY, L LESHE,
BEEAROBD & £ EBADOERUE OFBE DK
TrEDohi-bon, oMo otRkE I
LTRELAFREHFRZ R L Cwie, ERici->TH
FUBEOHMKC BB AONIZ EIZDWTIE, BHF
DI ¥ OIEIC & 3 OENBESEOZRBESEL T

WAEREE b EZ S5, HHIOEEHTSHOBK
EE L Lzw,
it B

HERE W B 2 WAKEBOBERECOEAGOR
B OFEBRHEE ORENE 2R 272012, PR

L

E 54

8 EEME A%

L5 hER BB,
1. B2 3mm U EOEART v b OFRHFE IR
BTG 309 BED 5 B 1628 (52.4%) Th - 1245,
ZOEEAEDES Amm KB TH - 12,
2. OEREERREORHERKIZ.3%TH - Iz,
AOERWE THBREFEECEZ <RBD 50, m
IR EAOBRIEE OFHRERZET LR -
TIEFEPOES 2 WIINEMETORZERED
RIBROLEANBED ML LW o T,
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SHEE BE (2 & 17 5 FIRIREEE
SREEFEAE 28 - DIRET
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Thyroid Function in Patients with Yusho :
28 Year Follow-up Study

Hitoshi Tsuj, Kaori SaTo, Junya SziMono, Koichi AzuMma,
Mamoru HasHicucH! and Masatoshi FujisHIMA

Second Department of Internal Medicine (Divector : Prof. M. Fujishima),
Faculty of Medicine, Kyushu University, Fukuoka 812-82, Japan

To evaluate chronic effect of polychlorinated biphenyl (PCB) on thyroid functions, thyroid
hormone levels and thyroidal autoantibodies were studied in 81 patients with Yusho in 1996.
Serum level of thyroid stimulating hormone (TSH) was elevated in 7 cases (8.69%). All of them
showed normal triiodothyronine (T,), thyroxine (T,) and free T, levels, and regarded as latent
hypothyroidism. There were no significant correlations between blood PCB concentrations and
TSH levels, T, levels, T, levels or free T, levels. Thyroglobulin antibodies were detected in 8
cases (19.59%) of 41 Yusho patients with high PBC concentration (higher than 3.0 ppb), and in only
one case (2.5%) of 40 patients with low PBC concentration (lower than 2.9 ppb). We conclude that
thyroglobulin antibody in patients with Yusho is not frequent and it may be associated with blood

PCB concentration.

@ L & [

1968 &£ 4 HtE X v, polychlorinated biphenyls
(PCB) IBA T A A4 A NMEEUZ & 0 FLE TN Z ol
WHE L IME T, BELYIOEEFOBRERRKL
BOWIBRZOREPREIN TR, HEBHIZB
17 % BURIRBEEE IC D T, THEEFEAE 16 4E42. D 1984
FEEEHENE—-FRZIC B THBZ I T Y
G— PP M= BIUV I 2F YO EADPED S
ha 2L E2HELTEL MERELR 28 £4 R0
L, M PCB #EET L, Bx & kdaEmiki
BRLTn3, Larl, HEAKBOTEEEERE,
M D L U@ £ ORI L, KA O PCB
RS BE L, M PCB OMREIZIZV E 72125
B85 — v ilH 6N BT, £72, PCB L0 & 5125

(99)

71 7% % ¥ % b D ploychrorinated dibenzofuran
(PCDF)DOEAGRE bigf s h T o2, BidE
BITLTWwR LHEEI NS, SO, L IMERF
KBS EER A 21T v, VIHE R EYE o R AE
T B IBEREEI DLW TR LD THET 5,

HEBLUHE

1996 FEEMIBME-—HFRZ 222 L LIHERE
BE 82 flth, HRIMBEERECFENE S 814l
EXHRE & Uz, 1996 4F 5 HHREDOFE R R SERTE
BHEET3ZD 12.0 % ThH- Te MEEE OMNFRIZEME
27 B, Ztk 54 BT, IS 63.7412.5 5% (28~87
) Thol:.

WZORE IZHERER, BER, SKER, B¥0
B, #IR, RMERGERERE, FRMMEEE, MEEt
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FRE, By omE, LDENB X UIETES
WHRELEL D20, FEFRhOEERICTR -
7z, EURBRESRERTE & U T R s v > (TSH)
i RIA @Mk (TSH-Y 78— % v b, ¥4+ R
v M) T, RV E—FY A o= (T,) 1& RIA EHH
B (T, 7E=XFy b, FA4FRy M) T, ¥4
¥ (T,) i3 RIAFEHEE M-T,-Ta—=>v7,
Fyb, FNA—SVTTAT AT 4w 7 A% T,
W A4 m ¥ v (Free T,) & RIA EfAE: (CPEHE
W) (E70T, v b, HRAYT7 4 ¥V v 7 2%)
T, Y1 aFv e v 7)) v (TBG) ik RIA (PEG
BY(WT77ANTBGF v b, AFA M w o804
THE L7z, FRIEE ORI HBERICI X DR
vAaarza7y) ka7 s 7 ATG v b, B+
vESH) BLUHERRIRE~A 70V o8k (2o
F4T7—AMC* vy b+, BELVvESH) ZHEL . &
7z. PCB QHIE i3 4R M R RS HTRT, mEmiE
REG, AUUNTTRERIEIRRT B & CHE R
WIS TIT - 72,

R I3 LR (mean+S.D.) THEL, Ty
OB DWW TRt REER vz, £/, EFEOH
WA QHEIL ¢ BMETITo T,

5 S

1996 FEE RN R HE—F M2 12 B > THRIREEE
BEABORE S hi-MERE 81 flF, TSH EOK
Tx24 2.5%) 1, ERZ7H 8.6%) KR

B E»sé

Jo. TSHED FHEZZ D7 7HITIX, 26 T, EL &
U T, EIZIEE TH D B O PRIBEBEEE T RE L
Ezoniz, i, T, EOET21H(1.2%), T, &
DET% 161(1.2%), LHE% 14(1.2%), Free T,
BOLEE 16 (1.2%) 2B, TBGHEOETZ
281 (2.5%), LEIX6H (7.4%) TH-7. ZL
<, TSHE, T, &, T,{EH2\2id Free T, DT
i 1EBEU FOREEZRS 01041 (12.3 %)
TH-ote, E-ERBACHEC D TEIY A o
a7 HEE I (11.1 %) &, FERE~A 70
V—sFifEE 1461 (17.3 %) i, WHiko IR
HIzb DX 6B (7.4%) Thol.
HERZRERCB VT, WEREUBRCTREL
FIRBEEORE LA SN DX 81 B 8 H] (9.9
%) TH-o7z (Table 1). % DHRIE Graves 575 3 4,
1SERRIRZ 2 6, FRECERER 2 41, PRREE
1IThYy, BRIERFELZREL T2 D6 H
(Case 1, 2, 3, 4, 7, 8) Th-o7z. 2L T, FRiR
HRERETEE 2L bDd 4% (Case 1, 3, 5,
7)) THovz, GravesHTERERD 14| (Case 1) 12
BT TSHEDIKT, T, 83 & f Free T, D L&
2RO, RIEBERBEFEBEORBELEEZ sh e,
Graves fi5®D 1 Hl (Case 3) TIRIEEC L 2EMEE 2
s TSHEOBEED LR PO -, BERRERAE
D 141 (Case 5), FIRBEEEEO 14 (Case 7) 12
TSHED FREEZRD N, T, B8 LU T, HERERE
THHBEMOFRBRERTE L EZ shi, BRR

Table 1 HRERER 2 S0 L L ERE

Cse Age Sex TR T Dh o LA IS O Do wmed pob bl Notice
1 5 F 005 16 13.6 3.21 19 16 64 200 4.43 A Grave’s disease
2 66 F 18 0.9 10.9 1.10 27 1 0 260 3.44 A Grave’s disease
3 79 F 38 1.4 10.2 1.10 34 4 1024 226 8.77 A Grave’s disease
4 57 F 12 1.1 10.9 1.49 22 0 256 229 2.72 A Chronic thyroiditis
5 64 F 3.7 0.8 7.2 1.17 17 0 256 212 1.79 C  Chronic thyroiditis
6 74 F 12 0.9 9.5 1.59 17 0 0 220 2.20 C Thyroid cancer
7 5 F 70 1.0 10.1 1.21 23 0 0 287 3.40 A Thyroid cancer
8 60 F 14 0.9 8.5 0.93 24 0 0 185 3.21 A Thyroid tumor

Normal Range, TSH(0.34-3.5); T4(0.8-1.8); T,(4.6-12.6); F-T,, free T,(0.77-1.93); TBG(12-30); TGHA,
antithyroglobulin hemagglutination antibody(<100); MCHA, antithyroid microsomal hemagglutination

antibody (<100), Chol, total cholesterol(159-219)

(100)
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BRIR R GO IoE B T, I PCB #2830
ppb AED BB 5HITH Y, ZOFRZ7a< T T A
PRY = IHERE O A ST —VERT S D6 4
Lo,

MEZEHER B THRBEROEE LA 5T,
PR ARSI BT TSH 18, T, 18, T, EdH 2\
ix Free T, 0w Fhy» 1BEEU EOREER L
HHAEEE 6 §% Table 2 WWRL7z, WFhOBEID
FEREA NG o7z, 14 (No. 1) & TSH {EHOE
TE@ED, T, T,{EEB L Free T, HIXIEH
Tholz, T BB LU T, HOET 23D 72 1 F1(No.
TR TSHEOLFE XA SN T, TBG DETIMAED
borEZ 5N, TSHEDLA 2R 44 (No.

PCBIEE 2.9 ppb LA T @ 40 % PCB KB FE 5,

3.0 ppb BAED 41 Bl % PCB SBERICS Y, TWER
OFRIEREERE R Y O HESE B L CBRERACHT
RO HHAAE W D W THRE %17 - 72 (Table 3), PCB
R 14 B, ZoiE 26 B, 3R IE 62.3
14.37%, ¥ PCBEEIZ1.93+£0.61ppb TH - 7z,
PCB miBER 2B 134, ZME 284, FHFR I
65.0110.4 1%, ¥ PCB#E 12 5.17+2.30 ppb TH
ofe, WMEEMON, ERHeErRohrofz, TSHE
DO ER% PCBEREEMNIC2H(G.0%), BIBEFS
B (12.2%) L EREHCSWEA2RZD 0, BE
EiRAH oL ot MEEEO T, fE, T, 18, Free T,

3, 4,5, 6)TlE, 2B T, BEBLU T, BEREETDH Table 3 JBSEMRE IC BT 5 BIRIEAE RN &

D LN O FURIRBSEEE TR L £ 2 btz LT, ® & URIRIRH CHURBIEE OB
=00 #»

TSH {E@Jﬁ%u‘u&b?uﬂﬂh, 34% (No. 4, 5, 6) PCB i

EHHRE~ A 70V — A0 ERED, BEEREE No. (%)

3 . R RIS L6 B A 2 [ > ' 0 =2.9 ppb 230ppb
cEzZ N, WEREOPREREREE L2 L /o 40 41
FEEE T, M PCBEED3.0pph U0 b 0

o RO \ TSH EF 1025  1(2.4)
FEDA Y~ IGEwB Y =Y RRT b0y 4 T, ETF 1( 2.5) 0
Bl %o 7z, EF 0 0
HE B 5 1 5 FURIRBAER % & PCB & ol T ‘f;: é( 2.5) X -
%&Z)ﬁ?&)bz, EE%% 81 {@JGZOUBTIHJ‘EP PCB (}}%fg F*T‘; 1&7: 0 0
& TSH f#i, T, f#H, T.{H, Free T, B+ L TBG (& t& 0 1( 2.4)
v OMIBEIZ DV THRET L 7. [ PCB #8 + TSH 8 TBG &r 1025 102.4)
e 4(10.0) 2( 4.9)
=0.0236), B (r=0. , T, 1 (r=
(r=0 6), T, {8 (r=0.0712), T \ﬂ_ (r TGHA 1 2.5 8(19.5)
0.0604), Free T,ff (r=0.0898) & & U' TBGf& MCHA 5(12.5) 9(22.0)
(r=—0.0083) OMICEEE % &7 v T2, Wiz, MM
Table 2 FRIFEEEE 221 MERE
No. Aee Sex TSH T, T, FT, TBG TGHA MCHA Chd PCB  PCB
- A8 pU/ml ng/ml pg/dl ng/dl  pg/ml (X100) (X100) mg/dl ppb pattern
1 5 M 028 09 90 125 26 0 0 272 111 C
2 63 F 20 07 41 .17 10 0 0 241 240 B
3 67 M 39 12 78 101 19 0 0 216 369 BC
4 8 F 44 09 83 108 24 0 256 179 340 B
5 33 F 75 09 68 .00 17 0 64 206 090 B
6 6 F 76 11 81 094 23 4 64 193 420 B

Normal Range, TSH(0.34-3.5); T5(0.8-1.8); T

4(4.6-12.6); F-T,, free T,(0.77-1.93); TBG(12-

30); TGHA, antithyroglobulin hemagglutination antibody(<100); MCHA, antithyroid mi-
crosomal hemagglutination antibody (<100), Chol, total cholesterol(159-219)

(101)
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BB LU TBGEOEENHEEICLER AL T,
BIRIRECDIRZ DWW TR, P e/ a7 ) vk
EPEBERO 1F(2.5%), SEREHD8#1(19.5%)
2R, PCB BBERCH YA 0/ o7y v HAkoH
WOEBICEEETH -7 (P<0.05), Lanl, HE
RIf~ A 70V — APURIEEERED 56 (12.5 %)
WU BEEERIC 9] (22.0 %) LEWEBERD
PEEERASNEDP o,

& -3

PCB & BRERHRE L ORI DWW T IE, EEBHI
PCB ##:5 U 7-8h¥ic IR EERE (T 0 R BRAE 23
HEND I EPMEIN TS, Bastomsky® 137 v
iz PCB (Aroclor 1254) % 4 HiE# 5%, 1 T,
BRE5T % et 1 — T, #RESL I
ETL, BHfeEr LT/ vrzaryBiuess2r
7211 =T, OFEMANEINT 2 2 E 2 FEL T 3,
Fle, 370V -2 WFEL, TVvrarBiEEi
B 5 4 % UDP-glucuronosyltransferase i% % »3 PCB
OBGILY LATZZ P mEINTWEY, T, D
7V a Y EE DT & D HITRAO T, oPEt
gL, M T, EORTFTHAERZRENG tEL 6N
%, &5z, PCBRESICX M T, ﬁ@f&—ﬂiTﬁ
o TSH 4 2R L, I TSHEO EF &
HRBEEOHEMSAD NS Z k#ﬁiénfm

%%, PCB #5727 v < marmoset monkey T
EHRIR S Baia oA, @A, FRER A RaofEds
7 & OFREE LD HRE ST Yo, M TSH
o ERIZEZ2bDEEZONS, LL, PCB O
5z & 2 BURIREARE T o BR AR O k2 A b 1]
Wb DOTHY, BREPLICLIVEET S I LI
HLENTW B9, PCB &5 X 2 FURIROEEEE T, B
& UHBERE ST B0 2BERFHIC L% 21K
HETHY, PCB OHBEFILC L VBT 284D
ZnHAETEEREELO NS,

THIE B I B 1 5 FRERERR o3 2 18 IR
DT, TR IIHERE 16 F5 O 1984 FREEE M EH
E—FRZ W\ THERE 124§ & HBEE 43 5%
L, EEE T, EBL U T, EOEEDC LR %
BH U0, & &z, HiEBE IR BSAETTEE % 4
Bl (3.2 %), HURERHEREETEZ 64 (4.8 %) &

®

(102)

E» 54

7o 28, SEEE AT Z OHEE I 3ERA SN, 1
T PCBEE X TSHIE, T, EBLUT,EOMIZD
MRSz A S ot k7, BRIBEESTAEOKE
TR A vl 0T HREBED 10.5 %, HEH
D4.7%ED, BEEZEZODOBE Y10
a7y YR HESE D - 72,

SO TR, PCB BEBERC S W T RER
WEHATHY A v v 7Y YHROHIR S EE I S8
EThot, WHAarar v skidiEmmRgs
% Graves /7% £ O H CREHE BERIRE B &R
WU, EEAOHBEEEIZ2.0~3.3% tHE2 LT
Z U0 RFUAD BB 3 TR & & HIcH
mu, HEUEOLETERTAX ERESI T Y
29, PCBEEEMERZ BT 3, 4154 8 4]
(19.5%) OHBEE IR D LEZ 515,

PCB oz 28I
51131 ok mitogen RIBEIFE LG 2L,
PCB (Aroclor 1254) &5 L 72 v b Tk
~T concanavalin A ® % \» X pokeweed mitogen iZ
T3 B KBS 13ZEDS 7% n o T2 08, phytohemagglutinin
Xt A RGOEEEED L ERELTWE, 20X
5 7% PCB O&IET 51EMS, PCB MR HER
FBI2EHEQHY A a7 Y IEOHBR I
BELCh2uEEN ELON S,

A v a7y ChEEEE O i TSH E ik
HHERZHENTCEREE L, It TSHEO LE%ED
IV A nsur) SRS T, BRI
BEEETIE MG 2 B S W L OHE A 5N 509,
M+ PCB RBEHOMWERZF B W IHirfasa
TV UHEOHBEENEECE NI L LY, %
HMERE CIRPRIEREORBEFEEE{BET S
PDERHLEEZ NS,

DWW T, Smialowicz

1996 & OERIEME-FRZOZZEDOS 5, [
E0S 5 7o mhifE s E A 81 4% i SR FR AR AR AR
MEETo7, ZOMRE, TSHEOKETE 24 2.5
%)z, LE%TH(8.6%) DI, o, T, E
DETZ 16 1.2%), T,EOET % 14 (1.2
%), £HA%= 161 (1.2%), Free T, {80 LF% 14l
(1.2%) @RIz, 7z, TBGHEDETE 24/(2.5
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%), EE® 66 (7.4%) RDi., FRIFEESTIE
O TR A w77V ke 9 11.1%)
iz, PiRRERY A 7 a0y —AFikE 146 (17.3%)
B iz, M PCBEEHN2.9ppb LT D 40 % & 3.0
ppb LLE® 41 Flliz D v TRIRIRHSEER T B L OUFR
BRECHAEOHREE I DWW T L7z, TSH &, T,
&, T,{#, Free T, (&8 & * TBGHE MR ICES
Hizdno tzh8, [ PCB SBEERICHY I as/ o7
D UHAROBERCSEEOHRERD . Lal, #i
FRER = 4 7 0V — AFR OB IEER TE A
SN olz,
X ik
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1995 - 1996 FEDNBABERRZ ICHE T3 HEER
— ZREWHETOMS PCB#E & B8 EEE X OEEY —

FMRFEFE R ERAE (£ D ERE)
ol RF—RR - 3 # i
BRAFEFEEEREE (EF | NBERAER)
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EXREPRPREREE (EEE E-#%)
JE E -

Dermatological Findings in the Annual Examination of
the Patients with Yusho in 1995-1996

Juichiro Nakavama and Yoshiaki Horl
Department of Devmatology (Divector : Prof Y. Hori), Kyushu University Faculty
of Medicine, Fukuoka 812-82
Shoji TOSHITANI
Department of Dermatology (Divector : Prof S. Toshitani), Fukuoka University Faculty
of Medicine, Fukuoka 814-01
Masakazu AsAHI

Department of Dermatology (Divector : Prof M. Asahi), University of Occupational
and Envivonmental Health, Kitakyushu 807

Abstract We reported the grades of severity of skin symptoms and the blood PCB patterns and
concentrations in Yusho patients who had the annual examinations in 1995 and 1996. The skin
severity grades and the skin severity scores showed the same tendency as recorded in the last 10
years. Yusho patients who were scored as more than 6 « 7 were around 8% of the total patients
both in 1995 and 1996. The correlation between the blood PCB patterns and the severity grades
of skin symptoms was clear. Thus, the mean skin severity scores in patients showing A pattern
were higher than those in patients showing either B or C pattern. The same results were obtained
when the correlation between the blood PCB patterns and the skin severity grades was analyzed.
Patients whose ages were 50~70 years old were found to show the highest blood PCB concentra-
tions and the skin severity scores.

3, SEHRISEEOKEEEE BLUVEEEERS

SO O'E, I PCB %y — > & PCB EE, &8

WIESSELIRIZIE 30 I % 55 L LT w3 FIHED EIEE S I - QMBI O LSz Mg PCB ¥ %

HERZ B T A ERE O KEERIE DWW T OBRE — > REEFEE & OB DWW T e L, %

WRE2 2EFICHE L TE 05 E b 1995 4 & 1996 TERER ok PCB & » FEEEESAHKOW
EOBERRIIOVWTDTF - 2L DO THRET THEEMTL T2,

T Lt & (Z
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1995 « 1996 EFI-H T 2B Rl HREER
SRR \fﬁ;g 1995 4 1996 4
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