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Foreword

Kazuta OGURI

Chief, Study Group for the Therapy
of “Yusho”, the Ministry of Health and Welfare,
and Professor, Division of Pharmaceutical Sciences, Graduate School, Kyushu University

This 17th collection of reports of study on “Yusho” contains papers describing the results of
studies conducted by the members of the Study Group during the past 2 years. In this forward,
the contribution patients made to our Study Group by participating to “Yusho” examination is
greatly appreciated for followup study of “Yusho” even after over 30 years of the outbreak.
Even more impressive is the fact that every member of our group made efforts to help and support
the patients by the medical examination and basic research for these long years.

As a special comment, a previous report from our group on volume 9 in 1983 is introduced in
relation to the recent great attention with endocrine disrupters. The study group for the growth
and sexual maturation in department of pediatrics, Kurume University School of Medicine was
13 patients aged 12 to 15 years of 7 boys and 6 girls. Though no relationship between the blood
PCB level and the growth or sexual maturation was noted in the study, further need of the
observation has been commented for some signs in girls. An additional item on the effect of
causal agents of “Yusho” as endocrine disrupters is a recent weighty concern in our group.

1968 FEDMAEFEAE LIRS TIZ 31 2 L £ U7z, 1969 ££12, 13 U TR S 28 M R MESE D5
L CHiRE N, ZhLIRE 2 FFRIC T I N T & RS TiiE & PCB B9 219t sh5Ed, H1THEEZHZ 2
WKEDE L, 2O, MEE2H > TEHLOARPHEZ EMRCEEboTIonE Lz, WEL X Eh», ED
IO REERHSLND DD, PYHICHEE TH>THEPVOETHHREL O, FARKS 2 LiIck > THEIIR
BT 200, BESAOBERELKE DD, MBS L BN U7 JINYE O35 F 5 a4 25k L <7
b, FEHEROMB OO SN TE E Lz, FERWEOEND S OFRMORED 2 1k % OREH I DOV T
IR O o TEE Lz, BESADOENTHD, HEEEFFRIHEOARETH b 2 MEDORARREEIL, Ba
BROERINTOERA, LorL, ZNETO, MEEEHFTEOS AL, MERES AORMIINH->TIZHD
3o TEF L, HEREIISEH L BIRRER O BRI ZE#E, K774 7 LTZB2L RIS TEEE
SARESTYH, BREAOEEICHTINLEBIXZC > TEEHFZE T, 2, ZOHRICX, I OME
GRS, BEEEBOBEROER 21X U &£ LT, WEWses, EEMEZ 2 hoEMRS LT, 30 4
M CEMERAFEL T, ZNZTLORRICSAS D LLINO ENR2 cRERHIEHERL T2 L, T4b
b RIHORZ PMEOBRBRICB VT, FEOFERREELGSNEWERHZHE - TE ¥ EFHZ LT,

(1)
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FITERFHFT B, TNE TORHREDHEICZN S  Lix - T & 2 INEE R MEREIIEICB T %
—HLIHLOMEN S EECTHET.,

22T, Z02EM, WEZIDE RIICH > LB OB TN THE S BN H D £, NWEELE W
DOIEERNVELD I DI AXF Y VERBETONTE LI ETY. BEEWD 2 IZERIVICB W TEED
5NN WHEELERABHECL H2DTROUNICOVTORETY., ZORMEICEE#EL T, 3T, 1983 FEDil
FEHREEE 9 S [THEBVLORER « ZXEEFHE] LEL CREND D £ 3. UROHRREERZT/NIEHC B WL
TREBBET OMER L —FRZ2ZZ L2 bO/NRIE7 v 7r — VHEL2 LT, FHROE & ZREMOFHRA
DB OVTHEES NI b DOTT, HKBEIFMER LIEFR L DMIZEZE2RD ahrolc L ENTHET, T O
2, MEROEBTICBVT, HbE VEELHD SNV LW I HE L LRICVEREEERSZ WS 2 WIdBIROFH
BRADEENHEDONT EVIMEDH B L HFIHEINTHET, £/, WERO RS, YRR 2 st
ENTBTHTOHE LT, BIE1HIORBIBEIERIEC & 2 MEFFE 2RO THEE TR 280 20 EFE
ENTVET, FHFREED L ZICHEMD 2 IZALIRITH - ERICET 2 BEYHOEER 77—y T3, &2
AWML, A F VT DNV TR 578 A4 F 3 ERTIE, BE»S 20 FRORE L LT, MBEGLEXO
W o B L BPERNCE S EENT EOMIBHESNE LTz, FA 43y X 2WMETICE 2 525
NEZHEPANETLEB I o T LW EBNLRETT, L I222, RAEZOREEZI LT, GE TR
o EBFIC BT BB OWTIE SN E Lz, 1978 £ 5 1985 EF Clc iz 137 ADBFEADHE
WERNRTOLTOHENRICE L Gholt b SNTWET., FEHELT, F14FY U, EMETBLWTO
ZEEHD RIS, BURICHILICEEZRIZT I ERBVHDEFEINTWET., 20X, TET 2HES
HENRZRIIZBEWT, bOEOMERESA»SEETNEBTFIAZOHHIZ L EEND OB EEINE T,
INETHESNTOBEVDOTIIRL, DLARHESNIYBFICBVWTEEREZ DD SRS L5 R TIE A5
72k5TY. COXIBRTHLIZLS, HEINTWSE I NS TTOT, bIEOMESEGC BT 2 A
DL U CTHNIME I E LD 2 RUMEEBTTOORTWE T,

MESEHOFEAELCR T CIc 31 FA R L THRITINETHEITEIE, FULOTFEZRBRNIEZ 2 LI WTE
EORMEIRVE > THZ LI, WD T, ZOMEHEPMBNER 2IZEAEBITIERIEHLTCELZD
WTIcE, EFEHICES CFEELTISNEHBDO R OFEOTE» SICH» 2 £ 2ABKREVEREAS>TVWS
RETT.
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Evaluation of Dermatological Symptoms of Yusho Patients
in the Annual Examination in 1997-1998

Juichiro NAKAYAMA and Shoji TOSHITANI

Department of Devmatology (Director : Prof. J. Nakayama),
Fukuoka University School of Medicine, Fukuoka 814-0180

Masakazu AsAHI

Department of Dermatology (Director : Prof. M. Asahi),
University of Occupational and Environmental Health, Kitakyushu 807 -8555

Masutaka FURUE

Department of Dermatology (Divector : Prof. M. Furue),
Kyushu University Faculty of Medicine, Fukuoka 812-8582

Abstract We analyzed the severity grades of the skin symptoms of Yusho patients who visited
the annual examinations in 1997 and 1998. The severity grades of the skin symptoms clearly
improved. The patients graded as 0 I-II increased and those graded as II III-III decreased as

compared to the data in 1993 and 1994.

The skin severity scores did not change much, although
the patients who showed 0 or 1 reached more than 609 in both 1997 and 1998.

The blood PCB

concentration of Yusho patients also clearly decreased, especially in the patients who showed “A”

pattern.

x L ®» I

1997 4 & 1998 LI M S N7 HEBE O—FF
MZRIC B % EFEROFTRIC OV T E L D7D T
W3 5. SEIOMED KRHER S & Uit PCB #
L OMBED SN S, 4~5ERDOT —5 &g
LT & o FEELEEORENR, B XUt PCB
DANRY =BT BEEERTPHASrER ST, T
kbb, MHERE CHBRNRE S KMEREEL TE
7o ASY — > DBETH EEEROBR & & b

O PCBREEDOH S » K THEERS NIz, KEE
ROFEEFEFTC OV TEETOETHAREZ, U
L&Y, HEREO KR OFHI S BRI 2 &0 Sk
L7z, 2O VfERAETLI VDO TR WP EFHZ
Y v

1997 - 1998 £FEICH T 2RBBER

2R

1997 FEOZZHEIL 89 % (BN 334, LM 564,
W87 &M KRR Z B & (Il th PCB 4 £ #l 58),
1998 FEFEIX 80 & (M 33 44, LM 474, W79 &0
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T224 (25.3%), WEETUH 17.7%) & 93
FEB LU Y FEICE NS 2l IERL, 3612
I -OH2VIBINIZHEINTHARITHEETIIH
(21.8%), 98 FEET 16 4 (20. 3 %) & [FABRICHA & 2>
BHEEINER LIS TH D, Iz, 97 FE, BEEICE
FAIMH 20N SHES izl zhzh 114
(12.6 %), 124 (15.2%) & 934, 94 FRICHEK
NERRWAER LI, MEOT =55, WERH
D R R O BIEEE I HRIT & 5 IR L T 5 LS
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2\ TEEES SRR T, 9T F£E, 98 FED
T—8 BHDEAFEBI0 - 1 OFIRZENZN62.1%,

ool RER
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10%BINL 7z, T abb, WiE, EFERSIZEA
EH 5N WIEFIAE SICHEINL TWw» 2 2 L AVRE X
niz.

mes PCB/$% —>, PCB g REELREE L DM
£33

1997 £ B X 18 1998 4 o e g o I PCB
Ry —>OHFEIE, £31CRTTELA, B, BC,
BLUC KT = DTN HHERLS DK E K E L
EboTugwn, LnrLass, i PCB /Sy —> &
SRS EEE OBt 2 A2 £, ANXY —> T3, 1995
FEEH DI 1996 EFED T — 59 LR L Ty, BiE
E1H25WIFIOLENIS gL, MoLEs
FZHIZEA LT3, Tbb, £BFEOIMH PCB /¢
7 — AL T vy, B S e B RFRER OR R
BHOND LW HADA ST,

F412&IMF PCB /XY —> L Ifih PCB & B &
UK S ERE S S OMEE 2R, wiho iy —

xR JYEEEE
ERE 1993 4 1994 4F 1997 4F 1998 4£
E%g\\\\~ Bl (%) Bl (%) % (%) B (%)
0 41(47.7) 37(47.4) 34(39.0) 36(45.6)
0 I 7 4 13 8
1 4(12.7) 7(14.1) 9(25.3) 6(17.7)
1 0 2 1 7 3
I 0( 2.3) 2( 3.8) 12(21.8) 13(20.8)
I I 21 18 8 9
I 8(33.7) 6(30.8) 3(12.6) 3(15.2)
m v 3 3 1 1
v &35) 0(3@ “11) O(L$
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R JYEEEES SR
\\\\\\\ffﬂi 1993 4F 1994 4F 1997 4 1998 4
BE B (%) BIE (%) B (%) BIE (%)
0-1 51(59.3) 41(52.6) 54(62.1) 52(65.8)
2 -3 21(24.4) 18(23.1) 21(24.1) 14(17.7)
4 -5 7(8.1) 11(14.1) 7( 8.0) 8(10.1)
6+ 7 4( 4.7 4(5.1) 3(3.4) 4(5.1)
8+ 9 3( 3.5) 3( 3.8) 1(1.1) 1( 1.3)
10~13 0 1(1.3) 1(1.1) 0C 0
14~ 0 0 0o 0 0C 0
=i 86 78 87 79
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B 12 2 5 0 0 19 B 13 1 2 0 0 16
(63.2) (10.5) (26.3) (0 (0) (81.3) (6.3 (12.5 (0 (0)
1 1 2 0 0 4 1 0 1 0 0
B Cown mo e © 0 BC wo o w0 o o] 2
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C e wy wy o o |2 C w0 me we o o |2
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B C 4 2.65 2.00 B C 2 2.24 2.00
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4 ~5ERTDT —5 L ZMBERERERZ L1 o7,
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1997 FFRE B K UF 1998 41 0D HiE g —FriRae i
&5 nre KB ER O Fll 217w, e CEBHEmFO
PCB /%% —> 3 & OF PCB ¥ & OMEIEIC D WvwT D
T %187, SEOFEER LY, TFEOEZFER
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ETRHsNE, LwSfkEnzeiiz, 72720, &8%
TOINF PCB /8% — > OZALIZFD Sz h o 1z,

£ (Bl DMRBIRFIZ G S A7z R REIR DL EE D Rl 12
BWT, AXFOR 1 WCRT I EL, HEFEEE T
0 « I~ OIENHS EEEMEZERLI » MI~IIO
WERHS MET2RLTEY, 22 2EMDEE
EROBRZ ZDF R L T, —F, HEEERE

Bl s D E, KXPOXR2ITRT L, 934E
B, MEFEHBELTHIZLEALEBREDONZ N,
Thbb, HEDEMEROEBPIE U CRHfikok
ENEIEEREBCRT L) HEY Trahieh,
Z DFFHETCIFIAE DO IEH R U 72 JE TR 0O 3l A3
FEBRNCIZTERWIRIL L 85 T b, iz 25l
YRR L, 4 & OIHEED FZERER OHERS % § - 72
B o FHl T 2RISR w2 L Bbh s, FART
b 2H, WEEREOFEEROBIRY &, HiE - BiE
KB OB, WA, EEt (REOEE, F—A8
WEOERZ L) CLIZ>72bDTHRVWE S IED
na, &7, BEHEOFEEELL DY, EEHHED K
JEEER T 13 72\ 28 IR0 7 D fhod RS I b 55
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Serum Immunoglobulin Concentrations and
Autoantibodies in Patients with Yusho

Hiroshi Tsuj, Takaaki Hiranasni Hisanobu OGATA and Masatoshi Fujisniva

Second Department of Internal Medicine (Director : Prof. M. Fujishima),
Faculty of Medicine, Kyushu University 60, Fukuoka 812-8582, Japan

Abstract To evaluate chronic immune effects of polychlorinated biphenyl (PCB), serum im-
munoglobulin concentrations and autoantibodies were studied in 79 patients with Yusho in 1997.
Serum levels of immunoglobulin A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM)
were elevated in 10 cases (12.7%), 19 cases (24.19%) and 7 cases (8.9%), respectively.
Autoatibodies were present in some patients of Yusho; 10 cases (12.7%) for rheumatoid factor
and 36 cases (45.6%) for antinuclear antibody. LE factor was not detected. There were no
significant correlations between blood PCB concentrations and serum immunoglobulin concentra-
tions, or presence of autoantibodies. We conclude that antinuclear antibody in patients with
Yusho is frequent, although it may not be associated with blood PCB concentration.

x L & (2

1968 4£ 4 H tH X Y, polychlorinated biphenyls
(PCB) IBAZ A4 A4 A VERIUZ X D LI % Hul
WCFEAE U ToUE T, F8E U0 EREGI O AT 7z
BLTHELZ OREPIRE SN TWLBY, MHREFKEDR
20 R, IFh PCB IR KT U2 i &M
REERIIERL Tw 5, Lo L, EEFICBWTX
BN D PCB ENS 2B <, i PCB ORI X
WE IS NS — o AN DEYY, 7z, PCB
X0 &5y E% b O polychrorinated diben-
zofuran (PCDF) OENERE b s H 9,
HHHBICEITL Cwd LfEESNS.

B2 IIEFSAE 28 0D 1996 HF B4R ] W JHE— 7
MZIcB W, Iff PCB BE S EEOMIESRE Tl
Hir 4 v a7 ) CHRO KR 2 EEE I8, HE
BEWC BT 2 RS ORE S HEI S 72, R
BRI23B T PCB % %\ ix PCDF 2 X 2 %% O fufishk

12

BEDEENRE SN TV B0, JEBE DR RRET
2 B W THRIEEESIZ O W T OHE D72 v, 2[E
oz, MERFCBWTREI a7 ) vB L UERE
HOPUAERE L, MERERYE ORERERRIC T3 2
TP D W TS L 7z,

MRE IV HE

1997 4F B b W E — P iRae & 5232 U, Sefspknem
HICFBENF SN T9 B2 RE & Lz, 1997 43
ABEORMBESMERERE 634D 11.7%T
bHotz, WERFEOWNRIZFME 25 6, Zi: 54 T,
SR 63.3112.5 1% (29-88 %) Tdho 7.

W2 OWNA XA, BUERE, RIGRE, ¥R
R, MR, FRIMBRGREERE, RIEMBRE, REL
SR, MOy > by vk, LEMB & OIEEEE
PRRE R & X0 2D, B FETh o2 BRI IT - 2.
TEHERERMEL & L TS u 7)) v IgA, IgG B L O
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An Epidemiologic Examination on the Prevalence of the Periodontal Diseases
and Oral Pigmentation in Yusho Patients in 1998

M

Isamu HasnicucHI, Kazuhiro FURUKAWA and Akifumi AKAMINE

Department of Operative Dentistry and Endodontology,
Faculty of Dentistry (Divector : Prof. A. Akamine)
Kyushu University, Fukuoka 812-8582

Hiroshi Fukuyama
Department of Oral Pathology (Director : Prof. H. Fukuyama)
Kyushu Dental College, Kitakyushu, Fukuoka 803 -8580
Hidehiko OKUMURA
Okumura Dental Clinic, Nagasaki

Abstract An epidemiologic examination was carried out to reveal the prevalence of the per-
iodontal diseases and oral pigmentation in patients with Yusho 30 years after PCBs exposure.

The results obtained were as follows.

1) 69 patients out of 71 patients with Yusho, who were measured periodontal pocket depth
using Ramfjord’ methods, had at least one tooth with periodontal pocket deeper than 3 mm.
Similarly, 241 teeth out of a total 348 examined teeth showed periodontal pocket with more than
3 mm depth.

2) Oral pigmentation was observed in 46 out of 79 patients with Yusho. In this study, gingival
pigmentation was most predominant among oral pigmentation. In addition, it is of particular

interest that oral pigmentation tended to be observed at a much higher frequency in younger
patients with Yusho.
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Site Specific Difference of PCB Concentration in the Skin Derived Sebum
and Collection of Excreted Sebum with Commercial Sebum-remover Sheet

Masahisa WATANABE, Fumihide OcawA and Ichiro KATAYAMA

Department of Dermatology, Nagasaki university School of Medicine
Sakamoto 1-7-1, Nagasaki 852-8501

Yuka TOKUSUE

Nagasaki Prefectual Institute of Public Health and Environmental Science
Nameshi 1-9-5, Nagasaki 852-8061

Abstract The PCB concentrations in the sebum of Yusho patients showed a site specific difference.

It

was higher in the sebum derived from the chest (1128.0+374.1 ng/g), the upper arm (1460.0 +350.7 ng/g)
and the femur (1456.0+488.5 ng/g) than from the forehead (758.0+233.7 ng/g) and the upper back skin

(638.04+165.3 ng/g).

To remove PCB in the sebum, a sebum-remover sheet was applied on the femur of

two patients. During the four times of application, the mean amounts of removed sebun was 10.5 mg and
28.3 mg respectively. These results are unsatisfactory for practical treatment of Yusho patient.
However, this approach seems to be safe and convenient and modification to collect large scale of sebum

from the skin is required.
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L7z, COMEZ 1EZ Lz 4 ERELT. Tz
kD, y—hrERFs I EIET O PCB EE 2H
BHET 2 ERARWRETHL I ENHBELOT
CRFEFET—2%), WEOWLED 1 8% 12K g PCB
BERED:ZDO 7 VI —VERET- 72,

4) WEHE D 7 a—ViEROREENE, REHS, 77
fii] & MBI DV TCRLHR L 72 HEED ICHE L TIT - e,

Fle, Y—hMZOWTY, =¥/ —VTHHLEZDSL,
RO HECHE ST,
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54 DBEA O FEIEH PCBIEE 2% 1 2R3,
#h, Fhi, KERo PCBIEBEZ, wiE, L hF
B LA LT, &7z, BIEID ¥ — N DALE %Z1T -
7oEBE (F1TOER 2 LEF4) O EIRFNES X
CERBDOUE D 5 1 HBEO 7 )V a—ViERIC & 2 g
P PCBIRERK2IWCRT. 5B, 24 by — MR
AL DT, FEEL & ORIBUERIZFED sz o Tz,

% E S

M 6 FOBEI BT, HHERE O KPEHh O PCB
BEE, A—fTIZE—E72EaEns I LNRg
nNTwa, Fiz, S EZIADKIEF O PCB #E %l
ELIEZ A, TIhZFhN692.7ng/g & 633.3ng/g T,
ZICB T 2 PCBIRENEREIE T L CWwWW, £
DFEIFH10% T, XFETHREALHRL T, FiEE
OPCBOWEIEFICHt s Tw2 Z e VERS L
729, IS DEE Y, EEENS WEE I KHE
BCAT 2 % IR R b i, I PCB %k
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ET2FREL AT 3RS D B EF 2, ¥
fEZWET 2y — b OFREERN T2 2 L,
%3, 5ADEHETHAFIO PCB R 2 HE L 7z
£ 2%, MR, bk, KEEOZhiE, #iE, Ll
LTERI EEL Tz, 20BN, HidE
e LIE T, ERAWSEEA BTz, M
PCBHEMETL T2 HEEELHEZ oD, FERZ
NI TIE, 7ha—LERICE > TSRS
SeNeBMERRI L D oz, L Lads, S
10em @S DY — b ZMiftd 270, WG LT
RER(EIZEA T, ZOREE, EIROREE, 7V
I HRIC R TEE D S B TH - 1208, FER
2TIHAT L IcrEhDIEsOERAENT, Y — b
ZIIUHICES LIKOREDPHEEL 72 & 2 DiEO/K
R EWELTWALATRRE D F 2 5, SEBRRETL
TWwERW, i, ER4 T, 1ET L, FE
DT 2 EAS D> 72, BERTR, RIEST9HE
MEhnizw L Bbhss, 3HEHE 4 EHIZIZIE
FETHY, LEETEEICZE>anERERT
W3 EEZE, WEOHRRIE 1ER T WO TR
whrtBbhs, B, —EHOWBEIRRMT, Ei§oOH
Bk, BRI ASNEro7h, & SR
blzoIGER, LRAToHEORE LT %
DERH D EEBDbIS,
EEICEINEE SN S PCB ORI, 1EbHZD D
FeHgs % 20 mg, PCB#E % 1000 ng/g £ 9% &, 20
ng lZ/x %, Zhik, #EFEHoO PCBHRIEE? Ok X 2
30~6043D 1 THY, ZhoOHTHER PCB &k
LD I B ERFFVEL, LrLahs, KA

Table 1 PCB concentration in sebum at various areas.

el [EES & Ja i PN

(g, M) | RReE S | PCBRE | KiEER | PCBRE | KiRE & | PCBRE | iRfgEE | PCBE | KiEE R | PCBIRE
(mg) | (ng/g)

1(73, %) 1.7 | 1000 1.5 880 1.6 | 1500 1.6 | 1700 0.9 | 1800
2 (74,%)| 6.5 820 6.3 650 3.4 | 1100 1.3 | 1000 1.6 | 1500
3(86,%)| 5.4 900 3.1 680 1.9 1100 1.4 | 1300 1.4 780
4(70,20) | 1.7 400 1.5 440 0.7 540 0.8 | 1400 0.4 | 1800
5(7,5)| 2.2 670 1.4 540 0.8 1400 0.5 | 1900 0.5 900

Ty 3.5 758.0 2.8 638.0( 1.7 | 1128.0] 1.1 1460.0| 1.0 | 1356.0
Rz | 2.3 233.7| 2.1 165.3| 1.1 374.11 0.5 350.7| 0.5 488.5
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Table 2 Amount of sebum removed by sebum
remover sheet.

fhER (mg)

BRE 1%L FERI 2 FER 4

1 10.5 50.0

2 4.0 25.5

3 24.7 18.1

4 2.6 19.5

) 10.5 28.3
PCBigHE (ng/g) 2700 750

ATV 2 HEEHZEZHNEDT, SHBMEZ T3
7edDHER, BHOZEMLRFELR EOE»S b

MEfLTwE 7z,
Ei| i

a2z sl b, KRR ¥ — b ZlfEBIE 7278
EEA F > 7 TUIGEHT, A TRICER L 7.

¥ o O A

1E 344

X [N

1) EHZE—ER, B5im=, By &  PCB G4
X{ERDEEZT PCB I DWW T, EIFEMAEAED
Pk 19 £ 100-101, 1981,

2)  REERERE, SEEL, mEREE, FIIELF, 7
FREESE, ARHFRIE, MRS, SEETRISE, HE &,
EETE, SRR av 2T 5 3 U5 & B uE
JRAYE O #FE R~ QP MR DK 24, &R EFE
82 1 317-325, 1991.

3) Ohgami T, Watanabe M and Tanaka K:
Polychlorinated biphenyls (PCBs) and polychlor-
inated quaterphenyls (PCQs) concentrations in skin
surface lipids and blood of patients with Yusho.
Fukuoka Acta Med 84 : 212-216, 1993.

4)  HPE—, FIEETF, EHHEKREE, AMLT,
PR, AR D FEAE, I T polychlorinated
biphenyls (PCBs), polychlorinated quaterphenyls

(PCQs) WELD LLBARES, fHIHEEE 86 © 202-206,
1995,
5 WEHEA, HPE—, Rl st pieth PCB

U DR & FHIZH), @R REE
1997,

85 1 205-206,

(ZfF 1999—3—18)
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Association between the Results of Blood Test and Blood PCB Level of Chronic
Yusho Patients Twenty Five Years after the Outbreak

Shoji Tokunaca and Yoshio HIROTA
Department of Public Health, Faculty of Medicine, Kyushu University, Fukuoka 812-8582
Kyoichiro KATAOKA
Fukuoka Institute of Health and Envivonmental Sciences, Fukuoka 818-0135

Abstract A cross-sectional study on the association between the results of blood test and the blood
concentration of PCB was conducted on the chronic Yusho patients.

The subjects were 265 Yusho patients (134 men and 131 women) who received the annual nationwide
health examination for Yusho in 1993. The results of the blood test and questionnaire survey at the
annual health examination were used for the analyses using ANCOVA. Serum levels of triglycerides,
total cholesterol, GOT, GPT, y-GTP, total bilirubin, and conjugated bilirubin were associated with the
blood concentration of PCB adjusting for sex, age, drinking habit, smoking habit and body mass index
(BMI). Because the distribution of the serum levels was strongly skewed to the right except that of serum
concentration of total cholesterol, they were log transformed to approximate to the Normal distribution.

The association between age and the blood concentration of PCB was significant (P <0.001), although
the associations of sex, drinking habit, smoking habit and BMI to the blood concentration of PCB were
not significant. With the adjustment for sex, age, drinking habit, smoking habit and BMI, the serum
concentrations of triglycerides and total cholesterol were significantly associated with the blood PCB
level expressed by log. (blood concentration of PCB in ppb + 1) (P=0.02 and P<0.001, respectively).
The associations of serum levels of GOT, GPT, y-GTP, total bilirubin and conjugated bilirubin to the
PCB level were not significant.

The results of this study suggests the need of careful observation on the serum lipids of Yusho
patients, especially those with high concentration of blood PCB, because the serum concentrations of total
cholesterol and triglycerides are prominent risk factors of heart diseases.

S0, s, M %A:ﬂvxrn—zws)m GOT K&

kLo = P GPTY IO W CRIXIFIEFEOFP TH - 7-.
THE B O RMREE I DWW T, —BEFEA L D Dk &?&E%%cz%fﬁ%&%%ﬁﬁﬁ aiiies!

BTOL Or ORI ER I T 5, iED BN

A
B S RO,

A AT R G A3
M E YV E > OFD b 5

(17)

PCB ¥/ & ORh# L, T iR ic > v TN
SNTW2, HHEAMEHICBWT, MG EEIEES & i
T PCBEEDOMICEELEDOBENRWIEIATH
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29, ZOIEDOBEIZMESE D & 20 F % f 72 1988
EoeEF—REZZZHE LBV T HRES AL TW
2230 UL, FERICHSN, yvGTP, &Y
VEY, EEEYIVE Y LM PCB IR & OB IR
BHETE o729,
RIFFETIMER A 25 TR Tb Iz, 1993 F4
Eiff 222 L REREERRE L, MIERE
% EOFRRAEME (PR, B v X7 a—n,
GOT, GPT, y-GTP, 8tV L EY, BEHEEYLE
V) WZDOWT, FHERTFORREMED & 2 HR O FH I
B 70 H 6 [ PCB i & OBS# % F~ Tz,

X8R HE

1993 FE D e E— B ZZE L 312 N (B/ %« -
143/169) Th - 7z, Z D OFEEHRFE 276 A (137/139)
5, [fiiH PCB N REHOZE 2RV 7z 265 A (134/
131) ZEFTONRE £ LTz,

M PCB ¥ & OBS# % F7 01, [MiE e
fifi, I3 v A7 a—1L, GOT, GPT, y-GTP,
MEDLEY, HECYLE YD T OOEKBREMET
b3, TS DOMREEILFE—ORAEREIC L DHElE S
NiebDTH2, I PCBIEEIRZ0D % £ T HH
IEBER AT TH, M IEPEIL o779,
TR R O trend P OFHEOERIE 1 %202 T4k
ZHaL 7 % v, SEEIEEBE RO, 1 28
CCEH UL, MiEEa v 27 o —1 Do BIZEK

AR WRE D BRSO NIle®, SEEE{T- 7z,

SE—RZE, S, T, SOEEE, BEEHE,
Body Mass Index (BMI) @7 —% %15, FHEERK &
U7z, HEEHENT E 8ot x v, LRl o SR
M (Bo 2 #H), Fi GERER), PEEE (K
TPEAE U+ A & BARARIE O 2 fE), BUEETE (12
JEEFEATE U + iR SR & B/ D 2 i), BMI(GEfiZE
B ELTHEIET vicED .

HINZE O TR & Z D 5% EFXHE OH I
H7z-> T, 1 PCB ¥ (ppb) 1, <2, 2+, 4+,
54, 84+®dD5 Vv ~ULIZXSsr L7z, Mith PCB R 2
ppb i D # 7 I ) — % reference category & L 7z
Y =R ERET 5FIC LD, it PCB #EE 2 ppb
KGDAT TN —&Z2DMMDH 7T TY —HTEEHWE
BOFIETIHEOZE ZME L T2,

MAEHLEEY 7 b = 712 1% Stata Ver 5.0 %
7210, BUE 1B TAKYE 0.05 CHiliE 2175 72,

& X

IR 265 N (5B 134, 13D O Y g
(range) 1% 60.5(23-86) &K THhH -7z, F 11zl PCB
W L RITIC V7 BB OB = 2R, I
d1 PCB B O 113 3.95 ppb T, fx T 31 ppb T
Holz, MIEHEREN, MERa2 VAT a—rodR
i (5th-95th percentile) (mg/dL) &, ZhZh
99 (48-236), 203 (150-257) T, ZHIF—REEEAD

Table 1 Summary statistics of blood concentration of PCB and serum levels of
triglycerides, total cholesterol, GOT, GPT, y-GTP, total bilirubin and
conjugated bilirubin. 909§ confidence range shows the range between 5th

and 95th percentiles.

Variable name Mean 909 confidence Range
range

Blood PCB (ppb) 3.95 1-11 0§-31

Triglycerides (mg/dL) 101.7 + 48-236 36-540
Total cholesterol (mg/dL) 202.1 150-257 109-350
GOT 23.4 F 15-40 13-145
GPT 18.2 & 9-40 6-202
y-GTP 17.7 7-71 5-183
Total bilirubin + 0.3-1.3 0.2-2.3
Conjugated bilirubin + 0.1-0.5 0.1-0.7

+ Calculated with log. (PCB+1).
+ Geometric mean.
§ Under the level of detection.
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Uy, FEE2ER T GOT b, IFEA LM
90%) OXRFIFEFEHFADOHFICH > 7z,

MAPCBEELSA 7 AT A NIZET2HEE LD
B 2% 2 12" d. Efidint PCBIRE L FELIE
OB ZR L (P<0.001) 25, 1, fRESE, B2
B, BMIICOW TR ARLBEENED sivkro
7z,

FEAR AL E & i PCB REE & ofE %2 5% 3 LUK
1, 2R3, MG L ERa v A7 e —u
XM PCBIRE E ERE R IEOBES R sz (i
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WD A 7 T — (reference category) & 8 ppb LAED
HT I —CTHEREMSRVWIZ S (P<0.01). 1M
W3 v A 71— )L Tl reference category & % 0D
AT T) =L DEFVWTNOIEETH- (P<
0.05 X1 P<0.01).

% 5=

K#FgeTix GOT, GPT, y-GTP, eV vE >,
EHEEYLVEIZOWTRINF PCBIRE Lt DBEER
EE S e ho7e b DD, MiEHHEIEN KOG
Wav2yo—) el PCBERE & OIcAE L IE
OE#EN R WwIZ sl (Fhzh, P=0.02, P<
0.001). 8T X, M PCBgED 2 7 I
Y —7%% 8 ppb A £ T RN OZALIZE» T,
fih PCB £ 8 bbp A LD A 7 TV — i 2 ppb K

Table 2 The blood concentration of PCB and lifestyle characteristics (mean and its 959 Cl, or %).

PCB N (%) % Men Age Alcohol Smoking Body mass index
(pph) use (%) (%) (kg/m?)

<2 34 (12.9) 35.3 50.3 (44.4 to 56.3) 41.2 34.4 22.6 (21.4 to 23.7)
2+ 81 (30.6) 50.6 57.7 (54.9 to 60.6) 30.9 25.0 23.2 (22.5t023.9)
4+ 56 (21.1) 53.6 62.2 (59.8 to 64.5) 41.1 23.6 22.8 (22.0 to 23.6)
5+ 62 (23.4) 51.6 65.6 (63.4 to 67.8) 37.1 21.0 22.6 (21.9 to 23.4)
8+ 32 (12.1) 59.4 65.7 (62.4 to 68.9) 53.1 28.1 22.6 (21.6 to 23.7)
p* 0.10 <0.001 0.19 0.46 0.47

*Cuzick’s Wilcoxon-type test for trend.

Table 3 Adjusted means of serum levels of triglycerides, total cholesterol, GOT, GPT, y-GTP, total
bilirubin, and conjugated bilirubin, and the results of test of trend associated with natural

logarithms of (blood concentration of PCB in ppb +1).

Mean values and test of trend were

adjusted for sex, age, drinking habit, smoking habit, and body mass index.

PCB Triglycerides Total GOT + GPT + y-GTP + Total  Conjugated
level (mg/dL) + cholesterol bilirubin + bilirubin +

(ppb) (mg/dL)

<28 88 185 26 21 19 0.69 0.22
2+ 103 202* 23 18 18 0.63 0.19
4+ 98 202* 23 18 18 0.68 0.20
5+ 98 208** 23 17 17 0.64 0.20
8+ 128** 212** 26 20 19 0.70 0.22
P+ 0.02 <0.001 0.28 0.20 0.44 0.36 0.19

*Significantly different from the reference value at P<(.05.
**Significantly different from the reference value at P<(.01.

§ The reference category.
+ Geometric mean.

+ P for trend associated with log. (PCB (ppb) +1).

(19)
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Means and their 959 CI of serum concentra-
tion of triglycerides (mg/dL) according to
PCB category (ppb) adjusted for sex, age,
drinking habit, smoking habit and body

mass index.
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Fig. Means and their 959% CI of serum concentra-
tion of total cholesterol (mg/dL) according
to PCB category (ppb) adjusted for sex, age,
drinking habit, smoking habit and body

mass index.
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Effect of Protoporphyrin on Digestive Tract
Absorption of Dioxins in Rats

Kunimasa MoriTa, Takahiko MATSUEDA
and Takao Iipa

Fukuoka Institute of Health and Environmental
Sciences, Fukuoka 818-0135, Japan

Abstract This paper presents the fecal excretion of polychlorinated dibenzo-p-dioxin (PCDD)
congeners, and polychlorinated dibenzofuran (PCDF) congeners in male rats fed a diet containing
0.5% disodiumprotoporphyrin (PPNa) or 0.5% hemin. The animals were administered 4g of
0.59% PPNa or 0.595 hemin diet containing 0.5ml of the causal rice-bran oil of Yusho that had
occurred in the Southwest part of Japan in 1968 and kept on the same diet for five days. The
fecal excretion of 2,3,7,8-T,CDD and 2,3,4,7,8-P;CDF in the group fed with 0.59§ PPNa were 2.1
and 1.9 times higher, respectively, than that in the group fed with a control diet. Hemin did not
show any significant effect on the inhibition of absorption of dioxins.

Next, the rats were given a diet containing 0.59% PPNa or 0.595 Hemin for four weeks after
a week interval from the day of the causal rice-bran oil administration. The fecal excretion of
2,3,7,8-T,CDD and 2,3,4,7,8-P;CDF in the group fed with 0.59 PPNa were stimulated 2.1 times
higher, respectively, than that in the group fed with a control diet. Hemin did not show any

significant effect on the inhibition of re-absorption of dioxins.
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HHObDORMHA L, Table 112, FEEGHEICHEL
TERLISA A F Y VHHOWERRT.

NFYY, TNy, JuuiRkiVh, XF /=),
vrzuuxyy, K@k YT A, Ta) PNk
FIEMEE (b)) MO RGN 2 L 7., HER
RV 7 IVIZHEIEER 10 g WK 5ml ZHIZ TR L
TEML, A7 #7380 Kieselgel 60 (70~230
mesh) 85 g Mz, EVEE-Ob—EHELIZHD
ZHWT, ZOMOBEE RS 2 L7,

2. BHEER

Zv MEe7 vy 7EHE (R » 5 Wistar RiEEZ v +
ZHEAL, 7y FOHOH YA >, I %7 (Harper
ficé), E% 3> (Harper Bi&) 1&4 VU x> & VEERE
(BR) #x Wi,

FER-1 (BIPEMHEIERR) 7 v M2 1FE4EE LT 3HE
2431, Table 2 IR HARR, 0.5% 70 bRV T 4
D RERT0.5% N3 v BEE 27, 5 AEFHEE
%, —HHR S, TNTNOMER 4 g WIHERK 7 4
AF AN 0.5ml ZEHIMLUCHEEY 147gDT v Mzl
B U7, SRR see B B (5 D),
glEfis, FUHRICS HEEE L2, 7 v M
=Y 1EFO AN, BELKIEHICG 2, 3

X5 HO2ERIRL, T0°CT—REzE L ERZE L2,

FhE-2 (FRINEIEER) 7y M2 1EE4IRE LT
3FEIZ T, Table 3 W RTEAREZL 272, 5 HIEF
HEE R, — AR S, EARE 4 g WWHERRK 7 1 2
AAN0.5ml ZHRMLUTHEENI2IgD Ty vzl
mH#S U7, SRR sEe Bl ES B 708 (R 5 Kef),
Flafix, MUEARTTHEAB L., SHE»S
3B HET, ERAHICEEARREFEHix52, 70
FRNVZ 4D RN VEICIE0.5%7 0 ~ Ry
T4V VRRU0.5% N v ERE 2, Ty Miaft
- 1Ly OAN, BEEEAKIHBIZSZ .
28 HO 2L, 70°CT— Rz L ER 2 FE L
7z,

3. ERDFMAFLUHEOEE

WIIMEON 7 ABHEE S I AN, VY7 ALV —
HHZEAE2HWT, ZooRVva—X% /— (211,
v/v)150~300 ml < 10 Kb U7z, SR 1359 5 ml

Table 1 Concentrations of PCDD and PCDF in
the rice-bran oil of Yusho

ng/ml
2,3,7,8-T,CDD 0.51
1,2,3,7,8-P;CDD 6.9
1,2,3,4,7,8-H,CDD 5.1
1,2,3,6,7,8-H,CDD 31.4
1,2,3,7,8,9-H,CDD 22.4
1,2,3,4,6,7,8-H,CDD 121.7
2,3,7,8-T,CDF 458.7
1,2,3,7,8-P;CDF 506.9
2,3,4,7,8-P;CDF 802.4
1,2,3,4,7,8-H,CDF 752.3
1,2,3,6,7,8-H;CDF 117.8
2,3,4,6,7,8-H;CDF 205.1
1,2,3,4,6,7,8-H,CDF 294.4
1,2,3,4,7,8,9-H,CDF 15.4

Table 2 Composition of diet (%, experiment 1)

Components Basal diet Protoporphyrin diet Hemin diet
Sucrose 65 64.5 64.5
Casein 20 20 20
Corn oil 5 5 5
Cellulose 5 5 5
Mineral mixture 4 4 4
Vitamin mixture 0.85 0.85 0.85
Choline chloride 0.15 0.15 0.15
Protoporphyrin — 0.5 —
Hemin - — 0.5
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FTCEMEL, 700 R NVATOmI CER L. ¥4 4
F Y UEHOERIITEDOIHHI 2 ~40 ml % 10 ml D
B RO 50 mlELE IC & D IREE L2, h
12 BC D 4~ 7 HALE O N & 200 pg J OF 8
AR % 400 pg BRINL, 1IN AKB{EH YV v A2y ) —

VR 1 ~10ml 22\ T—&KT7 VA V53R L Tz,

ZHICAFF > 2~10ml, K 0.5~5ml ZHNZIEE S
BHH L2, €51, ~NF > 2~10ml T2 \EHH
B, ~FHUEEK]I~5ml THEL, ERE2~10
ml T5 BB L7z, ZONFH VR 0.8 g DIYEE
WV AT NVAH T A (Tmme) IHAL, ~F¥ 8
ml TEH L, EHEZ 1ml ICiBfE L7z, $5120.6¢g
D7aV)PNh T A (Tmme) IZHFNFH > 4ml %
ML, Ty rzua Xy > 8ml TYA A4 F v V%
WH Uz WHIEEZE L, 2 9> 15 pl 22 30RHE
ELT. AT Fy VAL aH R SP-2331 O
FrtEITV—H 74 (0.32mmx30m) 2HEEFL
GC-MS (HEWLETT PACKARD 5890-FINNIGAN
MAT-90) % F\v>CoMifaE 7000 123 E L T Selected
Ion Monitoring (SIM) #%:CTERL 2.

4. HEEHniE

B GEHH OVEDOZ OMIE X Student-t 7 A b2
LoTT-o72.

X R B R
1. RRAHOMHERE, FERUVEERCRE
we

GEHHRR X Table 2 RO 3 WA L 512, 71 bR
W74 ) RN R THIEL, 20120
MR E 3B bRI—Ic Lz, ZORE, E-1 08
&, 7a b BT 4 ) RN S O SRHERGR,
RERINE R R ERIIERBR LN TERE R ER
B SN hotz (Tabled), -2 O%E, 7o b
RV T 4 ) RN OB IR AR & N
THEERR U7z, STRHEBIGE R OREINE T EA R
FHELrUENTEEREZEREO SNk >7 (Tableb).

2. FA4FF P HEOETHMICRIET IO FEL

T4 RUENIDOMR

HWHERK 7 4 24 A V#5855 A0 54 4 %> >
HoF PPt & % Table6lic w37, HAEBHOD
2,3,7,8-tetrachlorodibenzo-p-dioxin (T,CDD) ®O#E
MEEIREED 5.2% Th>7z. —FH, 70 bRV T 4
U UREIR SR D 10.9% A3k S, BEARTE & H
T 2.1 f50¥M»FED stz (p<0.05). 71 bRV
7 4 ) UREOPRIE AR £ FENT, 1,2,3,7,8-
pentachlorodibenzo-p-dioxin (PsCDD) 231.7 f%,
1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (HsCDD)

Table 3 Composition of diet (%, experiment 2)

Components Basal diet Protoporphyrin diet  Hemin diet
Sucrose 70 69.5 69.5
Casein 20 20 20
Corn oil 5 5 5
Mineral mixture 4 4 4
Vitamin mixture 0.85 0.85 0.85
Choline chloride 0.15 0.15 0.15
Protoporphyrin — 0.5 —
Hemin — — 0.5

Table 4 Effect of diet on food intake, body weight gain and feces
weight of rats (experiment 1)

Diet Food intake Body weight gain Feces weight
(g/5days) (g/5days) (g/5days)
Basal diet 97.6+ 5.1 51.1+ 4.7 5.3+0.4
0.5% Protoporphyrin 102.1+ 4.7 54.1+ 4.1 5.940.4
0.5% Hemin 88.4+13.0 44.1+ 8.3 6.0+1.2

Values represent the mean + S. D. for four rats.
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N1.46%, 1,2,3,6,7,8-H,CDD »81.4 13,

1,2,3,7,8,9-HCDD »81.5%%, 1,2,3,4,6,7,8-he-
ptachlorodibenzo-p-dioxin (H,CDD) 231.1 fZic#g
L7z, Fig. 1ICEARBFRCET 270 bRV T 4 Y
YEED YA A F v EHOPEM R 2R, PCDF 0%
&, Tu bRV T 4 ) CEOPREIZERRRE LA
<, 2,3,7,8tetrachlorodibenzofuran (T,CDF) 2% 3.6
&, 1,2,3,7,8-pentachlorodibenzofuran (P;CDF) %
2.71%, 2,3,4,7,8-P;CDF »81.9f%, 1,2,3,4,7,8-
hexachlorodibenzofuran (H;CDF) #%1.8 f&,

1,2,3,6,7,8-Hs,CDF »3 1.7 %, 2,3,4,6,7,8-H,CDF
M1.465, 1,2,3,4,6,7,8-heptachlorodibenzofuran
(H,CDF) 28 1.1 fFiesghnL 7z, —H, NS VB0 5 A
¥ ¥ ORI R IFEARTICOT L TERRZE TR

B oMotz (Table 6),

3. SA4FFHEOBIUCRIEFT A FRLT 1

) DR

Table 6 IZ/R UeHERKNT 4 A4 4 V%545 H
O 2 R L F 2 5 &, —RIERIFIZS A
A ¥y VB ERHCEINL TG L 72RO BB TRIX
KX, EABHOHA, 6 O PCDD T50.5~
94.8%, 87 ® PCDF T 48.5~99.3%TH -7z, &
A X F ¥ VHEOMEERIIN RIZT Fa v R 7 4 )
Y ORIRERNPIFETER L., T2bb, Fa bR
VT 4 ) EEOIER AT T 2 BIHIEIEE = [ (EA
BEEORIEE— 71 N BRIV T 4 ) EEORINEK) /FAR
AFOWINFEX100] #5H T2 &, 2,3,7,8-T,CDD
796.1%, 1,2,3,7,8-P;CDD #39.4%, 1,2,3,4,7,8-

Table 5 Effect of diet on food intake, body weight gain and feces
weight of rats (experiment 2)

Diet Food intake Body weight gain Feces weight
(g/28days) (g/28days) (g/28days)
Basal diet 540.1+38.2 162.0+21.6 10.4%0.9
0.5% Protoporphyrin 580.3+37.7 174.1+16.8 13.7£1.5%
0.5% Hemin 532.6+30.5 150.3+ 8.2 19.8+1.2¢%

Values represent the mean + S. D. for four rats.

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

Table 6 Effect of protoporphyrin and hemin on fecal excretion of PCDD and PCDF in rats (experi-

ment 1)
Excretion (% of dose)

Basal 0.59% Protoporphyrin 0.59% Hemin
2,3,7,8-T,CDD 5.2+ 1.1 10.94+3.6° 6.2+ 0.1
1,2,3,7,8-P;CDD 11.7+ 4.7 20.0+5.8 14.4+ 3.7
1,2,3,4,7,8-H,CDD 26.5+ 8.6 35.8+5.3 28.5+10.1
1,2,3,6,7,8-H;CDD 26.9+ 8.9 38.0+8.3 24.7+ 6.5
1,2,3,7,8,9-H,CDD 34.2+ 8.8 49.6+6.0° 33.94+ 6.1
1,2,3,4,6,7,8-H,CDD 49.5+ 8.8 53.7+5.1 35.6+10.5
2,3,7,8-T,CDF 0.7+ 0.2 2.5+0.8% 0.8+ 0.4
1,2,3,7,8-P;CDF 5.9+ 2.3 15.6+4.1% 6.6+ 2.3
2,3,4,7,8-P;CDF 10.8+ 5.0 20.6+5.5" 12.5+ 4.5
1,2,3,4,7,8-H,CDF 18.6+ 5.4 34.2+5.7* 21.0+ 6.0
1,2,3,6,7,8-H,CDF 23.8+ 8.0 40.6+5.8° 27.2+ 4.6
2,3,4,6,7,8-H;CDF 31.5+ 8.3 44 .5+7.9 31.6+ 9.0
1,2,3,4,6,7,8-H,CDF 33.2+ 5.6 35.9+3.8 24.8+ 7.5
1,2,3,4,7,8,9-H,CDF 51.5+13.7 51.1+8.1 33.6+ 8.8

Values represent the mean + S. D. for four rats.

a) Significantly different from basal diet group (p<0.01).
b) Significantly different from basal diet group (p<0.05).

(25)
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Fig. 1 Effect of protoporphyrin diet on fecal excretion ratio of PCDD and

PCDF in rats (experiment 1)
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H,CDD #'12.7%, 1,2,3,6,7,8-H;CDD 28 15.3%,
1,2,3,7,8,9-H,CDD #%23.4%, 1,2,3,4,6,7,8-H,
CDD #88.3%, & &2, 2,3,7,8-T,CDF #»51.8%,
1,2,3,7,8-P;CDF #$10.3%, 2,3,4,7,8-P,CDF %
11.0%,1,2,3,4,7,8-H;CDF #319.2%,1,2,3,6,7,8-
HCDF #822.0%, 2,3,4,6,7,8-HsCDF #319.0%,
1,2,3,4,6,7,8-H,CDF 2 4.0% ThH - 7=,

4, FA4XF EOBRIMFEICRIEFT 70 bR

W74 P RUNIVOHRE

HWHERA Z 4 A4 A V5% 8 HH» S 35 HET
28 HREID &' A 4 F v HEOFEF HE R 2 Table 7 12
RY. BEAREEED 2,3,7,8-T,CDD O#Et & 13 58
D11%Th-otz, 7 bRV T7 4 ) UETRESRE
D 2.3% RS 1, FARFE L AT 2.1 Fo8n
B SN (p<0.05). Fa bR 7 4 ) VOB
R AR L R, 1,2,3,7,8-P,CDD 28 2.1
%, 1,2,3,4,7,8-H,CDD 1.6 f%, 1,2,3,6,7,8-H,
CDD #81.9f%, 1,2,3,7,8,9-H,CDD %5 1.8 f,
1,2,3,4,6,7,8-H,CDD 28 1.2 f5ic ¥4 m L 7z. Fig. 2
WCHARRCHT 2 70 bRV T 4 ) VDY A F F
v VEOPEMREER 2 RS, PCDF 04, 7o kR
7 4 ) UREOPRM R IFEARRRE L T 2,3,7,8-T,
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CDF #81.3f%, 1,2,3,7,8-P,CDF »81.5 {5,
2,3,4,7,8-PsCDF 28 2.1f%, 1,2,3,4,7,8-HsCDF 73
2.01%, 1,2,3,6,7,8-H;CDF »31.8 %, 2,3,4,6,7,8-
H,CDF »31.5f%, 1,2,3,4,6,7,8-H,CDF #81.1
&%, 1,2,3,4,7,8,9-H,CDF 3 1.3 2L 7z, —
F, NI UEOYA Ay VHEOPRE IIEARTIC
U THEEZZEIRD Shishrolz (Table 7).

% =

AT ML BERERLD, S144FY 8D
B S OIRICRIZmD TEwEFEZz 55, PRI
ENTSA A F Y IR RGBSR ICER L,
—EHFH O, R, SRS &b IHEIEENA
P& h, smhAfhtahTtws eEzons, Al
B3 2,3,7,8-T,CDD QAW H 430113 5.8 FE &
WHEESNTWBEY, 2wz, 1 HY72002,3,7,8-T,
CDD OFAN O EIIENEEE DR 0.03% & &
Hbons.,

SHE»S 35 H%T®2,3,7,8T,CDD 4t
BEARFENRSED 1.1% (0.04%/day), 7o bK
W74 ) CESERERD 2.3% (0.08%/day) THY,
7a bRV T 4 ) CERIERATE LR T 2.1 508k

Table 7 Effect of protoporhyrin and hemin on fecal excretion of PCDD and PCDF in rats (experi-

ment 2)
Excretion (% of dose)

Basal 0.59% Protoporphyrin 0.59% Hemin
2,3,7,8-T,CDD 1.1+0.8 2.3+10.4° 2.0+1.8
1,2,3,7,8-PsCDD 1.1+0.2 2.34+0.5% 1.6£0.6
1,2,3,4,7,8-H,CDD 1.5£0.2 2.3+0.5° 1.5£0.7
1,2,3,6,7,8-H;CDD 1.1£0.2 2.1+0.5* 1.1£0.4
1,2,3,7,8,9-H,CDD 1.5%£0.3 2.7£0.7° 1.7£1.0
1,2,3,4,6,7,8-H,CDD 2.6+0.8 3.2+1.5 1.9£1.0
2,3,7,8-T,CDF 0.006+0.002 0.008+0.001 0.004+0.001
1,2,3,7,8-P;CDF 0.036+0.011 0.067+0.014 0.025+0.010
2,3,4,7,8-P;CDF 0.2940.05 0.614+0.1% 0.364+0.1
1,2,3,4,7,8-HsCDF 0.70+0.08 1.4+0.4% 0.68+0.3
1,2,3,6,7,8-H,CDF 0.74%+0.09 1.3+0.3° 0.67+0.2
2,3,4,6,7,8-H;CDF 0.68+0.1 1.0£0.3% 0.57%+0.2
1,2,3,4,6,7,8-H,CDF 1.8+0.6 1.940.8 1.3£0.8
1,2,3,4,7,8,9-H,CDF 1.7£0.4 2.3+0.9 1.1£0.7

Values represent the mean + S. D. for four rats.

a) Significantly different from basal diet group (p<0.01).
b) Significantly different from basal diet group (p<0.05).

(27)
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Fig. 2 Effect of protoporphyrin diet on fecal excretion ratio of PCDD and

PCDF in rats (experiment 2)

(28)
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HEEHIFED Stz (p<0.05), AT <, 2,3,4,7,8-P;
CDF o#Rit I3 EARBEHESRE =D 0.29% (0.01%/
day), 7”2 bRV 740 YHEEPE SR D0.61%
(0.02%/day) TH bV, 7o bRV 7 4 ) VEIZEAR
HrhH~xc21Fo8MEM»ED 5l (p<
0.01). TOZEMD, PR MRV T 4 V) T4 A+
¥ VBEOFRIN EIIEIL, HNICER LS A4 F v
YOI 2R T 2, BEEER L L CORR
DD 5Tz,

Hilc, BYSHEZEEL Iy b RHWTS A4y
SHEOPIINFNT & 2 HEMEEIC D W TG L 72,
KapHHEZIZ O WAE, I AL, BJ¥, JI3),
PO AM, ICACA, INE, KE, FyY, a—
v, REOMHMEELLRTY A 4 F v VEDPEHE DR
TSRS Stz 7Fa F BV 7 4 ) OFIFREKah
WHEDGE kT 2 &, kb @iiEEo1,2,3,7,8-
P,CDD, 1,2,3,6,7,8-H,CDD, 1,2,3,7,8,9-H,CDD
K& 1,2,3,4,6,7,8-H,CDD o#RtE X, #hZhi
L8O 21.5~24.1%, 44.2~46.9%, 58.0~60.0%,
74.1~76.5% THh-o7=Dicxt LY, 7a bRV 7 4
VEENEN T NG ED 20.0%, 38.0%, 49.6%,
53.7% Th oz, 7ua bR 7 1) VR HkHE
HELObFPCBEWEZR L, &1, KaniliE
o2,3,7,8-T,CDF, 2,3,4,7,8-P;CDF,
1,2,3,4,7,8-H,CDF } 1°1,2,3,4,6,7,8-H,CDF o
PEltEE, Th2n#5 80 8.3%, 19.8%, 40.8%,
72.9%TH->7-DITxL?, 7a bRV 7 4 ) VD
ThZehHERD 2.5%, 20.6%, 34.2%, 35.9%T
botz. a bRV T 4 ) VX 2,3,4,7,8-PsCDF
ZEROTRAPBHEIE L D DI DBV EER L 72,
Lirl, 70 rELVT 40 VB (0.5%) ORSRITK
RPHEHERE (10%) D 1/20 TH o722 s, 70 b
RIVT 4 ) KR RHEL DL T4 Ry V%
YRR T 2 I REE R R L T W» B,

Za bRV T 4 ) VRN IEADENICELET
A TH S, M 7e bRV 74D YEIF
0.0~19.5 gg/dl, ~ 3 >H&IZ 450~750 mg/dl 4376 L
TWwb 7z, ZOERNERER EMEICHET 2 2 LN
WrEzohndd, FubRLV7 4 ) rRIBETRS
O 60~T0%RBINEND EFZ 5N TVREY, &5
WA Y RUANLOHIBE L LCHIE S -0 b,
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B O E ) Ve DR L U TRKOIEHH
CHE S B, F A & F v SRR A I ST A PR
RET 27 DICHEENTY A 4 F v VRS D
Z0IEEEEHRERRL, #HPricktsns DT,
ZNEGEPRIN ST, BNHETOEEZTRn
EREENL, SO MRV T 4 ) v ORISR
60~70%CThs. ZhWwz, SHE»S B HETDOS
o bRV T 4 ) CHOPEERIZ T v b OBEENICHE
Hanis A 42y O I —EeHz 0N, ik
DPEIEHED 72 0 DBIEMET Lz b D EBbh 3,

&

=&
A

HEERESGTHAL 7O IRV T 4 D)V EANITIZDON
T, 7y b EHWT, 44 F ¥ CEORIIH & F
WA R 2 BRI D W THRES L 7z,

1) 0.5% 71 FRVT 4 ) CEEFIEARTICHTL
<, 2,3,7,8-T,CDD, 1,2,3,7,8-P,CDD,
1,2,3,4,7,8-H,CDD, 1,2,3,6,7,8-H;CDD,
1,2,3,7,8,9-H,CDD % ©*1,2,3,4,6,7,8-H,CDD ®
W% ZnEFn 6.1, 9.4, 12.7, 15.3, 23.4, 8.3%H
HL, #EHcEAFN2.1, 1.7, 1.4, 1.4, 1.5, 1.1
EOPHBE NSRS & Tz, [k, 0.5% 7T kRv
740 VHEEARRLILRT, 2,3,7,8-T,CDF,
1,2,3,7,8-P;CDF, 2,3,4,7,8-P,CDF, 1,2,3,4,7,8-
H,CDF, 1,2,3,6,7,8-H,CDF, 2,3,4,6,7,8-H,CDF
K1 1,2,3,4,6,7,8-H,CDF ORI % Zh 2 1.8,
10.3, 11.0, 19.2, 22.0, 19.0, 4.0%3MH L, Fhuz
Fhzh36 2.7, 1.9, 1.8, 1.7, 1.4, 1.1 50Dk
WEEIIAFED & iz,

2) 0.5% 70 bRV T7 4 ) VS A A FY M
OFEIN = MH L, EARR L H~NT2,3,7,8-T,
CDhD, 1,2,3,7,8-P,CDD, 1,2,3,4,7,8-H,CDD,
1,2,3,6,7,8-H,CDD, 1,2,3,7,8,9-H,CDD & t*
1,2,3,4,6,7,8-H,CDD # # . £ . 2.1, 2.1, 1.6,
1.9, 1.8 RO 1.2 5% < HRMtfEE L 72, & 512, 0.5%
Tu bRV T 4 ) CEEIERBRE L HANT2,3,7,8-
T,CDF, 1,2,3,7,8-P,CDF, 2,3,4,7,8-P;CDF,
1,2,3,4,7,8-H,CDF, 1,2,3,6,7,8-H,CDF,
2,3,4,6,7,8-H,CDF, 1,2,3,4,6,7,8-H,CDF & &%
1,2,3,4,7,8,9-H,CDF 2 # h 21 1.3, 1.5, 2.1,
2.0, 1.8, 1.5, 1.1 KU 1.34%% < HRltEHEL 72,
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Effect of Green Vegetable on Digestive Tract Absorption of Polychlorinated
Dibenzo-p-dioxins and Polychlorinated Dibenzofurans in Rats

Kunimasa MoriTa, Takahiko MATSUEDA and Takao IipA

Fukuoka Institute of Health and Environmental Sciences,
Fukuoka 818-0135, Japan

Abstract The effect green vegetable on fecal excretion of polychlorinated dibenzo-p-dioxin (PCDD)
congeners and polychlorinated dibenzofuran (PCDF) congeners was examined in male rats. The rats
were administered 109§ vegetable diets or a basal diet containing 0.2 ml of the causal rice-bran oil of
Yusho that had occurred in the Southwest part of Japan in 1968 and kept on the same diet for five days.
The fecal excretion of 2,3,7,8-T,CDD and 2,3,4,7,8-P;CDF in the group fed with Komatsuna, Mitsuba,
Spinach and Perilla were 7.6~11.6 and 6.5~9.4 times higher, respectively, than that in the group fed with
a basal diet. The fecal excretion of 2,3,7,8-T,CDD and 2,3,4,7,8-P;CDF in the group fed with Kale,
Chinese chive, Shungiku, Chingentsuai, Green lettus and Sweet pepper were 3.3~4.8 and 4.3~4.5 times
higher, respectively, than that in the basal group. The fecal excretion of 2,3,7,8-T,CDD and 2,3,4,7,8-P;
CDF in the group fed with Chinese cabbage, Broccoli, Onion, Welsh onion, Cabbage and Celery were 1.6
~3.0 and 1.2~1.3 times higher, respectively, than that in the basal group. A correlation between
Chllophyll consumption and fecal excretion of PCDD and PCDF congeners was highly significant (p<
0.01).

Next, we investigated the fecal excretion of PCDD and PCDF congeners from day 8 to day 35 in rats
administered with 0.5 ml of the rice oil. The fecal excretion of 2,3,7,8-T,CDD and 2,3,4,7,8-P;CDF in the
group fed with Perilla, Kale and Spinach were 3.1~4.9 and 3.0~3.6 times higher, respectively, than that
in the basal group. The presents results suggest that the green vegetables might be useful in treatment
of humans exposed to PCDD and PCDF congeners.

B L o - Prfisn, EERA PRSI THRS, 14 F v >

PCDD KU PCDF (¥4 4 F & »4H) 13T 3 BEAfA
FEo o ET 2 MR RBEERMETH L. Th
ZAZ, B 2R L OIS L, ARICERS
na. Frz, 2,37, 8 fLCHERPEBR LA 4 F
YA S e <, A AR O 4%
HIHEHIE 5 L E L HE SN TR 29, 21D 2,
—MDADINW, T, EIHERE, RE»sMETH
DM SN2 ARNICER L1251 4 F > 8
&, I —EAET-C R 2 U TR UEEE NI

B & B ANDREFREEEFLIET 27201213, Bk
HO YA 4 F ¥ VR E N TRIENHEIL, Ak~
ORI % KD 28 2 B4E0 T EERFET 3
ZEDBRETHD, Flo, TTCRIAA Ty TR
TNl TR L L, HEENCHRI Iz A &
F ¥ VHEOBBI R IFRINCEIT 2 2 sk, &
WERE 2D S8 2 HFEERRERT 2 2 EVRETH
5.
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FIEF I D W TRRET LT,

ES - S -

1. RERM#
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fta iz, 16 EEOTR I AGEKTE S L1,
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Ucts, BERZEBIC AN, 60°CT—REZMEL /2.
NEBELARRESE 2> THIEL, YV A7 VDT Y
r— ZHRE L T,

Z v b OFRNZEHI L 72 ERE 2 A 24 A Vi
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FER-1 (RN 5ER) 68 Veod Wistar RHfET v + %
1F£ 4 PUics31F, Table 2 IR T HEAR L 10% DB
BERG5 27, 5 HEPHEAER, —RGRsE, IR
RFERCI6EEOTFEHDO 7 v+ (CEARERN 151
g) i ZzhZhofik 4 g MfEFEKNZ 4 A4 1 v
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75 M), Blsfis, FUCAMRCS HMME
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GHEWS 272, k5 HAORBIL, 70°CT—/ i
B ERE R L.
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% 1BE4AVEIZ5T, Table 2 ORI EARR2 G 27,
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JRR S A 24 AV 0.5ml ZEHALTF v b CEERE
#1105 )2 1 [EHR S L, 51& & EARTT HIHEGE

Table 1 Concentrations of PCDD and PCDF in
the rice-bran oil of Yusho.

ng/ml
2,3,7,8-T,CDD 0.51
1,2,3,7,8-P;CDD 6.9
1,2,3,4,7,8-H,CDD 5.1
1,2,3,6,7,8-H,CDD 31.4
1,2,3,7,8,9-H,CDD 22.4
1,2,3,4,6,7,8-H,CDD 121.7
1,2,3,4,6,7,8,9-OsCDD 73.9
2,3,7,8-T,CDF 458.7
1,2,3,7,8-P;CDF 506.9
2,3,4,7,8-P;CDF 802.4
1,2,3,4,7,83-H,CDF 752.3
1,2,3,6,7,8-Hs,CDF 117.8
1,2,3,7,8,9-H;,CDF 10.9
2,3,4,6,7,8-H,CDF 205.1
1,2,3,4,6,7,8-H,CDF 294 .4
1,2,3,4,7,8,9-H,CDF 15.4
1,2,3,4,6,7,8,9-OsCDF 34.7

Table 2 Composition of diet (%)

Basal diet Vegetable diet
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
Vegetable — 10
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Table 3 Effect of vegetable diet on food intake, body weight gain and fecal data of rats (experiment

1).
Diet Food intake Body weight gain  Feces weight Fat in feces
(g/5days) (g/5days) (g/5days) (g/5days)
Basal diet 96.2+5.5 50.6+5.7 1.1+0.2 0.23+0.06
109 Komatsuna 101.7£2.9 56.5+6.6 4.5+0.6% 0.68+0.08?
1094 Mitsuba 103.3+3.7 56.044.3 3.6+0.9% 0.60+0.04*
1094 Spinach 101.6x=7.0 52.44+3.1 3.6+0.7% 0.60+0.16*
1094 Perilla 101.0£5.4 52.1+£2.8 3.564£0.7¢ 0.57£0.09*
109% Kale 103.7+£2.7 57.6+4.1 4.2+0.2° 0.60+0.10*
1094 Chinese chive 104.8+2.4 59.8+£4.2 3.56+0.3% 0.60+0.11%
1094 Shungiku 103.8+3.1 59.644.0 3.7+0.4% 0.54+0.05*
1094 Chingentsuai 102.2+4.3 50.9+2.4 4.2+1.1 0.56+£0.11%
1096 Green lettuce 101.4£2.1 51.0£2.2 3.2+0.5% 0.41£0.08
1094 Sweet pepper 101.5£5.9 56.615.3 3.8+0.7% 0.55%0.16
1094 Chinese cabbage 103.0%5.3 55.3%5.5 4.1+0.5% 0.3140.03
109§ Broccoli 102.2+7.0 57.2+8.4 2.8+1.0 0.48+0.13
109 Onion 105.1+1.7 58.6+1.9 2.2+0.1° 0.2940.08
1096 Welsh onion 98.4+4.4 57.0x3.4 2.2+0.6% 0.33%0.06
1094 Cabbage 104.0+£3.7 56.614.6 3.0+0.4% 0.2240.04
109 Celery 103.4+2.4 55.4+4.7 3.240.9° 0.28+0.09

Values represent the mean + S.D. for four rats.

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

Table 4 Effect of vegetable diet on food intake, body weight gain and feces weight of

rats (experiment 2)

Diet Food intake Body weight gain Feces weight
(g/28days) (g/28days) (g/28days)
Basal diet 540.1+38.2 162.0+21.6 10.44+0.9
1094 Perilla 585.7+39.0 187.0+10.8 31.7+3.2%
109% Kale 555.6+39.3 165.6+23.7 30.0+3.9%
109 Spinach 607.2+ 8.8 196.4+ 9.3 30.6+£3.7¢

Values represent the mean + S.D. for four rats.

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

XY R ) — S 1.3~1.7 L 7z,
1,2,3,6,7,8-H,CDD Okt & 13 FARFEN R 5 5
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B, FUTrvYA, V=¥ AR —< VN
2.6~3.4f%, A, 7uvyal) —, AFXKT F Y
BEDY1.1~1.9 gL 7z,

1,2,3,7,8,9-HCDD O#it i d EARR N 5.5
D16.1%TH-> DI LT, A, D, 1Z9
NAE, HU%, 77—, 26, B, F>7 94,
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RO —< N 1.2~1.41%, AF, 7ovyal)—,



OB & A A F v O PR 175

Table 5 Effect of vegetable diet on fecal excretion of PCDD in rats (experiment 1)

Excretion (% of dose)

Diet 2,3,7,8- 1,2,3,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8-
T,CDD P;CDD H,CDD H,CDD
Basal diet 1.6£0.2 4.8%+0.5 12.4+£1.7 15.2+£2.6
1096 Komatsuna 16.4+9.6 37.7£2.2° 75.6%£9.8% 67.6+1.1%
1096 Mitsuba 18.3+8.1 35.3£1.1° 62.9£6.3" 64.6+£4.8"
1094 Spinach 12.0x£5.4 27.2+6.6% 56.6+9.8% 57.8+7.1*
1094 Perilla 15.6+3.4% 24.7+4.6% 46.7+7.6% 44.8+6.8*
109% Kale 7.0£2.2 22.3+4.7° 57.7+5.2° 52.3+5.1°
109 Chinese chive 6.9£0.3" 20.5£2.6" 51.3£6.6" 49.6+£3.6"
1094 Shungiku 7.0£2.3 20.8+4.0% 52.4+9.4% 50.3+4.4*
1094 Chingentsuai 5.2+0.7% 18.7£5.6 46.6+5.8% 45.4+6.5%
109 Green lettuce 7.5+4.6 17.6+4.9 45.0+4.6% 46.8+7.8%
109 Sweet pepper 7.1+£2.1 17.2+3.0° 37.2+£7.1°% 39.3£5.4%
1094 Chinese cabbage 4.7x1.5 10.5%=4.6 32.4+7.9* 29.1£6.3%
109§ Broccoli 3.3+0.6" 9.6x2.9 24.9+6.4% 26.04+5.3
1094 Onion 3.6£0.7° 5.5+1.6 16.4+3.5 14.44+3.9
109 Welsh onion 3.5£0.8" 5.0£2.0 16.4+2.9 16.3+4.9
1094 Cabbage 3.0%£1.3 5.520.8 20.6+2.3% 19.54+2.2
109 Celery 2.6£0.7 5.4%0.4 16.3%£3.9 15.1£4.2
D Excretion (% of dose)
tet 1,2,3,7,8,9-H,CDD 1,2,3,4,6,7,8-H,CDD 1,2,3,4,6,7,8,9-OsCDD
Basal diet 16.1£7.9 39.8+3.1 68.5+8.6
1096 Komatsuna 77.3£0.8% 81.8+2.1% 93.6%3.2°%
1096 Mitsuba 72.8+8.4% 80.5%6.2° 91.7£9.3"
10% Spinach 73.5210.0° 80.8+8.5° 90.8+4.6°
10% Perilla 58.246.5° 73.5411.4° 82.4+7.9
10% Kale 71.8+7.3° 80.5+4.1° 88.9+4.4°
1094 Chinese chive 65.3+3.5% 75.9+3.2% 94.8+3.4%
10% Shungiku 62.9£12.7° 76.5+3.6° 94.246.1°
10% Chingentsuai 62.6+7.6° 75.5+5.9° 94.7+6.3°
1096 Green lettuce 60.2+8.3% 73.4+5.8% 94.3+£7.8%
1096 Sweet pepper 53.0+6.3% 68.3+3.1% 90.0+3.5%
1094 Chinese cabbage 46.1+8.8% 61.8+9.1% 81.5+11.8
1096 Broccoli 38.3+6.4% 54.4%+7.3 78.84+8.3
1094 Onion 26.0£5.0 40.1£3.7 71.7+7.8
109 Welsh onion 28.7£6.7 47.6%9.1 72.8£13.0
1094 Cabbage 30.1£3.9 44.4£5.9 65.4£9.1
109 Celery 22.0%+5.1 37.5+11.3 62.0+17.8
Values represent the mean + S.D. for four rats.
a) Significantly different from basal diet group (p<0.01).
TeEREROAFEN1.1~1.2 5L 72, ROHCZHMN9.4~12.3F5, 77—, €5, HH,
PSR L A AR O PCDF HRtt &I DWW THN S FUF YA, TNV VY ARV E—~ VEER
L, AR 2,3,7,8 tetrachlorodibenzofuran (T, 4.2~7.915, XK, 7aval)—, LihE, ¥Rk
CDF) O#HMEIZHREED 0.15% ThHh->7zDIZw L e ) —FEN 1.3~2.7 fFicsginL 7.
T, IMAER OB DIEEEN 17.0~18.7 {5, 15O AT 1,2,3,7,8-pentachlorodibenzofuran (P;CDF) ®#k

(35)
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Table 6 Effect of vegetable diet on fecal excretion of PCDF in rats (experiment 1)

Excretion (% of dose)

Diet 2,3,7,8- 1,2,3,7,8- 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8-
T,CDF P;CDF P;CDF H;CDF H;CDF
Basal diet 0.15+0.09 1.6x£0.2 3.7£0.4 14.2+1.0 17.2+1.9
1096 Komatsuna 2.4840.29* 20.8+1.1% 35.041.4% 54.9£0.8% 66.2+8.9%
1096 Mitsuba 2.72+0.97 22.3£2.9° 34.2£2.4° 52.6£3.2° 65.6£7.1°
1094 Spinach 1.80%1.37 17.9%£6.9 26.3+7.5% 57.2+2.0% 57.5+8.9*
1094 Perilla 1.37£0.51* 13.6+3.1% 24.2+5.0% 51.4+6.6% 54.0+8.6%
109 Kale 0.60£0.32 9.7£2.7% 20.1£3.5% 55.444.5% 56.1+£5.7%
109§ Chinese chive 0.80+0.12% 10.3+0.8% 19.4+1.9% 44 .0£0.3% 50.4+5.3%
1094 Shungiku 0.65+0.19* 10.3+1.8% 18.7+3.4% 46.7+2.9* 53.5+3.0%
1094 Chingentsuai 0.69+0.36 8.9£2.8 17.2+5.6 50.0+3.4% 50.2+7.7%
1094 Green lettuce 0.81+0.53 8.6+£2.4% 16.5+4.6 46.7+6.3% 45.1£2.7%
1096 Sweet pepper 1.154+0.27* 8.7£2.0° 16.0+2.8" 29.7£1.9° 41.0£6.4"
1096 Chinese cabbage (.25+0.17 4.6x3.3 8.8+4.4% 30.7+4.3% 30.61x8.1
109§ Broccoli 0.37%0.25 4.2+2.1 8.2+12.7 21.6+1.6% 30.3+3.3%
1094 Onion 0.37£0.16 2.7+1.0 4.8+1.2 12.2+1.1 18.4+1.6
1096 Welsh onion 0.19£0.14 1.84£0.8 4.44+1.8 16.1+1.4 22.6£3.7
1094 Cabbage 0.15%x0.06 1.9£0.1 4.3%20.3 20.9+2.1% 21.6x2.7
109 Celery 0.39%+0.16 2.4%0.6 4.3%20.4 15.5+4.4 19.3£3.5
Excretion (9% of dose)
Diet 1,2,3,7,8 9~ 2,3,4,6,7,8- 1,2,3,4,6,7,8- 1,2,3,4789- 1,2,3,4,6,7,8,9-
H;CDF H;CDF H,CDF H,CDF OsCDF
Basal diet 27.1£2.6 19.3+2.8 30.4£1.7 35.1£3.2 63.7£6.9
109% Komatsuna 46.1+2.0* 76.8+1.4% 59.0£2.3" 82.3£1.4° 96.7£3.2°
109% Mitsuba 42 .6+3.6% 72.2+5.7% 58.6+3.0% 83.0+7.5% 100.5+9.2%
1094 Spinach 53.4+2.9* 66.0+4.2% 60.2+5.3% 77.2+5.5% 94.3+8.7%
1094 Perilla 50.6+7.1% 56.8+8.9% 55.7+6.7% 65.3+9.5% 86.9+6.7%
109 Kale 55.3£2.0° 63.5£5.5" 58.7£3.1° 73.1+£4.9% 96.7+3.5°
1094 Chinese chive 46.2+1.3% 61.1+1.4% 54.4+0.8* 77.1£2.4% 98.5+1.6%
1094 Shungiku 45.7+2.7° 61.9+4.9* 56.8+0.7% 73.7+4.5% 95.2+5.7%
1094 Chingentsuai 49.1+3.6% 56.4+8.3% 54.344 .42 69.5+5.2% 97.2+6.7%
109 Green lettuce 45.4+3.1* 54.0£7.3" 51.4+4.4° 70.5+11.0*  96.8+13.2%
1094 Sweet pepper 52.6+1.4% 49.0+5.1* 45.4+2.8% 65.5+3.9% 86.0+3.0%
1094 Chinese cabbage 36.3+7.3 36.7+7.5% 42.5+7.1 53.0%+9.7 82.3+11.1
109§ Broccoli 35.2+6.9 33.7£3.4 37.4+3.9 47.2+5.4? 76.5+12.1
109 Onion 28.2+2.5 19.9+3.8 28.9£3.6 33.4%6.7 66.6+6.6
109 Welsh onion 36.2+3.9% 24.7+3.7 32.9£5.0 41.5£8.5 68.7£9.6
1094 Cabbage 26.5+4.1 25.0%+3.0 32.0+4.1 39.6x7.1 67.0%+9.2
109 Celery 26.9+7.4 19.9+3.9 27.9+7.8 33.9+£7.8 55.2+16.1

Values represent the mean + S.D. for four rats.

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

MEFEAGHENRERED 1.6% TH>72DICH LT, V—, 72FRE, 2F, Fr_XY RV ) R
IINAZE, AOIE, 1ED AT RO U280 8.3~13.6 1.1~2.8 fZiziehn L 7-. Fig. 1 WHABROC T 25

& 7r—n, 2o, BY, FroHA4, J)—rv SERE D 2,3,4,7,8-PsCDF @ #E it He 3K % 7R 7,
¥ A, ©—~ v EENN5.2~6.31%, A¥, T uva 2,3,4,7,8-P,CDF O HElit FiZ A RN HE R D
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3.7% ThoreDicxt LT, IMAFR & DIEHED
9.2~9.4 1%, IZ5NAFRUVFUCZH6.5~7.0 f5,
T, 126, BEH, TSV, J)—=Y VIR
RUEC—< VDN 4.3~5.46% AXEKRVO7aya
U —FEMR 2.2~2 4%, ToERE, AF, Fr XY LY
L) —FEA1.2~1.3 L 7.
1,2,3,4,7,8-hexachlorodibenzofuran (H¢CDF) ™
PR G ARSI EED 14.2% Th ol DKt
LT, MR, #2IE, E5NAE, L%, 77—,
o, BHE, FrTr YA RYT) = vy AFED
3.1~4.0f%, E—<rRUHEHN2.1~2.21, 7
oyal)—, 2F, Fr_XY KTV Y) —FE 1.1~
1.5 fFeHnL .

1,2,3,6,7,8-HsCDF 0¥t 13 EAR AR, 5 &
D 17.2%ThH> 1D LT, IMAER VA DIXHED
3.7~3.91%, EZO5NA¥, FLZ, 7—n, 6, &
%, FUroHA, 7V =¥ ARV —< VBN
2.4~3.31%, A, 7uval—, LEhE, ¥,
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F XY RN ) —EEN 1.1~1.8 52 /2.

1,2,3,7,8,9-HCDF O #it i i3 HAERE B 55
D21 1% Th->TDITR LT, AR, A2, 135
NAY, FULZ, 7—N, &6, HH, 7794,
)= LI ARV — VN 1.6~2.0 %, [,
7y a3 = RO FED 1.3 FEmL 7z,

2,3,4,6,7,8-H,CDF O#Eitt it I EAR BT 5 5
D 19.3% Th->7zDIZR LT, IMAE, #DIE, 1F5
NAE, U2, r—n, &6, BH, 775094,
TN = U AR — UHEN 2.5~4.0 £, F3EK
U7 uy a) =N 1.8~1.9F A F KO+ v VB
213 L 7.

1,2,3,4,6,7,8-heptachlorodibenzofuran (H,CDF)
ORI EABHLEEED 30.4%THo>7zDIT
SUT, AIMASE, A, EONAE, HU%, 7r—
Wy 25, BH, FrTroH4, J) =YV I, E—
<Y, BRERO T oy a) —ES 1.2~2.0 %, x ¥ K&
U v VBN 1.1 518 72,

(Vegetable group vs basal group)

Fecal excretion ratio of 2,3,4,7,8-P;CDF

Basal
Komatsuna
Mitsuba
Chinese chive

Shungiku

Chingentsuai
Green lettuce
Sweet pepper

Chinese cabbage
Welsh onion

Fig. 1 Effect of vegetable diet on fecal excretion ratio of 2,3,4,7,8-P;CDF in rats (experiment 1)
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1,2,3,4,7,8,9-H,CDF Okt 3 AR 1S
HO3BAUTH> 2D LT, MK, #01F, X
INAEL, FUZE, ¥—N, b, B, FV7r oy
A, TN =L ARV —< VM 1.9~2.4 %, [
¥, 7oy al) —, FAFKTF v XY 1.1~1.5 15
WHEMUL 7z,

1,2,3,4,6,7,8,9-octachlorodibenzofuran (O
CDF) O#lit & 3 ERRTENREGRD 63.7% Th > 1z
DI LT, IMAZE, ADIF, EONAHE, FL*Z,
=, &5, BE, FrUUYA, TV —Y VA,
E—~ >, BERC7 Ty 3 ) —FN1.1~1.6 51288
mu -,

IMAZE, HOE, 1EINAFERCECZHIE, %
nE, 2F, Fr_XYEFEV) —FELHERT, 54
* ¥ v VEEHEPAL HREE S 2 Ems A S T,

3. FA4FF U EORIINHEICRIFTHERED

HE

5 Hi oSkt E 2 RIBING EFH 2 5 &, 544
* ¥ VHEOMERINEK L, Table 5 kU6 O
iy o AR O G, 7HEED PCDD T 31.5~
98.4%, 10 FE¥HD PCDF T 36.3~99.8% TH - 7.

FA X v VEHOPIINGNC RIE RS ORR
ERMETR LU, SHEIHEHOERBICOTT 21K
IR (%) = GEARARTED TRINR — B35 O 7T
) /ERBFHORINE X100] & L7k,

2,3,7,8-T,CDD OWRIAMHIZ 1%, EARARICL T
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BN 0.2~3.0%ThH - 7.
2,3,4,7,8-PsCDF O WIHNIHIE 1%, BEA AR L
TIIMBFER O B O IETEN 31.7~32.4%, 135 WAETL
U U2 RN 21.2~23.4%, 77—, 25, BH, F
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VEYY A, TNV I ARV E—~ B
12.7~17.0%, HE K 7oy a V) —F 34,6~
5.3%, 72ERE, 2F, FrRXRY KTV —FHN
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Tuayal—, 2F, FrNY KTV YR
1.6~8.6%Ch -7z,
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B, HLx, r—n, &6, BHE, Frrvv4, 7
) — 2L F AR —~ M 28.7~48.7%, HFH&
Y7oy al) —En15.8~16.2%, 2xhE, *¥F,
Fr XY KR ) —FER 1.4~6.5%ThH- 7z,
1,2,3,7,8,9-Hs,CDF QW E, FEARREI
U CTIMASE, A2, 1IEO5NARE, HLU%, 77—,
o, B4, FrrvVA, J) =YL I ARVE—
~ VRN 21.2~38.7%, H¥, Tuval—, Ik
ER VA FEEN 1.5~12.7%ThH - 7=,
2,3,4,6,7,8-H,CDF OWIIIHIZE X, ERAHIC
U TAMARE, AOE, ZHONAE, FLC%, 77—,
o, B, FrrovA, V=YLV AKRY E—
~ VDS 36.7~71.3%, HERT 7oy a2 ) -
17.9~21.5%, 2 £ R E, 2 F, F+ XY RPNV Y —
BN 0.7~7.1% Th -7z,
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WXL TAMASE, ADI1F, EINAE, FU%, 77—
W, 26, BE, TV AROTY —v vy AR
7 30.9~42.8%, E—~>, HEMO 7oy a) —F
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Hoiz.

1,2,3,4,7,8,9-H,CDF OWIGIHIZR L, HEAREE
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W, 26, BY, FYTUIA, TV —v 18 AKRY
E—~ U 61.4~101.5%, ALY 7oy al) —
BEDY 35.3~51.1%, 7o hE, A FROF v Y EER
8.1~13.7% TH -7z,

BEEREORIIHIZRIC DWW, &4 4+ VO
ROBEBEE LR L 785, WRERBNZ W HnD
b O X D BINHIEE DS m D ER 2R U,
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LEFE L D%
6EEOHETD 7o 74 va kU bEERES
Bk o~ 75 7 CER LR % Table 7 12
AT, FOFEER, run 7 4 VEFROL WEEREX
EXA A F v FEOEAGE BRI 2 Lz % < HE
g A H NIz, A4 F v VEOSEhPEE
(Table5 KU 6) LHHEHFOron 7 4 VEFRED
M IZEELHBERGRED s, 72, B
yana 7 4 VBEE L ¥4 F F v VORI L o]
WITE B AHBEBIR D & iz,
5. F4F % EOBRIWIFICRITTHREEE

FIES]

MIERKRZ 4 A4 A V5% 8HE»S5 3B HET
28 HED 51 4 % v D FEhiEiltF % Table 8 12
w7, 2,3,7,8-T,CDD Okt I HEABH IR 5 &
D 1.06% (0.038%/H), &UZHH3.34%, 7—v
TEDY 3.84%, 1ZO NAFREN 5.22% Th D, EARAH
WL THECZRN 3165, 7 — V3.6 15, 135
NAEREPLIFGOHEMBE M ED &5 h .
1,2,3,7,8-P;CDD O #iit i iZ A RN E S5 2O
1L.UBTH>72DIH LT, HL%, 7=V RPIED
NATEREN26~33ICHWML 72 (p<0.01).
1,2,3,4,7,8-H,CDD O#Rit & i3 AR5 8O
1.45%Tho7DIicH LT, HLZ, 77—V IRNES
NATFEN25~2. 78N L 7z (p<0.01).
1,2,3,6,7,8-HsCDD O#Rlt I EARE NG D
1.13%Th-o7Dicxd LT, HLZ, 77—V RFIED
NARFN25~2.8fF#inL 7z (p<0.01).
1,2,3,7,8,9-H;CDD O#fitt & I3 FARFES K G2 O
1.54% Tho7Dizxt LT, HL%, ¥ —IVETIED
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D2.56%TH>T=DITKLT, FLZ, ¥ —VEIE
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Table 7 Contents of chlorophyll a and b in dry vegetables

Diet Chlorophyll a Chlorophyll b Total chlrophyll
(%) (%) (%)
Komatsuna 0.380 0.137 0.518
Mitsuba 0.602 0.198 0.800
Spinach 0.225 0.088 0.312
Perilla 0.382 0.145 0.527
Kale 0.292 0.115 0.407
Chinese chive 0.116 0.057 0.173
Shungiku 0.349 0.100 0.449
Chingentsuai 0.090 0.048 0.138
Green lettus 0.041 0.023 0.063
Sweet pepper 0.009 0.006 0.014
Chinese cabbage 0.035 0.014 0.049
Broccoli 0.034 0.011 0.045
Onion 0.000 0.000 0.000
Welsh onion 0.015 0.009 0.024
Cabbage 0.003 0.000 0.003
Celery 0.001 0.000 0.001

Table 8 Effect of vegetable diet on fecal excretion of PCDD and PCDF in rats (Experiment 2)

Excretion (% of dose)

Basal diet 1094 Perilla diet 1095 Kale diet 109§ Spinach diet

2,3,7,8-T,CDD 1.06%0.80 3.34+1.12 3.84£1.13% 5.22+1.21%
1,2,3,7,8-P;CDD 1.14+0.24 3.02£0.57% 3.40£0.86" 3.76£0.71%
1,2,3,4,7,8-HsCDD 1.45%0.22 3.62£0.34% 3.84£0.96% 3.88+£0.41%
1,2,3,6,7,8-HsCDD 1.13£0.15 2.78+0.47" 3.14£0.91° 3.20£0.55"
1,2,3,7,8,9-HsCDD 1.54£0.26 3.51£0.80" 4.02£0.23" 4.30£1.32%
1,2,3,4,6,7,8-H,CDD 2.56+0.81 5.37£1.12% 4.851+1.66 4.73+1.95
1,2,3,4,6,7,8,9-OsCDD 5.79+2.44 9.02£2.32 9.31£4.94 8.88+4.42
2,3,7,8-T,CDF 0.006=0.002 0.021%0.006* 0.014=0.004 0.021£0.008
1,2,3,7,8-PsCDF 0.036+0.011 0.108+0.032° 0.070%0.012° 0.0914+0.034
2,3,4,7,8-PsCDF 0.2940.05 0.87£0.20" 0.93£0.18" 1.0440.12°
1,2,3,4,7,8-HsCDF 0.70£0.08 1.9940.33* 2.00£0.11% 2.19+0.42°
1,2,3,6,7,8-HsCDF 0.74£0.09 2.02£0.26% 1.87+0.17% 1.914+0.30*
1,2,3,7,8,9-HsCDF 2.671+1.26 5.96+1.57 6.804+3.27 5.23+2.42
2,3,4,9,7,8-Hs,CDF 0.68+0.13 1.68+0.28° 1.57+0.09* 1.62+0.38°
1,2,3,4,6,7,8-H,CDF 1.76£0.60 4.74£1.08" 3.96£1.77 3.68+£1.78
1,2,3,4,7,8,9-H,CDF 1.71+0.42 4.85+0.88% 3.90£1.22 3.70£1.33
1,2,3,4,6,7,8,9-OsCDF 3.66+1.60 10.3+2.32° 8.14+4.94 7.124+3.96

Values represent the mean + S.D. for four rats.

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

5 NAERENL.9~2. 1518 72.1,2,3,4,6,7,8,9-
OsCDD O#Eit & I3 EA R G2 0D 5.79% TH >
DR LT, FUZ, m—ARUIES LABERED
1.5~1.6 fFiH#mmL 7.

2,3,7,8-T,CDF O it i3 ARSI S 2D

0.006% TH->1DIZHLT, FUZ, ¥ —VERKIES
MABEREN 2 4~3 A5 8 imL 7. 1,2,3,7,8-Ps
CDF O #Eit & I3 HEA RS EEE D 0.036% TH->
FOENLT, HU%, Y=V EROME D NABREN
2.0~3.0 AL 72, 2,3,4,7,8-P;CDF kit &
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WZEARHEPRERD 0.29% THh oD LT,
UZ, 7 = VRONE D WAEREDS 3.0~3.6 fFicHginL
72 (p<0.01). 1,2,3,4,7,8-HsCDF DHEitt i 13 5A L
HRREED0.710% TholzDicx LT, HFLZ,
TV HTE S A BN 2.9~3.2 52 L 72
(p<0.01). 1,2,3,6,7,8-HsCDF DHEM 13 EA A e
PERERD 0. 4% TH->T2DITH LT, HL*Z, 7¥—
WETIE S NABEREA 2.6~2.8 8 n L 72 (p<
0.01). 1,2,3,7,8,9-H,CDF Okt i3 HA AR H
8D 2.671% ThHholz0 LT, L%, r—1V K&
CIE D N ABEREMN2.0~2.6 % 180 L 7.
2,3,4,6,7,8-H,CDF O#it & i3 EAAH N5 820D
0.68% TH->TDIIRLT, HLZ, r—VE®IFS
NABEREN2.3~25fF 18 imL 7z (p<0.01).
1,2,3,4,6,7,8-H,CDF Okt @ IZ A BN 55
D1.76% Th-olDIZH LT, L%, 77—V RNE
S NABREEN 2 1~2.7 L 72.1,2,3,4,7,8,9-
H;CDF oO#kiitE 3 ARSI EED 1.71%TH >
7oL T, HEL %, 77—V RTIZI NAEEEN
2.2~2 8 fEwHimL 72, 1,2,3,4,6,7,8,9-0sCDF 0
Pett R I A RTED SR D 3.66% ThH - 7z DIkt
LT, HUZ, 7V RES AR 2.0~2.8 %
WL 72,

% =

BB O BB EZFHE T 2121, AOFA 4+
VHEOMEERINERZM S Z ENEbOTRYIE I &
Th2», T kIEMCH T 2 & I1d#E L v, Abraham
SIERAEGZ AR (57 8) »o, FEEEFRL,
FAGF Y VEOPER R RE LY, FORE, 4
~ S HILIRD & A & F > U OWIL R IFFEIE 1T L
T, HI 1T~ T DT 4 ~97T% Th > 72 L HREL T
3, IhETy bOBELIEND b, BAAHOS A
F XY VEHOEEERIICRIAR O Z N LT WETDH
D, PEVENIEDGDD,

FA & F v VHOWE T EIIHIT 2 EHR L LT,
1) 744 F v VEIEEHERS I S 0, TSR
W2 T3, 2) AL Fy VENRERS & BRI
NI WEHEREEKT 5. 3) A4 F v VHENHE
EENIC WS N2 EEESS EWE T 2005 5 WIdHE
BREFEET 5 2 enEEFonsd, oS A4 *
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¥ VR IRIN RS AR R T B 7o 01, Th
BRI S T, ERIC b ZET, BNMETS
RS NI FEFICHES L ICHRE S N YT, Bl E W
ZEDBRETH D, RAEDEKENED 5 VIF[EF
BROYI®, WROMITHEZLELCLTVOT, KEH
SR weFzZ o5,

A, 1) OERETRERS L LT, Bk
Hex AT in vitro 2B 2WERBREITo 2, Z£0D
MR, Kk, 2 I3AAE, 130 ATE, 2w
Z AEMES O RS, 2,3,4,7,8-P;CDF KU
1,2,3,4-T,CDD % X {WE ST 21EFlNH 5 2 L35
Mo, BB, KariES O 12 FEO R YiE
27y NG L, ¥4 4 F v VEOBEMEEER I
DWTHRT L7z, 2 OFER, BV A 4 %> >
BHOPEMEAEICERITH 5 2 L35 h o 7908
2, KLFHEITIZ D NAKE, 2w AZE, H¥%,
125, PWZAWR, CALCA, INE, K&E, v+,
I =, KEO 11 BEOMHE L LN TEOWRIRSAD
SNz, BYIRHESEFSE, H%E, BYH, T, R
EOWCEEN, ERESFLLVO—R, NI k)V
0—2, V7=V RUORIFVEATHS, TOHRT,
in vitro B WTC, A4 F ¥ HHOWEIEHNIER
ZHwELa—RIC b, FAFF Y EOPHELEE
RDd 2 2 LI8ynoie.

FERRC, 2) OBEFERFHLIREKSELT 70
Vo, AENVYFRO a7 4 ) kT y NcEkE
L, &A%y P HEOPEMEEFERIC DWW THRET L 72,
ZORER, 7uu 7 A VEFREOLZ W uL T KUR
Ery Ik, zanz g vpsiEshs s 7 4
Dk ii# L D S5 IEWS A 4 Xy U HEOBE
MEESIR 2R LD, 2D s, 7007 4 VI
54 A F v O EE BRI WH S 2 ER 2 B %
ZEWRBE NI, ok, HE (B AW
THET LTRSS, RO 54 4 F ¥ O PR ELER)
Bix, kot 7ov o 0IzdEOEEZRL
7210,

SE, 1) kU'2) OE#FRERIIRMELT, 16
FEOBR R Ay, 544 Fy Y EOPRIEEER I
DWTHEI LTz, ZO#E, 7uu7 4 VEAEDS
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T, TA4Fy VEHOPMEECHERITH S Z L35
Motz (Fig.1). 10%OFFHELEGENFEL, 7 v
L 29, BRI R UK/l & L 25,

2,3,4,7,8-P;CDF DR IZ, IMASER U & D IEHEDS
EREBHED 9.2~9 4 FETH-7- DKL, 7 a v I8
MBI EIFIEFETh -7, EINABEKVFLZ
TENEARRIED 6.5~7.0FTh > 7D L, HAEHE
PERAFED 6.5 F LU LTz, 77—, 126, FH,
FoF YA, TV VI ARV E—< VN
4.3~5 45 TH 5Tz DWH L, K FiEiEn 4.8 5

CIEFRSEORRETH -, AR Tay a) —
M22~2 45 T ERE, AF, Fr_RY KUY —
FEDS 1.2~1.3 5NN L 7228, Kb RRHERE L D a7z
DIRWEIRTH > 7z,

FREFZOWRIATHOBER & LT, BRECEEN
RYIHEDS, MIEENTZ OWEIERIC XD 54 &
FYVEHOWINEHEL, HTHICHRL Tnws EF 2
S5N5, 69 =D, LFEEIFHTHL 70 7 4
WISFEI U FHEEEZ2 b OV A T F Y VEEEES
B B L, ZOHEWICEHE L2 2 Lich
FKLTWwBEEZOND, TN 2, BYIETE: 7
w7 4 VOWEDOIERD, &4 4 F v Y FEORIGEN
FIcELFELTwR eFZ6NE, S5, 44
F v U HEOPRIE (Table5 &UM6) L BEF 07 oo
7 4 V&EE (Table?) L DORNIZIX, 6~ 8Ly A
Xk v VO, EANRBRIEFERS, 4~51
{654 % % v VHEHOBE, \ZIZEMRNZEEZIEOH
BRSO s, O Eehs, BEEOE L
2,3,7,8-T,CDD & 1 2,3,4,7,8-P;CDF o # ittt { 1
DEHIIE, SSlczun 7 4 VIBREEBINSE 3
ZENEHThLEFLIOND,

AW B I 52,3,7,8T,CDD & 10 2,3,4,7,8-P;
CDF QAW 04800013 5.8 4519 L M 13 4 459 L R
<, 1 HY7: DARNERRED 0.03% K 0.02% 3441
WCHEH SN T BEIHEIC % 5, RICERB LS A 4
F ¥ UFHIIHEE D SHEH S MEEFEA PRt S 2 23,
HEENICHE SNz 4 4 F ¥ VHRH ORI S 1
5. BOEEOFELCZ, ¥ — NV EONES WAERIIE
o Ev2,3,7,8-T,CDD & 1) 2,3,4,7,8-P;CDF @
TR 24 U, SErhitt i 2 FARRTED 3.1~4.9 &
U3.0~3.6 fEICHNE Iz, 2D Ens, RO

ARE - Pt - B

BAENICER L1514 F ¥ Y EOERI P OB E %
i) FEEY, EYREREEE RS S5 2 e
ARECTH B EHEZOHND,

&

L

16 FHDOBFHICOWT, 54 4 F ¥ Y EHEOBHLER
iz RIZT#EE2 Ty b ERWTHRE L.

1) /MR, A2, IEINATROEC 23
KA L T, 2,3,7,8-T,CDD & W IY % 10.6~
17.0%4MHI L, 2,3,7,8-T,CDD OHEtE A 7.6~11.6
fEEEinL iz, FAg, r—u, o, &8, F7
YA, TV = I ARV E—~ FEIE3.7~6.0%
WIHIEI L, HEIEAS 3.3~4. 8 i LR Lz, A%,
Juyal)—, ERE, AF, Fr XY RIELY —
BRI 1.0~3. 2% RIUmEI L, BEIERAS 1.6~2.3 512
¥z,

INBE, HOE, 1ZNAERVDEL ZHITELAR
Blwoxt U<, 2,3,4,7,8-P;CDF 0 WL X % 21.2~
32.4%HM4EI L, 2,3,4,7,8-P;CDF o HE it & #36.5~
9.4 fFHENL . ik, 77—, 2o, FH, 7~
PV A, )=V I ARV E— UERIZ12.7~
17. 0% WG L, HEIEEAS 4.3~5 4 f5ic ER Uz,
BH¥ERO 70y a ) —#EiE 4.6~5.3%RIPENHEI L, Hk
WA 2.2~2 A fEIHEIML 7z, 72 E, 2 ¥, ¥+
XY KUY —FEE 0.6~1. 1% WIENH L, Pt
2 1.2~1.3 R 7z,

2) rau 74 VEFEDZ WL, IMAKE, HOIF,
FEIONAENVELCZHE 7 an 7 s VaGEDV
WiERE, 2 F, Fr_AYRFEV) R L
T, A4 F v VEOIERREAEE L 7,
16 FEOTRRED F A 4 F > VEO#E b E L
¥Horun 7 4 VEFRKUERE L OMIZIZER
ZHHEABEMRASER D 5tz (p<0.01).

3) HLZ, 77— RWE S W ABRZ RN SR
L7 A & F v VEOMEEE D S OB BRI IIHIL,
g PEEE 3 2 EH SRy s iz, 2,3,7,8-T,
CDD J1*2,3,4,7,8-P;CDF 0¥, AR L
T 3.1~4.9 5 08 3.0~3.6 (SO PRI 51
7z,

4) B SA & F v EO WA 2 115
L, S5IHERDY A4V ERRIN A HE
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Blood PCB Analysis by Capillary Column-Gas Chromatograph/
Quadruple Mass Spectrometer
—— Comparison with Packed Column-Electron Capture Detector
/Gas Chromatograph —

Reiko Nakacawa, Matayoshi NAKAMURA, Hironori HIRAKAWA,
Tsuguhide Hori and Takao IipA

Fukuoka Institute of Health and Envivonmental Sciences,
Fukuoka 818-0135, Japan

Abstract The contents of polychlorinated biphenyls (PCBs) in the blood of Yusho patients (Y)
and normal subjects (N) were analyzed, using a gas-chromatograph equipped with a capillary
column/quadruple mass spectrometer (capillary column GC/MS). While the average of the
content of blood PCBs was 679 ppt in N, those were 2960, 1480 and 1090 ppt in Y diagnosed
previously as A, B and C patterns, respectively. The contents of non-ortho coplanar PCBs (3,3,
4,4-Tetra-, 3,3',4,4’ 5-Penta- plus 3,3 ,4,4’,5,5-Hexa-CB) were 0.9-2.1 ppt in Y, and 0.8 ppt in N.
The contents of eight mono-ortho coplanar PCBs having the toxic equivalency factors (TEFs)
were 118-424 (Y) and 78 ppt (N), respectively. The differences between Y and N in the species
of mono-ortho coplanar PCBs contained were observed as follows : 2,3,3’,4,4’,5- and 2,3,3’,4,4’,5'~
Hexa-CB were predominant in Y, whereas 2,3,4,4’,5-Penta-CB was a major congener in N. The
levels of di-ortho coplanar PCBs (2,2°,3,4,4’,5,5'-plus 2,2°,3,3,4,4’,5-Hepta-CB) were determined to
be 195-608 and 98 ppt in Y and N, respectively. In both groups, the content of the former isomer
was greater than the latter. Total TEQ values were 0.214-1.226 ppt in Y, and 0.148 ppt in N.
The analyses were also performed by a conventional method in which a GC equipped with a
packed column/electron capture detector (packed column GC/ECD) was used, and the results
odtained were compared with those by capillary column GC/MS method. The results showed
that the total PCB levels obtained by capillary column GC/MS method were 56-61% in Y and 67%
in N of those obtained by packed column GC/ECD method.
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1968 £EIC P8 HA THAE U7z kiR hEE4: T,
RVEEY == (PCB)?, RV T T VT =
=)V (PCQ)Y, RUORVIEIY N>V 7 F > (PCDF)?
WREBS MR, BAEDLS S OBHED, YRR
TEAMERIZBERL 72 00, 1BHRRBIEEICH L
ATV D, 20 HHACHIEE D &, & RRALZEBIT O F s
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W25, TESA A F Y VEORSPEREICE T 25
ERFOLE PADBRBENKZ AT IHETHES
N, —RHROBLSEE > Twah, AFHEOER
BIIRARE LT RE W, MEORKEYE TH % PCB
DO—ER (non-ortho fR) I DO WTIFETHUEN I A A+ F o>
HEPILTBED, FA4 4+ v EE LRSS, BicE
HEFMATHON TV S5, & 512, WHO OFEIBY 12 X
D, ZDOfd PCB®—# (mono-ortho f& K& tF di-
ortho k) 12¥ 2,3,7,8-F b 7uud A4 +*v 5
MBS Ib o7z, 2Dk, HERERZZHO
Zr, AR AT 5 2 L% WHEKAOMERS PCB
PRI DMIE IC BV CUE, 209 O RiEEDRESY
TH % PCB % BMEREIC L, EROFT S L
BHEER 5> TE N, 22T, &, {@HFE K OhE
BHEOMBEHPCBRF v T —FAZ70a~ 75
7 /WEBE BRI & > T L, PCDF - PCDD
EDFA X XY HEBIREL T, HEERCHHER
HZTO R %, 512, kDY 7 Fh T A=
ECD/# A7 u~ k275 79 TOHMFER L D%

Toz. XX TIEZE 2 THRONICAIRIC DWW TR
5.

X R 75

1. Mg sUk - 1996 4 10-11 A 10 mL o ~/% Y
AN D EZERRIME TR © $RI L 72 e 5 24
H DMK 10 g L OB 19 % (i 20-61

b

&, B2 4, MR T4) OISR 50 g 2 vz,

BT % £ T,

2. SN

2-1 I OHLEE
HIE B MUY 5 g B OV B I 50 g % &4
PRI L, DUTFEERY ICSE Lz FEIc &, feE 2hht L
7o, INEANFY MR, RIS ) ATV T
A BCAETTL, ~FY 100 ml THEH S ¥, EWHIR
Z2ml DUF £ CIREIBHE L, WSR2 7 Zc&fm L
72, 10%Y7ana Xy »-~FH > 50ml, DWThV
T2 100 ml THEH S, 5D 10%Y7un sy -
~F Y HES (PCBEHIESY) %I, 10 ml OfF
D EDbYIERBTICHD, 1 N AKBILY ) v LA-15
=V 3ml 2Nz, LB LEDL, BEBE O
FERICRE 0 S bR S AR TS EIE 2T, BBR

4°CUUFCHREL 2.
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BN CTHEE L, ZhE Ly /7 — V-l O & T
GET 2 X912, 80°COKMICHEE, 1KMER%Z
fTol(TNH VG, Dk, K»s, BYED
ARG HE DT 2 FOFRBRE 2 BT, %
HED BB & ~F > 2ml 2 SHE D NEEZ ¥
20, REEICHUIAAR, Wk, WHEZHL, R
Bg e LU IEE S L, #FE - i, -
B (ANFHUE) 2RV — ) ELy NTHELT.
&5z, 2@, KEIZANFY Y 2ml BI1Z 5 HHHEERE
BP0, ANFYUEETRTE L, ZONFY UE
12, NFEY BB A Iml 2IATIRES L,
i S3EEER, ~F Y > E % PCB 47 FHIEAREE S b Y
Y AREDII = AT AREBLT 10 ml HEBE ISR L
7o OKBER OA) . BARRGER, * ORERE V=D
ANFFYTYVATNE=H T ASEL, W
ANF T UEHHIE 100 ml F AT T 5 2 2SIz,
VREE IR, YaimE 2 10 mL 3BE B L, 1mL £ T
EREME L, g2 0.5 ml Nz iR L7z, il -0
BnF U EERRHOBBREICEL, &5IEK- R
[E@%~FY > 1ml T2 EER- L, #E -5
DANFYUBELEOANFT VBICELE (R, 2h
BEEL, ERE L.
2-2 v 27 ¥ 5 A-ECD/GCiz X % PCBH#lE
(ki) 10
PCB iR &1E#w (KC500+KC 600, 1/1) 10, 20,
30, U 40 ppb % FVy, fERERE (—HEAERE) ©
PCBE—27/8% —>ic k0, g L7, BEib, p, p'-
DDE DI Ic e 2 B0 725 8 KO E— 27 O
SO % _FEROERER oKD, WERZER L.
RIS T CHIE L 72 MK D 8 KO E— 27 DFE O
FEeEff e Dmr SRELZATL, HPCB L
7z,
ECD/GC HI7E &
HAZux N7 7 L BEGCTA
HFh 2% OVIAAZTAQ DMCS
2.6mmi.d x 2.0m
HALNERE [ 200°C,  MRHISEEE @ 260°C
Fr V¥ —ARA N,

Pl 30 ml/43, AR5 ul
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2-3 F¥ETV—XF7AL-GC/MMEMMSIZ X 2
PCB #l5&

Xy 7 R # 7 AL-ECD/GC 12 & % PCB #HlE# DK
WK A2 LD, BCINV LI 20/D PCBH» 5% %
WEBEHERR (1. S. %% 833 pg) Z¥RNL, EA - WL
Jeb D2 ul %, GC/MHEM MS 12iEA L.

1 b2 5 10 Hifb F THEER B HEEO L S. D
RERE~AALF > TOSIM Z7ux v 7 I LDE—
7 %R Tz, JEZ vk PCB HI b, 38k sk PCB
ZFDOREH~AAL A TOSIM Z7u~ b7 75D
Y—omERzZRD, Dl S, LoltiErs, EEE
PCB BEMAZ L ICEH L, v ET ) —H T A TH
HEL Z0vs PCB BRI, IREME L TEH L, kB
FMAADOPRE DO ZH PCB & L7:.

GC/Py=Efi MS PCB #IE &4
HAza< k2777 o HP 6890,
YAANRZ b0 x—%— I HP 5973
# 5 . SGE## HT-8 (0.25mm i. d. x 50

m x 0.25 ym
B 7 NRE 1130°C (1 43) ---20°C / 43 ---220°C
--10°C/43+--320°C (6 S 54%)
AR © 280°C,
Fr)Y-HRX I AVTA 0.9ml/5
HAFE ATy bV R, AR 2 ul
A vy —7 x4 ARE 1 280°C
A F VYRR 250°C
A4 ALBEE 1 70eV

E=F—AF

Mono-CB  188.00 (M), 190.00 (M+2),
200.10 (*C 7 ~uvfk)

Di-CB 222.00 (M), 224.00 (M+2),
234.00 (*C 7 ~0Vk)

Tri-CB  256.00 (M), 258.00 (M+2),
268.00 (*C 7 ~ULfR)

Tetra-CB  289.90 (M), 291.90 (M+2),
304.00 (3C 7 ~Ufh)

Penta-CB  325.90 (M+2), 327.90 (M+4),
337.90 (3C 7 ~Ufh)

Hexa-CB  359.80 (M+2), 361.80 (M+4),
371.90 (BC 7 ~Uvik)

Hepta-CB 393.80 (M+2), 395.80 (M+4),

o7

I 44
405.80 (**C 7 ~Lk)

Octa-CB  427.80 (M+2), 429.80 (M+4),
441.80 (*C T ~vk)

Nona-CB  461.70 (M+2), 463.70 (M+4),
475.80 (*C T ~vk)

Deca-CB  497.70 (M+4), 499.70 (M+6),
509.70 (*C Z LK)
KERERRUEE

1. JURE S R OME 2 o PCB B K A PCB
£112, Frv 7V —GC/EHESHENC XS PCB

OHUERROER 277, #8 PCB VIR, @HH
Tid, 679ppt (pg/g), WHEEHTIE, A/XFy—2i
2960 ppt, B V% — 231480 ppt, C /3% — >3 1090
ppt ThH - 7o, EFF T H|EELE, A XY — i
44165 By —2F2.265 CNF—2iF, 1.6f5T
bHote, £z, 53 S 7Y £ TO PCB
D, YT B EE L, BEE T 89.4%, IE
BHETIE, 93.3% (A ¥y —>), 90.6% (B ¥y —
), 8.0 (Cy—) ThY, #EH, WMEEEZFL
b, 20 PCBIEEI 6 Y > 7AW > 5 HY
DIETH - 7=,

# 1 1Z/x L7z non-ortho PCB (3,3’,4,4 -tetraCB,
3,3,4,4 ,5-pentaCB, 3,3,4,4’,5,5-hexaCB 1341
AFyy, FARYYT7IvEEBIL, FAFFV Y
FEELTC FRRCHET 2 2 0% <, £ 10 non-
ortho PCB O#lEE X, 54 4 * v v ciEen:
BiEEL Ui, @EE, WERE ANy —), FB
NF—>), [F (C,8% —>) ® non-ortho PCB ¥
L, £%0.8, 2.1, 1.3X T0.9ppt TH Y,
3,3, 4,4 -tetraCB | 3B & O 2MEH» S5/ 0.030 2»
SHAK 0.478 ppt B S M7z 3, JAEBE M & 1k
TMEHTH->72.3,3,'4,4,5pentaCB, 3,3",4,4’,5,5-
hexaCB 1348 % & f OVHHE B & MK, o S, @
HHEIMIKICIZ, 3,3 ,4,4,5-pentaCB #3, %7z, JHUER
HIMPIZxFE L LT 3,3,4,4,5,5-hexaCB 8 &k U &
BECHL SN ETIR Doz, £1DPCBD 2D
PIE CHE RS L, 2D TEF 249 % mono-ortho
172> —PCB (2,3,3,4,4-pentaCB, 2,3,4,4’,5-
pentaCB, 2,3",4,4’,5-pentaCB, 2°,3,4,4’,5-
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), E (BXy—>), H (CNy—r) T, &£X18,
424,192, Je " 118 ppt TH D, ZDEHEIT 1 1 5.4 :
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bHolz, HEFEEZCMERE (AN —r) LORERL
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»olz. TEF % ¥ % di-ortho 7 7 7 »—PCB
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CB T S iz, &2 ORI B T 2 @, IWE
BE ANy —v) MoOBEEHIF2,2,3,4,4,5,5-
heptaCB 23 5.5 %, 2,2,3,3",4,4’,5-heptaCB 13 8.3
B, WHEREIE» ST,

2. MHERE RO O PCB-TEQ

3D non-ortho PCB & [AlkkIZ, 1 IWCRLTzS
f& @ mono-ortho 2 7 7 7 —PCB K Of 2 ff o di-
ortho 2 77+ —PCBIZb ¥4 4 ¥ v HFLLT,
NATO Kt* WHO (IPCS) 7% & OEBEHEES I & - T,
2,3,7,8-tetraCDD DOFEMAFMAL S FER S 7zl 2
I X D BEHCREICB T 2TFME R T@mO 2 L,
HRRE A 4 F v VHHED ) R 27 FHfi2, mono-
ortho @ 77 +—PCB Kk ¥ di-ortho 2 7 +—PCB
b v, IS5 13D PCB 2 &35 Z
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#2112, SHOMBHARTOY A 4 * > EHb MR
7o TEQIRE 230 L7z, #8 TEQ FERE X,
#, WERE Ay —), F By —), [ (C
NG =) DERIZDOWT, 0.148, 1.226, 0.771 KO
0.214ppt T, Z OWRELLIE, 1 :8.3:5.2:1.4¢&
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Table 2 Summary of PCDD-, PCDF- and PCB-TEQ concentrations (pg/g whole basis) in normal subject and Yusho patient blood

Yusho patient (Pattern A)  Yusho patient (Pattern B) Yusho patient (Pattern C)

N Average ( MIN - MAX) N Average ( MIN - MAX) N Average ( MIN - MAX) N Average ( MIN - MAX)

Normal subject

8
8

6

19

0.054 ( 0.028 - 0.066)

0.085 ( 0.034- 0.190)

0.084 ( 0.042- 0.177) 10

0.043 ( 0.008 - 0.084)

19 0.039 ( 0.011- 0.097)
19 0.047 ( 0.013- 0.164)

Total PCDDs

0.857 ( 0.084- 1.905) 10 0.549 ( 0.072- 1.676)
0.078 ( 0.031- 0.169) 10 0.066 ( 0.025- 0.146)
0.182 ( 0.066 - 0.583) 10 0.059 ( 0.025- 0.133)

6

Total PCDFs
Non-ortho PCBs

0.065 ( 0.042- 0.092)

0.063 ( 0.019- 0.138)

8
8
8
8
8

6
6
6
6
6

0.025 ( 0.011- 0.046)

0.016 ( 0.003 - 0.054)
0.003 ( 0.001- 0.010)

19
19
19
19

Mono-ortho PCBs
Di-ortho PCBs
Total PCBs
Total TEQ

0.006 ( 0.004- 0.011)

0.011 ( 0.005- 0.021)

0.025 ( 0.014- 0.068) 10

0.137 ( 0.054- 0.300) 0.095 ( 0.034- 0.194)

0.285 ( 0.111- 0.820) 10

0.067 ( 0.016 - 0.228)

0.771 ( 0.160 - 2.167) 0.214 ( 0.104 - 0.353)

1.226 ( 0.238- 2.902) 10

0.148 ( 0.035- 0.409)
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pentaCB (PCBIUPAC#118) %#, 2&®HDOE—7 I
FE&1LT2,2,4,4,5,5-hexaCB (PCB IUPAC #153)
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Z, 5FHOE—2713F &L T2,3,3,4,4,5-hexaCB
(PCB IUPAC#156) %Zm"d Z WS Mz STz,
Z 2T, 1/2 RO 5/2 b # 118/# 153 Ll U 156/#
153 L CE X2 2 Z EWTRED £ D R RET LTz,
M1, 21, Sy 27 RHI2Ck30ERETD 1/2 1
LEFYET)—FAZu~ b 7 /NUERE RSN
Tk B4 118/# 153 H (EfiH) oMB%E, 72, €
EETOS2EFYrET YV —HAZux S5 7/
PYUBERRET BT IRIC & A4 156/# 153 th (EREEL) O
BERLLLODDTHS, zhzh, HEKREHr=
0.9026, 0.9183 (n=43) &%V, fEE*K1% T, HE
WBEETCTh- . Lieh-> 7T, #118/#153 Lk (mfELL)
KU 156/# 153 b (HIFEEL) =RV, STEHHE L 72
ERFMFICOWT, fEkeETH—sh, Aush
TWw B EFFE (B H I PCB of 118/# 153 Itk
U4 156/4 153 LLOFEE BB L, 2 L OBENES
WhEH D) 2L PCBRMFI 25T L7,

ZFORER, ERFECEIMAEF Y ETY —F R
uv N7 7 /NEBREERSHEIC L 2N S &
RO EREEF Y ET YV —HAZax NS T 7 /INE
W ROHHEORG O—ERIE, AXY—> DBRHT
1% 83.3%,B /88— DBHTIX70.0% & RIFCTH->
7ed3, CRy — v DEETIZ62.5% ETRTH- 72,
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[ J
60 | y=1.2033x+4.2909 ®* o
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PCB peak No.1 vs PCB peak No.2

Fig. 1 Correlation between height ratios of the first peak to the second
one after pp’-DDE and area ratios of PCB # 118 peak to PCB # 153

one.
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PCB #156 vs PCB#153
%

y=1.8283x-0.3796 ®
r=0.9183

10

20

30 40 50

%

PCB peak No.5 vs PCB peak No.2

Fig. 2 Correlation between height ratios of the fifth peak to the second
one after pp’-DDE and area ratios of PCB # 156 peak to PCB # 153

one.

Table 3 Coincidence between classification of PCB pattern by capil-
lary GC/MS and that by packed column-ECD/GC

ECD-GC (packed column) Capillary GC/MS N
A A 5
A B 1
Coincidence coefficient for A pattern 83.3%
B B 7
B A 2
B BC 1
Coincidence coefficient for B pattern 70.0%
C C 5
C B 3
Coincidence coefficient for C pattern 62.5%
Coincidence coefficient for Total 70.8%

ZhEZOwTiE, £, PR rnlekEnrs,
AL ECoOMENAES (BERERLEDTIER L E
Hzoh, SHRAKEHEC L TR 2081 H 5.,
—77, ¥ PCB 12 DWW T3, 6k Tl EEy)g
DIRERRE K CIME AR S p, p-DDE LA D ©—2
(6-8HLWD—ER) O — 7 EmOMER T WS
W, EEYEICVESE SN, »ORHEICEEDK
W1 -5 IR O D 8 M b 9 B O Ww T
BRI N TE Y, EEO PCBABAKIC RIS sh
LEANR D 57z, SGEOF v ET Y —HAr7a~v b

5 7 /VUEBERSHIE T, FUER O PCB 234tk
TNy — T OERED 56-61% (HifE £3H) -
67% (EEE) kb, Inid, BIEFEsShz Sy
2 RA T LBV DE DD —DDERSE (REEY) I &
BRI S KGR & e o Tz,

Lo, S, BEDZDHOBHHFETIZE Y
T, WY —VER LD EREPOF Y ET I —H AT
v 777/ NEREESPTEICE S 2, @R
TEAE L T 23580018, FROSICEET 5 LER
br9.
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Analysis of 209 PCB Congeners by High Separation Gas Chromatography/
Low Resolution Mass Spectrometer

Keisuke MiMUrA*, Miho TaMmura, Koichi HAraGucHI and Yoshito MASUDA

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

Abstract All PCB congeners were analyzed by high separation gas chromatography / low

resolution mass spectrometer, using 209 PCB congeners as standards.

They were separated into

169 peaks, including 28 peaks containing 2 PCBs and 8 peaks containing 3 PCBs.
The rice oil samples of Fukuoka and Taiwan Poisonings were analyzed for PCB congeners.

They showed 115 separated peaks of PCB congeners.

Total PCB concentrations were 879 and

769 ppm in 2 samples of Fukuoka rice oil and 57 and 83 ppm in 2 samples of Taiwan rice oil.
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2. 74 A4 A4 VD PCB 47

FAREFANV0.1g (FEEMIE) XX 0.5g (B
iE) ZABE NI IECE L, Zhic 1 M KRS
Vo A/I¥ 7 —)VEETE 3 ml Xid 5 ml O EEHEY)
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FH 2 30ml THEH S, ANF T VIR R EREL, &
JEH TN (Eps, ¥VATFN0.2g, 2%/
BT IV0.5 g, MBHHREE/ SV ANV 0.5, ¥V AT IV
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0.2g, 2%KBALA Y ZA/Y VBT NV0.2g) 1T
J, ~FY > 30ml CHEHE R, 2ONFY UERE
BiEL, T0YE%E GC/MS Oifte Lz, a7 7+
PCB O D 72121, B D FmDNF Y IR =15
MRH TN (o, 54 10.3g, 5%EMRK
AX21/2Z74 1+0.5g, 74 b0.3g) T, 20%
Pr7alVAY /NFY 2 60ml THEH S LRI,
50% > ¥ v /BT 7 100 ml TIHEHE S, 20
N /B T OV R e L, GC/MS i2iEAL
7z,

HWRCEE

1. PCB ® GC/MS 12 X %4534

209 D PCB HE#EyE 2 GC/MS IZHEXEA L, £
nNZhOfRFEZRD 2, SEEKT L0 PCB %
HEHSRIONEIC Table 1127R3., %72, SEFH L
1245 PCB BMA 2 S RE IR Z1ED , GC/MS 12§
AL, & PCB OGS HERERRT 7a~x b7 T A%
Jz. Iz Fig. 1 12Rd, Tablel MU' Fig.1 &0 1
LD 3PCB IR 3ARKDE — 7 23S TH Y, 238
1D 12PCB 13 8 &, 34 D 24 PCB % 21 A&, 41
1t® 42 PCB 1% 33 &, 5 #Hfkd 46 PCB 1 32 &K, 6
{bD 42 PCB & 33 &K, 73 ko 24 PCB 1% 20 &, 8
D 12PCB X 11 A, 93t 3PCB X 34&, 10
E1PCB Ik 1 KiczhZholis h THEZSh T»
3.4 209 PCB I3 165 ADE —27 £ L CHEES T
2885, 6D, 2{HD PCB &> T
WBRE—7 B 28AKR 3O PCBHREL>T WS
-8 KD 5,

2,5 9 DRMEHEMDO PCBDO I/ V—7TlE, 1
5 OMFFRFHN AR E LN Twd e, Zhon
PCB X v HHEHEH 1% > PCB O AFReHFRH & &
BoTw2dbDOWHEL L b5, WERHD 1{#% v PCB
MY OBEERD 34 L EEYITH 5. 2y S
BIEFITNI 77 A b A A id [M-35]* &7
D, EEHS 1EDY 75w PCB O MYk D EEHD 14
v, LIe> T, \BHREH 1% v PCB Id—H#E
GC/MS CEASNTYH, 2D SIM D — 7123k X
LEEREZ v, Thbb, E—7BEE-THE
W WIEREICERAST T E 5, HEH 2 %\ PCB
DR L B> T\ b PCB I3 EEAEST 5. #
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Table 1 GC/MS Chromatography Profile of 209
PCB Congeners: Retention Time and
Separation on DB5MS

A : Overlapping less than 309
B : Overlapping more than 309

C: Not separated

=

[UPAC PCB tR (min) | Separation
1 |2-mono-CB 10.026

2 |3-mono-CB 10.622 | Al
3 |4-mono-CB 10.698 | Al
10 |2,6-di-CB 10.972|C1
4 |2,2-di-CB 10.977|C1
9 [2,5-di-CB 11.365|C2
7 12,4-di-CB 11.373|C2
6 |2,3'-di-CB 11.531

5 12,3-di-CB 11.648|C3
8 12,4-di-CB 11.651|C3
14 |3,5-di-CB 11.862

11 |3,3-di-CB 12.193

12 |3,4-di-CB 12.305|C4
13 |3,4-di-CB 12.317|C4
15 |4,4-di-CB 12.442

19 |2,2’,6-tri-CB 11.969

30 |2,4,6-tri-CB 12.082

18 |2,2’,5-tri-CB 12.324| A2
17 |2,2’4-tri-CB 12.368 | A2
27 12,3,6-tri-CB 12.492|B1
24 |2,3,6-tri-CB 12.526 | B1
16 |2,2’,3-tri-CB 12.670|C5
32 |2,4,6-tri-CB 12.671|C5
34 2°,3,5-tri-CB 12.791 | B2
23 12,3,5-tri-CB 12.824|B2
29 |2,4,5-tri-CB 12.896

26 12,3 ,5-tri-CB 12.995|B3
25 12,3 ,4-tri-CB 13.038 B3
31 |2,4,5-tri-CB 13.173 | B4
28 |2,4,4-tri-CB 13.201 | B4
20 |2,3,3-tri-CB 13.371|C6
33 12°,3,4-tri-CB 13.373|C6
21 |2,3,4-tri-CB 13.374|C6
22 |2,3,4-tri-CB 13.543

o
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36 13,3,5-tri-CB 13.634

39 [3,4,5-tri-CB 13.833

38 13,4,5-tri-CB 14.058

35 13,3,4-tri-CB 14.303

37 |3,4,4-tri-CB 14.508

54 |2,2,6,6'-tetra-CB 12.933

50 [2,2’,4,6-tetra-CB 13.121

53 |2,2",5,6'-tetra-CB 13.348

51 |2,2°,4,6'-tetra-CB 13.461

45 2,2",3,6-tetra-CB 13.624

69 |2,3,4,6-tetra-CB 13.778|C7/A3
46 |2,2’,3,6'-tetra-CB 13.785|C7/A3
73 12,3',5",6-tetra-CB 13.793|C7/A3
52 |2,2',5,5'-tetra-CB 13.851 | A3/A4
43 |2,2’,3,5-tetra-CB 13.901| A4/B5
49 |2,2’,4,5-tetra-CB 13.947 | B5

48 12,2’ ,4,5-tetra-CB 14.020|C8

47 |2,2,4,4'~tetra-CB 14.020|C8

75 |2,4,4’6-tetra-CB 14.021|C8

65 12,3,5,6-tetra-CB 14.099 | B6

62 12,3,4,6-tetra-CB 14.133 |B6

44 12,2’,3,5-tetra-CB 14.326 | B7

59 2,3,3,6-tetra-CB 14.365 | B7/B38
42 12,2’,3,4'-tetra-CB 14.408 | B8

72 12,355 -tetra-CB 14.500

71 |2,3',4’,6-tetra-CB 14.571 B9

68 |2,3,4,5'-tetra-CB 14.602 | B9/B10
64 |2,3,4’,6-tetra-CB 14.638 | B10/C9
41 12,2’3,4-tetra-CB 14.647 | B10/C9
40 |2,2’,3,3 -tetra-CB 14.838|C10
57 12,3,3,5-tetra-CB 14.840|C10
67 |2,3',4,5-tetra-CB 14.966 | B11
58 12,3,3,5'-tetra-CB 15.022 | B11
63 |2,3,4’,5-tetra-CB 15.121

74 |2,4,4 5-tetra-CB 15.247|C11
61 |2,3,4,5-tetra-CB 15.255|C11
76 |2,3,4,5-tetra-CB 15.348 |C12/BI12
70 (2,34’ ,5-tetra-CB 15.354 |C12/BI2
80 [3,3,5,5-tetra-CB 15.384 |C12/BI12
66 |2,3,4,4’-tetra-CB 15.444 |B12
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55 |2,3,3,4-tetra-CB 15.701

56 |2,3,3",4’-tetra-CB 15.936 | B13

60 |2,3,4,4-tetra-CB 15.982|B13

79 [3,3',4,5-tetra-CB 16.373

78 13,3 ,4,5-tetra-CB 16.732

81 |3,4,4’5-tetra-CB 17.097

77 13,3,4,4-tetra-CB 17.483

104 |2,2’,4,6,6’-penta-CB 14.212

103 |2,2’,4,5’6-penta-CB 14.753|C13

96 |2,2’,3,6,6'-penta-CB 14.764|C13
100 |2,2’,4,4’,6-penta-CB 14.920

94 |2,2°,3,5,6’'-penta-CB 15.102

102 |2,2’,4,5,6'-penta-CB 15.319 |C14/B14
98 |2,2",3",4,6-penta-CB 15.330 |C14/B14
121 |2,3’,4,5",6-penta-CB 15.364 | B14/BI15
93 |2,2’,3,5,6-penta-CB 15.404 | B15/C15
95 |2,2’,3,5",6-penta-CB 15.413 | B15/C15
88 12,2’,3,4,6-penta-CB 15.521

91 |2,2’,3,4’,6-penta-CB 15.601

92 |2,2’,3,5,5-penta-CB 15.884

90 |2,2’,3,4’,5-penta-CB 16.057 |C16/B16
84 |2,2’,3,3',6-penta-CB 16.067 |C16/B16
101 |2,2’,4,5,5-penta-CB 16.079 | C16/B16
113 |2,3,3,5",6-penta-CB 16.124 | B16/C17
89 |2,2",3,4,6'-penta-CB 16.142 | B16/C17
99 |2,2’,4,4’ 5-penta-CB 16.242

119 |2,3,4,4’,6-penta-CB 16.426 | A5

112 |2,3,3,5,6-penta-CB 16.502 | A5/A6
83 12,2°,3,3’,5-penta-CB 16.583 | A6/C18
109 |2,3,3’,4,6-penta-CB 16.594 | A6/C18
97 |2,2",3",4,5-penta-CB 16.778 | C19/B17
125 |2°,3,4,5,6’-penta-CB 16.811 |C19/B17
86 |2,2’,3,4,5-penta-CB 16.830 |C19/B17
111 |2,3,3,5,5"-penta-CB 16.862 | B17/B18
117 |2,3,4’,5,6-penta-CB 16.931 | BI8/A7
87 12,2’,3,4,5'-penta-CB 17.008 | A7/C20/B19
115 |2,3,4,4’,6-penta-CB 17.014 | A7/C20/B19
116 |2,3,4,5,6-penta-CB 17.023 | A7/C20/B19
120 |2,3,4,5,5-penta-CB 17.080 | B19/A8
85 |2,2’,3,4,4'-penta-CB 17.158 | A8

(55)

195
110 |2,3,3",4’,6-penta-CB 17.333
82 12,2",3,3",4-penta-CB 17.800
124 12°,3,4,5,5-penta-CB 18.063 | A9
108 |2,3,3",4,5-penta-CB 18.157 | AY/C21/A10
107 |2,3,3",4’,5-penta-CB 18.188 | AY/C21/AL0
123 |2,3,4,4’,5-penta-CB 18.271|A10
106 (2,3,3’,4,5-penta-CB 18.406 | C22
118 |2,3,4,4’,5-penta-CB 18.417 |C22
114 (2,3,4,4’,5-penta-CB 18.925|B20
122 |2’,3,3’,4,5-penta-CB 18.971|B20
127 |3,3,4,5,5'-penta-CB 19.643|C23
105 |2,3,3,4,4’-penta-CB 19.652|C23
126 |3,3,4,4’,5-penta-CB 21.468
155 |2,2’,4,4°,6,6'-hexa-CB 15.761
150 |2,2",3,4",6,6'-hexa-CB 16.469
152 |2,2",3,5,6,6'-hexa-CB 16.730
148 |2,2’,3,4’,5,6'-hexa-CB 16.961 | C24
145 |2,2",3,4,6,6'-hexa-CB 16.982 | C24
154 12,2’4,4’5,6'-hexa-CB 17.261|C25
136 [2,2°,3,3',6,6'-hexa-CB 17.269 |C25
151 |2,2°,3,5,5",6-hexa-CB 17.737
135 12,2°,3,3,5,6'-hexa-CB 17.883 | B21
144 12,2’,3,4,5",6-hexa-CB 17.943 | B21
147 12,2’,3,4’,5,6-hexa-CB 18.053
149 |2,2,3,4’,5",6-hexa-CB 18.229|C26
139 |2,2’,3,4,4’ 6-hexa-CB 18.248 |C26
140 |2,2’,3,4,4’ 6’~-hexa-CB 18.392
143 {2,2’,3,4,5,6’'-hexa-CB 18.626 | B22
134 12,2°,3,3’,5,6-hexa-CB 18.697 | B22/C27
133 2,2',3,3",5,5'-hexa-CB 18.710 | B22/C27
165 |2,3,3’,5,5",6-hexa-CB 18.854 | B23
131 2,2°,3,3’,4,6-hexa-CB 18.917 | B23/B24
142 12,2°,3,4,5,6-hexa-CB 18.988 | B24/C28
146 |2,2’,3,4’,5,5'-hexa-CB 19.027 | B24/C28
161 |2,3,3,4,5",6-hexa-CB 19.042 | B24/C28
153 |2,2’,4,4’,5,5'-hexa-CB 19.342|C29
168 [2,3’,4,4’,5",6-hexa-CB 19.359 [ C29
132 12,2°,3,3,4,6'-hexa-CB 19.528
141 12,2°,3,4,5,5'-hexa-CB 20.016
137 12,2’,3,4,4" 5-hexa-CB 20.336
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130 |2,2°,3,3’,4,5’-hexa-CB 20.455

164 12,3,3’,4’,5'6-hexa-CB 20.671 | C30/B25
163 12,3,3’,4’,5,6-hexa-CB 20.696 | C30/B25
138 12,2°,3,4,4’,5~hexa-CB 20.802 | B25/B26
160 |2,3,3’,4,5,6-hexa-CB 20.871 | B26/C31
158 |2,3,3’,4,4’ 6-hexa-CB 20.889 | B26/C31
129 12,2°,3,3’,4,5-hexa-CB 21.218

166 |2,3,4,4’5,6-hexa-CB 21.624

159 |2,3,3’,4,5,5’-hexa-CB 21.796

162 |2,3,3’,4’,5,5~hexa-CB 22.139

128 12,2°,3,3’,4,4'~hexa-CB 22.461 |B27
167 12,34,4’,5,5-hexa-CB 22.548 | B27
156 |2,3,3’,4,4’ 5-hexa-CB 24.144

157 12,3,3°,4,4’ 5’-hexa-CB 24.513

169 |3,3’,4,4’,5,5’-hexa-CB 27.145

188 12,2°,3,4’,5,6,6’-hepta-CB 18.943

184 |2,2°,3,4,4',6,6’-hepta-CB 19.309

179 12,2°,3,3’,5,6,6’-hepta-CB 20.038

176 |2,2°,3,3°,4,6,6’-hepta-CB 20.458

186 |2,2°,3,4,5,6,6'-hepta-CB 20.969 | A11
178 |2,2°,3,3’,5,5",6-hepta-CB 21.085|Al11
175 |2,2°,3,3’,4,5",6-hepta-CB 21.435

187 12,2",3,4’,5,5",6-hepta-CB 21.616|C32
182 12,2°,3,4,4’,5,6’-hepta-CB 21.639|C32
183 |2,2",3,4,4’,5",6-hepta-CB 21.965

185 |2,2",3,4,5,5",6-hepta-CB 22.738

174 12,2°,3,3',4,5,6'-hepta-CB 23.208 | B28
181 |2,2°,3,4,4’,5,6-hepta-CB 23.300 | B28
177 12,2’,3,3’,4’,5,6-hepta-CB 23.553

171 |2,2°,3,3’,4,4’,6-hepta-CB 23.925

173 12,2°,3,3’,4,5,6-hepta-CB 24.370

192 12,3,3’,4,5,5°,6-hepta-CB 24.733|C33
172 12,2’,3,3’,4,5,5'-hepta-CB 24.769 | C33
180 |2,2°,3,4,4’,5,5-hepta-CB 25.324 |C34
193 12,3,3’,4’,5,5",6-hepta-CB 25.371|C34
191 |2,3,3’,4,4’,5",6-hepta-CB 25.711

170 |2,2°,3,3’,4,4’,5-hepta-CB 27.623|C35
190 |2,3,3’,4,4’,5,6-hepta-CB 27.683|C35
189 2,3,3’,4,4’,5,5’-hepta-CB 30.151

202 (2,2’,3,3’,5,5°,6,6'-octa-CB 23.692

i
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200 (2,2,3,3",4,5,6,6'-octa-CB 24.317

204 (2,2°,3,4,4°,5,6,6'-octa-CB 24.516

197 2,2,3,3°,4,4,6,6'-octa-CB 24.945

199 |2,2,3,3°,4,5,6,6"-octa-CB 26.243

198 |2,2,3,3°,4,5,5’,6-octa-CB 27.924

201 |2,2°,3,3°,4,5,5",6"-octa-CB 28.172

203 12,2°,3,4,4',5,5",6-octa-CB 28.692 |C36
196 |2,2°,3,3',4,4’,5",6-octa-CB 28.694 |C36
195 |2,2°,3,3,4,4’,5,6-octa-CB 31.221

194 |2,2°,3,3',4,4’,5,5-octa-CB 30.080

205 (2,3,3°,4,4,5,5,6-octa-CB 33.422

208 (2,2,3,3°,4,5,5°,6,6'-nona-CB |31.014

207 (2,2,3,3,4,4,5,6,6'-nona-CB | 31.795

206 (2,2,3,3°,4,4,5,5" ,6-nona-CB | 36.216

209 (2,2,3,3°,4,4'5,5°,6,6'-deca-CB | 38.892

Z1¥, PCB-126 1% PCB-175 L Ex& 3, ZDBEIL,
THAELPCB » o EHREN 2MIE TNl 777 A2 M A
A E—21k[M-70]* &% b, 58 PCB O M XY
BEED 2 0, Lieho>7T, 2D 2250 PCB»HE
BFic GC/MS wEA s i, 5E{EPCBOE—2
HREICKS R EBR 5252125, ZOBEIIE
FEZM 2L CTEK B —2 D PCB 25 h» D J5ik
TR T, HHEH 2 %> PCB 237FE L 22 Wby, TRAE
LTCHEBUTTH2 I L RELOBVE, ERIW
EREFICRKESHESNRTLE S,

2. 74 A4 A4V PCB 4T

B OMEBERBEM RS XOPEELZT 1 A
AN 2L BB OMERRIE L DRt i 74
AF AN 2HIEC R UDICE T % PCB H kiR
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MR A 7 ATa7ZF PCB LSO PCB %2k T o
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Fig. 1 GC/MS chromatograms of mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, octa- and nona-CBs
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Table 2 Concentrations of PCB congeners in Yusho Oil and Taiwan Yucheng Oil

Concentration, ppb

Yusho oil Yucheng oil
IUPAC PCBs M S C D
3 4-mono-CB nd nd 94 83
4 2,2’-di-CB 139 112 151 111
7,9 2,4-di-CB+ 43 22 44 32
6 2,3’-di-CB nd nd 2 7
8,5 2,4'-di-CB+ 1128 841 634 406
19 2,2’6-di-CB 517 412 89 42
12, 13 3,4-di-CB+ 432 353 38 22
18 2,2’ 5-tri-CB 11973 9681 846 443
17 2,2’ ,4-tri-CB 2702 2358 312 174
15 4,4’-di-CB 363 297 168 97
27 2,3’6-tri-CB 338 294 40 23
32,16 2,4’ 6-tri-CB+ 4261 3464 344 185
29 2,4,5-tri-CB 25 18 8 5
26 2,3’ 5-tri-CB 2244 1749 181 114
25 2,3,4-tri-CB 326 283 51 28
28,31 2,4,4’-tri-CB+ 31468 27012 1633 1214
53 2,2’ 5,6'-tetra-CB 3493 2830 81 69
21,20,33 2,3,4-tri-CB+ 8776 7337 567 395
51 2,2’,4,6'-tetra-CB 1413 1146 35 29
22 2,3,4’-tri-CB 4773 3816 256 206
45 2,2’,3,6-tetra-CB 4074 3361 100 36
69,46,73 2,3’ 4,6-tetra-CB+ 1126 932 25 26
52 2,2’,5,5"-tetra-CB 34422 29172 1032 1205
49 2,2’,4,5-tetra-CB 22072 18379 623 783
47,48,75 2,2’ 4,4 tetra-CB+ 17975 15208 517 628
44 2,2’3,5’-tetra-CB 34851 30302 1236 1461
42 2,2,3,4’ -tetra-CB 8558 7685 294 380
37 3,4,4-tri-CB 5417 4339 366 490
68 2,3,4,5’-tetra-CB 9007 7684 300 424
64,41 2,3,4’ 6-tetra-CB+ 18734 15632 683 970
103,96 2,2’ 4,5 6-penta-CB+ 729 605 17 27
40,57 2,2’.3,3 -tetra-CB+ 7688 6204 273 388
67 2,3’ 4,5-tetra-CB 1265 994 63 89
63 2,3,4’,5-tetra-CB 2751 2253 109 174
74,61 2,44’ 5-tetra-CB+ 26703 22575 1348 2075
70,76,80 2,34’ 5-tetra-CB+ 59574 50669 3293 5091
121 2,3,4,5,6-CB 1225 1014 49 73
95,93 2,2’,3,5",6-penta-CB + 16439 13956 703 1041
66 2,3,4,4’ -tetra-CB 56405 47330 2967 4613
91 2,2,3,4’ 6-penta-CB 6362 5254 261 412
55 2,3,34-tetra-CB 555 525 32 57
92 2,2,3,5,5’-penta-CB 5028 4141 231 362
56 2,3,3,4’-tetra-CB 23398 19325 1418 2180

(58)
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60 2,3,4,4~tetra-CB 19184 15236 1066 1613
101,84,90  2,2',4,5,5-penta-CB + 37711 31829 2131 3409
99 2,2’ 4,4 5-penta-CB 24998 20572 1353 2141
119 2,3 4,4 ,6-penta-CB 1390 1107 48 94
109,83 2,3,3'4,6-penta-CB+ 2022 1684 90 152
97,86,125  2,2’,3’4,5-penta-CB+ 19000 16317 1166 1795
117 2,3,4',5,6-penta-CB 1422 1125 79 121
87,115,116  2,2’,3,4,5-penta-CB+ 22671 20464 1543 2405
81 3,44’ 5-tetra-CB 595 534 37 64
85 2,23,4,4'-penta-CB 11611 10082 723 1165
136,154 2,2,3,3,6,6'-hexa-CB+ 992 808 58 94
110 2,3,3 4’ 6-tetra-CB 36664 32653 2792 4368
77 3,3 4,4 ~tetra-CB 10111 8791 755 1252
151 2,2'3,5,5,6-hexa-CB 1188 971 81 129
82 2,23,3’ d-penta-CB 10898 9433 735 1199
135 2,2,3,3',5,6'-hexa-CB 1197 1073 70 108
144 2,2°.3.4,5 6-hexa-CB 1228 1012 42 59
147 2,2°3,4'5,6-hexa-CB 351 295 21 30
124 23,4,5,5-penta-CB 3244 2806 183 309
107,108 2,3,3 4’ ,5-penta-CB+ 8447 7311 509 830
139,149 2,23,4,4 6-hexa-CB+ 4571 3861 364 584
123 23,44 5-penta-CB 3302 2945 171 292
118,106 2,3 4,4 5-penta-CB+ 60367 54369 5011 8063
133,134 2,2'3,3',5,5-hexa-CB+ 1487 1262 89 155
165 2,3,3',5,5,6-hexa-CB 537 366 18 31
114 2,3,4,4 5-penta-CB 8053 6868 476 801
146,142,161 2,2",3,4’,5,5-hexa-CB+ 2491 2012 157 259
153,168 2,244 5,5 -hexa-CB+ 13197 11094 1215 2043
132 2,23,3',4,6'-hexa-CB 5502 4752 470 786
105,127 2,3,34,4'-penta-CB+ 51421 47010 4344 7177
141 2,2°.3.4,5,5-hexa-CB 4518 3805 334 569
179 2,2'3,3',5,6,6'-hepta-CB 231 188 24 41
137 2,2'3,4,4 5-hexa-CB 2204 1850 134 230
130 2,23,3,4,5-hexa-CB 2292 1922 161 283
164,163 2,3,3 .45 6-hexa-CB+ 6032 5025 515 874
138 2,23.4,4 5-hexa-CB 19807 17781 2011 2531
158,160 2,3,34,4 ,6-hexa-CB+ 3861 3114 243 523
178 2,2'3,3',5,5,6-hepta-CB 201 176 22 32
129 2,2'3,3',4,5-hexa-CB 2777 2368 200 349
175 2,2°.3,3 4,5 ,6-hexa-CB 237 215 11 16
126 3,3 4,4 5-penta-CB 1008 1108 59 97
182,187 2,2'3,4,45,6'-hepta-CB+ 829 702 112 186
166 2,3,4,4'5,6-hexa-CB 724 642 34 52
183 2,2'3,4,4' 5 6-hepta-CB 1658 1403 123 204
162 2,3,3 45,5 -hexa-CB 705 592 28 48
128 2,23,3,4,4'~hexa-CB 8778 7695 902 1448
167 2,34,4'5,5-hexa-CB 3323 2961 240 395
181 2,2'3,4,4' 5,6-hepta-CB 315 261 11 18
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177 2,2°,3,3" 4’ 5,6-hepta-CB 668 565 101 181
202 2,2’,3,3',5,5,6,6"-octa-CB 40 50 9 12
171 2,2°,3,3’,4,4 6-hepta-CB 1209 1027 116 198
156 2,3,3",4,4’,5-hexa-CB 10780 9074 1001 1711
200 2,2’,3,3°,4,5°,6,6'-octa-CB 50 46 7 9
173 2,2°,3,3’,4,5,6-hepta-CB 402 313 18 27
157 2,3,3,4,4’,5’-hexa-CB 2736 2263 218 370
172,192 2,2°,3,3,4,5,5-hepta-CB+ 568 504 61 107
197 2,2’,3,3°,4,4° 6,6'-octa-CB 38 37 3 5
180,193 2,2°,3,4,4’,55-hepta-CB+ 5727 4967 969 1598
191 2,3,3",4,4’,5’ 6-hepta-CB 372 320 29 46
199 2,2’,3,3',4,5,6,6’'-octa-CB 164 130 7 15
169 3,3,4,4’,5,5-hexa-CB 94 85 3 3
170,190 2,2°,3,3 4,4’ 5-hepta-CB+ 7616 6466 1120 1955
198 2,2°,3,3°,4,5,5" 6-octa-CB 91 74 4 11
201 2,2°,3,3,4,5,5°,6’-octa-CB 320 292 79 133
203,196 2,2,3,4,4,5,5 6-octa-CB+ 899 786 114 198
189 2,3,3",4,4’,5,5-hepta-CB 807 717 80 143
208 2,2°,3,3°,4,5°,5,6,6'-nona-CB 33 38 nd 7
195 2,2°,3,3,4,4’ 5,6-octa-CB 367 312 51 83
207 2,2°,3,3",4,4’5,6,6’'-nona-CB 32 27 nd 6
194 2,2.3,3,4,4 5,5 -octa-CB 1056 961 229 404
205 2,3,3,4,4’,5,5 6-octa-CB 138 131 7 21
206 2,2’,3,3°,4,4' 5,5 6-nona-CB 236 191 31 61
209 Deca-CB nd nd nd nd

Total PCBs 898572 769390 56780 83451

AA A ND4 PCBEEIX 899 XU 769 ppm TH D,
BEDTA AL ANV PCB#EE 57 L83 ppm £ D
10 fEFREE» -7z, ZHUXE CBERE 17 £/
L7z PCBRE LR CRE TH - 72°,

# &

PCB D4 E M4k 209 FEOAZHES, % FV T, B HERE
HArZa< b7 77 MES R RONTEEE THIT L
72, 209FED PCB X 169 KD E—2 L LTS
Jz. 205 B 2D PCBM&EE > T W5 E—27 528
ARV 3HDPCBHRELR>TWAIE—7 B8 KD
7z. & PCB ® 2 b OKERS D PCBIZ DWW TII B A
WICERSFTE 5, 2755 PCB T PCB L &
BoTWBE—27IZOWTh, HERY 7 A THE
LT olllEd 5 &, EMICEEIMTE 5.

Z DS Vv THRER K UG T O T B A EIR L
7o T A AL A N BTN LTz, % OfER 115
KDY — 27 BHEREENTZDT, T4 A+ A NIZiF
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Analysis of All PCB Congeners in Breast Milk and Blood of Yusho Patients

Keisuke MiMuRrRA*, Miho TAMURA®,
Koichi HARAGUCHI and Yoshito MASUDA

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

Abstract Breast milk and blood of Yusho patients were analyzed for polychlorinated biphenyl
(PCB) congeners by High separation gas chromatography/Low resolution mass spectrometer.
Seventy-one and forty-nine PCB congeners were identified and quantified in the breast milk and
blood, respectively. Total PCB concentrations (Whole base) in breast milk of 2 Yusho patients
were 69.9 and 15.1 ppb, respectively, being 11.6 and 2.5 times higher than those of 4 control breast
milk. Average total PCB concentration of 5.0 ppb in whole blood of 13 Yusho patients was 3.6
times higher than those of control persons. Fourteen PCB congeners, such as 99, 117, 130, 137,
138, 156, 157, 164, 170, 171, 172, 189, 191 and 195, were particularly higher concentration in breast
milk and blood of Yusho patients than in those of control persons. Polychlorinated dibenzo-p-
dioxins (PCDDs) and dibenzofurans (PCDFs) and coplanar PCBs were also analyzed in the breast
milk of Yusho patients and control persons. Large portions, 83 and 749§, of Dioxin toxic
equivalency (TEQ) in the 2 Yusho breast milk were consisted of TEQ of 2,3,4,7,8-pentaCDF only,
while total TEQ in the breast milk of control persons was consisted of PCDFs 489, PCDDs 299

and coplanar PCBs 239%.
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WEAE TR ERREI S 7 1 4 % ¥ > DIiEE 1 HiENR
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1. srhratet

HERE 2 & & VIRt S RERL (1988 ) % ¥l
REFELIb DO ERWTz, B, fERTTRoEkE Ak
F0fFRfts A 4 ZORFL (1989 4F) 2 Witk
7L, Sbmall & UZe. WiERE O M ix 1998 FEE—
FRRZ TR E NIz b DR L Lk,
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(1) PCB 04347

R} 40~100 € ZFFEL, 7R b2 /ANFH (2 :
1) ¥ 100 ml € 3 [EHh Lz, ~ 9 > 8 2Rk

(NFF TR LI b D)30ml T2 \AZEL, ik
il >~V 7 4 (PCB 434TH, 450 °C T 24 IEfENEL)
RV TARS IR, PEEYE & LT *C-PCB
4 FER W, 13C 275 ) PCB(*C-Co-PCB) 3 f#, *C-
PCDD 7%, *C-PCDF 9 fE#¥RIML7:, Zh% 50°C
THBEL, ~FVrEREAELCEE2H:. B8
2REE (20ml) #1000 TAR (] 200 mg/ 2R
), FNFNCZY /=3 mlEZMETELBRE
L, &5 1MARBIES Y v A/Ty ) —VEEHE 3 ml
K OFEEK (NFY > THIELZ D D) 6ml 212,
BE RS T T —Ic a2 X2 X RESER.
DYER 2R E VIR S 65°CT 2 BEIIME L 72
%, 0N, ~FF>5ml T2 EIIH L. AF Y
VIE (10 ml) ZRERK (NFY > THE L2 H D) 2ml
T2 ke L, HEAREES bV VA 2g BIIZ TR
SR, WLy YA SV (7a—5 S-,
450°C, 24 BEREINEY lg DA T L2 0~ NI 57 4 —
T Tz, AT AEANF Y 30 ml T S &, R
BRAZ—— AT A EDOTERBEET2~3ml £ T
e Lo, SBE CIBE LA~ F ) VBl R — AR D
AEE ICEY, 10ml 2 TEER, 2010501 (1
ml) %2 A v Y RERE IR L, PCB EERFHEHON
EHEYE & LT 2,2',3,3,4-penta-CB % 0.5 ng RN
#%, 50°C IR L T 5 ~10 w1 % T#EHE L PCB D434#7
L L7z, 72, YD 10409 (9ml) & PCDD
KO PCDF O 72, I 3 ~ 5 g 23 EREN
R L, “C-PCB 4% 5ng U1 M Kigibs Y
YA/ TE ) — VIR 3ml BZ . DWW ERTE
A PCB T 0354 L AR ICLE L T GC/MS T

PCB #5MRDERST % LTz,

PCBEMEARDITIE, ¥+ EF Y —H T A (60m DB-
5MS) REELLA AT~ NI T 7 /NUEKRE RS
et (BHE, AOC-17, GC-17 A, QP-5000) T17-
Joo FX VT =HAFEMEAY 74 (99.999%) %
v, s 1.8 ml/min Th-olz, 77 2EEIX, &
#1100°C T 2 43MHRHFF L, 20°C/min T 250°C & THE
LT 15 3R L7z, KT, 2°C/min T 280°C &
THIEL, 7HRREFL 2. EAODORE X 260°C, A
VY =7 2 — ADMEEX 280°C 1R Tz, BIRA A v
e (SIM) k=41 t, ik, 7, S,
i ko PCB & t¥ 1,1-dichloro-2,2-bis (p-chloro-
phenyl) ethylene (DDE) ®O43FA A4 > E—2 (M)
KO [M+2]* %72, hexachlorobenzene (HCB) ® M*
Kt [M+2]* (m/z255.95, 257.95, 289.90,
291.90, 323.90, 325.90, 357.85, 359.85, 391.80,
393.80, 315.95, 317.95, 282.00, 284.00), /\i1k,
Fuft, +#o PCB @ [M+2]* LU [M+4]+* (m/
7 427.75, 429.75, 461.70, 463.70, 495.70, 497.70)
ZHWTHIE L7z, PCB 82MEEOBEIZEA 4 > D
E—7 e PCHEEYEO [M+2]* 0¥ — 27|
T & e s 2 WERHERRIC & D sk 7z,

(2) PCDD, PCDF, Co-PCB D43

PCB S #i#/E 12 43 1 72 PCDD J& U* PCDF 43 #t
AR ml 22y VEEBE L, 50°CI2imREL
TR ml FCEMELL. 2hzmdfbLic 7 v s
(Merck 90 active basic, 450°C, 24 HEfEIIIZEY) 5g D
Hohruav NTTT 4=l BT AIE, NF
# > 60ml (Fr. 1), ~F%>90ml (Fr. 2), ~F¥
v/vzuua A (1 :1)60ml (Fr.3), THEHS
¥, Fr.2 XU Fr.3 %0 —% Y —T)N\KV—% —T%
5 ml 2 & CiliE L7z, Fr.2 %2 Co-PCB 4347
Kkt Fr.3 % PCDD kU PCDF o4t L, X
oy Y EEBRE K L7, [EINEEERI O WY
LT, FhENIZ2,2,5,5-tetra-CB % 0.5 ng ¥
M, 50°CIniR LT, 5 ~10 xl £ TEfHEL 72, PCDD
KU PCDF #E AR D 53471%, PCB EARSHT & FIAk
DEBEZHTITo /2, 77 2EEX, &¥100°0C T
2 43R L, 20°C/min T 275°CE THEL T 155
RIERRF L7z, RWT, 2°C/min T295°CE CTHIREL,
10 s fEPRFE L 72, AL DBRE X 280°C, 1 > ¥ —
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71— ADREIZ295°CIZ o7z, BIRA A R
(SIM) 1z ik pusfifb, #Hififk, < ko Co-PCB ® M*
KO8 [M+2]* (m/z289.90, 291.90, 323.90,

325.90, 357.85, 359.85) 7z, Puififhk, HifMk, <
Ak, Bk, A ko PCDD K tf PCDF @ M* K ¥
[M+2]* (m/z303.90, 305.90, 319.90, 321.90,

337.85, 339.85, 353.85, 355.85, 373.80, 375.80,

389.80, 391.80, 407.80, 409.80, 423.80, 425.80,

441.75, 443.75, 457.75, 459.75) MW THIE L /2.
Co-PCB, PCDD K% 1f PCDF Sk DL 13 & A 4 >
Or—7HEY “"CHNEEYEDO [M+2]* O —7
THITE & HiR 9 2 PIARHER I L D sk 7z,

BWBRCEE

1. WIPNEHEYIE o [EINER
SHFEBROERES ZFH 2 7201z, HEHHEIML 2
WAEHEY)E S GC/MS THIE T % & %12 £ DRE
Bo T2 2%, [EUNEEHAHE O NEHEYE % 1l E
WZEIIL T, 2 e OEGTERSHT L TR I, BC-
PCDDs, *C-PCDFs, *C-CoPCBs % HiERFL K O —
WRFFLCEINL 72858 B 5, 06 QEIEEDF
1 R OBEHEGRZE 13 100 R O*30%TH Y, L EIE R
T3, BHEWIBEEFICBVTH 2%EIREHL TV
DT, TOHHFFETRKD TEIZIFZERREII X 5K
SR AN AR NP I

2. PCB &Mtk 5t

WHE R E L O PCB Mkt o SIM 7 v~ + 7
Z 5% Fig. 1LIRY, ZhERD~YA7ax k7T A
CBWTEREEED MY, [M+2]* (721, M+
214, IMH4]ID BT 2 2 20 —2 5, FUH A
71 bS8 SR, b [F] U ORISR I B
hizv D% PCB L[AME L7z, [F%E L7z PCB &Rtk
DFE % Table 1 12783, SEIHIE U 7R 6 gk
M6 1L, &ET 71 FEEO PCB BMEANEE S hik.
HHE EE R O PCB R (£8%47:9) 1% 69.9 ppb
15 1ppb TH D, — M A DO F¥I{E6.0 ppb D
11.5 RO 2.5 TH - 72,1998 FEE—FRZ THINS
7z 13 & D IMIE B O Mg th @ PCB #4451 i 2
4 Table 1 IZ/RL T3, HESZE DL PCB IRE (&
|70 )1 4.97 ppb T, —M&ADIFEIPRE 1.38 ppb
L0y 36 EENETH -2, WMERTL 2 MR & O

i

1E 344

FEME (13 4) FHOWThIZBW T, —Awxt
T2 PCBEEEHAE LD FEWIEE O PCB B MK
1399, 117, 130, 137, 138, 156, 157, 164, 170,
171, 172, 189, 191, 195 D 14 FETH -7z, 1977 £ELH
DMERE Tz PCB @ 138, 153, 156, 170, 180 53—
WAL D BEENENZ LY, BHISN T V7253, 1990
HEELETIE, 215D PCB Otz %% PCB #itk
PR E CRIIMERE L Cw 3 2 Lo
7.

3. PCDD, PCDF, PCB BEi:tkD 4347

Rz & £ T3 PCDD, PCDF, CoPCB i, i
Makr B 5 2 LT, BEMEW GC/MS I L) B
ST B 2 e TE T, Table 2 25 EOHIETES
iz PCDD, PCDF, PCB & EM kDL %
w3, WE B & Tlx, 2,3,4,7,8-pentaCDF,
1,2,3,4,7,8-hexaCDF, 1,2,3,6,7,8-hexaCDF,
3,3,4,4,5,5-hexaCBOBE N — A D Z S L DA
SIICEWETH > 7z, Wiz, —EADFHHHERE
DL HEBENEWEBETH -2 b DIX1,2,3,4,6,7,8-
heptaCDD, octaCDD ) 2,3,4,6,7,8-hexaCDF ®
3HEThHo 7.

BEMEAROWEE IczhZho TEF 2#), 0%
T % TCDD o # M & 12 #2 8 L 7z TEQ % PCDD,
PCDF, PCB @7V —7Z ki % £ & T Table 3 127w
T, E7, Thone TEQ I L 284 % Fig. 2
IZRY., %8B, nd (BHEES) ObDIIOVTIE, &
HIBRAUSEE 022531 TEF 24807 T, 20 TEQ 4 &
L7, WHERERILOS TEQ IR 1.96 KU 0.75
ppb (IEEEEN-D) T, —WAD 36 LU 14fET
hotz. TEQEENPR OB VES X EE 5 b,
2,3,4,7,8-pentaCDF T& % 73, #iiE 3 T34 TEQ
PED 83 LU T4% %2 LD TWB DI L, — AT
FA0% AT CTh > Tz, — B ADHZAE I, 2,3,4,7,8-
pentaCDF PA#k 12 & 2,3,7,8-tetraCDD, 1,2,3,7,8-
pentaCDD, 1,2,3,6,7,8-hexaCDD, 2,3’,4,4",5-
pentaCB, 2,3,3,4,4’,5-pentaCB, 3,3",4,4’,5-
pentaCB OFHFE AR E {, £ TEQEEIZL® 53
LIMERE LB, B ko> Tw3, %/, PCDF ik
HWESRE O TEQIRED KIS TH 2 86 KU 82% %
LHTwzoizxtL, —i#% A Tk PCDF 2% 48%,
PCDD #329%, PCB #823% & [REEDHFLGETH -
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Fig. 1 SIM chromatograms of the extract from breast milk of Yusho patient (Yusho U)
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Table 1 Concentration of PCB Congeners in Breast Milk and Blood of Yusho Patients
Breast Milk, ppb (Wet) Ratio Blood, ppb (Wet)  Ratio
Yusho U Yusho W Control U/Cont W/Cont Yusho Av Control Ay Yusho/Cont
Ave. S.D. n=13 n=3x10

IUPAC No. Fat content% 3.10 1.69 2.76 0.48
29 2,4,5-CB 0.002  0.003 0.004 0.000 0.60 0.84 0.018 nd —
28,31 2,4,4-CB+ 0.040  0.025 0.054 0.012 0.74 047 0.014  0.023 0.62
52 2,2'5,5-CB 0.028 0.012  0.016  0.004 1.76 0.74 0.014  0.009 1.50
49 2,2°,4,5-CB 0.007  0.005 0.005 0.000 1.36 0.97 nd  0.006 —
47,4875 2,2°,44-CB+ 0.021  0.012  0.014  0.002 1.52 0.84  0.008  0.004 2.16
44 2,2°,3,5-CB 0.007  0.004 0.005 0.002 1.41 0.79 nd 0.011 —
37 3,4,4-CB 0.003  0.003  0.002  0.000 2.21 2.12 nd 0.010 —
63 2,3,4,5-CB 0.003  0.004 0.004 0.002 0.68 0.92
74,61 2,44’ 5-CB+ 0.119 0.154 0.267 0.115 0.44 0.58  0.048  0.047 1.01
70,76,78 2,34’ 5-CB+ 0.006  0.006 0.007  0.001 0.83 0.87  0.006 0.005 1.34
95,93 2,2°,3,5°,6-CB+ 0.024 0.012 0.014  0.003 1.76 0.84 nd 0.004 —
66 2,3,4,4-CB 0.035 0.022  0.062  0.020 0.57 0.36  0.013 0.016 0.84
92 2,2,3,5,5'-CB 0.013  0.006 0.010 0.004 1.37 0.57 nd  0.005 —
56 2,3,3,4-CB 0.008 0.003 0.003 0.001 2.64 1.01 nd nd —
60 2,3,4,4'-CB 0.004  0.006 0.018 0.006 0.25 0.31  0.003 nd —
101,90,84 2,2’,4,5,5-CB+ 0.148  0.042  0.049  0.009 3.00 0.86  0.021  0.009 2.33
99 2,2°,4,4 5-CB 5298  0.962 0.265 0.063  19.99 3.63  0.241  0.040 6.00
117 2,3,4’,5,6-CB 0.449  0.047  0.009  0.005 47.26 494  0.012  0.002 7.42
87,115,116 2,2’,3,4,5-CB+ 0.250  0.025 0.010 0.002 25.88 2.54  0.010 nd —
85 2,2,3,4,4-CB 0.010  0.002  0.005 0.002 1.88 0.46
154,136  2,2’,4,4’,5,6'-CB+ 0.005  0.003 0.003  0.001 1.76 1.00 nd 0.003 —
110 2,3,3',4’,6-CB 0.009  0.007  0.009 0.002 1.01 0.80  0.005  0.002 1.99
77 3,3°,4,4-CB 0.006  0.002  0.005 0.001 1.09 0.44 nd  0.009 —
151 2,2°,3,5,5",6-CB 0.028  0.010 0.016  0.003 1.72 0.60  0.006 0.004 1.37
135 2,2,3,3°,5,6-CB 0.021  0.008 0.008 0.002 2.54 nd —
147 2,2°,3,4’,5,6-CB 0.106  0.015  0.007  0.003 14.49 2.01  0.006 nd —
107,108 2,3,3',4’,5-CB+ 0.024  0.009 0.017  0.006 1.38 0.52  0.006 0.005 1.20
139,149 2,2’,3,4,4’,6-CB+ 0.078  0.020  0.031  0.013 2.50 0.65 0.012  0.003 4.30
118,106 2,3’,4,4,5-CB+ 0.244  0.224 0.388  0.097 0.63 058 0.081 0.072 1.13
134,133  2,2°,3,3°,5,6-CB+ 0.381  0.076  0.026  0.007 14.63 2.93  0.027  0.010 2.79
165 2,3,3°,5,5",6-CB 0.020  0.005 0.001  0.000 13.31 3.14
114 2,3,4,4' 5-CB 0.140  0.061  0.035  0.010 4.02 1.74  0.032  0.006 5.50
146,142,161 2,2’,3,4’,5,5-CB+ 2.037 0.417 0.170  0.047 11.96 2.45  0.154  0.046 3.36
153,168  2,2’,4,4’,5,5-CB+ 10.737 2563  1.251  0.332 8.58 2.05 0.798 0.270 2.96
132 2,2,3,3,4,6'-CB 0.018  0.006  0.008 0.001 2.22 0.79
105,127 2,3,3',4,4-CB-+ 0.058  0.059  0.106 0.025 0.55 055 0.019 0.014 1.30
141 2,2°,3,45,5-CB 0.014  0.003 0.010 0.004 1.39 0.32
179 2,2,3,3°,5,6,6'-CB 0.007  0.003  0.005 0.001 1.64 0.61
137 2,2°,3,4,4’ 5-CB 1.611  0.319 0.044 0.012  36.90 7.30  0.074 0.011 6.59
130 2,2°,3,3°,4,5°-CB 1.343  0.204 0.042 0.016 31.89 4.84  0.055 0.012 4.75
164,163  2,3,3,4’,5’,6-CB+ 3.749  0.749  0.210 0.078 17.81 356  0.235  0.054 4.33
138 2,2°,3,4,4,5-CB 13.123  2.510 0.756  0.217  17.35 3.32  0.742  0.148 5.02
178 2,2,3,3°,5,5",6-CB 0.351  0.100  0.068  0.020 5.20 1.47  0.032  0.016 1.99
126 3,3,4,4,5-CB 0.003  0.002  0.002 0.001 1.88 1.50 nd nd —
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182,187  2,2,3,4,4°,5,6'-CB+ 1.232 0415  0.300  0.090 4.11 1.38  0.142  0.068 2.08
183 2,2,3,4,45,6-CB 1.028  0.249  0.126  0.032 8.13 1.97  0.079  0.025 3.14
128 2,2,3,3,4,4-CB 0.065  0.025  0.024  0.008 2.72 1.05
167 2,37,4,45,5-CB 0.091  0.048 0.053  0.017 1.72 091  0.028 0.011 2.50
181 2,2,3,4,4,5,6-CB 0.188  0.026  0.003 0.000 75.04 10.22  0.010 nd —
177 2,2,3,3,4'5,6-CB 0.573  0.130  0.057  0.020  10.11 2.30  0.036  0.013 2.86
202 2,2',3,3',5,5,6,6'-CB 0.053  0.020  0.018  0.004 2.90 1.10  0.013  0.007 1.93
71 2,2°,3,3,4,4,6-CB 0.447  0.089  0.024  0.007 18.30 3.64 0.026  0.005 5.19
156 2,3,3,4,4,5-CB 7501  1.459 0.126 0.040 59.49 11.57 0365 0.027 13.31
200 2,2°,3,3,4,5,6,6'-CB 0.013  0.004 0.004 0.001 3.13 0.86
157 2,3,3°,4,45-CB 2213 0.419 0.034 0.010 6532 1236  0.123  0.008 14.72
172,192 2,2°,3,3°,4,5,5-CB+ 0.470  0.096  0.029  0.008  16.37 3.35  0.028  0.006 4.33
180,193 2,2,3,4,4°5,5-CB+ 5.744 1.375 0.585  0.176 9.82 235  0.544 0172 3.17
191 2,3,37,4,4,5,6-CB 0.253  0.044  0.008 0.002  31.08 5.39  0.025  0.003 7.40
169 3,3,4,4,55-CB 0.044  0.009 nd — -
170,190  2,2°,3,3’,4,4’5-CB+ 6.215 1.323 0.286 0.089  21.73 463 0417  0.059 7.05
198 2,2,3,3,4,55,6-CB 0.049  0.009  0.003 0.001 18.10 3.40
201 2,2°,3,3,4,5,5,6'-CB 0.397  0.096  0.068  0.022 5.81 1.40  0.056  0.020 2.84
203,196  2,2°,34,4°5,5,6-CB+ 0.626  0.147  0.070  0.023 8.91 2.09 0.081 0.017 4.67
189 2,3,3,4,4,55-CB 0.747  0.143  0.015 0.004 50.71 9.72 0.063  0.005 13.83
208 2,2°,3,3,4,5,5",6,6'-CB 0.020  0.004  0.004 0.003 4.67 0.83  0.010 nd —
195 2,2,3,3,4,4'5,6-CB 0.255  0.051  0.018 0.006  14.44 291 0.027  0.006 4.84
207 2,2,3,3,4,4,5,6,6'-CB 0.010  0.002  0.002  0.001 4.12 0.95
194 2,2,3,3,4,4,55-CB 0.839  0.189  0.105 0.032 8.00 1.80  0.124  0.033 3.74
205 2,3,3,4,4,55° 6-CB 0.064 0.011  0.002 0.001  26.43 451  0.028 nd —
206 2,2°,3,3,4,4'5,5",6-CB 0.142  0.027  0.019  0.010 7.63 147  0.032  0.004 7.21
209 2,2°,3,3,4,45,5,6,6-CB 0.015  0.005  0.015  0.011 1.05 0.37
Total PCBs 69.881 15.143 6.039 1.773  11.57 251 4966  1.379 3.60
DDE 1.330  0.758  0.549  0.165 2.42 1.38 4971 1.863 2.67
Hexachlorobenzene 13.012 12.333 12294 1.944 1.06 1.00  0.146  0.061 2.39
7z, LT T3 b,
@ i Z DFEETCHERERFLH @ PCDD, PCDF, Co-
e

I 2 O KR O 13 Z ol %2 GC/MS %
B3 iz &Y, PCB BikEoE &S % Lz,
o513 71 FE, M 513 49 FE D PCB Sk »345
HIER SNz, WERE 2 HORFLT 42 PCB O
(458472 0) 132 69.9 &1 15.1 ppb T, —#E A DT
BED11.6 MU 2.55ThH -7, WERH 13 4ol
Wb 4 PCB i) (£8247-0) 13 5.0 ppb T, —A
D3.6fE5TH-oe,

MERZORAKIMKICENT, —BALD b
HINCEEE Th - 72 PCB #M4ki3 99, 117, 130,
137, 138, 156, 157, 164, 170, 171, 172, 189, 191,
195D M4 FETH -7z, TS 1E 30 F/ R ET

PCB O3 #i 417w, 4 4 % ¥ U3 (TEQ) O
S & ILMRE Ule, MHERE AT, 2,3,4,7,8-
pentaCDF % TEQ #H 1D 83 K O 4% D K EB 4> % 5
®, PCDD KU PCB O &5 TEQ 1 14 XU 18% &4
o lzDIR L, —# A Tld PCDF 8 48%, PCDD
78 29%, PCB #323% & IZIEFRREOHEMLEESTH -
7z.

X [

1) Giesy JP and Kannan K: Dioxin-like and
non-dioxin-like toxic effects of polychlorinated
biphenyls (PCBs) : Implication for risk assessment.
Crit. Rev. Toxicol. 28: 511-569, 1998.



MNoE

1E 344

Table 2 Concentrations of PCDDs, PCDFs and Coplanar PCBs in Breast milk of Yusho Patients

Concentration, ppb (Whole basis)

Control
Yusho U Yusho W Average S.D. Ratio

TEF(WHO) Fat 3.109¢ Fat 1.69% Fat 2.76% U/Cont W/Cont
2,3,7,8-Tetra-CDD 1 0.0006 0.0004 0.0004 0.0001 1.58 1.13
1,2,3,7,8-Penta-CDD 1 0.0015 0.0004 0.0007 0.0002 2.23 0.67
1,2,3,4,7,8-Hexa-CDD 0.1 nd 0.0001 0.0001 0.0000 — 0.50
1,2,3,6,7,8-Hexa-CDD 0.1 0.0064 0.0021 0.0018 0.0004 3.66 1.17
1,2,3,7,8,9-Hexa-CDD 0.1 nd 0.0002 0.0002 0.0001 — 0.87
1,2,3,4,6,7,8-Hepta-CDD 0.01 nd 0.0003 0.0007 0.0003 — 0.52
Octa-CDD 0.0001 0.0018 0.0026 0.0043 0.0033 0.41 0.60
Total PCDDs 0.0103 0.0061 0.0075 0.0036 1.36 0.81
2,3,7,8-Tetra-CDF 0.1 0.0015 0.0023 0.0009 0.0005 1.57 2.44
2,3,4,7,8-Penta-CDF 0.5 0.1009 0.0188 0.0178 0.0068 5.66 1.05
1,2,3,7,8-Penta-CDF 0.05 0.0012 0.0028 0.0012 0.0007 1.07 2.37
1,2,3,4,7,8-Hexa-CDF 0.1 0.0117 0.0043 0.0028 0.0010 4.18 1.54
1,2,3,6,7,8-Hexa-CDF 0.1 0.0026 0.0018 0.0008 0.0003 3.12 2.08
1,2,3,7,8,9-Hexa-CDF 0.1 nd 0.0001 0.0001 0.0000 — 1.00
2,3,4,6,7,8-Hexa-CDF 0.1 nd 0.0003 0.0013 0.0015 — 0.27
1,2,3,4,6,7,8-Hepta-CDF 0.01 0.0009 0.0004 0.0005 — 1.67 0.78
1,2,3,4,7,8,9-Hepta-CDF 0.01 nd nd — — —
Octa-CDF 0.0001 nd nd 0.0002 0.0000 — —
Total PCDFs 0.1189 0.0308 0.0240 0.0083 4.96 1.28
81 3,4,4'5-Tetra-CB 0.0001 nd nd — — —
77 3,3,4,4'-Tetra-CB 0.0001 0.0041 0.0023 0.0026 0.0004 1.57 0.89
126 3,3’,4,4’,5-Penta-CB 0.1 0.0056 0.0013 0.0023 0.0008 2.45 0.58
169 3,3’,4,4’,5,5-Hexa-CB 0.01 0.0266 0.0045 0.0059 0.0021 4.50 0.77
Total Coplanar PCBs 0.0363 0.0082 0.0100 0.0021 3.64 0.82
105 2,3,3’,4,4'-Penta-CB 0.0001 0.0580 0.0589 0.0986 0.0271 0.59 0.60
114 2,3,4,4’,5-Penta-CB 0.0005 0.1400 0.0605 0.0545 0.0118 2.57 1.11
118 2,3’,4,4’,5-Penta-CB 0.0001 0.2435 0.2243 0.3625 0.0961 0.67 0.62
123 2°,3,4,4’,5-Penta-CB 0.0001 na na — — —
156 2,3,3’,4,4’,5-Hexa-CB 0.0005 7.5012 1.4594 1.3731 0.4995 5.46 1.06
157 2,3,3’,4,4’,5-Hexa-CB 0.0005 2.2126 0.4187 0.4007 0.1468 5.52 1.04
167 2,3’,4,4’,5,5-Hexa-CB 0.00001 0.0909 0.0480 0.0593 0.0154 1.53 0.81
189 2,3,3,4,4’,5,5’-Hepta-CB 0.0001 0.7473 0.1433 0.1380 0.0493 5.41 1.04
Total Mono-ortho PCBs 10.9935 2.4130 2.4868 0.7107 4.42 0.97
Total PCBs 11.0298 2.4212 2.4967 0.7128 4.42 0.97

2) Kuroki H and Masuda Y : Structures and Environment, The Netherlands, 1997.

concentrations of the main components of polych-
lorinated biphenyls retained in patients with Yusho.
Chemosphere 6 : 469-474, 1977.

3) Liem AKD and Theelen RMC: Dioxins:
Chemical Analysis, Exposure and Risk Assessment.
1-373, National Institute of Public Health and the
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4) Masuda Y, Schecter A and Pidpke O: Con-
centrations of PCBs, PCDFs and PCDDs in the
blood of Yusho patients and their toxic equivalent
contribution, Chemosphere 17 : 1773-1780, 1998.

5) =AY, EANKEE, RIOE—, HEBA DS
DEEREH A 7 a~ s 7T 7 MRS IREEE ROMTERIC &
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Table 3 TEQ Concentration of PCDDs, PCDFs and PCBs in Breast milk (ppb in Fat)

Control
Yusho U  Yusho W Control 1 Control 2 Control 3 Control 4  Average
PCDDs 0.08681 0.06492 0.03780 0.00337 0.02070 0.00199 0.01596
PCDFs 1.68239 0.61680 0.05641 0.01355 0.02655 0.00800 0.02613
Coplanar PCBs 0.02660 0.01050 0.01111 0.00346 0.00699 0.00484 0.00660
Mono-o PCBs 0.16244 0.05998 0.00675 0.00505 0.00761 0.00307 0.00562
Total TEQ 1.95823 0.75220 0.11207 0.02544 0.06184 0.01789 0.05431
T
Control Ave.
Yusho W
Yusho U
| | i |
0% 20% 40% 60% 80% 100%
i PCDDs EPCDFs OCoplanar PCBs O Mono-o PCBs |
Fig. 2 Percent TEQ contribution of PCDD, PCDF and PCB in Yusho
breast milk
%4 PCB 2K D 4547, mEESE 90 : 192-201, 7) van Leeuwen FXR and Younes M: WHO
1999. revises the Tolerable Daily Intake (TDI) for dioxin.
6) Seegal RF : Epidemiological nd Laboratory Organohalogen Compounds 38 : 295-298, 1998.

Evidence of PCB-Induced Neurotoxicity. Crit. (ZfF 1999—3—25)
Rev. Toxicol. 26 : 709-737, 1996.

(69)



210

f@RIEESE 90(5) : 210—219, 1999

3,3,4,4,5-Penta-b & U
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Metabolism of 3,3’,4,4’,5-Penta- and 2,2’,3,3’,4,4’-Hexachlorobiphenyls in Rats

Koichi HaracucHl, Yumiko HIROSE and Yoshito MAsupa
Daiichi College of Pharmaceutical Sciences, 22-1 Tamagawa-cho, Minami-ku,
Fukuoka 815-8511
Yoshihisa KAaTo and Ryohei Kimura

School of Pharmaceutical Science, University of Shizuoka, 52-1, Yada, Shizuoka
422-8526

Abstract Following the ip administration of 3,3’,4,4’,5-pentachlorobiphenyl (CB126) and 2,2’,3,3’,
4,4’-hexachlorobiphenyl (CB128) to rats, blood, liver, lung, kidney, adipose tissue and feces were
analyzed for the metabolites. CB126 was biotransformed to three hydroxylated metabolites
identified as 4-OH-3,3’,4’,5’-tetraCB, 4-OH-3,3’,4’5,5-pentaCB and 5-OH-3,3’,4,4’,5’-pentaCB at
about 1: 7: 2 ratio, whereas to two methylthio metabolites as 5-MeS- and 6-MeS-3,3’,4,4’,5'~
pentaCBs at 1: 2 ratio. Among the metabolites, only 4-OH-3,3’,4’,5,5-pentaCB was detected in
all tissues and blood. The ratio of metabolite/unchanged CB126 was 1: 1.3 in blood and 1: 162
in liver, indicating the high blood affinity of this metabolite. Trace amounts of 5-
methylsulfonyl-3,3’,4,4’,5’-pentaCB was also detected in the liver. CB128 was biotransformed to
5-OH-, 5-MeS- and 6-MeS-2,2’,3,3’,4,4'-hexaCBs which were excreted to feces in about 5: 5: 1

ratio.

No metabolites were detected in blood and any tissues except for liver where trace

amounts of 5-hydroxylated metabolite was present, indicating the low tissue affinity of hydrox-

ylated metabolites from CB128.

x L ®» I

Polychlorinated biphenyl (PCB) Of##1D 5 5,
AFNANVEK Y (MeSO,) HIZHIEEH B & CHEEA
DRERAFERR', I, R oI nTn3I1E
, TR E2II L0 ET 5% L OFLEH
VIR 12 b EERE TER L Tw 3, —7, Kb
ERYRTHT VY, TRy R0 EOBEEHYO
M2 &5 PCB #EICI W L~V THREE LT
5.

TTIEE S I3FE D 3-MeSO,-PCB R ERHEEY
IOBERGBRII 7 2 /NVEY —LVEID Ty M
zuy — AFYRBERFENREE T2 2 L9,
in vitro CBWTEPCB X DB nFnA 7o E—
= UTERT 2RMREM D H 5 Z &1 i LTz,
%7z, MeSO,-PCB &7 v MiZB W TG O BARER
RVE VAUV RETT S 1917, FURARALA S FAR R
BEREBE 2T T2 2 L S PICL T3,

—7, PCB OKBALKRIET 4% NIH » 7 b
Lo THERT % 4-OH HBIFMEEEENE W Z &



PCB R DR it

DHEIS T 29, i 2 F, FHFE S 1E3,3,44
tetraCB (CB 77) OKBALRBIIE TR 5 4-0OH
HIE 7 v bR RO 35 R w LYy~ T
WHETLHIERAOCPIILEY, ZOREAI=A A
X PCB KBB(LAE IS M F OV A v ¥ > (T,) &
PSR E T 270 WiiiRy v 28 (b7 A
AVvF v, TTR) LHAENCHET 2810k b LH
2o, ZhiZ ko THRERAVE @25 %
ZEDRENT VB9 X507, FEHMEDE V> PCB
ARBCEEHZ A bar AEHEZRT e blEsh
T332 ZDXkHkZ s, PCBOEMFEEA,
&R CBERFEL NS W H < ELIEH I MeSO,-PCB
* OH-PCB fUi## 2385 L T 2 alHEMED D 5.
EH SO Z PCBERIC L % & R BHAEBYIANTER
T 2RO EFEEMFRO—E L LT, PCB ORG#H
MOMBEREREEZ v PEHWTHN, ZhET
CB 77 L4412, mono-ortho-PCB(CB 105, CB 118 ¥
FUCB156) 5 NIHY 7 b2 ko THRKT 2
4-KBACERS MR 2R T e 2L TE
721,

£, E#EMO coplanar PCB, 3,3',4,4’,5-pentaCB
(CB126) B X 1)2,2°,3,3’,4,4’-hexachlorobiphenyl
(CB128) 22WT, 7 v b in vivo KT 21T\,
AR 5 Y ORRIRE R 2 D W TR L 7.

x B F =&

1. EER#M#

CB 126 8 £ 0 CB 128 X Cadogan ® F 7 I & -
T, $72 4~ F ¥ (MeO)fEB & O MeSO, {413 BEH?
WHE> THB L Tz, W T R ORH R B
Wie, PAZEHEYE & LT 2,3,3°,4,4°,5,5-heptaCB & &
" 4-methyl-3-MeS0,-2’,3’,4’,5,5-pentaCB % i\
7z.

2. KR

)1k Wistar RHEMEZ v b (FRE 2002) % HWw
7o, BEYIEIE S 2 — b 810 ICHR L, 40 umol/kg
OHETEREMICHEERG U, #5548, 7> %2EH
BIRL, 4 Bk, B, IR, B0 RERsHER 2
L, ofTHER L L,

3. PCBREMDOHE - FHR

B HEC CRB OB 2T o 72, 32bb, W

211

BHEYPR N2 e ~FY > D 7R vy (10 2) Wi
AWT, 7Y@V vy 7 Av—Hitz, fHkicowTix
REYF A A 21TV, gel permeation chromato-
graphy (GPC) & & » TS E %5 L 7z, Zh
AFHY OB E L, 2M KOH/ethanol (7 : 3) 7k
WK T7 =/ — VR 2R Uz, 2 ORI
HCl AR LT, ~FY > CHIL, 7Y
A TRAFMEL T, ~FIUE (PG &
Hb¥ T, GC/MS B & F GC/ECD 44t D itk & L
2.

4. EHE, EESW

(1) GC/MS

RE D E M3 HAEF IMS-AX505 B &5
JMA-DA5000 7—% ¥ A7 L% HWT, EI €= KT
1772, GC A7 A1 DB-5(60 mx 0.25 mm, i. d., J&
W Scientific) # fi\>, splitless € — K THALK. &
T AEE R 70°C T2 MR L, 20°C/min T
240°C 1z, Z D%, 4°C/min T290°C IZHE L —E I
PRoz, EMWSHTIEER L 7S (MeO B L U
MeSO, %) O GC AR B L F v A A7 b v,
BLfroe.

(2) GC/ECD

RO E R ®Ni-ECD %2 L7 GC-14 A (B
HEWERT) ZF\WT, GC/MS EFU A 7 48 L RE
FtECcr v~ b 7T A LOREY O NEHEYIE IO
5 E—7 k> oFE LT,

& R

1. CB126

CB126 2#5 L1z 3~4 HO 7 »Hiti¥ % GPC
L7240 ECD # 27 a< k75 A% Fig. 1105
. SEEOE—2 (A~E) 2250w, ThZh~
AARY MVEHIE LSRR % Fig. 2 WRd, ©—7
AlZm/z30612, ©—2 B, Ci¥m/z340 125FA +
YER5Z, T AEREE U5 ER oKL
WThodeiEshiz, —4, ©—2D, EdZwin
b m/z370 X FAF v E—2r 2525720, 5iEE
DX FNF+ MeS)fREHEES NIz, D5 HE—
I DI 79 7 A v A Ay (MT-50) %252
% DT, 6-ff MeS & LH#EE 7z, GPC ALK % ~
FH /TN ) AKEE TR T 2 L, E—27A,
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Fig. 1 ECD gas chromatogram of fecal extracts (days 3-4) from rats dosed with 3,3’,4,4’ 5-pentaCB.

B, CRAKEBADHENE2D, VTV AT TRAF
MELT MeO ke LCHEL. E=2D, EiZDWw
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|L72. TOREE, 7 oducliitsn g 3 EEOKE
1R, 4-OH-3,3",4",5-tetraCB, 4-OH-3,3"4’)5,
5-pentaCB, 5-OH-3,3’,4,4’,5-pentaCB & [{E & 1,
107 208ETHRES L TW, =7, ©—7
D, ExZznZh6-MeS-8 & 1F5-MeS-3,3",4,4’5"~
pentaCB L RIE &L, ThZh 2 @ 1 OEETHEtS
n, 2hso 4 HEO 7 vt & i3 RELE
0.81%, KEAblk0.45%, MeSk0.02% Th -7z,
B O OMER 217> 1 iR, AKEBE T
4-OH-3,3",4’,5,5-pentaCB @ &AM, fFlE, His &
UElig» o s vle, SmAHETICOVw T, 5
MeSO0,-3,3’,4,4’,5’-pentaCB 23 Fligin» & i E Ic R &
N2ZOHTH-Tz, IMEB X OB 2 RE0
HArza~x 77 h% Fig. 3127, £fBdoR

ZAbR B L MBI OURE % Table 1107, £l
&S REAMRD 75 0 IR TR L Cwie s, Kk
BiR/REEOEELLZIME T 1 1.2, P :
162, i1 2126, Bl 1 : 145 TH -7z, MEH D 4-
OH RO XTI D Z & D b5 5 <, CB126
HSR D 7K BALAEHY S MR MR 0 T 2 &Y
mENT,

2. CB128

CBI28 ##E L 7cth 3 ~4 HO 7 ol L7z
RE#YDO ECD # A7 u~ s 75 L% Fig. 4 10577,
23 GPC ILE, R %= ~F % > /KOH K&
WTHTH LT, Y7V x5 T Fubtk, it
SEEEbERBOZu~ NS5 ATHS, Fig. 4+
O 3fEFEOr—2 (F, G, H) 225WwT, ZOVA
A7 FIVERIET B L Fig. 5 R THERENE SN
7z, ©—2 Fldm/z388 CHTFA 45252, 61a#%
1t MeO K LHEEES N2, E— 2 G, HiZ m/z 404 12453
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Fig. 2 Mass spectra of metabolites (peaks A-E) in Fig. 1.
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Fig. 3 ECD gas chromatogram of metabolites in liver and blood of rats dosed with 3,3’,4,4’,5-pentaCB.

FAA %252 2DT6HEFLDO MeSthLH#EES N
e, ZDIBE—T7 GRFHEN G777 A v A A
(M*-35, M*-50) #&trZ &5, 647 MeSHETH
3 EHEE SN, BfEicE —2 G, H i, @bk
FTCHILL T MeSO, R & L THEHMEYE L Ehi L, &
U7z, ZOR, 7 rhicditsn s B oS

1¥ 5-OH-, 5-MeS-5 & Of 6-MeS-2,2,3,3",4,4’-
hexaCB L [FZE XN, ZhsOHRIEZRIZS @5 :
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Table 1 Tissue concentrations of unchanged CB and its hydroxy metabolite in rats dosed with 3,3’,

4,4 5-pentaCB and 2,2’,3,3’,4,4’-hexaCB.

Concentration (nmol/g, wet weight)

Compounds Blood Liver Lung Kidney  Adipose tissue
3,3’,4,4’ 5-pentaCB
unchanged CB 0.35+0.11 9.71+3.20  2.52+0.42 4.34+1.37 308105
4-OH-3,3’,4’,5,5-pentaCB 0.28+0.13 0.06+0.02  0.02+0.01 0.03+0.01 nd®
2,2°,3,3’ 4,4 -hexaCB
unchanged CB 0.11+0.08  4.45+1.72  3.70+£1.77  5.53+0.77 417+129
5-OH-2,2’,3,3’,4,4’-hexaCB nd 0.01 nd nd nd

Each value represents the mean = SD for four rats.

@ not detected

mV
4001
PCB128
300
H
F
200
100
S| g
A_ﬂd¥JM~MLJ¢¢_L%thk~“~——L—J\—*_M—NA_J$M&~__
° 20 30 40 50

min
Fig. 4 ECD gas chromatogram of fecal extracts (days 3-4) from rats dosed with 2,2°,3,3’,4,4’-hexaCB.

OB X M S 1w IFhoREw L R Sk
o7z (Table 1),

% =

AWFRICB W, CB126 DRFHELTT v FD T
vh o 3FEEOKERILA 2 BB L 72, % O

(75)

33,42 KF bz 2 3< 4-f3EFE DO NIH & 7
A O BEHERALICE S 4Nk EEML, S 5IZEBE 3 NI
KBEOH A X 5 MK H 2 5 s, S
13 4-OH-3,3’,4’,5,5"-pentaCB C, Z OfEHEI1F Koga 5
D7y MUBERBER t—8T 5. ThETT->T
%72 CB 77, CB105, CB 118, CB 156 O #HHIFzO™Y
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Fig. 5 Mass spectra of metabolites (peaks F-H) in Fig. 4.
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B LT3 2,2,3,4,4,5-hexaCB 28 D, ZoD
ity 2,4, 5- ML OE BB EARHES L T 3-AkRb
BTN, 2,3, A OWEFEBEEM OB RGT
X 5-OH DA %52 319, —7, CB 105 O/KEILK
O, 2,3, 4-FL DIGFREHE DS 3, 4- (L OHEHRE
BE L VEEL, ZO%E, A63EFEO NIH v 7 &
12 & B A-TIKBBIEERIIC B 2 5, 20D & 9 7 4tk
B b D FE R 1E 2,3, 4-NHE SR IE & SORHEE A%
D ortho NIHEROBEMIIKEMKEL T0WD EFZ S
nas,

ERR L 72 AKBILED S B, CB126 251G o5
4-OH i@ IR 2R Lz, FE S, fio
non-ortho-PCB (CB 77), mono-ortho-PCB

(CB 105, CB118, CB156) »» 55415 4-OH kb
EWIMEEREE 2R T 2 L 2oL TV 3EY,
nolxwdnd 4MEFRO NIH ~ 7 bic X % 447
AKBILZLZ2HDTH S, MEKIZB T2 CB126 DR
B/ R DOERE LI 0.8 ZIR LTz, 2 OBUHEIZ
CB77 (35.1), CB105 (11.2), CB118 (7.4),
CB156 (0.7) 2 6RTZNIEEEL F RV, Ly
L, %% PCB & [[ v~V DAL M W FELE S
5 ZEns, ZOEMBICNT 2B DOV TOMED
PHETH 3, Koga 5213 CB126 » 54U % 4-OH
ORI 21TV, RERICERT 2 2 L 2E L
T3, FVEYORBICEE L KIETHE I »IC
DWTRAHTH B, Z DIEEH * H =X 2%, OH
DM ICHERDEL L 2RI A v % v >
LSRR T 500, ks v o8y (TTR) £
BRNCHEET 5 C L IcBES 3 L b b, Lans 5%
X 11 D PCB AKBALRIC DWW T in vitro R T
b TTR NOFEERER TN, Z OGN 2] & 2»
L TWw3, ZhICE % &, SE[FE L 7z 4-0OH-
3,3,4,5,5-pentaCB ® & + TTR ~#EHA1 /7 1% T, X
D H# 8 fEEV, Morse 527 1% PCB (Aroclor 1254)
EHRELUIERS v b T, %Ok OH-PCB »3
FIRETRATL, FRiFoMmsts X OO T,v -~ % 5
FIET S 2H/ELTVD, & MPHEHY
IR & L CEEED PCB R L TWw5 0D
T, PCB izl 4 % OH D MugskH ¥ L OHs RRAT
b+HoFEEND, 5%, PCB DWW < ELIERIC
BB £ D & 515 L T 3 h il iiEt

217

TEREND B,
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CB126 5 X U'CB 128 % 7 v b [N 1z B[l # 5
(40 gmol/kg) L7248, 7 >tk L U8 4 HEBE DR O
REYIORR 21TV, RO XD BHIREG,

1. CB126 #5007 »Hit#» o 5 FED
¥), 4-OH-3,3’,4’,5-tetraCB, 4-OH-3,3’,4’,5,5'-
pentaCB, 5-OH-3,3",4,4’,5-pentaCB, 5-MeS-
3,3,4,4,5-pentaCB, 6-MeS-3,3",4,4’,5-pentaCB
BHEEL 2, #D 5 B 4-OH-3,3,4°,5,5-pentaCB 72
FASI, I, B, Bl oM & iz, B, 4-0H
B/ REMEOREH MK T1:1.3THY, 2ok
BRSO TR IR M 2R3 2 L3 o Tz,
E WA T 1 5-MeS0,-3,3,4,4",5-pentaCB 73
JFlE CHME I S Lz,

2. CB128 #5107 v iitin o 3 FEO#H
¥, 5-OH-2,2",3,3",4,4-haxaCB, 5-MeS-
2,2°,3,3,4,4-hexaCB, 6-MeS-2,2",3,3",4,4-
hexaCB % HBEL 7z, #HARHIC 13 5-OH 23l 112
MR SN DA T, s DORBEVOIME, H
R IE L 2 EDSRE N,
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Comparative Study on Metabolism of Three Tetrachlorobiphenyls
with Animal Liver Microsomes

Nobuyuki KoGca, Tomoyo KaNAMARU, Nahoko OrsHi, Yuko MATSUSHIMA,
Sachiko KaTo and Hidetoshi YOSHIMURA

Department of Food and Nutrition, Nakamura Gakuen University,
5-7-1 Befu, Johnan-ku, Fukuoka, 814-0198

Hiroaki KuRrokI

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

Abstract In vitro metabolism of 3,5,3°,4’-, 3,5,3°,5°- and 2,4,3’,4’-tetrachlorobiphenyls (TCBs) was stud-
ied using liver microsomes from rats, guinea pigs and hamsters.

3,5,3,4-TCB was metabolized to 4-hydroxy-3,5,3",4'-TCB with liver microsomes of 3-methyl-
cholanthrene (MC)- and 3,4,5,3’,4’-pentachlorobiphenyl (PenCB)-treated rats but not of phenobarbital
(PB)-treated ones. This result suggests that a MC-inducible cytochrome P450 isoform, probably
CYP1A1, is more important in the i vitro metabolism of 3,5,3’,4'-"TCB in rat liver and that the isoform
attacks the 3,5-dichloro-substituted phenyl ring more predominantly than 3,4-dichloro-substituted one.
In 3,5,3",5’-TCB metabolism, liver microsomes from MC- and 3,4,5,3’,4’-PenCB-treated hamsters formed
4-hydroxy- 3,5,3",5’-TCB to a similar extent to rats reported previously. Guinea pig liver microsomes
formed no metabolite. In 2,4,3’,4’-TCB metabolism, PB accelerated 3-, 5- and 4-hydroxylations in guinea
pigs and also 3- and 5-hydroxylations in hamsters, suggesting the involvement of a PB-inducible P450
isoform, presumably P450GP-1 and P450HPB-1, respectively. On the other hands, MC- and 3,4,5,3",4’~
PenCB-treatment resulted in the marked increase of 4-hydroxylation in hamsters, but in the suppression
of 4-hydroxylation in guinea pigs.

From these results, it is suggested that the hydroxylation of coplanar TCBs such as 3,5,3’,4’- and 3,
5,3,5’-TCB is catalyzed by a MC-inducible P450 in rats and hamsters, whereas non-coplanar TCBs such
as 2,4,3’,4'-"TCB which possesses both PB- and MC-like inducing ability of liver enzymes are metabolized
by one or more kinds of P450 isoform induced by PB and MC.

METHD, —#, PCB 34Nz W, 9

2ruYV—AIFBET ST N7 u L P50 (P450) 1

AFIomEY, RVEFE 7 2= (PCB) &4 % Lo THFBFEROBLZZT, —KBbE, 4 —ik,
SEDFREYE TH 2 & & b I BRI O B H Ve Ro vt —k, BHURFLFFED XTIV A

& L & (<
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A0S EEREN s EANcRF@ s h 5
23, PCB OESRHOMEMT 2 12 o TRE#F S iz < <

%0, FERGHERE, FlEd 2 Widffiz S wcEREsNS 2
bl N
PCB® 9 &, 3,4,3,4-MMiEFELE 7=

(TCB), 3,4,5,3,4-FA¥EFEIE 7 = =)L (PenCB) &
0 3,4,5,3,4,5-AHE#RE 7 = = (HCB) &2
DONRYEVERPE—FHEKCH L I LS co-
planar PCB wbih, 2,3,7,8-TUlEElLy XV -p-
VX FyvrEFROBWEEERT. EREIYTIE,
BRI, FPAER, KRR - RO ZE, it
G O¥EM, =7 + ) COLTEKE, AR RV T 4
D AEBPHE ST W B2, —7, 2@2) WK1 6(6)
iz 1AL EEFRNNER S Wiz PCB, 3 7%b 5 non-
coplanar PCB lZ ZhHEHEEZH Zwb 0D, 4
FEEALOFI DL DOpFE ST S, Fl2 i,
2,4,3,4-TCB @ FR#HY) 5Kt~ ¥ 2125t
L, RHMbEWOBEOZMHEE (LDsy) B35 2
DBHIS I SN, %72, 2,5,2,5-TCB R&EMD
3, 4-T R F ¥ RR & 4K & DN REEME O R
ERHMEEM L VB EET 2 2 L bR S iy,
ilt, PCB (R0 & U TN IHELER
Ha N Tw 3, Brouwer 5% & Richenbacher 2%
1% 3,5-ZHE KB PCB @ 4- /KB (L AR 3 1 o BUIR
BRIV & &R Y > 2% 78 O transthyretin 1275 W
MEE2ETLZEEZHOPIIL, TOMEL L TH
FRBER v E Y (T, Ty OSB3 05
PG LIz, £z, ZL OV -T2k, 5
D PCB OKBA L& LRV EY (ZX bu s y)
BRIEH, H2wvidiiic, Fio A bus VBRIEREE L
TW3 ZERPELPIZENTI, & 50z, NS
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EDS, FFANRRRINCER L, 2 TRHMEEY X D3
100 £5 3 D\ 7 = /3L E S —)L (PB) B P450 i
REEAL TV ZEEHREGE LI, ZOHEEIIFHL
ENTe PAS0 I ko> TRBFE N 2 BRIV E VY DLEME
HEMEATSDORERTIET EE2RBL TV,
2D & 22, PCB MO FEMER IS PCB 5k
BHED 1O > TET WA,

TCBix % # 2 ME O KK & %o/ PCB %
(Kanechlor 400) O FELRKEKSTTH D, IR
WINPT, ThE THPBEETIE, $fEEO TCB
DIFIZ BT 2RI 2 B & 212 37 % 10193930 L 1 3
12, TCBRFICEIS T 5 P450 4> FREZIE L T &

—fiz, PCB 1 P450 S THED S 5, K& 2D
DY 7772V —, $bb CYPIA KU CYP2B ¥
77 7 3 —, 1T & o TABL X L 2 298101919)18)2025)
B, NARY —FFicB Tk CYP2A8 #7212 PCB
RBBEFRL LTI 2 Z LIS L o 2107,

AW TIZE 512, Fig. 112Rd 3HEED TCB %
AWT, NTo®Et2mar, £43,5,3,4-TCB D
Ty rfFE Y-k aREeH#ERL kD,
3.5-H20E 3, 4-TIEREBRVLEUVEHDO EL 50
BlbaneduhrrHN, 85612, 3,5,3,5- KU
2,4,3,4-TCB iz DWW Ik R#HICBI5 3 2 P450 431
EEEET 272012, "NARY—RUTELEY MFI
zuay =2k EREEHEN, 7 b eHRL,

B A

=

ES &

1. EERMH

(1) FEEOEH

2,43, 4-TCBOERIZEMS D HHEICED
T-72. 3,5,3,5-TCB O&RIZEHR O & 5 127>
7o, P450 ZEEAFI L LT D 3,4,5,3,4-PenCB 3411

Cl I

2,4,3'4-TCB

Fig. 1 Chemical structures of tetrachlorobiphenyls used in this study.
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530 OFEICHE > THE L7z, &7, 3,5,3,4-TCB
DAk 1% 3,5-dichloroaniline % i + U 7 AT
Y 7 YV Ak L /2 #&, o-dichlorobenzene % fill 2. C,
130°C, 2 BRI S ¥ TiT o7, RIGEE, 7 uu kv
ATHIHL, ZOMBEEEY VA7 NVh T A (28X30
cm) W TREE U 7z, VAWK 2 B TSR L a3
HAr7a<x 777 4— (GC/ECD) TNk Z
2, n-~F Y UEHEC 2 BEO ARV HEEE S T
72DT, SHIWCHPLC LY ZhZhE o EEL 7.
HPLC &3 R0 Th b, w7, Waters 510
(Waters #) ; UV #iHi#, Waters 484 (Waters &) ;
51 Z 2, Wakosil C18(10 %250 mm, 5 um, FIEGHIZE
B W BEW, 90% 2 ¥ 2 —1-0.1M NaHPO,
(pH 3.5) ; Hi#, 2 ml/min ; #HEHE, 254nm. 2
FEE O 41 HPLC 2 81 2 fRF#R5E 45 51.5 min
B 1f66.5min T&H H, GC/MS K " "H-NMR D f
B/, znzn3,5,2,3-TCB k1r3,5,3,4-TCB &[d
E SNz,

3,5,3,4-TCB : '"H-NMR (500 MHz, chloroform-
d) ¢7.368 (1H, dd, J=8.33Hz, 2.27 Hz,6-
H), 7.380 (1H, d, J=2.27Hz, 4-H), 7.413 (2
H, d, J=1.76 Hz, 2-H&6-H), 7.530(1H, d, J=
8.33 Hz, 5-H), 7.627(1H, d, J=2.27Hz, 2-H) ;
MS (EI) m/z (relative intensity) 290 (100) [M*],
292 (135) [M*+ 2], 294 (58) [M*+ 4], 220 (47)
(M*—Cl,].

3,5,2",3-TCB : '"H-NMR (500 MHz, chloroform-
d) 67.194 (1H, dd, J=7.82Hz, 1.51 Hz, 4~
H), 7.267 (1 H, t, J=7.82Hz, 5-H), 7.293 (2
H, d, J=2.02Hz, 2-H&6-H), 7.405(1H, t, J=
2.02Hz, 4-H), 7.509 (1 H, dd, J=8.07 Hz, 1.51
Hz, 6’-H) ; MS (EI) m/z (relative intensity)
290(100) [M*], 292(124) [M*+ 2], 294(62) [M*+
4], 220 (61) [M*—Cl,].

2) R&#WOEHK

3,5,3,5"-TCB 0 4-7KEALH D B 3 BE#EY 1 ¢
W {T5 7z, 3-hydroxy-f Of 5-hydroxy-2,4,3", 4~
TCB 1& Yamamoto & Yoshimura®® o 5 I1Z
% Jz4-hydroxy-2,5,3,4-TCB 1Z BEER?V 12 e W &%
L7z, —J5, 4-hydroxy-3,5,3",4-TCB D& IZ KD
X I Wiro%k. 3% b b, 2,6-dichloro-4-amino-

Ed
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1E2 6 £4

phenol ZHRYEEF bV v ATY 7V L L 724, o-di-
chlorobenzene ZHZ T, 130°C, 2 KfffIG S ¥ 7z,
Kt#s, Fi3,5,3,4-TCB &R OBE L ki fT
v, HPLC Iz kv 3FEED LR (S-1, S-2, S-3)
HEohl:, HPLC &R HTAD L BY TH L, S-1,
S-2 XU S-3 @ HPLC 2 B} 2 AR X 2 h 2 1,
19.3 min, 23.9 min &0 30.7 min TH -7z, GC/MS
KO 'H-NMR OFfER, Hf& 12 S-1 13 monohydrox-
y-ZHFEE 7 = = v (TriCB), S-2 1% 4-hydroxy-
3,5,2’,3-TCB, S-323HM® 4-hydroxy-3,5,3",4~
TCB Tho7z.

4-Hydroxy-3,5,3",4-TCB : "H-NMR (500
MHz, chloroform-d)¢5.924(1 H, s, OH), 7.326(1
H, dd, J=2.27Hz, 8.32 Hz, 6-H), 7.453 (2
H, s, 2-H&6-H), 7.501(1 H, d, J=8.32 Hz, 5~
H), 7.854(1H, d, J=2.27Hz, 2°-H) ; X FLiEE
& MS (EI) m/z (relative intensity) 320 (100) [M*],
322 (141) [M*+ 21, 324 (69) [M*+ 4], 305 (114)
[M*+*—CH,], 277(41) [M*—COCH,], 207 (56) [M*—
COCH,Cl,].

4-Hydroxy-3,5,2’,3’-TCB : 'H-NMR (500
MHz, chloroform-d)¢5.941(1 H, s, OH), 7.1838(1
H, dd, J=1.76 Hz, 7.82 Hz, 4-H), 7.248 (1 H,
t, J=7.82Hz, 5-H), 7.335 (2H, s, 2-H&6~
H), 7.482(1H, dd, J=1.76 Hz, 7.82 Hz, 6’-H) ;
A F Vs E R MS (EI) m/z (relative intensity)
320(100) [M*], 322(121) [M*+ 2], 324(55) [M*+
47, 305 (78) [M*—CH,]J, 277 (30) [M*—
COCH;], 207 (43) [M*—COCH,Cl,].

2. BYikEe

Wistar 27 v b ((RER 150 g), Hartley S/l
HENLEY b ((KRER 250 g) SO Golden syrian &
PEANL ALY — (FREEH 85 ) 12, P450 FFEAI & LT PB
(80 mg/kg/day, 3 HE), 3-AF a7 > b v
(MC) (20 mg/kg/day, 3 HE) H25133,4,5,3,4-
PenCB (5 mg/kg, 1[H#¥5) 2HEENCERS L.
J272L, ENVEY bAD 3,4,5,3,4-PenCB 055
X, BHEIRS FKI T 2720, 0.1mg/kg & L7z, PB
AR, MC & 3,4,5,3,4-PenCB i3 2 — >
HICHR L 72, PB RO MC BTSN 13 ik i 5%
#HIZ,3,4,5,3,4-PenCB BB D5, #e5
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SHEWIEZRL, HERcioFsrzay —2%H8L
7z,

3. TCB fRE#H&EHE

Fsrzuy—rizk 2B EBEHR CHEL TT-
2. Txbb, 40 yMTCB ZFIME7 V73> (0.8
mg/ml), NADPH &/% (0.33 mM NADP, 5 mM
INa—RA-6-9 VEE, ZNa—A-6-V VEERlKERE
% 0.1unit), fFE 7oy —24 (1 mg protein) & &
412 100 mM HEPES #Efi (pH 7.4) H, 37°CT 20
SEA v Fax—1, @Y E 7 oo RV A-2Y
= (21 1) & n-~FY oL, HiE®E
AFMED BWIE Y A F s ) v (TMS) b, GC/
ECD izff U7z, 2 F bzt > 5 7 & X F M AEFID
phenyltrimethylammonium hydroxide (PTAH, ¥ —
TIY A T A8 REENCEIIL, GC DAL
TIr-o7z. TMS1tix PCB i % n-~* ¥ > T
fig U 7z %, N ,O-bis (trimethylsilyl) acetamide
(BSA, Y —xz ¥ A = 28 2L, 80°C, 20 43
RIS ¥ T 12, B, RE O EM - E:# i iE ECD
£ HP5890 Series IA A 27w~ b7 7 (Hewlett-
Packard ) % w7z, GC/ECD &M4IEXRDMEY TH
%. 4725, DB-1 fused silica capillary column (15
mx0.25mm, 0.25 um BE, J&W Scientific #) ;
A —7 iR, 200°C ; HARE, 250°C ; Mhami
B, 250°C; ¥+ YV 7—#A, N, (1 ml/min),

4. kDD HITHERS

(1) GC/MS

R D E 112 1: Hewlett-Packard #8843 47
FHTHP5890 A7 u~ 277 7AW, El€—F
Tfio7z. GC/MS KFRRDOBED ThH B, 77 L4,
DB-1 fused silica capillary column (15 mX(.25 mm,
0.25 um RJF) ; A —7 Vi E, 190°C ; HEALRE,
250°C ; WHERRE, 280°C . ¥+ V7 —# A, He(1
ml/min).

(2) 'H-NMR

A7 bV ORGEIF HATEFE D JEOL GSX-500
(500 MHz) %2 FivCfTo 7z, #kHE, EZ vak s
\ZVfiE L, tetramethylsilane % PNEE#YE & L CH
Wiz,

X B & R

1. 3,5,3,4-TCB s

Ty hFEZaY—AEHWT, 3,5,3,4-TCB®
R#rfF 7, Fs27u0Yy—24%ELTPBERV
3,4,5,3,4-PenCB BifLElZ v b XL DL -6 D%
Mwiz, Fig. 21 TMS RO A 7 0u~x 7 F A
AN

Z DFEHR, PB K18 3,4,5,3,4-PenCB RijALEE &
Oy —ADWINTYH, R#WEBbhs 1EDOE—
7 DIMRFFRERT 18,20 min WWHH & 7z, LI 2 vz M-
1§42, M-113PB £91%3,4,5,3,4-PenCB Hij4lL
Hr7uy—ATHELIEMLE, B, FAfkic MC
ALEE S 70y —A2HWT, 4 YFax—va U
M2 & TOM-1 DEREEFHNIEZ 5, M-1
A4 ¥ ax—yva VREICHEIL T, 2 K% CHE
BRENCEEmML, Ch2afR@#MTH s enBHoenrt
ote (F—28 KB .

M-1 OIS 2 & iz 2 720, FEREY &
L T 4-hydroxy-3,5,3,4-TCB #8E L, % D&
ERAT, FEBROTICHEL TfTv, HPLCI2L Y, 3
DO (S-1, S-2, S-3) 2/, GC/MS KU 'H-
NMR OFEE, Hi&i91z S-1 13 4-hydroxy-TriCB, S-
2 1 4-hydroxy-3,5,2",3-TCB, S-3 2% 4-hydroxy-
3,5,3,4-TCB Th - 7z (EEOHLSI) . KicR#Y
M-1 & FRERBYI D GC/ECD T ORI % Hoge L
7z. Tablel Z=$ & 512, M-1 & &R S-3 O
BRMRIESIC—8L, X FAVFHEENVTN S
11.39 min, TMS FEfES VTS 18.17 min TH -
7z, ZOFERMS, M-11XS-3 3 7%bb 4-hydroxy-
3,5,3,4-TCB Th 2 Z LR s,

Table 1 Comparison of retention time of M-1
with three synthetic compounds.

Retention time (min)
Methyl TMS

Compound derivative derivative
M-1 11.39 18.17
S-1 (4-Hydroxy-TriCB) 5.01 7.41

S-2 (4-Hydroxy-3,5,2",3-TCB) 8.60 13.25
S-3 (4-Hydroxy-3,5,3°4-TCB)  11.39 18.17
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M-1
/
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PenCB
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— ~
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0 5 10 15 0 5 10 15
Retention time (min) Retention time (min)

Fig. 2 Gas chromatograms of trimethylsilylated derivatives of 3,5,3,4-TCB
metabolite formed by liver microsomes of PB (A)- and 3,4,5,3’,4’-PenCB (B)-
treated rats.

2. 3,5,3,9-TCB oX#H J2E'NVEY NRUNARY —fFs7uay—aic k5K

3,5,3,5-TCB iZ coplanar PCB ® 1 D T® % 73,
7 A SHEOFEEM» SRS Twuian &%, 4
AR O 4 PLICIERE RS 2 C o o, TSI
HEVEETEHRVWEEZOSNTVS, BIFFEETIE
TCIZ, 7 v MFCBWTA TCB 28 47K bk~ &
A, 2o MCFHEMED P450 (CYP1AL) 32
DERICHELS ST 2 2 LB RE LD, 22T, K
TCBR#ICEHET 2 ENLEY N RN R Y —HF
P450 S FREORFER B & L, P450 FaEAl L LT
£ PB, MC &1)3,4,5,3,4-PenCB CTHIMLEE L

S EFI Iz, Table 2 12 % DFERZRT.

EVE Y b TR, PB, MC K 0'3,4,5,3,4'-
PenCBHME O WFhD S 7ay —2LxHuni L&
b, - AKBIEEEDREE LML I g 5Tk,
L, NARY =TI, 7v b ERBkCMC K
0'3,4,5,3,4-PenCB HLEL S 7 10 V' — A I B W T,
4-KRBAEESRIB S iz, ZOEREEIZT v b TO
BREOFIZEEZET, 22 09.1 X1010.1 pmol/
min/mg ptrotein £ % D{EWH D TH -7z,
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3. 2,4,3,4-TCB X3

2,4,3,4-TCB OR#W £ LT 3-, 4-J U 5-7Kg{t
KB Z y NEPNPSEHSPIZ I N TV A3 F 7z,
Matsusue 52° &7 v b CYP1AL 8 4- K O 5-7K g1t
oLz, %7z CYP2BI 48 3-/KEE{bik D 4: 5k % fih

Table 2 Metabolism of 3,5,3’,5-TCB with liver
microsomes of guinea pigs and hamsters.

4-Hydroxy-3,5,3",5’-TCB formed

(pmoles/min/mg protein)

Treatment

Guinea pigs

None N.D.
PB N.D.
MC N.D.
3,4,5,3’4-PenCB N.D.
Hamsters
None N.D.
PB N.D.
MC 9.1£0.8

3,4,5,34’-PenCB

N.D., not detected.
Each value represents mean + S.D. of three determinations.

10.1£1.4

sz rr2BHeMz L, 22T, PB, MC KU
3,4,5,3,4-PenCB THILIE L7z ENVE Y N KU L
Ay —fFErav—rickaEEHN, Ty belt
BUK., RGO % 2 711t L T GC/ECD i
B9 % & 3+, 5- KU 4 KB bR IE Z 2 L ORI IR
8.90 min, 10.41 min KO 11.00 min 2 H S 7z,
Table 3 12% DERFERZRT.

TNEY PTERMLAES 70V —ATH 3K
& 5-IRERACAR A B D FEE R & WIS SRR & iz,
PB LB S 7 0V — A Tld 3-KBALED 45 H 3.0 15
2, S5-KEEEARDERAS 3.8 FFIZHiNL Tz, &5
12, PBALBIC XD, KA S 70 —ATRED SN
o Tz A-IKBALARER O WIEES BB L 72, —7,
MC % 183,4,5,3,4-PenCB LB 3 7 1 V' — A Tld
3IKBALRD LR D HDBE S ey, WO
BARUWH S 70V — AL DET LW,

INAAY —TIERWILE 70V — L THEVLEDS
b, 57K iR & 4 KA O A BIEE D S,
Lo PBAEICLY, MAH#HMOERKITZNLZN

Table 3 Metabolism of 2,4,3’,4-TCB with liver microsomes of guinea pigs, hamsters

and rats.
Metabolite formed
(pmoles/min/mg protein)
Treatment 3-Hydroxy- 5-Hydroxy- 4-Hydroxy-
2,43 ,4-TCB 2,43’ .4-TCB 2,5,3",4-TCB

Guinea pigs

None 3.340.2 (100) 1.340.1 (100) N.D.

PB 10.0+0.4 (303) 4.9%£0.4 (377) 5.940.4

MC 2.940.2 ( 83) N.D. N.D.

3,4,5,3",4-PenCB 2.7£0.3 ( 82) N.D. N.D.
Hamsters

None N.D. 1.24+0.2 (100) 1.240.1 (100)

PB 2.1£0.1 5.7+0.3 (488) 2.7£0.0 (219)

MC 1.8+0.4 2.5+0.1 (215) 10.0+0.2 (811)

3,4,5,3",4’-PenCB 2.7+0.3 2.1+0.3 (179) 12.4+1.6 (1011)
Rats

None N.D. N.D. N.D.

PB 2.6+0.1 1.0£0.1 N.D.

MC 0.6x£0.4 2.0£0.7 5.8+£3.8

3,4,5,3",4’-PenCB N.D. 1.2+0.8 1.1£0.1

N.D., not detected.
Each value represents mean + S.D. of three determinations and those in parentheses
are the relative ratio to untreated microsomes.



peis]

226 G

paili

4.9fFE 2.2 7z, Nz T, RS 7 v —
LTHONI I o Tz 3IKBILERD LR EHLEZ S Tz,
—75, MC }183,4,5,3,4-PenCB JLEE S 7 10 ) — A
TR 3EEONRBMI P TR b ER ST b DD,
4-KEBRACAR D LE R OB BEE T, Zh 2R
D8IFERII0.1fETHoT. £z, 5-KBbADE
B ® PB AL & T3 wn»hs, RABLOK] 2 £ & #4hn
L CTwiz,

v NTCRARLI T 70V —2I1BWT, 3EED
R#FPE TR yHE S NEro7z, PBUEIZLD,
3T 5-KERAUAR D LERIE S, F 72, MCALEHIC X
D, 4RO 5-KBIARDERPSHI L 72, £ 225,
MCEtRURBANY—22RT EEbN T
3,4,5,3,4-PenCB LB = 7 1 V' — A T3 MC JLE
DEETEN, 4 KBRICEDOLEREZ, a0 {END
DIz,

% =

3,5,3,4-TCB i&, MCHILEZ v MFS 7oy —
L2 & o T, 4-hydroxy-3,5,3",4-TCB N fR@# s
7z (Fig. 3). b ® coplanar PCB ® 3,4,3,4-K& O*
3,5,3.,5-TCB»Z v Mz TCYPIALIZ X5
TR SN 5920 Z o, KTCB D& b FERIC
CYPIAL itk 3 b3, £/, ZOFEFRIF3,5-=
WREBR Y VO AN, 3,4-"HEREAR ¥
BREV,P450 1 k> TKBIEIN®R T W L ERLT
W5, INEFTOLFRETOFEREEZGDbE 5 L,
TIRFEWAN VRO S b, AR NS ST, 2,5
f2>3,500=2,4 >3, 4 fiDIETH % Z & R
ni:.

BIRD & 51z, BUWFFEE T, PB SN P450 & L
TENVEY b O P4S0GP-1 e N & X & —JF D
P450HPB-1282,5,2’,5-TCB & 11 2,5,3",4-TCB

-
(-

Cl Cl

Ed

1E2 6 £4

D 3 (kB b RS 2 & L BERE L2990, 55
12, MC 8N LA 5 —fT P450 & LT, CYP2AS8 %3
2,5,2,5- % 102,5,3,4-TCB @ 4-kEftimtt 2, %
72 CYP1A2 #82,5,3,4'-TCB @ 4-KEALIEME 2B T
B LRSI LI,

AWFFED 3,5,3,5-TCB1xF v b & I MC K&
13,4,5,3,4-PenCB BiALEI N A A ¥ —fFIcB W T
D H A-IKBIEEAN R sz, 7 MEFTCIE, MC
D CYP1AL SR KG % T L Tus 520 23,
INIAA L —FFTid CYPIAL 13 MC BIZEEANC L V5
HINBWY, ZOHEFEMS, NARY—FTEMD
MC g P450 ORISR D, Bo <, NA R
¥ —fFicBiF % 3,5,3,5-TCB @ 4 firAkiE{b b, Hid
DO P450 BEIE L Cw 2 b Elbh s, 78, A
YD 4-hydroxy-3,5,3,5-TCB 13 #3 #9 1 BUR iR &
VEY EEBILTWS Z Ens, HURIEKR VT S BEE
MAEboTEeEZONIH, IOHRSEHROVIEE
ETh5b,

2,4,3,4-TCBR#CBWT, 3O TR
WY —VICEENR D 5 iz, Fig. 4122,4,3,4-
TCB O FHER#EREK L2 L0, £, NARY—T
EZ v b EERRIC MC &5 81% P450 23 312 47k 1k
DA BS L Cniz, 20 4-7KEIbERZ 4 7
DEHEN S NIHEEM L TTE 2 eF 2 oh, H
MAE LT 4,5-2R*Fy RMEOTFEENRBR SN D, &
DEIRIKRFY NEBEHOBIGER T Y b
CYPIA1®1029 » & )L v b PA50GP-12 T S
T3, K TCB ® 4 (ii/kE{bid CYP2A8 & % i
CYP1A2 MMl L T w3 L lbh 3,

ENEY MZOWTIENLAY =T v b ERRY,
PB 4 P450 (P450GP-1) #8 3 BEEO R # W LER D
TARTCEEELTW2 L5 Ths, Thbb, 3k
U5 kb, v b, NARXRY —KRUELEY b

3
MC(CYP1A1
(o o

4°

3,5,3,4-TCB

Cl Cl
Cl

4-OH-3,5,3'4-TCB

Fig. 3 Postulated metabolic pathway of 3,5,3’,4’-TCB in rats.

(86)
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Guinea pig (PB) 2,43'4-TCB Guinea pig (PB)
Hamster (PB) Hamster (MC>PB)
Rat (2B1) Guinea pig (PB) Rat (1A1)
Hamster (PB>MC)
Q [ 45-oxide |
H g g Rat(1A1>2B1)

3-OH-2,4,3'4-TCB

Yelo?

5-OH-2,4,3'4-TCB

Cl / \ Cl Cl
e

5
Cl
4-OH-2,5,3'4'-TCB

Fig. 4 Postulated metabolic pathways of 2,4,3’,4’-TCB in rats, guinea pigs and hamsters.

WHE L T PBEUECEES LD 2 L5, CYP2B
V777 VBT %, = h ¥ nCYP2BI,
P450HPB-1 J Uf P450GP-1 1 & 1 E#E/KEEAL O #ks
THITLTW2bDEFZ N DD, —F, 400KE
BiZZy b ENARAY—TIEMCAHEIZ LD, £V
Ty b TIE PBAEIC X DL RS, BIEO
£, MCHE®DZ v b ENARY —TIE, FhZh
CYPIAL & CYP2A8 MW EHETH 55, 4 L b PB
D P4S0GP-1 28 4 ik bz & it L 5 2 0
ThhX, KB E% 2 2 1 CIFFICERE,
Abe & Watanabe? |3 MC HiZLE E V£ FTF & 7
Oy — A5 3D P450 R L T 38, S
(b HEE > PCB UG D v TR MET
LTWwiw, iz T, ENEY b P450 13 MC BIEEEFH]
TREREAEFEEIREZVWIEVHLMZENTW
2N ZDXIREFEEFEZHbY S, P450GP-1
ZEIVEY NMZBIT S PCB OFMEFIR & 58 1 B
L7zEE% PAS0 DL D TH S,

MC & 3,4,5,3,4-PenCB Z[@ U % 4 7D P450 3%
HH|CT L {7 TCB AR XY —> R TH, T b
JFTD 2,4,3,4-TCB R# B W T, HELSDHED
5N, Thb5,3,4,5,3,4-PenCB LB S 7 0 ) —
AT, 4RO 5-RKERbR D 4 B A MC LB bR,

20X D LG EHEER R

)i

/N

iz VAR oz,
3,4,5,3,4-PenCB LA MD 3,4,5,3, 4,
BEE 7 2= VR 2,3,4,7, 8- AHELY R Y
TV ETOHYIMESNTVS, Thbb, ZhoD
{b&E CYP1AL 7210 T7% < CYPLA2 % BHE 1554
T 520 L &bz CYPIA2 ICHEE L2, FEEANCIF Iz
EHMBEE LY, CYPIA2 D fill BG4 T dH 2
estradiol-178 @ 2 /KBRS ZHE T 22 2 &
HeMrzshTwd, RKifFeD 2,4,3,4-TCB fR#he
BV, CYPIA2 S L TW 3D THNIFI DL S
IEHES A SNZ b D EBbN S, BAEDE
HREATH 5.

3fEfED TCB,3,5,3,4-,3,5,3,5- M 1f2,4,3 4~
TCBOZ v+, EVEY PRUNLZRY 71
V=22 & B in vitro (REFEFANTZ, 2 OFRER, RO
IO RHMENE SN,

1. 3,5,3,4-TCB %, MC K 13,4,5,3,4-Pen
CBRIALIES v MIFS 7 0V — A2 ko Tl RE S
h, 1FEEOMRBEYNER SNz, ZOREYOREE
BEBRAES & DI XY, 4-hydroxy-3,5,3,4-
TCBTh2 I eWNmBINz, ZOFERN,S, 3,5-—
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HEBEHAR L ¥ UBO A, 3,4- THBBER ¥
BLIY, KBELESAPT W EIRENT.

2. 3,5,3,5-TCB ORR#EZENLE Y M RUNAX
Y- ruy -2tk V#ENEZ S, EVEY D
TRERIWIME S B0tz =, NAA Y —
TIE o v b LEBEIC MC &1 3,4,5,3,4-PenCB Hi
MBS 70y —212X D, 4-KBIEERER S,

3. 2,43, 4-TCBO#EENLEY P RUNALZR
Y- ruyY—AckV@ANIEZS, RDES K
ZEDRHS T ST, BEALEY D TIEARMAETY
3K 5KEAEAR RN E R S, & 52 PBALEIC &
D, ZNEN 30K 3.8 ML, £z, PB
BN X 0 7z 4-KRBAbE O E R T < EHE S
Jz. —7, MC & 0* 3,4,5,3,4-PenCB LH T3, 3-7K
FE{bAR D AR D AL S, RUBLDH 80%FEE &
K otz, NARY —TIRAYHTH, 5K 47K
(CARDERAZD Stz s, PBAIRIZ LD, 2hEh
4965 2. 1 5L 7z, &7z, Frrzic -k ik
DR B 5>tz —F5, MC 18 3,4,5,3,4-PenCB
AT 3 RO SIS T N TER S Iz, FRC
4K O A BRI RS ©, T Z R RLE D
SIERU10.15ThoTz. £72, 5KEBADARK
b PBAEIZ X Cld iz s, RAB O 2 fF 8L
7z,

PEDES1Z, vy b ENART—IZBWT, co-
planar PCB @ 3,5,3’,4-TCB & 3,5,3,5-TCB
X, MC ZFEED P450 12 &k 0, %72, 2,4,3,4-TCB
DX 5% PB & MC L O @ P450 FHEELH T 5
PCB & PB KU MC 8 M D P450 1 & > TR &
NTWwBZENRBISNT, 7B, TVEY FTE
2,4,3,4-TCB f{#f iz 5> T PB FHE M D P450GP-
IDROEETH D Z LRSI,

Eil &

AR BRI SR B I E (IR TSR AR &
S5LDThD, TR LTHELERL 3. %70, Tl
B L Cniei2 & & LTI S A R R TS A
WL £ 5.
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Effect of PCBs on Mouse Lung Tumorigenesis
Induced by 1-nitropyrene: a Preliminary Report

Yoichi NakaNiIsHI, Feng Bal, Koichi Takavama, Xin-Hai Pgl, Kohji INOUE,
Shin-ichi Osak1, Miiru Izumi, Youichi TAKAKI and Nobuyuki HARA

Research Institute for Diseases of the Chest, Faculty of
Medicine, Kyushu University, Fukuoka 812-8582

Hiroshi Toxkiwa
Kyushu Women’s University, Kitakyushu 807 -8586
Yoshito MASuDA
Daiichi College of Pharmaceutical Sciences, Fukuoka 815-8511

Abstract We have analyzed the effect of polychlorinated biphenyls (PCB, Kanechlor-400) on 1-
nitropyrene (1-NP) induced lung tumor. Male A/J mice (6 weeks old) were used for the experi-
ment. A total of 2.5 mg/kg PCB was administered intraperitoneally (PCB group), a total of 0.38
mmol/kg 1-NP was administered intraperitoneally for 17 times (1-NP group), PCB was adminis-
tered followed by ip injection of 1-NP (PCB + 1-NP group), and only vehicle was administered
(control group). The lung lesions induced were examined 18 weeks after the final treatment with
1-NP or vehicle.

In control group, no neoplastic lesion in the lung was induced. In PCB group, only one lesion
with adenoma was induced. In 1-NP group, various kinds of lung neoplastic lesions including
hyperplasia, adenoma and adenocarcinoma were induced. In PCB+1-NP group, both the num-
ber and size of tumors induced were significantly more than those in 1-NP goup. In addition, the
number of adenocarcinoma formed was more in PCB + 1-NP group than in 1-NP group. Each
lesion was microdissected to collect and analyze DNA of the targeted tissue. K-ras gene
mutation was detected in part of adenoma lesions and all the carcinoma lesions. The mutation
was found in either 1-NP or PCB + 1-NP group, but not in control and PCB group. The pattern
of K-ras mutation was CAA to CGA in codon 61 or GGT to GAT in codon 12. There was no
difference in the pattern of K-ras mutation despite of the pretreatment with PCB.

Although the present data are from small sample size, it was suggested that PCB may
promote (but not initiate) 1-NP induced lung tumorigenesis, and may not induce K-ras mutation

(91)
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directly in the experimental system.

i

I-=hrotry (1I-NP) &, BEdicIhL M6 7 %
= a7V rRFEEWE TH L. ZFOFNEE MO
= b7V URBEWE AN THRLTEL ERnd
DD, HRENCENRZ W F OFEIFEHT 2 2 L
NTER, L, ZhETlz, b kG-
NP 2&®l-=ru7 vy RFEMANRHTE 5
&2, i O TRt s s 1-NP ORE
ZEBE TR BT 5 2 &, ZOBEBO—2 i
DMEE & 1-NP OIBENBIE L T w3 A gEtE» b
L BRIRELCEL, £, ST ADFERET IV
IZBWT, 1-NP ki 80 2 #@F R & R
B2 OEBEOIELE 25T 2 2 &, TOFREWR
Kras BT OSSN EZ o025 2 &) 2HEL TE
7z. LinL, I-NP 280/ 2hs = a7 v > RE
e b OIS G 2 28R {bhroT
W,

polychlorinated biphenyls (PCB) & 1929 4F 4 2
N— A TOEENHS TR, JottE %z duiicE
FESR, EREHOEMA, BHEF, @R ORI
FIEW A RSN TE 72, 1970 SEREBIC 2 D4
Fik e v UHIR & L7z 08, PR b c LD
FBOYETH 57-0, FEEYCIEPCEEL, PCB
WX MR ERIIBAE L R BRI 2 N TE
2, MBI KREOHESMF 1968 FHARICE
W (GHE), 1979 FFBEICBWT (Yu-Cheng) HFH4
L7z, HAOMERHZ C B 2EEHE»S, L
JEFRAED Y X 7 DR & iz, BRI B W T
b, PCBAEERICHEE 251 & 23 2 &5, ben-
zene hexachloride 12 kX 2 ED 7€ —F 4 ¥ 7%
RBEET 5 ENRESNTWEO®, 53T, PCB I
X0 G TFEY O mRNA OEFHENA SR,
PCB 1253 & Nz I D K ELEY T ras BT DE
WRHER S NIz & DFEBA SN E F bbb,
PCB M@ EEETIC 5 2 2 BT DWW T HIRET %
Iz 208 8b25EHz oMb, —F, EEREEIC
BT 25135 < R, x OMmEHER XD, PCB

thom o —

10 %

% PCDF BMl5E S ER D 7 7 Z il 0% - ik %
EUSHZZE®OED, iS22 EE L H
TERVWHDEEZ SN S,

22T, A/T =9 R EF Wi 1-NP SEH#filifE€ 7
12 PCB (Kanechlor 400) ##5 1, MilEgEFHEEICS
% PCB O 2t Uiz, [FIRFIC, F4E L hblES
DWW, K-ras 85 TN 217>, PCB #5203 E%
BT OEBRICE 2 2B O W TG L.

X R &

1. SEBRIES DR

1-NP (Aldrich ¥, USA) & HPLC %2fH L T
# L 720, I8 A% © Dinitropyrene i3 # i & 1§
(1,3~ 1,6-, 1,8-dinitropyrene & # Hi J& & 13 0.5
fmol BAF), 1-NP O#MiE X 99.99% U ETH -7, 6
HEOMEA/] =~ v A (RHEREY, fEXR) 2EEHL
oo I'NP R Y AFILVALVT xF 54 F (DMSO) 2,
PCB 12— >Nz L T L7z, =7 Aid 4 B
0 72 (o R, PCB#E, 1-NP#, 1-NP+PCB
). 2.5mg/kg D PCB £72130.1ml ® a3 — >l %
HEEPIC B a5 L7 #2102 0.1 ml @ 1-NP ¥ & 7
XA =@ DMSO %38 3 [al, 17 [BIfEkERS L7, 1-
NP o 5513 1,575 mg/kg (6.44 mmol/kg) T
bHotz, U RIEAERG 5 18 #H H I sacrifice L
Jo. TREGHEMEGE e A 7ud 4w sy a v a7
v, HIYE T 2R SRR L, BT
BEFH L.

2. JRBEFERIRGES

Stewart & DEHEIRE > T, FREIZ 3 DDA T T
Y — (lfiha/ M S Oz, BRlE, B oL
7220, RS RIS OBIR 2 R e W O
B OELE, WEETEFEORBCEOLEK %
B9 MR, BT 2 hiluEEET 2 b o (Fig.
la), BUZIIBA S A B EHE U, B 2 iilas 25’
WA & 2 IR B2 3 2 MiifaAER = e e T
HEILTWwsbD (Fig. 1b) & L7,

3. K-ras BE TN

DNA & Saiki & O FEHE> THIEL 7220, <

*
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Fig. 1 Photographs of the various lung lesions (HE staining). (a) adenoma 96x. (b), alveolar/
bronchiolar adenocarcinoma 180x.

TG A

Codon 61 [

Fig. 2 Identification of point mutation in the K-7as gene by PCR and direct sequencing of amplified DNA.
Representative DNA sequences of K-7as codon 61 are shown. Normal codon 61 sequence (CAA) (left),
and AT—GC transversion (CGA) (right) at the second base of codon 61.

2 K-ras i&15T O amplification primer 1ZLAT O b

DEBEAL 2,
exon 1,5-primer :
5-ATGACTGAGTATAAACTTGT-¥
3'-primer :
5-TCGTACTCATCCTCAAAGTG-3"?
exon 2,5 -primer :
5-GGACTCCTACAGGAAACAAGTAGTA-3

3’-primer :
5-CCTATAATGGTGAATATCTTCAAAT-32Y
PCR OFESE I LARTOERE DM Th 5P, sequen-
cing primers IZ DWW TIELAT Db D EHHL 72238, »
b PCR @ antisense primer £ [F LU & DT, exon
12w Tt codon 12 & 13 %, exon 21ZDWTIX
codonbl % H/N—F 2 b D%V,

exon 1:
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5-TCGTACTCATCCTCAAAGTC-3
exon 2:
5-CCTATAATGGTGAATATCTTCAAAT-3
LI#% D sequencing D EEIC D W CIZZERDMEY T
HBHY,
4. WREHET
fE#R 1T Student’s t-test & Fisher’s exact test 1T
MEETET L7z, MiflE T pE0.06 ATDO b D &H
BEbH L,

& R

LR L7cEB Y, R, BRAE, B
s iz, iz, RICIEIRL Tz wasiREo i
BEDTFLET %, adenocarcinoma in adenoma DJRZ
bRED ST, BFICB T D IHREOFRERIITE 1
WRLIED TH 2035, SHHREETIEH S e ififgze s
s highrosizDwext L, PCBETIE 5 LD~ 7 A
1O OBENEE S iz, —75, 1-NP 285 L 75
TIHIFEAETRTDOY T A TIRENIE & iz,
¥z, 1-NP+PCB # T3, BE s iz @0, ¥4
XEBFREICE C, F7eMEE 1-NP B T 1A

10 %

DHTHZDICHL, 1-NP+PCB BETIZET 6 FEH
R sz,

TRk & NI R4S 7 © NSHFER & L C O IR Fiifi ik
WZOWT, »A47u¥fvryaikictHNET S
RS 2 IR BRI U 72 B¢, K-ras BIG T ORI
DWTHET EMA L (2). EEMERKCE» T
K-ras BT OEE IIE® & k- 7o, PCB #TH
—RBO SN REICOWTIE, BREIBPDSNZ1-5
7z. I-NP BT, 2 13RZH 12 84T K-ras #EiB
FEENED S, ORI codon 61 D CAA —
CGA ZH M 9527, codon 12 O GGT — GAT ZHE
3RETH -7z, —H, I-NP+PCB ETlE, £4KT 25
JREDFTRD ST H, DA 15KHEIIC DWW T K-ras
LT 2 FENE L 2 72, % OFEE, 15 WEH 12 /%
T codon 61 ® CAA — CGA (10 J%%) & codon 12 @
GGT — GAT Z 5 (2 /%) 201z, $75b b, PCB
DOHIE DO 2 »b 5T I-NPIC k> CFH S
iz K-ras BEFERONY -V FRBEODH D TH
5 ZEMRENT, FT, RICRLTwR0LS, B
Zhhb o TIE TR T R TOKRE T K-ras BIET
ZEPRD ST,

Table 1 Induction of lung lesions in male A/J mice by 1-NP with or without PCBs.

mice with lung lesions

number of lung lesions

chemicals number of average size hyperplasia  adenoma  adenocarcinoma
mice (%) number of tumor
control 0/8(C 0%) 0 - - a
PCB 1/5C 0%) 0.2 0.5 — 1 —
1-NP 5/6 ( 83%) 1.5+1° 0.740.2 4 8 1
1-NP+PCB 7/7(100%) 2.9+0.9° 1.1+0.5° 8 11

@ Significantly different from control group. (p<0.0001)
b Significantly different from 1-NP group. (p<0.05)

Table 2 Pattern of mutation in K-7»as gene in the A/] mice following treatment

with 1-NP and/or PCBs.

chemicals number of lesions with K-7as activation or mutation
activated K-ras codon 61 mutation codon 12 mutation

(CAA-CGA) (GGT-GAT)
control 0/8 0 0
PCB 0/5 0 0
1-NP 12/13 9 3
1-NP+PCB 12/15 10 2
total 24 19 5
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LB & ZEFEF DOV AET Ve LT,
Ty v, XYYy, NNK A& EBRRESLTY
50202029 - 1-NP X, in vitro, in vivo TIIFEVE L #E
PG SN TV 27929, Fr i3, &L, 1-NP &~
T ADIIC BT, W BRIEZ L ORIRERZ D &
oTIELHEE TS I L EHRE L2, 1-NP 2#%
S UK BREMNICIEEB LI LR D o
(carcinoma in adenoma) Z & &Y, 1-NP iZi&E
— BRI — PR &R R U AT < JEBS R A &
FET B LRI E LY,

SEOMETTI1E, PCB $HHE G T, 425 PuHR
JEDS 1IRZED A L ERD v o7z, —75, 1-NP
B SR TS S0 L 0%  OFEERA
Bansz, I-NP#&5.1250800 € PCB 2#&5 L7-#T
X, BRSSO, A4 XL b FECHEML
7eds, ZRUCMZA T, BERROHELREEZ LD
WEREZE. ZheOfEE» S, PCB I tumor pro-
moter £ LCERT 28D EEzoN%, FE, S0
il L 72 Kanechlor 400 O O#% 52L& D~ v 212
RTINS = & T EE SFE S 5 2 210 ®
benzene hexachrolide &% ¥& /- #& @ tumor promotor
ELTOERY PGS Tns,

K-ras BT OZERIZEL DILEFBET VTR Y
ZEanTnws, fiEEICB W T, H-ras  N-ras 7%
ED ras BT 7 7 2V —OEREDHERL 2 & it
BB TRWIZENT WS99, K-ras BIETICBT 2
Ay P AFRY MiEcodonl2, 13, 61 TH%. 1-NP I
f o THF I NIz K-ras 25413 codon 61 O CAA »
5 CGA ~OD, 725 TNZ codon 12 D GGT 7» 5 GAT
NOFEEITH > 7z, FHCHTED S - & b I
HoNTz, Thbb, 1-NPIZ X > THEE S e IffEE
BT S K-ras BLFDNRY =135 O K-ras #&
BFEREET 2EMCILBEO D TH -T2, F7,
I-NP #5001 PCB %z %5 L7z FE T3, BEDFEAEMH
ENIDE»oT2bDD, K-ras BInFOER Y —
I I-NP BB GHOZNEED S BV LDOTH
D, ZDH»5 H PCB I tumor initiator Tld % <
promotor & LCYEALIzb D EF 2 o5z, PCB &
SEEETFRE OB I O W TRE 2N - HE 13D

TS 235
V>, Brandt-Rauf & 13, ZZHE#RO¥EEHHZED #5 57
% 16 £ DL THE LI & 2 5, I PCB #BE»
H ok b ELo I ERIT H-ras BEE#E p2l ZEEH O &
BHoNTzEELTWEY, PCBIgET 22 LT
HEFHIIC BT B ras, jun, myc 75 ¥ OFEEEF D
mRNA OFEBTTHES A SNz DY, T v MFgcE
3 ras, raf, ves, erbiBfnF mRNA OFBICHES
A BTz EDHED D 5D, »wIidb mRNA TO
BatThy, BETERZOVWTRN LD TRE
VW, ME—, PCB & polycyclic aromatic hydrocarbon
(PAH) BRSNS TS Wiz f, dragonet
(Ff4 1 2 R v R) OFFIEIC 2 6 iz iR O AHK T
7as LT codon 11 DERZFH D12 L OREDRH 5
nz®®, Lo L, PAH @ tumor initiator & L T DFE
HiklHeonizboThy, ZOHRETHSNI
ras BT OERIZIPCBIZL3dbD w03,
PAH % &l tumor initiator I2 X 2 b D EF 2 7z
FnEHmEEbns, 12720, ZOHEEL DR
S UOBBIOMHTIIC L £ %> TH D, PCB BEERIC
K-ras BIRFARICGZ 2BV, 35645
WROFEEHE L Bbi s,

Mumford &3, t bifEs ki FrHicE En s
FIEME OWMAINZ £ > TEU B AREMEIC DWW THRE L
721, 1-NP I3l O R 2IRBESR I & o THFA:
THFEWETHY, WA THEAIERDAENS b
D EHER S S, Tz, 1-NP %t i CHIE L
e 2%, BEADOMEBFICEENS I-NPIRE
F, FEIANOZh LD 3EREGV LW R ek
7220, F e, BifEEE OVIERIIC DWW THET L7z & &
%, 1I-NP &7 = b u 7 v > RCEYE O fli#
WIRE DS EWIERIE SO MMEER MK, PR
RThz v HEEEL®, b MBI 2 1-
NP OFENC O W TF 2+ Micid > T
WL WA, TS OREHER”? S, 1-NP 2%~ X
KERET VDAL ST, b MIEOFEIC b EELE
HEHL LRI EETE L, KYHEIE, B’
BRI 5 £ 0 T D ABRPBEITRL T
METERVWHDEFZOND,

PCB iz DWW T b, 3 CubiiE B ChlEst T
DEOWHREESREBE SR TWw3 2 %, PCBIX
Wl ARRNICERE I NS ERFICRBI N
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L9, mEFEICESS 9 % aryl hydrocarbon hydrox-
vlase ZFHE T 2 2 L10  Y, MMiFIEICS 2 22T

=
BETER W, SHROMFOEENILELEZ 0N 5,

&

PCB 2 & 2B FARICH T 2MENILIE LAY
OH, J®iT, PCBIZ X % ras @ETOER 2 RE S
BERE RS, FEEIEFEY O mRNA OSSR 2 FHHE T
5 DFEPHEIND,

1) I-=to vy (1-NP) FHRMEEOERET T
MZB W T, PCB (Kanechlor 400) O# 52355 FE15

W25 Z 2B O W URBEEIRE 2Nz % L3k,
FA U T2 B O 53 T AW F RIS D W TRET L e,

2) 6B DA/~ AEHENIZ2.5mg/kg D
PCB ZH[E#5 L7 D (PCB#), 6.44 mmol/kg
D 1-NP % e icoE# 5 L7z o (1-NP#),
PCB# G ZH T I-NP 25 L7b D (1-NP+
PCB &), WD AH5 L1z 0 CoHEED) o 4 Bhic s
TR L7z,

3) WHHERECIIATRA O IZERD 3, PCB T
1 PICIEDK 2B Tz D A TH > 7zDITR L, 1-
NP #ECIZRIZE D o BRIE, B8 2 /2 OFRE %
iz, 1I-NP+PCB BT, EEOE, 1 X &bl
NP BN TERICHE L, BEOERE L %o 7.

4) BIRED SEFR L 72 DNA IO W T K-ras #
EFOERIZOWTHRE LI £ 25, BREO—IR LR
JEDTNTCTKras @ TOERERD 2. BHRAEFR
72D, §XTI-NP(+PCB) 2# 5 L/:HETH>

14

b

Jo. BEO/NY —1F 238D T, codon6l ® CAA »
5 CGA ~N®D, 725 WNZ codon 12 @ GGT 5 GAT
NOFEFEEFTH > 7.

5) K-ras B TFEED/NY — 1% PCB OHiALE
DEHEICE D & kn o7k,

6) AFEERTIE PCB I3 tumor initiator & LT &
D b 1-NP ZFHFiEE; O tumor promoter & L T{EH
T2 EDRBI NI,
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Abstract Methylsulphonyl polychlorinated biphenyls (MSF-PCBs) have already contaminated
at relatively high concentration in the lungs and blood of Yusho patients and healthy Japanese
people. Therefore, we should give due attention to their biological and toxicological effects to
man. In this study, in order to evaluate S-dependent genotoxicity of five MSF-PCB congeners,
namely, 3-MSF-4,5,3’ 4~ tetrachlorobiphenyl (TCB), 3-MSF-45,2"3-TCB, 3-MSF-2,5,2’ 4,5~
pentachlorobiphenyl (PenCB), 4-MSF-2,5,2’,3",4-PenCB and 4-MSF-2,5,2’,3",5",6'-hexachlorobi-
phenyl (HCB), we have examined their effects on the induction of sister chromatid exchanges
(SCEs), which has been frequently used to estimate the dose of S-dependent clastogens, in cultured
human lymphocytes in the absence or presence of 2,3,4,7,8-pentachlorodibenzofuran (PenCDF), 2,
3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) or 3,4,5,3’,4’-pentachlorobiphenyl (Co-PenCB) and the
following results were obtained.

1) 4x107°*M 7,8-benzoflavone (ANF) and two of the five MSF-PCB congeners, namely, 3-
MSF-2,5,2’ 45~ and 4-MSF-25,2",3’ 4’ -PenCB at respective doses of 5.2 and 5.8 ppm, which were
about 35,000 times higher than the concentrations in the lungs and adipose tissue of healthy
Japanese people, significantly enhanced the frequency of SCEs. 2) In the simultaneous treatment
of one of the five MSF-PCB congeners and PenCDF (3.9 ppb), TCDD (1.5 ppb) or Co-PenCB (8.8
ppb), the combination of 3-MSF-4,5,3",4-TCB (6.8 ppb) or 4-MSF-2,5,2’,3’,5",6’-HCB and one of
the three highly toxic chemicals significantly promoted the formation of SCEs.

We have already studied whether these MSF-PCBs are non-S-dependent genotoxic com-
pounds or not and have obtained the results that they seemed not to be or very weak ones.
Therefore, based on the results of this and our former studies, the five MSF-PCB congeners
examined are considered rather potent S-dependent genotoxic chemicals than non-S-dependent
ones.

Introduction

Methylsulphonyl polychlorinated biphenyls
(MSF-PCBs), which are one of the major
metabolites of polychlorinated biphenyls
(PCBs), have been determined in several tissues
of patients with Yusho, polychlorinated diben-
zofurans (PCDFs) poisoning that occurred in
western Japan in 1968, and of healthy peo-

ple4)5)6)7)8).

According to their analytical

results, the levels of MSF-PCBs were much
lower than those of PCBs in the liver and adi-
pose tissues of both Yusho patients and healthy
people. However, in the lungs and blood their
levels were comparable to or higher than those
of PCBs.
people have already been contaminated with
MSF-PCBs at relatively high concentration.
Therefore, we should give due attention to their

Thus, several tissues of Japanese

biological and toxicological action.
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We have already investigated the effects of
some MSF-PCB congeners on aryl hydrocarbon
hydroxylase (AHH) activity in cultured human
lymphoblastoid cells and in hepatic microsomes
prepared from both aryl hydrocarbon (Ah)
of
Our studies mentioned above

responsive and nonresponsive strains
micel3)l4)15)16)17)24).
indicated that some congeners of MSF-PCBs
decreased and/or enhanced the enzyme activity
in both cultured human lymphoblastoid cells
and murine hepatic microsomes. Therefore,
MSF-PCB congeners have been expected to
elicit some biological or toxicological action in
man.

Cytogenetic changes such as the induction of
(MNs)

chromatid exchanges (SCEs) have frequently

micronucleated cells and sister
been utilized as indicators of mostly genetic
damage due to exposure to different carcino-
gens or mutagens. These two cytogenetic
changes are considered to occur as results of
different mechanisms of DNA or chromosome
MNs have been considered to be the

result of chromosome fragments or whole chro-

damage.

mosomes lagging behind the genome at cell
On the other hand, SCEs are formed
during the S phase after an initial change in the

division.

form of DNA base damage®”, when quadrir-
adials as mitotic chiasmas are a consequence of
mitotic crossing over?®.

In this study, we investigated the induction of
SCEs in mitogen-stimulated lymphocytes by
five MSF-PCB congeners, which were major
ones among MSF-PCBs determined in the tis-
sues of Yusho patients and healthy Japanese
people®, in order to elucidate their genotoxic
potency in terms of the inducer of SCEs.

Materials and Methods

1. Chemicals
Five MSF-PCB congeners, 3-MSF-4,5,3",4-

239
tetrachlorobiphenyl (TCB), 3-MSF-4,5,2",3'~
TCB, 3-MSF-2,5,2’,4’,5’-pentachlorobiphenyl

(PenCB), 4-MSF-2,5,2",3’ 4-PenCB and 4-MSF-
2,5,2’,3’,5’,6’-hexachlorobiphenyl (HCB), 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,4,
(PenCDF)
synthesized by Dr, Masuda and his colleagues. 3,
4,5,3’,4’-Pentachlorobiphenyl (Co-PenCB) was
purchased from Cambridge Isotope Labora-

7,8-pentachlorodibenzofuran were

tories, Woburn, USA. Their purities were over
999 by gas chromatography. The sources of
chemicals used in this study were as follows:
demecolcin, 7,8-benzoflavone (ANF) and hoech-
st 33258 from Wako, Osaka, 5-bromo-2"-deox-
yuridine (BUdR) from Sigma, St. Louis, phyto-
hemagglutinin 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 commer-
cially available.

2. Chemical treatment and lymphocyte

culture

Final concentrations of test chemicals in
whole-blood cultures were as follows : 3-MSF-
4,5,3,4-TCB; 6.8 ppm, 3-MSF-4,52"3-TCB;
7.1 ppm, 3-MSF-25,2’4’ 5-PenCB ; 5.2 ppm, 4-
MSF-2,5,2",3",4'-PenCB ; 5.8 ppm, 4-MSF-2,5,2",
3,5'6'-HCB; 9.6 ppm, TCDD; 1.5 ppb, PenC-
DF; 3.9 ppb, Co-PenCB; 8.8 ppb and ANF;
4x107°M or 11 ppm.

Heparinized peripheral blood samples were
obtained by venipuncture from healthy females
(mean age: 37 years old). Lymphocyte cul-
tures (5.0 ml) were initiated from whole blood
(0.3 ml) aliquated into culture tubes containing
the test chemical and/or chemicals as described
later and RPMI 1640 medium (4.5 ml) sup-
plemented with 159 fetal calf serum, 100 units/
ml penicillin and 100xg/ml streptomycin.

Firstly, these whole-blood cultures were in-
cubated with either acetone (solvent) alone,
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ANF or one of the five MSF-PCBs.
the whole-blood cultures were treated with one

Secondly,

of the five MSF-PCB congeners in the presence
of either TCDD, PenCDF or Co-PenCB. These
test chemicals were added at the beginning of
culture time and left until harvesting.

Hundred M BUdR and 0.15 ml PHA (a final
concentration : 3%) were added at culture initi-
ation. The whole-blood cultures were then
incubated at 37°C in 5% CO, and 10095 humid-
ity. Seventy hrs later and 3 hrs before fixation,
2x107"M demecolcin was added.The cells were
then collected by centrifugation, exposed to 0.
075M KCI hypotonic solution for 15 min at 37°C
and fixed 3 times in methanol : acetic acid (3: 1
v/v) at room temperature.

3. Silde preparation and scoring

Samples for microscopic observations were
obtained by carefully dropping the lymphocyte
suspensions from Pasteur pipettes onto pre-
cleaned wet slides and dried in vapor of the
water. The slides were stained for SCEs ana-
lyses using a little modification of the fluores-
cence (hoechst 33258) plus Giemsa (FPG) tech-
nique®. Slides were coded and scored blind
under a magnification of 1,000 fold. SCEs were
analyzed in 30 to 64 metaphases for each experi-
mental group.

4 . Statistical analysis

The results were expressed as the average
Data
were statistically analyzed by Student’s /-test.

number+S. E. of SCEs per metaphase.

Results

1. Frequency of SCEs induced by each of
the five MSF-PCB congeners in the
absence or presence of PenCDF.

The experimental results are shown in Table
1. The frequency of SCEs in the control cul-
ture was 10.0+0.6 per lymphocyte, and the
treatment of PenCDF (3.9 ppb) did not enhance
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the SCEs formation. ANF (11 ppm), however,
significantly induced SCEs and the frequency
rate was 12.0+0.7 per cell.

In the five MSF-PCB congeners, significant
increase of SCEs was observed after the single
treatment of two MSF-PCB congeners, namely,
3-MSF-2,5,2’,4’,5~ or 4-MSF-25,2",3,4-PenCB
in the absence of PenCDF. In the presence of
PenCDF, all of the five MSF-PCB congeners
significantly enhanced the frequency of SCEs
and their ranges of the mean SCE frequency
were 12.3 to 13.7 per lymphocyte. Therefore,
as shown in Table 1, not only ANF but also
these MSF-PCBs seemed to elicit synergistic
effects on the induction of SCEs with PenCDF.

2. Frequency of SCEs induced by each of

the five MSF-PCB congeners in the
presence of TCDD or Co-PenCB.

The experimental results are indicated in
Table 2. Respective SCE rates after the treat-
ment of TCDD (1.5 ppb) and PenCB (8.8 ppb)
were 11.5+0.4 and 10.8+0.4 per lymphocyte and
these rates were not significantly different from
that in control culture, which was 10.04+0.6 per
cell, as shown in Table 1.

In simultaneous treatment of TCDD and one
of the five MSF-PCB congeners, three MSF-
PCBs, that is, 3-MSF-4,5,3’,4-TCB, 4-MSF-2,5,
2,3, 4-PenCB and 4-MSF-2,5,2"3"5,6-HCB
showed significant effect on the induction of
SCEs and their respective frequency rates were
14.0+0.5, 13.5£0.8 13.7+0.7 per
lymphocyte.

and

In simultaneous treatment of Co-PenCB and
one of the five MSF-PCB congeners, only one
MSF-PCB, 4-MSF-2,5,2",3",4-PenCB, failed to
enhance the formation of SCEs and the fre-
quency rate was 11.3+0.4 per cell. As a conse-
quence, two MSF-PCB congeners, namely, 3-
MSF-4,5,3,4-TCB and 4-MSF-2,52"3",5,6-

HCB, significantly induced the formation of
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SCEs in the simultaneous treatment of either
TCDD or Co-PenCB. As in the case of PenC-
DF, ANF was also considered to promote the
SCE formation in co-treatment of TCDD or
Co-PenCB, as indecated in Table 2.

Discussion

We have already reported that ANF and 3-
MSF-4,5,3",4'-TCB, one of the MSF-PCB con-
inhibit or

enhance AHH activity in mice and human

geners examined in this study,

lymphoblastoid cells, probably depending on the
quantity and quality of cytochrome P-450 (P-
450) enzymes, which catalyze benzo(a)pyrene
(BP), a substrate of the AHH assay, metabo-
lism!®191917028) - We have also investigated the
effect of eleven MSF-PCB congeners on AHH
activity of cultured human lymphoblastoid cells

treated with TCDD and demonstrated that the
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TCDD-induced enzyme activity was inhibited
with them by 10 to 809§, depending on con-
geners'®. Three of eleven MSF-PCBs were 3-
MSF-45,3,4-TCB, 3-MSF-4,5,2",3-TCB and
4-MSF-2,5,2’,3’,4-PenCB, which were also used
in this study, and respective rates of the enzyme
inhibition were about 8094, 409 and 209§ at the
dose of 1.5xg/ml, in other words, 1.5 ppm which
was about 4 to 5 times lower concentration than
those used in this study, namely 5.8 to 7.1 ppm.
In that experiment, ANF showed the highest
AHH
(1.4ppm), which was about 8 times lower concen-
tration than that (4x10~°M or 11 ppm) used in
this study, and the inhibition rate was about
90%. Like this, some MSF-PCB congeners
such as 3-MSF-4,5,3",4- and 3-MSF-4,52",3"-
TCB have been expected to demonstrate the

inhibition at the dose of 1.4ug/ml

same biological action as ANF.

Table 1 Effects of the five MSF-PCB congeners on the induction of SCEs in cultured
human lymphocytes with or without PenCDF.

SCEs/Cell (Mean+S.E.)

MSF-PCB Congener and ANF Dose (ppm) PenCDF (—) PenCDF (3.9 ppb)
Control — 10.0+0.6 10.4+0.4

3-MSF-4,5,3",4'-TCB 6.8 11.6%0.7 13.2+0.6**
3-MSF-4,5,2’,3-TCB 7.1 9.7£0.4 13.6+0.6**
3-MSF-2,5,2",4 5-PenCB 5.2 12.1+0.7* 13.7+0.5**
4-MSF-25,2",3 4-PenCB 5.8 12.54+0.7** 12.3+0.4**
4-MSF-2,5,2’,3'5",6'-HCB 9.6 11.1%0.4 12.7+0.5**
ANF 11 12.0+£0.7* 14.1+£0.5**

* 1 p<0.05, *3* :p<0.01

Table 2 Effects of the five MSF-PCB congeners on the induction of SCEs in cultured
human lymphocytes in the presence of TCDD or Co-PenCB.

SCEs/Cell (Mean+S.E.)

MSF-PCB Congener and ANF Dose (ppm)  TCDD (1.5 pph) Co-PenCB (8.8 ppb)
Control — 11.5+0.4 10.840.4
3-MSF-4,5,3,4-TCB 6.8 14.0+£0.5% 13.5+0.7**
3-MSF-4,52"3-TCB 7.1 12.84+0.5 12.3+0.5*
3-MSF-2,5,2,4’5-PenCB 5.2 12.240.4 12.6+0.5**
4-MSF-2,5,2",3’,4-PenCB 5.8 13.5+0.8" 11.3+0.4
4-MSF-2,5,2"3"5",6'-HCB 9.6 13.7+0.7** 13.2+0.7**
ANF 11 15.6+0.9** 14.9+0.9**
* 1 p<0.05, = *k Ip<0.01
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At doses of 4x107°M to 8x10—°M, ANF has
been shown to elicit some clastogenic or co-
clastogenic potencyV!O1D12)18)19202122)28) g4 we
anticipated that some MSF-PCB congeners in-
cluding those mentioned above also could evoke
similar clastogenic or co-clastogenic effect to
ANF and this study was carried out. As the
results of this study, 4x10-°M ANF significantly
enhanced the frequency of SCEs per lymphocyte
in both the absence and presence of PenCDF,
TCDD or Co-PenCB. As shown in Table 1,
two of the five MSF-PCB congeners, 3-MSF-2,
52,4’ 5’ and 4-MSF-25,2"3’,4'-PenCB, signifi-
cantly induced the formation of SCEs by them-
selves and all of the five MSF-PCBs significant-
ly elevated the SCEs rates in case of the simul-
taneous treatment with PenCDF. Some of
these MSF-PCB congeners also promoted the
induction of SCEs in the co-treatment of TCDD
or Co-PenCB, as indicated in Table 2. Two
MSF-PCB congeners, 3-MSF-4,5,3"4-TCB and
4-MSF-2,5,2’,3’,5",6'-HCB, did not enhance the
SCE formation by themselves. They, however,
elicited synergistic effects on the induction of
SCEs with PenCDF, TCDD or Co-PenCB.
our previous study'®, none of the five MSF-
PCBs did not enhance the formation of MNs in
cultured human lymphocytes with one excep-

In

tion, namely, the simultaneous treatment of 3-
MSF-2,5,2’45-PenCB and PenCDF. There-
fore, effects of these MSF-PCB congeners on
the induction of SCEs seemed much stronger
than on that of MNs.

The types of mutations which could contrib-
ute to spontaneous MNs include (a) mutations
to kinetochore proteins, centromeres and spin-
dle apparatus that could lead to unequal chro-
mosome distribution or whole chromosome loss
at anaphase, and (b) unrepaired DNA-strand
breaks induced endogeneously or as a result of
exposure to environmental mutagens which

(102)
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may result in acentric chromosome fragments®.
Therefore, the assay of MNs can detect both
clastogens and spindle poisons and can be pref-
erentially used to estimate the dose of ionizing
radiation or truly radiomimetic (non-S-depen-
dent) chemicals to which people have been
exposed. On the other hand, SCEs, which are
not readily induced by ionizing radiations or
non-S-dependent clastogens, have proved to be
the most sensitive mammalian genotoxic en-
dpoint for determining exposure to S-dependent
chemicals, because SCEs are considered to form
during the S-phase of the cell cycle?®, probably
at DNA replication forks or sites where re-
plicaton is incomplete”?®. Therefore, accord-
ing to the results of this and our previous inves-
tigations, the MSF-PCB congeners examined
are considered rather potent S-dependent
genotoxic compounds than non-S-dependent
ones.
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AFIAILFEZI PCBs BiEfFICL B3 & F ) o/ BREEERIAD
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F—IBRAYHIOTF: - BB L A=

HOaE—-BARILH

71 A 3 JHE B SO fE 5 OD T e IR VAR L FLR
HIEILEE D A F v Ak =)V PCBs (MSF-PCBs) 12
I0HERINTWS, 2O TIE 5 O MSF-
PCBs [AEfE, D& D 3-XF NV ANVK=)-4,53,4-
ke 7 = =—) (3-MSF-4,5,3",4-TCB), 3-X
FOVANVEKE = NV-4,5,2,3-MiElLE 7=2=—
(3-MSF-4,5,2",3-TCB), 3-X F )V A )V ik = )b-
2,5,27,4,5- A E 7= JV (3-MSF-
2,5,2",4,5-PenCB), 4-X F v XA )V K = )b-
2,5,27,3 4-AHHEIbE 7x=—) (4-MSF-
2,5,2,3,4-PenCB) B8 X U 4-XF )V A )V K= )b~
2,5,2,3,5,6-A~bE 7x=—1 (4-MSF-
2,5,2,3,5,6'-HCB) © S {KFALEEE M %713 2
7oz, © MU o SEREFFEMNE OO ik G 43 R AL HL
(SCEs) FHFHMC DWW LTz, £72, & 2 SWHED
FHEFENWECTH 2 2,3,4,7,8- ALY A x>V 7
Z > (PenCDF) ®#MEMIEFE ICE W 2,3,7,8- 101k
¥4 A4 ¥y (TCDD) H %1% 3,4,5,3,4-HiEE
7 = =—)V (Co-PenCB) #7577 254 D SCEs # 5%
PEIZDOWT EI L, 2L T, RO XS LFERME
sz,
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DRYF7arra—e2PE L L TRV
7,8V 7Ry (4 X107°M H % \»ix 11 ppm) 1%
BfiTd, %72 PenCDF (3.9 ppb), TCDD(1.5 ppb)
%> Co-PenCB (8.8 ppb) 233773 2354 T o SCEs 7%
FMEER LT, 2) 5D MSF-PCBs FEEAD 5 &
2 fE#H, > % W 3-MSF-2,5,2",4,5-& 4-MSF-
2,5,2",3,4-PenCB i3 Z 1L Z 4. 5.2 £ 5.8 ppm D J
B TSCEs DK % & & 7z, 3)3-MSF-4,5,3,4-
TCB (6.8 ppm) & 4-MSF-2,5,2’,3",5",6'-HCB (9.6
ppm) & PenCD, TCDD & % \»ix Co-PenCB D3
hWornfEd 2854, HE% SCEs FRMEExR L.

Z OWFFETH~ 72 MSF-PCBs [F] AR D 38 & 1385
FHOMi RO B & % 35,000 fF b HWIBETH
52k, FEEOENTMSF-PCBs 2 & D SCEs
FEFOD L S & SIKFREEHFENEL 5085 01
BHTHLH, LL, 2N E TOWSET MSF-PCBs X
IS FEMBEHEEYE L A S3hToikwd, b2
WIRFEFEICHwEEZ SN TWS, L I50, SEO
e &, MSF-PCBs idtr L 5 S IKFRIERFHEEY)
BHeAhRTIEIBZY AW,
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Influential Factors in Elevation of Serum Creatine Phosphokinase
for the Patients with Kanemi Yusho

Toshiro YosHIMURA and Minoru OKITA
School of Allied Medical Sciences, Nagasaki University, Nagasaki 852-8520
Kosei KawAazoE
Care House Liaison Nagasaki, Nagasaki 850-0992
Jiro NakaANoO
Nagasaki KITA-Hospital, Nagasaki 852-8061
Yoko NAKAO
First Department of Internal Medicine, Nagasaki University, Nagasaki 852-8102

Abstract We studied the etiology of the elevation of serum creatin phosphokinase (CK) using the data
from routine medical checkup of Kanemi Yusho patients during 1995 and 1997. We also studied the
serum CK and blood urea nitrogen (BUN) in rats given the polychlolinated biphenyls as well as controls,
and conducted optical microscopic observation of muscle tissue in rats given the polychlolinated biphenyls
and control. The patients with elevation of serum creatine phosphokinase also showed the elevation of
BUN and polychlolinated biphenyls in their serum. These are thought to be triggers of the elevation of
CK in the serum. However, animal experiments failed to yield the same results as human. The rats
given polycholorinated biphenyls showed atrophy of muscle fibers. Accordingly, we were unable to
clarify the etiology of CK elevation in humans and muscle atrophy in rats.

| By

ﬁ%smf%%@%a%mfmﬁ7v7%y#%~
¥ (AT, I CK) O_EENZZH DK 20% 12580
SNTWBY 0, ZOENIITHTH S, —HRICIE
CK O LR IBHiREPKEHREORE RO o, &
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51z, FRIEEAEE TE T L MG CK 3 ER T2 v
bHT» 39, —75, PCB IR o BRI A v £ > DK
TR Z &9 PRMHRES2ERLT 2 2 £
DEPEEFR THE SN T2,

22T, h A IMERZE TR 53 i CK O
FAOBER BV 7~ 9 FEOWZ T — 5 2 SWHES
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L7z, 8512, 7v bEHOWIEER,? S bRE %
Mz 7z,

M R H &

1. ®E7—9

YR TE~ 9 EE L TON A S WERZSZZED S
B Mg CK 2 HI5E T & 2 282 £ % &8l O Fgext
ReLl, BB, FEEONRERZ, k7 EEN
84 %4, TR 8 AEEEAY 101 44, SRR 9 FEMN 9T HThH -
7z,

YT T—=r e LTCIE, BE2ANVT LD IME
CK#, MMgE~~t2zV vy (BUF, Het) ff, MR
Fe% (LUT, BUN)E, 1Mo PCB#E, %6
2 free T4, TSH OfEi%# 157, £/, MZOHOHEE
ORI ETEIR L, & ORRE2WETE L L, B,
thrfE, ESENC S > 2 AT L.

SHC BT > TIE, £FIME CKEE b & IcRE
B 2EICIED 2T e, b b, ik CK E4S 198 1U/

IERMRESE D1 CK A O B

| KW DOFE 2 EHE, 1981U/1 AEoFEx FREELL,

BT — IO 2B THEL 7,
X, tRRGE & x? BE 2 R,
7.

2. BHEER

EEREIYC 13 4 8B O Sprague-Dawley Rl 5 v
b9z, PCB#EGHE (n=4) LXHEE (n=5)
V2531 72 PCB #GFEIC L T, 1B 42% D PCB42
CEFbRLZE) %92 i 100 mg/ml 0453 & T
fEL, Z7v VAV YT ERWT—EHID 0.15ml
Of% 1M 5 BOMEE TRIO%S Uiz, &7z, #
ST 2EEIC0.15ml FOBR L, N 8 HERRS
L7z, ZOfER, 7 v F 1S Y O PCB ek 5a

¥, HatiuE
BREAKUER 5 %R E L
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X450 mg & o7z, — A, WREICIXFEREOY 7 7l
D&% 8 EREO#KS LT,

2D T v b &b FEERBE 10 B = — 7 VR
TCREENK L D FIMETTv», 1M CK 6, BUN {#,
M#EN O PCB &H A2 HE Lz, %72, BhAH L
T AL, BiRBREERTHHILI A YRy
VHNTHRE Lz, 2 LT, 7944 AF v M THE
BREBTUI R 2 1E8%, ~~ehEy Vv e YY (B
T, H&E) Rt L, ERENTY 7 M2 THIRRIEER =
FHEIL 7z,

& S

1. ®E7—9

FHEEIC B W CK EO LA 278072 b D
BT EEL1TE (20.2%), FE R 8 FE 214
(20.8%), VB9 FHE 104 (10.3%) THY, 34M
DIE~NHTIFE 484 (17.0%) Th-o7z.

RIZ, T —2 % 2 M TH#E 3 2 & Het {55 free
T4, TSH OEIC I EREREZRD S5,
BUN ffi & PCB BB I 3EEEZ2RD, Ihs iz L&
EoEEE R L (Tablel), %72, MZEO4HED
MEZIRT 2 L EEZ2R, BRI hIE,
EHEE L T2 HEOEENE» >z (Table 2).,
2. BEER

EBHIETRO T v s OFEIZ 2 bEEICHENL
7es, FOEIE 2 HETAEBREVSED o, %
LC, EBRTHROKEIZ PCB &5 378.5+61.7
g, WHEEE445.0+£30.6 ¢ CHEEZRw 7 (Fig. 1),

%% CK f#, BUN fEic DWW, 2 BcEEEE
<, PCB&HREIE PCBREGHNEEICS T,

R BE 5 O S AR E A 1k PCB # 5.7 47.2+

Table 1 Means and standard deviations for Hct, BUN, PCB, free T4

and TSH (n=282).

Normal group Elevation group p-values
(n=234) (n=48)
Hect (%) 40.8+3.8 39.9+4.2 ns
BUN (mg/dl) 16.945.2 19.1£10.2 p<0.05
PCB (ppm) 3.4+2.3 4.8+2.9 p<0.01
freeT4 (ng/dl) 1.2+0.3 1.1+0.3 ns
TSH (¢ U/ml) 2.2+2.9 2.7+t5.8 ns

Non-paired t test, ns:

(107)

not significant



It

248

N #&

L]
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Table 2 Distribution for the level of work (n=279).

Non work Light Moderate Heavy
Normal group 205 21 4 2
(n=232) (88.3%) (9.1%) (1.7%) (0.9%)
Elevation group 36 6 2 3
(n=47) (76.5%) (12.8%) (4.3%) (6.4%)
Number (%), x?* test: p<0.05
g
500
450
350 -
300 ‘:
250 -
] —— pCB
200 -
T —O— Control
150 -
100
50 -
o+ : . . . . et s
0 1 2 3 4 5 6 7 8 9 10 week
FK: p<0.01

Fig. 1 Changes in body weight for PCB and control groups.

13.0 um, SIEFES4.9+414.3 pm T2 FHHICHEEZE Y
iz, Fiz, ©E I RAFHITB T H IR
PCB# 5.8 54.1411.1 pm, SFHERE64.0+-13.4 um
T2HHETHEEZEZ2R Oz (Fig.2). 512, Mtk
BEEDOEA N T L% HD EMDE b PCB#581X
SRR & D 225 A& U, BH S 2 2 i 2 3R 0
7z (Fig.3). Lo Lo, HifiEEsts & o8
REBo shinroiz,

% =

—iz, IM3E CK i3 %2 D 95% L b 2s i sk 1 Hh sk
L, AiffEEOELe LTSN TWwD, £/, f#
AT L WEOMEE AR I L DI CK O LA»ED
SNV, X 51z, FifilaEOEEEOTET S RA
TEZENDHBY, ZDH, SN, BMET—5 D5

(108)

Wrizhnz, BYER L Y PCB HH#Ic X 2 Bkt m
E CK NO % ff THRET L 72,

SEOFER L LTHRE T — 5 » 5 1%, i CK i,
PESRAD S LT3 & 512, BUN BRI D
PCB s, & 5123577 £ 1o < FisEsh & B L
TWRAREMARE NIz, Eiz, FERICIIRL Touk
Vs, BUN i & PCB IR 2 I3EE 2 HHBIRR 2 R0
TWwb, Lz T, I CK 1239 2 BUN O
DT, REHEPEEOZWKATH D, 5@
U < 3BT & 2 %, ki borEBbh,
PCBR I SIS DHELBLIZLTWEDT
BawheEzons, Lrl, BiIFEERTIZ PCB &
BUN OBEZHERIEEE S 1, 55, EBOFELE
HERE L OBAR T EOMEIDBLETH S S,

Kz, fEz OFRRICED { RABHREE I X U ik
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Extensor digitorum longus muscles Soleus muscles

—K —
80

PHREE JONT TG BT SN [ SO SO T VT RN JO A Y

PCB Control PCB Control
X ¥ p<0.01

Fig. 2 Means of muscle fiber diameters for PCB and control groups.

Extensor digitorum longs muscles Soleus muscles
% %
20 - 20 -
18 4 B PCB 18 B PCB
© Control © Control
16 -
14 -
12 -
10 -
8 =
6 -4
4 -
2 -
0 - T T T 1
0 20 40 60 80 100 120 um 0 20 40 60 80 100 120 um
Fig. 3 Percent distribution of muscle fiber diameters for PCB and control groups.
HEEMENFET 2 2 L I3 S T 598, PCB Higic DFFEOFERR L EOBERLFEZ 51 s, Lal,
O BMEROREICEL T, ThET—EL PCB I3 RIBMHEOREIICI D A F h, ¥ 2 7 Al
e R R I TR n, SRR S, PCB#45 Wk 5z, BRI OFEREE £ EE T 5 AraEk:

B2 1E Type IT#HE% & & 3 2 BB, Type 14 DB B LAIfETR S - AikiEZHE X PCB i
HER T LT BET AL b IS RBEHEREH £ 2 R EE I D { RIE L O A BEMEASHEH]
Wiz, 2D kiE, PCB#RGHCHRENMND W a5, MECK I, x0Ty b TEEENIAEL,

(109)



250

EHE & OBTEMEIII S Ic TE o Tz,
UEDZ Eeds, 4 SMERFICB WX, Mk
CK O LR LB WIREED TR 5 5 A3, JeDifged
%é@@ﬁ%#%ﬁ%@ﬁ@ﬁ%ﬁ%@%ﬁkié%
, RBHEOEES by, i, ZOMD
%ﬁ L2 50PBFERTET, 5HS o IR
ﬁ‘f@é.

Ed & &

7 % S EMRZE TR 5 M CK _EFOER
B THE~YEEOREZ T — s poiatL, M2 T,
F v~ EHWEEYERD> S bR L, BREEoh
THE CK @25 R L Tw 313, BUN fE & PCB %
EyEEEZRL, [MECK O LFOERD—D L2
Shiz. Lo L, BiEETId BUN & PCB & OEE
PIBRIIEE S h, 58, SEEIORELERAE L 0K
R EORFBBETH S, £z, PCBHEGICE 5T

A EE DR & Tz,
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Suppression of Stress Proteins in Endoplasmic Reticulum in Liver
Cytosol of Rats Treated with a Highly Toxic Coplanar PCB

Kenji Tasaxi, Yuji Isan, Takumi IsHbA and Kazuta OGURI

Faculty of Pharmaceutical Sciences, Kyushu University,
Fukuoka 812-8582

Abstract The present study was addressed on the effect of 3,3,4,4’,5-pentachlorobiphenyl (PenCB) to
the expression of glucose regulated protein (GRP) 78 and GRP94 in liver endoplasmic reticulum of rat by
treatment with the schedule after acute or subacute exposure. In the acute exposure, male Wistar rats
received PenCB in corn oil at once a dose of 25 mg/kg i.p., then at 5 days after treatment the microsomes
were prepared. Free- and pair-fed control groups were given the vehicle. The microsomal proteins
were separated on SDS-PAGE, transferred to membrane and blotted using anti-sera to the GRPs. The
reduction of GRP78 and GRP94 was associated significantly with the acute exposure. In subacute
exposure, the rats received PenCB in corn oil at once a dose of 0.1 or 1.0 mg/kg i.p. At 4 weeks after
treatment, liver microsomes were obtained. The expression level of GRP78 and GRP94 are also de-
creased at 1.0 mg PenCB/kg treatment as similar as the acute exposure. But the reduction was not
notable at 0.1 mg PenCB/kg treatment. GRP78 and GRP94 are a member of GRPs and the expression
is regulated by glucose in cells as stress proteins. GRP78 and GRP94 have also the function for chaperone
protein. Chaperone proteins have important physiological functions against synthesized and/or denatur-
ed proteins, which include assembling, folding of proteins. Our results suggested that a part of the
toxicity of PenCB is associated to significant decrease of the chaperone proteins in the endoplasmic
reticulum.

FREEPEHI N TS, BETIE, 1968 12 H
K= THRAE LA 3 SWEEGFOREMED—> L
Polychlorinated biphenyls (PCBs) 1, £ 7 = =) LTELHISNT B 2920  WifiE BF DRER & LT,
WCHRRDNEBL L AL EYOMIRTH Y ,2,3,7,8-tetra- BWER=FELORLE R EOEER, FleHERk

&

chlorodibenzo-p-dioxin, Wh W %54 F F ¥ 2k ELT, AREYE T EONSUMER, BRI, SEE,

N EFEREDO SR EHRICKFEDO—DTH

R L UTFEOL Uk EOBEERERAH ST
3. PCB i, %< 0N (L E s, Tev 29, L L, MHHEDFHERREIC DV CIXR 7SR 5

P, THME, WiGEEE, ML L) 2T 5, 0% <, BUEF THERE: 2 E b Ruisn o
JE S EHEFUCID A s T &1, Lo L, BfE, PCB WEETHS.

BERHPCILS ML TH Y, ZOMES L UEER PCBOHiTd, FHEfHELZ VLT WPCB THS
T o RYESZHE U7 b b O & 2 kS # 2775 —PCB &, HERFHEORE 2 RSN T

(111)
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W5, T 4 3,3 ,4,4’,5-pentachlorobiphenyl
(PenCB) 1%, PCB fiOAMERE%2 b D L 24
S5NTW5S, ZhE TOEBREW) EHWIHTE» S,
FALFy a7+ —PCB, &5 % DR
BV, RERIE], RS B O ZhE, eEE
&F, 4dEkEsE, A ELMLRROEE 2 RS
ZEDHAS I8 5 T 2190102028 - Z 5 DE T
Bz, MlE o aryl hydrocarbon receptor (Ah-
receptor) NP5 T2 EFEZ 5N TS, LarLin
5, 375 F—PCB X1 4+ v VHOREEITZLEN
Tdh 579, Ah-receptor O & THIHT 2 121ZA15>
REbE L, GaB T ORMFEBEEI TS
Nz LS VEWCRIICH 5.

MMV, BEBESILVIE, VY Y —A0
&0 N/ NRB IR SN D Y B LI
HIFA AW EZ B F >R 7B, /N (endoplas-
mic reticulum, ER) ZBWTKY 7FF ROy E
# (folding) &4 (assembly) 22 F 5 %2 651
TWb, RZ, HLEDFMSY > 7 BiE, /MaEAN
WKBWTITY BAPSER ESEOHET 2= 5 2 &
T, FIOFAMEZ T TnDEHEZHNTVWEY, Z0D
INKIARIC SIS FELE S B 7 V28 7 8H, v a—2R
iy >N 78 (glucose regulated protein, GRP)
ThH5. GRPIZ, ANVAY U RXIJED1IFETHY,
§ N B R NNIBICER SR LS RELAOR PV
AL EVFELEIND I EBMONT VLB HY, &
JEOI Y BACESE R ERHHTE, WbWwE Yy
ROy URIETHED I L BRBENT LB,
ZDTEMS, EERNIZBT 39S > 87 BDOLW
B wiE, 2O GRPIZH S »DEAMBEL T2 H]
BEEDE Z o,

PLED &2 migst e, Hxid, PenCBALE T v
Ml B 2 GRP OFBEOZE L %2, BEAET
R E OB LR TEE W 5 2 L TRt L 7z,
512, ZTORERNS, 3775 —PCB I X 2#HMH
BRSO AR 2 3 75 72,

X BR F &
1. EBERM#
PenCB %, Saeki & O#RED 12t > T, UWFRET

ERENbD2H AL, GRPTSE#EY v /87 H

S8 I —

(112)

1E 344

(hamster ; recombinant expressed in £. Coli) 1%,
Sigmatt & VEA L7z, 17 v b GRP78 C-Kij 12
7 BRI N T U FRY 7 u—F ik
1%, Affinity Bioreagents #: X v, 17 v + GRP78 C-
Kif 67 3 VBT F N8B X UH T v b Protein
disulfide isomerase (PDI) IZXf3 2~V ADE /7
o —F VPR, Stress Genfhk D EEA L, 7,
Pi~v v A GRPY 7 4 FHUME? 1%, HHEELE (K
ERF Y 4 W AWGERT) L DG s T,

2. EYPLES LIV —LDOFREE

AMBEBERICE W T, 38K Wistar R M
Zvh (REA0-50g) & LHEMAT YV A7 =21 T
A, bl 74, 4:8fmc CERCEL, v b
%, PenCB JLEHREE, free-fed 2> b u—N#EB LU
pair-fed 2 > h 0 —)VEED 3 #1251, PenCB ALEEEE
1Z1%, PenCB % 25 mg/kg body weight & L, &k
WICHE[EH# 5 U 72, Free—fed $ & O pair-fed 2 > »
o —)VERIZIE, corn oil DA ERLG LT, HiEIX, H
HICER S, BH I ED 2 D OEBHED PenCB
WFFE LRI CIC 2 % & D ikl e 5 2 72, @FEERRIC
DWW, 5 5 HEITI 2R L7z,

2SRRI B W T, 1EBEIME L 72 Wistar
REHEZ v~ (4388) %, free-fed 2> b a— Vi,
PenCB 0.1 mg/kg LB # B X UF PenCB 1.0 mg/kg
JUERFED 3 BEIC43 1T, & corn oil b L < 13 PenCB
%, MHERICHERS L., £@FBRICOWT, &
85 4EMBICHE AR L, ERcgEL .

FFig L, KA EREAKC TR LD &,
3AED 0.5mM dithiothreitol 2% % 10 mM Tris-
HCI (pH 7.5) buffer-0.25 M sucrose-0.1 mM EDTA
TEREYFHA XL, 9,000Xg T 20 S0 HEL 72,
Z DD EEE & 512 105,000 X g T 60 43 30 5
WEL 72, ZOWE %, 10mM Tris-HCl (pH 7.5)
buffer-0.15M KCI-0.1 mM EDTA THKEY F A X
L C# L, 105,000 X g T 60 S L 72, 20
W %2 10mM  Tris-HCI (pH 7.5) buffer-2 %
glycerol-0.1 mM EDTA 2@ L, 2 7 0V — A5 H
UV, SLI:S 70y —A5EI/NIT L, EH
FCT—80°CIZfRFEL Tz,
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3. SDS-polyacrylamide gel & & % & (SDS-
PAGE)

SDS-PAGE 1%, Laemmli & D FE? IZHfEWITo 7z,

4 . Immunoblotting

SDS-PAGE 12 T¥ > 87 & % 53 i#%, Towbin &
DIFED W, I N ITART 0y T4 Y THET
polyvinylidene difluoride (PVDF) JEIic§izE L7z, #x
Et%, PVDF &% 5% A ¥ A4 2 )V 27 (in PBS-Triton
X-100) € 37°C, 60 437f blocking %217 - 7z1&, 400 f%
MU zHi~ v A GRPY & > o7 EHIME S L < 1%
1000 AR L 72507 v b GRP78 7 F FHuMiE & L
THELUI2 1 KPRz o, 4°CT—HiA > F 2 —
L7z, 1 R$UER & ORI T #, PVDF % PBS-
Triton X-100 12D, iR T 5 43H X 6 [BIYEHFL /-,
Ve T 4%, PVDF % 2 XUk >, T 30 4
HA v Fa—yarlict, HfELRAKOBETHE
L7z, S b e Fe g, Blake & DD 1cHEL
-7z,

X R

1. PenCBIZ & 378kDa /)L a— XA & » /¥
28 (GRP78) OFIBMH

Fk % 13, PenCB @ GRP78 OFHIRIZH T 5 5 %
BES T 572012, PenCB AL S v NFS 70y —
LENC BT S GRPTS OFREEA L/ 7Oy T 4
YW EOBE L, ZOREZ Fig. 1IZRLTw»
%, Fig. 1 » o857 X 512, PenCB 4L Z v MF
70y —2AIZBF 5 GRPIS OFH L ~iZ, free-
fed 8 £ W pair-fed 7 > b @ —VFRHIZHANTEL <K
WHDTHo7z, %72, Fig. 1128w T, GRP78 LD
bESTRANCE SN E NN RIZOWTIE, ZO/NY
R OfIE» S, GRPI4 TH2 &FHz ohl.,

2. PenCBIZ & 394kDas )L 00— XFRE 7 » /8

28 (GRPY4) DFBFINH

Rz, GRPY4 I L CHEBRDOMRGS 21T > 72, Fig. 2
\Z1E, SDS-PAGE T¥ > /82 Z 258k, A5/ 7
Oy T4 YT EToERERLTCWS, &b,
PenCB YWD Z v MIFE 7 1Y — A5 EIC B W T,
GRPY OFHmHFE L {HIH SN TWB Z LS
mEitoiz,

w R
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3. GRP78 & & U'GRPY (=3¢ T % PenCB ) &
AHBEBICLIRE
Kz, GRP78 5 & U GRPY @ F& B iz xf ¥ 3,
PenCB O @MHRBEORE LTS /29, PenCB %
FNEN0.1 B LU1.0mg/kg NI B EHRS L,
BG4 EESBIEEZRE L S 70y — A28 T2,
Fig. 3B X Uf Table 1 1213, ZhFNOFKSHICB T
LREES L VISR ERZR L T3, PenCB %

PenCB

GRP78»

Fig. 1 Immunoblot analysis of liver microsomes
of 4-week-old rats using anti-GRP78
antibody.

Liver microsomal protein (1xg) from
free-fed control, pair-fed control and
PenCB (25 mg/kg)-treated rats was sub-
jected to SDS-PAGE (7.5%). GRP78;

hamster recombinant protein (10 ng).

Free-fed Pair-fed PenCB

GRP94»> |

Fig. 2 Immunoblot analysis of liver microsomes
of 4-week-old rats using anti-GRP94
antibody.

Liver microsomal protein (1xg) from
free-fed control, pair-fed control and
PenCB (25 mg/kg)-treated rats was sub-

jected to SDS-PAGE (7.5%).
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1.0mg/kg I L =B WT, 5 7THEH» S,
free-fed 7 > b o — VERIZ LR, BEZAREEMHETE
BERPE NIz, £, EREREIC OV T, 0.1 B &
1.0 mg/kg LBz B W, FFIEKARD 5h, 1.0
mg/kg MBEEIZ B VTR, BREKLAD >N
(Table 1), ML EO#EFRE, BAHIO b D LIFIF—HL T
B 1027, PenCB 1.0 mg/kg LRI B W T, HEAM%D
BUNEOENTWE I ENHBMER ST,

RIZ, TNZTNLOMEEEIZB ) 2% GRPT8 B8 L U
GRPY OFBIREEA L/ 70T 4 > 7 TR LI HE
RBEFig 4 BLUFig 510/ LTWS, ZhSDkHE
XY, GRP78 B X 0" GRP94 O ¥Ei& 1, PenCBO0.1
mg/kg MFEEETIE, free-fed 2 > b o — )V & KR
Wy OO, 1.0mg/kg MBHETIE, WAL Tws L
DB Sk kotz, & 512, GRP78 B & U GRPY4

N

=3
1=}
I

——0O— Free-fed
——o0— PenCB (0.1 mg/kg)
—=e—— PenCB (1 mg/kg)

Body weight gain (g)
2

Days after treatment

Fig. 3 Effect of PenCB treatment on body
weight gain of rats.
The values represent the mean = S.E.
The number in parenthesis represents the
dose of PenCB (mg/kg body weight).

1E 344

1%, PenCB #LEE, EMRIC b7z > CTHEMIH S h
TV L AREMELRIB S L7z,
4. PenCBI & 2fhD/MNadiE@BEs N7 EBD
RRE~OHE

IhE T, NIERAPEOTEES 87 D% <
2, %0 CHKIIZ KDEL % 72 13 7 M HEML T 2 i
EHOZEDBHIONTEY, EnlZZhoDdy X7
B D /INEENEEA D12 B L ¢ KDEL receptor @
TEPREE I LT 59192022 GRP78  GRPY4 b
Z® CARYiic KDELFF 2B L TWwa Z s, [
HOBKEC/NIERBECEET 20 EHEZ o TY
%1018z Z ¢, PenCB 12 & % GRP78 £ £ ' GRP9Y%4
DWW »3, KDEL receptor DT X % b DTl
S 27200z, fo/NEEREEME S » o2 BIZOWnWT,
AlkB L OCHAMRBERICB U 2HRHEOELZ A A
7y T 4 v THRE LT,

Fig. 6 121x, ¥~ 7 A#1 PDI €/ 7 v —F L §ifk %
WieA LN Ty T 4 YT ORERERLTVS, IR
XV, PenCBAMZEBRECBIFE2T7y M7 0
YV — 243 ETO PDI OFHE 1L, free-fed 2> b o —
WVERICHEARIEAD T 2 b DD, Z OFIHE L pair-fed 2
YMu— LV EFEEETH L ZEBHE M E RS T,

Fig. 712k, HRAMRBE BT 2FHRELMET L2
HRERLTWS, ZORE»SRENS XL,
PenCB0.1 38 X tf1.0mg/kg JLEEED 7 v + T,
free-fed 2 > b 0 —NVERICHLRPDINFEH I L5 2
ERHS M ER 5Tz, £72, PenCB 1.0 mg/kg MLEREE
DIE S A%, 0.1 mg/kg WHEE LEAFEH L~V HE W
B ORENI, kB, 2O PDI ik, PDI

Table 1 Effect of 3,3",4,4’,5-pentachlorobiphenyl (PenCB) treatment on
tissue weight of rats.

tissue weight (g/100g body weight)

liver kidney
free-fed controls (5) 3.578+0.132 0.657+0.019
PenCB (0.1 mg/kg) (5) 4.76440.159** 0.705+0.025
PenCB (1 mg/kg) (3) 5.231+0.145***  0.809=+0.015%, %

The figure in parenthesis represents number of animals used. Signifi-
cantly different from free-fed controls; *, P <0.01; ** P <0.001; ***,
P <0.005.

Significantly different from PenCB (0.Img/kg); tf, P<0.001. The
values represent the mean + S.E.

(114)
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721 T7% < calreticulin 38T 2 Z LMo Tw»
3. HFE»S5F 2T, Fig. T 2BV TE, 4FED
BWHDO/NY R, PDITH2 EEz 5z,

% =

AT, PenCB AU 7 v NS 7 0 Y — A4
BT % GRP ORBHEDOZ(LIZ DWW T OME #2175
Jz. ZOFEER, GRP78 B X U8 GRPY OFEIRHMNEL
DT 52O TR,

G

A
;f: Free-fed
o

PenCB(0.1) PenCB(1)
1T 1

GRP78» =il

Immunoblot analysis of liver microsomes
of 8-week-old rats using anti-GRP78
antibody.

Liver microsomal protein (2ug) from
free-fed control and PenCB (0.1 or 1 mg/
kg)-treated rats was subjected to SDS-
PAGE (7.5%). GRP78; hamster recom-
binant protein (1ug).

Fig. 4

Free-fed Pair-fed PenCB

I L

7 i | 1

Fig. 6 Immunoblot analysis of liver microsomes
of 4-week-old rats using anti-PDI anti-
body.

Liver microsomal protein (2ug) from
free-fed control, pair-fed control and
PenCB (25 mg/kg)-treated rats was sub-

jected to SDS-PAGE (9.0%).
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FAXFY L7 T F—PCB I3, EEICB W T
SRR Y NV BOFBRICE R 525 2 L)
HONTWDEH, BHEEOHRES X, HERHICHESE T
%% & DEEZDIELED, PenCB ML S v MZBWTHE
BIIKTT2 2ozl T3 (H. Kato, Y,
Ishii and K. Oguri, unpublished data). %7z, Z Dk
BRI b, Z v 3 — AREEORBE, £ >R
2R EDANElR EOERIR D5 Z L bHISNTE
D1, PenCB 2 & 2 R FHEDE T HREB I N TN

Free-fed
T 1]

PenCB(0.1) PenCB(1)
L 1

GRP94»>

Fig. 5 Immunoblot analysis of liver microsomes
of 8-week-old rats using anti-GRP94
antibody.

Liver microsomal protein (1xg) from
free-fed control, control and PenCB (0.1
or 1 mg/kg)-treated rats was subjected to

SDS-PAGE (7.5%).

Free-fed
T T

PenCB(0.1) PenCB(1)
[} 1

<PDI

Fig. 7 Immunoblot analysis of liver microsomes
of 8-week-old rats using anti-PDI anti-
body.

Liver microsomal protein (2uxg) from
free-fed control and PenCB (0.1 or 1 mg/
kg)-treated rats was subjected to SDS-

PAGE (9.0%).
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%. —4, GRP %, 7V a—AHEOIRECIEE ICH
WENBLIVNI7BEELTHIGNRT WY, ZhHbHD
Z L BF 2154, PenCB Iz & 2 PEFIHSR DL T 23,
GRP OFBF I E 252 TH A HRENE Z 51
3.

GRP78 8 L UF GRPY4 iF, & X %A b AIREE
XY, ZOREENEMT I ERMONT NS,
GRP78 ¥ X 1f GRPY4 OFHFHIIZ >V Cid, /Nafk
NETOFVBELD D L bk ny VX7 B DER
EWIHHBL AT THES L I Ehs, 2070
T— 5 —HEBICBIT 2HFEDMEY S, A bV AIRE
XY B THRES L EEARWH SN TWn 39,
Dhahbi & i, =7 R 2B WT, ARHEOHIE %2175 7
TR, PR RAIC 2 2o mRNA O VL 583
Y4B ERWHLTWSY, PenCBALHES v b iz
BWT, BEEORINEL 2 2L 2H 2 15E,
GRP78 ¥ & 1) GRPY4 O FHF DI 13, PenCB 4L
HICHES REFR OB ICER L Twa 2 enF 2 5
b Lz, Lo, FxokiR» 5, GRP8 B
£ O'GRPY4 13, R % &b ¥/ pair-fed 2 > b
o— VXD BFELLEA L vz (Fig. 1, Fig.
2). kD Z &5, PenCB AL 51 5 GRP7S B
X U8 GRPY4 O FEEIHNHENC 1%, REREED S DIE D
ORTBELEL TCwEbDEHLZONDS,

%7z, Csermely & i, FEIRE A5 & Z T Y TH
% streptozotocin % 7 v ML L 72354, GRP78
O mRNA ERERICHA L, 12 ) 05 TF
HWEaNBEZERZRVHLTWA2Y, 8512, BFMERHR
E A & # 2 ¥ Zucker rat Tlx, GRP78 ® mRNA
BICEEMR WD DOD, F X7 E V)V TR T
B2 EBHLENTWA, IN6DI L E2EZIHE,
PenCB 2 & 24 > A ) Y 5puIHIEIER™ &, GRP O
FIMH 2 AT X 2RO CwE EFZ o N
3,

LZAT, 2D > 7% PenCB Iz & 2 FHEDRED
2, INEENEEAD S > 7 EDJRAER 3> h o —)v
L T\ % KDEL receptor NOFEZIZ L 5 H D TIER
<, BIOREIC X 2 ATREME 2 RE 9 2 5 5R b i TR
shi: (Fig.6, Fig.7). ¥7%b5, PenCB iz & 3%
HEOED X, GRP78 5 & 18 GRPY4 12 RA 7% H D
ThoreFEZoN, ThoDF N7 HEDOBRE L

S8 I —
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PenCB L OFMED H VI ITEWED Y 235 % A REM:
PR E NIz,

GRP78 3 X 1f GRPY4 1%, /NEAERNEZ BT, F
HIC BRI N2 S VS GRS V7 ED
TOEALEHICHEDS, WbWb Yy y_uary X
JEEFEZONTWDEY, F72, GRPYM IZOW T,
BFY vu YHRBERERS T TR, [nhDy 7 F
WEFICBIG L T S AJREME b 7RI S LT 521920,
oT, oDy X7 BEOFKHEND L I:HE,
MENICBT 2 Y 7P VERRCERE 2 ETTEHFZS
nas.

PERRIBRESTEL SN WE £, &2 SIES
HERFELTHI 0EIBRBL LIS ELTWS, %
7z, — 5T, 275+ —PCB Iz & % HBREI T OBREE
HEHEIMLL DO db 5, N2 75 ) —PCB O
PIZLDEERZTCWBEIL2EEILE, a7
7 —PCB O # M SR O fFIHIE, LERA R 2THH
ThY, ZTD2DHILE 6k EBEAIMIFENEETND,

&

8 R BOFREH®, 7S X7 BOS I
e LI EWED Y 2 b D/NMEEIZB 1 5 PenCB @
RIS 2720, BMEORRNTEZ Avizf
JEACF TR & O /NaRRAEME Y X 7 B O FEB =
ERET L, IMERIC B W, HENCHEET 5 &%
Z 5N T»w5b GRP78 8 X U GRPY, 7z, /INaikFE
EY R IVBEDORECELY 2 DEFEZLENTNS
KDEL receptor 1243 2 & 2R 2570, T/
L CUNaRCRBET 2 £ %2 5 Tw»w5 PDI OFH
BOZREBROTIGRZHW TR L, €512,
PenCB ~DEFREOEVICB T 2 EELTIND 12
», BEEBIURBHMZEE L7y bD 370
V—AGEIZOWT Y, FROBE 21To72. Zho
ORFTOFER, UTFORAIE S .
1) A7 70y T 47 2{TolfER rs, 48
T PenCB (25 mg/kg) MBS v MFS 7 o
Y — AL43EIC BT GRPY B L O GRP78 O F
B S s 2 L 2o iz L,

2) ZoEN, free-fed 2> v g — V2T Tk
<, BfHE A HIR S ¢/ pair-fed 7 > b o — Ui
LDBFELWLDTh-72Z &5, PenCB Iz &

>

#

¢!
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5 & 7» D GRPY4 B & 1F GRP78 FEFR N HI Bk
DIEFFENRE S Nz,

3) PenCBEAEIFIC X 236 &0, 7 v b
£ %3 & GRP78 B X UF GRPY4 D A 12 B

EEERDH B EERWHE L,

INSGRP Y v X7 EORBEMEIER L T
7 —PCB O#fk & OREMEZH S 2T 2121k, Kfif
7z ERE s Twa, Lirl, PenCB 2 & 3,
GRP78 ¥ X U' GRP94 0= L WEHI SR X, PenCB D3
P BBICBEE LR TE VWL EHZ SN 5,
GRP78 5 X 1f GRPY4 O FEHHNGIMAE DA &, FEBL
DS EENTOE LR 22T 5 2 £,
KEBHI A TOL W ENS WD 75 ) —PCB 0#F
HEFBBE ORI F - 2R 252 2bDThH D &
Ezohb,

Eil 3
KT RITO Wbz v, BB Y FHi~ 7 A GRPIM Hi
My 2 GTEE £ Uiz, HERFEY 4 VAT O = H
FERFICEHLBRL LT E T,
X ik
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Induction of Molecular Chaperones HSP70 and HSP90 in Rat Liver
Cytosol by a Highly Toxic Coplanar PCB

Ayako Fukupa, Yuji Isam, Kenji TAsAkl, Kimihiko MATSUSUE
Takumi IsHIDA and Kazuta OGURI

Faculty of Pharmaceutical Sciences, Kyushu University,
Fukuoka 812-8582, Japan

Abstract We report here that a highly toxic coplanar polychlorinated biphenyl (PCB), 3,3',4,4’,5-
pentachlorobiphenyl (PenCB) induces molecular chaperones, HSP70 and HSP90 in liver cytosol of rats.
Male Wistar rats received PenCB in corn oil once at a dose of 25 mg/kg i.p. Pair-fed control groups were
treated with the vehicle and given the amount of chow matched with that taken by the PenCB-treated
animals, and free-fed controls were given the vehicle. The liver cytosolic HSP70 level in rats treated
with PenCB was 5-fold higher than those in free-fed controls, though that for pair-fed controls was
approximately 2-fold higher than that in free-fed controls. The liver cytosolic HSP90a and HSP903
levels were also higher in PenCB-treated rats than in both control groups, but the induction extent was
lesser than that for HSP70. Inductive effect on the chaperones was examined with a single different dose
of PenCB 0, 0.5, 1.0, 5.0, 10 and 25 mg/kg. Marked induction of the HSP70 level was observed with a
minimum dose of PenCB 0.5 mg/kg. The HSP90« level was induced with PenCB-dose dependent manner
although the HSP904 induction was greatest with a dose of PenCB 5.0 mg/kg. HSP70 and HSP90 are
essential for cells under normal conditions and act as molecular chaperones. HSP90 is well known to
modulate the function of sex steroid hormone or aromatic hydrocarbon receptors while HSP70 is required
for receptor-HSP90 heterocomplex assembly. The role of molecular chaperones may be involved in the
endocrine disrupting properties of coplanar PCB and dioxins.

b, T TUERPFZEICH W 3,3,4,4,5-penta-

chlorobiphenyl ITUPAC PCB126, PenCB) X PCB &

Polychlorinated biphenyls (PCBs) 13535 0 & #afiz Mk Cgs O AR 2R3, Coplanar PCB %

BB OME I X BER_E 209 FEEHO SR STEEL, polychlorinated dibenzofuran iI2f{5 & h 2 EFk%

FERUEEBOFHIIRE SRR D Z EBHMSN TV, BRFERRAKRE, MEOFEYE & LTH S

25 PCBs O T4 )V MLICHEFRER R 5» nTws, £7245H, PCB NS WHELEYE O —

SR GRS % £ 0 5 <, Coplanar PCB LI DL L CHEIKEIC S 2 2BV EHEhTWwS

D BT T AR LU —% 3102280 2 DM D AACFERI A B = X L 3531213
2) BUENIAMNA > > 5 —BRRTIAE (LS aesm IS TR,

£t Coplanar PCBs O MFEEL X A = X L DRI HYE

&
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NTWBHERIZ, ZDZHANRHEENHSE, Zhon
LEYNE— Mz, ARERENG, Halso i o i,
JERER, SofEREREIRT, 40RiE s K OFEERT
EDSHI S LT\ B H3208082) - = D = W2E B R D A 7
& —EIFMIEE W CHFAET % aryl hydrocarbon
receptor (Ah-receptor, AhR) {KFEME A & = X LA %A
TEHEHEZONTWDE™,

Ah-receptor |& 90kDa heat shock protien
(HSP90) &#HEHE2E L CHENICFEEL T8
0¥, V> RoEET 5 & HSPIO 1 i LN ICES
173 %. RWT Ah-receptor nuclear translocator
(Amt) E~nT7 a5 A4 ~v—%FHKL, FFERBHI
xenobiotic responsive element (XRE) &FEEN 2
consensus FFNCHEE L CHE R IEET 5200, &
52, Coplanar PCB % 2,3,7, 8-tetrachlorodibenzo-p-
dioxin (TCDD) & &k » 5 & & #1 % cytochrome
P4501A1 (CYP1A1), NAD(P)H : quinone oxidor-
eductase, glutathione-S-transferase Ya subunit,
UDP-glucuronosyltransferase 1A6 i&fx 712 13§
b XRE OHEIEEY R 7 0 € —F —fEkIch 5 2 &
DA S I T D 10394089 Z 1 iE AhR/Arnt O~T 1
ZREDNEEHIEBASIC B S L T Ww B 2 & R R
T55DTH5,. Lorl, BIYIORMELHERE TR
N384 4 F ¥ VTN T BEE ORI EH D,
Ah-receptor OFIE, H 2 WIFHFMETETHHAS
NEDEPIESDEZAHSMLTIE R, VWERS,
Z DFEFHBRENTCBEA I N L IEE LERR
WD 5.

Coplanar PCB® TCDD O&FEIC XD 7y M2k
W CIMPEE DR R3S & 25797 & 7z, 7V 3 — A
REOFEBHNHEIL A > A ) > 053 uIH 7% £ O EHIC
L2 PERIHZRDE T ORI N TS, 51T,
LHREICBLT, Ihg CHERABICEST2%<0
EEZRIE MDY PenCB LBE S » MFIZB W THREICET
T2 ZERHSHITL T B30 L O key
enzyme T &% % phosphoenol pyruvate carboxy-
kinase iM%, PenCB LEIc k> TENEY b Tl
FHEIN, Ty MTEIHEIS NS, Fiz, BFERRER
T ®» % Aldolase @ i 2 isoform T & % Aldolase B
W, FUNRZHVAVTELIET T2 2 Lo
W75 TWw53 %7z, triose phosphate O iz

M ERF

(120)

1F 5 %4

b AR TD, PenCB ALEIC X > Tl s
B2 EBWPLEPIILT WS, 2D X 3 7% PenCB I
X DR OMH S N Rz W TiE, Z7va—2
g5 378 (glucose regulated protein, GRP)
DFRBEHFELLZLL T3, H#EED Tasaki
&, PenCBALEIZ XY, Ty hFS 2oy —Atho
GRP (GRP78 5 X 0F GRP94) % L <l h5

EERELTHE™,

GRP 32 0% 0# Y, UYTHESHI % 7 v 3 — R
HIECREEIC U 7R c B ISR s N s ¥ o8 7 e L
THRE N7, Z D%, /MR T 2 SRR
WEhEENZWY VN7 BERERSE L X5 k2 DR
MRICEDFEEEINS Z LML E D, FHE
SO BMEP S APV RS VNI BIZET S LS
Koz,

A NVRY XIS, BERE, Y, WL
T, MEEZ CTRESWCBEETEDTHY, BEE
BTG L TSN ZFEL, WbWwd A bV ARG
EXRD—HEDY VRV ETHDZ?, AV AIGE %
FET LR L U Cir b IBR L b DIRIREZRTH
D, PVIOTAMVAIREPRESNIDFEY 2 v 7
Ik oTyavya v N OmEEIRS SR EHIC BN
TR S 7 DR E N D L WIFRTH 5720,
X7 BEEFOWEEL, RNA NOEE2EE A TH
NTWBESTHY, By a v 712k Y RNA &5, O
WTREHERDSEE(EE N 2 E2RBL TW» 5,
DK, 20Xy ay 7tk V@HFEsn—HD
&R EDFEENHSInERY, Bl ay 7y R
27'% (heat shock protein, HSP) tIEZN 2 X 512
o727, e, REEMREE RS ER O
T, HSPs 23 T 2 DIZEALL U TR L, EEE, 7V
A— N EOBEEYE, Ca—uxA{yrR7 I B
7Irur7 OE7 I B REOREY VX ITEDH
BEI, v a—xG, T AVF-EERCERE
Flzxe EORBEER 2 L&, fx OfifuEERTIZ L5
THFHEIND Z WA, A M VARE, A+
VA URZEENEND X 512785 1292,

ANVAY N7 EIIER DA NV ACHIIISE 5
ENTGEC Y NI EOENE, BERIZ S LI
L OMIBEEBGHIL TWb EFZ 5N Twieh, Tok
DWIFETH L DA DL A Y 28 7 BIZFHERIZ & #il
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nyym7gt@ﬁﬁﬁﬁ%LUf HHfE oD T 75
LA L > TUHDOEE ZH-> T b 2 &3
ShicEole, BRENTERIRTF ROIFE A
(folding) 44 (assembly) O, DL shi-¥
X7 EOMIENE XL EE R (quality control),
EERTOHFER Y 7 FIVEEB L Y 7T IV EIR
OIEHEFIE, S S5W3IARICES £ T, WY L%
IR IC R b > TV B2 DX S B A LAY
87 OBRERITE 2 &, Ellis 12 & D 3T v _u
VEWERT EREIN, EH LI TV v Ru
E13 Ellis O FICHE Z21E, Ry > o7 BHic—i
S L T % o0 folding *° assembly 2B, 585 L
TSR IREER) 0 & X FRBE L T S MBI v Bk
WS Z LR LME, ETDANVALY VNI HIN
¥ YRR R RO D E I DL CIREAETCIX AL,
% L OAEPRETHF Y v 1 VEZ OS5 FROE N
DOKOMDT 7 I —ICHFHEI N, B ThH,
57 & T70kDafi# ® HSP70 7 7 3 V—& 43 T &
90kDa fiiz® HSPI0 7 7 2V — 32 TOAEYICRD
S5, POMILOBBETLIREINTED, Zhb
—HED Y X7 EDEYNCILBOBE L EEE R RO 2
EDTRBENT WS, FHFE HSPT0 B8 X 8 HSPI &
Bk 728 N7 BT MBS 20F Y v ta >
THY, FFic HSPO IZ ¥ 7 F VEEEC B W T
HSP70 & {f[R L EE e fefl 2 Rz L Tn 259, Fic
bRz k92, ¥4 A4 F Y EOFMEIF Ah-rece-
ptor BEAFEHOIREIC > TWwWE EFZ o TW»
%05, —FTlE, Y14 MAHA > THS tumor necrosis
factor-a (TNF-«), interleukin-18 (IL-18) % inter-
leukin-6 (IL-6) /L TER S ALY A b v R
Lo THHEIND EHFEZ SN T 0B Lk
MBS, ZTHNIZDOWTI, IL-18 2% Ah-receptor-gene
battery TH 2 Z L WRINTHBY™, TNF-a  IL-
625, IL-18 IC X VEFEINED LD, 4 rAaA >
v MU =7 bHIoNT W52, Ah-receptor /1
EBVERTHL0EPCOVTIE, REHS5FH
NI iz EIFFVERD, BEEICB W T, PenCB 4L
HIC L 2 FHHEME LR W S GRPT8 B L O
GRPY4 1z, =i Z N1 60%, 50%D # [ M % & >
HSP70 38 X O HSP90 1X'V, ¥4 b A A vic&-Th
FE XN 540970 & 7o HSP70 1 GRP [ElEk, 7 o

(121)
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) —FIRICE o THFEINL I EDHIONT WD,
Zh e DS PenCB 28 HSP70 B X O HSPY0 12
YA ORERE 2 2 L RIS 5,

LD X5 %EmD» o, KWL TlE PenCB LE 2
X 59F v vy~_u > HSP70 8 £ O HSPI0 O F A~

DR~ D Z L #HE L, PenCB @IECCK?EE
52T H DY, PenCB Iz X % GRP OFHIHA:
Sz Z vy s ORFlECEE L, HSP70 % X OF HSP90
DFEFNZ OV THE L.

x B FH &

1. EERMH

PenCB 1% Saeki & @ FED I fiE>TEHK L 7z,
HSP70 # & " HSP90 (bovine brain) #5413 Sigma
Chemical KDV EA LTz, £/ 7 u—F v ~v A
HSP70 #i#£&1% Affinity Bioreagents (New Jersey, U
S.A) &b, £/7u—F N7y M HSPIO Hifkix
Stress Gen Biotechnologies (Victoria, BC, Canada)
L0, ¥¥HxTRIGG (TVAVKRAT 45 —EE
W) BILUOHLT v M IgG (TNVAVKRRT 7 ¥ — L
W) X, AT T 7 =%~V (Ohio, U. S.
A) XD, AFAINVZIFFHFAZE®H L Y polyethy-
lene glycol mono-p-isooctylphenyl ether (Triton X-
100 EEl—ESM) &+ A 74 7 A278& D, cornoil iX
BROFE (BF) I b ZhZAL .

2. Byixs

6 3 Wiy Wistar 52 I £ 7 v b 1k Charles River
Japan (f##e) X DAL, JUNKEFEFELEYIEICT
1EMBIME S ¥ 7%, FEBNCHt L 7z, PenCB ik 25
mg/kg/ 4 ml corn oil O F & TIREENICHRIERS L,
—H YD OIEEHR % EH L 7o N BERCIE, free-fed O

Y ho—)VEEE pairfed 2> b o —VEER R 72,
Free-fed 2 > b v — )V #IZ1X corn oil % EHERN# S
L, R AREZHBEICE 272, Pairfed 2> bu—
FECIXFA U< cornoil ZPEN#ES L, REHY O
filfit %= PenCB #%5.5f L Hif 2, KIFHHNICE 2 72, &
FTh 9, B85 5 HERICKEE L CEInE, LR
L, AHAHER CHERL .

PenCB HEARFFMED FERIC B\ T, PenCB O,
0.5, 1, 5, 10 B & U* 25 mg/kg % 7 i Wistar &
7 v b OEENCEER S L7z, 5B, free-fed a2 >~
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b @— 2B 7 % PenCB 0 mg/kg B 5 H 12 13 %
PenCB JUEF L FIARO 3 — A4 A L 2# 5 LT,
FRLEFERBRIC, 5 5 HERChEE L CEmek, K%
L7z,

3. 94 FviLoiRs
i U7 P, ok U 7c AR A C T L

7214, 3f5&E 0 10 mM Tris-HCl(pH 7.5) buffer-0.25
mM sucrose-0.1 mM EDTA THREY >4 A L7z, T
DK, FuF7—+¥A >ttty —Th phenylmeth-
ylsulfonyl fluoride % 100 mM DJEE TA ¥V 7 a ¥
= NVERELTTFRL, 1 mM OBEICR2 X S51E
BAEENCNZ 72, €Y 2 —MiE, 105,000Xg T 60
SfELaEEL, LIEEYA Y IVaEE U CERIC
BEL 7.

7B, AREKEEOFEBRICHA VT Yy MEYA MY

WAL, EIRICHE > THRB L. » v X7 B &, Lowry
5 DFHEFESD 1IZHE> T, bovine serum albumin % 2%
FR7EELTERL,

4. SDS-Polyacrylamide gel E X ik 8 (SDS-
PAGE) & &0 Immunoblotting
SDS-PAGE %, Laemmli @ /5 &M 12fit->TIro

7z. immunoblotting X Towbin & DJFEE™® IC#E U T
Tolz. HL, ¥SFIA4 7 uv 74 v I7EEEHL,
polyvinylidene difluoride JEICEEB. L7z, 5 %A F A
S V7T, 37°CT 60 43 blocking #1775 7214, 0.05%
anti-HSP70 » % \» 1 0.025% anti-HSP90 % — X1
e LTRSS ¥z, RELFERRFEOE, TraY
T x A7 78— B REE R HWT, 7Yk
A7 7 ¥ —XEDIZ X V1T 5 7z, immunoblotting TH
H &z vy Fid EPSON GT-8000 flat bed scanner
EHWTaYEa—F I AS, Y7 vy
National Institutes of Health (NIH) image® soft-
ware (public domain, U. S. A.) K TE=RL /.

® B

1. — RS HIEE

PenCB ® v M T4 F ¥ v 1 >~ HSP70 B & O
HSPY0 N8 2 a4 125675 > T, PenCB D—
MR 2 3Tz, ks, HSPT0 ORI, &
HHRICHERZT DI EBHONT WS, 22T, a
> ko —VERIZ D W TR, PenCB ALBEEE D EAH R 120}

w R

M ERF

(122)

1F 5 %4

¥ % pair-feeding #1T->7-2 > b 0 —)VEE (pair-fed
arirue—iHf) &, HHICEHEIE/a
B (freefed 2> bo— i) o2>50ar ba—u
HERD T, METEIT-o72.

Wiz i3 7 Al Wistar REE v ~ 2 v,
PenCB # 5% O EZML, HIHOEER % free-fed
B L Wpairfed a2 > b g— v #E L gL 72,
PenCB O#5513% 25 mg/kg & L, Zh %z H[EEREN
BE5 L., Zo#E5ETE, 7y MZBWLT—RINE
oL S d, RERIHIE, K, Miis X
VRO GBS 515 Z EBBICHS L 25T
V1 %3950, PenCB #5510 HIEEZ L Z, #5H
ZOHEL, TOBEZEHZTOS HEZ#H T
(Fig. 1). PenCB WLEEEE, B & Of pair-fed 2> h o —
WERC I BEEORD Lz, freefed 2> b —
& GRS FREEIHIE RO S5 h, BEHE O
OPEBEICRIZTHEIREWEEZO6NS, Ll
6, PenCB ALHEEEE & pair-fed 2 > b u— Vi &
DEICB W THELRENAD sz, TCDD 2 & 248
fHIEOETAS, TCDD I X 2BBE L EHIcMb % 2 &
R T BEHE S H BN, ZOFEHEIE, coplanar
PCB * polychlorinated dibenzofuran iz J % &= HY
ImkEhR X, Pa L b5 5 HEE COEHED

v ha—v

40 7 —o— free-fed

1—O0— pair-fed

Body weight gain (g)

-60 T T T T T T T
2 3 4

Days after treatment

Fig.1 Effect of PenCB treatment on the body
weight gain of rats.
Significantly different from free-fed con-
trols; ** p<0.01; *** »<0.001
Significantly different from pair-fed con-
trols; Tf, »<0.01; 71T, »<0.001
The values represent the means + S.E.
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WADATIEHHTE RV, w2 E2fhbE 5,
5.5 H#2 D PenCB JUHEHIZ B W TIE, free-fed B
L O pair-fed i 2 > b v — V& AR, BEAFEX
B sz, 7z, pair-fed 2 > b o —)VEEO T
1%, free-fed 2> b O —VEECIEANERI/NES W H D
Thol:.

IS DOFERIE, Bl & & < —3L TB Y259, K
FRZ BV T b PenCB iz & 2 AMHEEFI s ik
BThbLEMERLz.

2. PenCBI2c&3Z v FFFH 4 FVILHSPI0 &

& U HSP90 DEEE

WHETIE, JVva—ABMic L vFEIND
GRP78 8 £ ¥ GRP9Y4 O ¥HiH, PenCBLE Z v b
vy —siebnd, WiHsnslezznzn
DEFEL R % Fiv> 72 immunoblotting 12 & D B & 52
LTw3™, GRP78 & XL 0f GRPY 13/ NatEANEE 12 17
HETD2ANVAY VRN HETHY, »OFHOSWHR
Z R ADH D BAHP, EEICED 5T Y v 1
CTHHBEFEZSNTED®, PenCBAUEIC K 5 Zh
5 2 fED GRP OFFHNHNE, /IMaETOHFHE Y >
CEDEGR M S r D EEG2 5 FEZ6NE, —
4, GRP18EB L UGRPMU LFEUSFyru
773V —=WZEL, VA MY R EONEEH
ZHIEES 2 D1 HSP70 8 X O HSP90 Th 52927, %
2T, PenCB ALH#2S, Z v MY A b Y VBT 3
STy votu > HSP70 8 X OF HSP90 D FIH v~ v
A5 2 540D\ T immunoblotting 12 X 3 #iE &
To7z.

Fig. 2 12 PenCB #LEH |2 X % HSP70 O FIH LV ~)v
DA%~ 3. Fig. 2(B) & immunoblotting DGR %
EEAL L7 b DTH S, PenCB LHEFEIC B W TIZ T v
b BT HSP70 O FH v <)L free-fed, pair-fed O
avbu— R L CEL &L, HSPT0 23
ENTWBEZEBHELTH-, Fig.2B) w77 7
TART L9112, HSP70 V)L id freefed 2 >+ 1 —
IR, PenCBAWRIZ & - THI5 fEIcihE s vz,
% 7z, pair-fed 2 > b @ — VTl free-fed 2> b o —
VDR 2 (EFEE % T HSPT0 S s Tz, L
L7y e, HSP70 37 v ) —filfRic X FEIns 2
EDBHISENT WS T-922) pair-fed 2 > b 0 — )L
RS NFH LV ~vD FRIZ, pair-feeding 12 X 3

(123)
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4 Free-fed Pairfed PenCB
A& 11 1T |
B wux 1T
o 50
£8 7
< -
gy o0
3
o
BE ]
88 |
0T 2004
22 !
-
e |
0-

Free-fed Pair-fed PenCB

Fig. 2 Immunoblot analysis of HSP70 in liver
cytosol of rats treated with PenCB.
(A) Liver cytosolic protein (1ug protein)
from free-fed control, pair-fed control
and PenCB-treated rats was subjected to
SDS-PAGE (7.59%) and immuno-stained
with mouse anti-HSP70 antibody.
HSP70 : bovine brain HSP70
(B) The HSP70 level was estimated by the
density of the anti-HSP70 immunor-
eactive band.
The values represent the means + S.E. of
the percentages to the free-fed controls.
Significantly different from free-fed con-
trols; *, p<0.05; ***, p»<0.001.
Significantly different from pair-fed con-
trols; T1f, »<0.001.

BEFIRIC L D 2 v ) —RESE I o7 2 L 2 illb¥
5D Thoiz,

kg, HSPY0 OFF L ~vicxtd 3 PenCB 0%
HEME L7, ZOfE % Fig. 2 127”9, HSPI0 21
a, BD2ODTAY 74— LDFEPHERINTE
D, T OFENEDEN 209059 [FERIME D FE DD 3
HoNnTwd2, s OBEEEDEVIZOWTIX XL
o Twugn, WEDH TR, B L% 2kDa B 5%
LENTWSZ N5, Fig 3(A) T HSPIO Hifk
ko TNz Ty VYA MYy oy Eh
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PenCB ;

Free-fed _Pair-fed
A &erl 1 11

._HSP90a,
“NHSP90B

(o)

100)

HSP90x

Free-fed Pair-fed
300+
HSP90B
200
100 I

Relative HSP90 content (free-fed control

Free-fed Pair-fed

Fig. 3 Immunoblot analysis of HSP90 in liver
cytosol of rats treated with PenCB.
(A) Liver cytosolic protein (25ug protein)
from free-fed control, pair-fed control
and PenCB-treated rats was subjected to
SDS-PAGE (6%) and immuno-stained
with mouse anti-HSP90 antibody.
HSP90 : bovine brain HSP90
(B) The HSP90 level was estimated by the
density of the anti-HSP90 immunor-
eactive band.
The values represent the means + S.E. of
the percentages to the free-fed controls.
Significantly different from free-fed con-
trols; **, p<<0.01; *** »<0.001.
Significantly different from pair-fed con-
trols; 1, »<0.01; f1t, » <0.001.

WZEEND IFEEDO NV KD b, FEEEL L [FST
FEODDH HSPw, ESTRED DDA HSPIOS I
HET2bDEFEzZONI, Fi, BEARLIV LS
STROME NN RPBE S, 20587
BIZOWTIERBIHTH %, PenCB LI X 5 T,

Z v MF HSPY0a, ¥ X8 HSPI0B D% > /<2 FI
L)L free-fed, pair-fed Ofia > b a— Vit & L
LT, HELL EHET LI EPHS IR -7 (Fig.

f& W T

(124)

1F 5 %4

3). Fig. 3(B) 127/ 7 7 Tm¥ & 91z, HSPI0 Dk
¥, HSP70 0¥5& (Fig. 2(B)) L3ETHRL > Tw
7z. PenCB 4L B 1z & % HSPY0 3% & o 72 & 13,
HSP90« THI 2 f%, HSP0S TH 2.5 f% &, HSP70 @
FRCHNTNE oz, £z, HSPT0 DA ICED
57z pair-fed 2 > b g — VEETOFHEE IF HSPI0a
BIUOBOWTHIZBLWTEEI N> .

3. HSP70% & U'HSPY0O ) 538 (2 & |7 3 PenCB

AEKRENE

PenCB LBz & % 8 > /X 7 B Vv~V TOFHEEHHA
5 kx5 7z HSP70 8 X O HSP90 @ PenCB fi &
ftFtt %, PenCB &0, 0.5, 1, 5, 108 X025
mg/kg OHIFHCHE 21T - 72,

Fig. 4 c&BERICBIT 2 7 v T HSP70 OFH
Vv OZEALERY . HSP70 1% PenCB i 0.5 mg/
kg IZBWTH, FLLIFHEENDE I LDHerEL S
7z. PenCB 1 mg/kg #i2, X V& HSP70 L ~)Las
BEENTHEHDD, PenCB 5, 10 8 & U 25 mg/
kg ALEREED HSP70 v~ v %, PenCB 0.5 mg/kg AL
HEEOZ W EABETHY, ZOEPHTIZ HSP70 3
HOREREEERD ssrot, £z, Fig 4 T
13 PenCB H & 1 mg/kg IZBW T b MWW HE N E
ahd L wIEHABEZ 25, SEEILTFOELT
%7 [5] immunoblotting I X % #& 5 2 1T-o 72 & &,
PenCB 1 mg/kg LBEEEIC BT 2 7y MIFY A bV
)V HSP70 OFEOREEEZ, 0.5 mg/kg LBEEEDSGE
ERER RV ERZERLTWE (T —5 KEHK).
fit> T, PenCBIc &% Z v MIFY A kYL HSP70 D
FHL LD FFIX, PenCB Fi& 0.5mg/kg Tlx 7
Zh—ZEL, TN LOBRSEOEIMCL>TES
HAFEBEOEMI TV DEEb. Lirl, Z
NEXVEHAROPenCBALEIZ X5 T b RIEED
HSP70 OFFEAE Z 5 WJREME I3 0 720,

Riz, HSPY0 DO FIFHEIZ 1) 5 FRMRFEE OGS
ZiTo7z. Fig. 5 1md £ 512, HSPI0a OFH L~
)ViZ, PenCB HI#& 25 mg/ke % CHEMKER I LH L
et L, HSPI0S DiFEHE X 5 mg/kg THRA L%
D, HE%Z 10mg/kg B & V25 mg/kg LIEME €T
b, RBFHH LV VO ERBBEINE» T,
B, IITIEHEREEHAOWIEREZRL TWRNW,
Fig. 3 L[EkE, Fig. 5BV THEF LY b EHTRE
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A PenCB (mg/kg)
0 0.5 1 5 10 25

RS -

100)

g

Relative HSP70 content

(free-fed control

0 0.5 1 5 10 25
Dose of PenCB
(mg/kg body weight)

Fig. 4 Dose-response induction of HSP70 in liver
cytosol of rats treated with PenCB.
(A) Rats were treated with the indicated
doses of PenCB.
Each cytosol sample (lug protein) was
subjected to SDS-PAGE (7.5%) and im-
muno-stained with mouse anti-HSP70
antibody.
(B) The HSP70 level was estimated by the
density of the anti-HSP70 immunor-
eactive band.
The values represent the means of the
percentages to the free-fed control groups.
PenCB 0 mg/kg (free-fed control) = 1009

DN Ny E Tz,
£ =

AT, PenCB LB X 0 Z v MFSTFY v
o > HSP70 38 X O HSPY0 W HEHFE I NS 2 L %,
FNE KT R 2 HifR & F v 72 immunob-
lotting 12 X D FIDTRMH L7z,

BTCDRA VALY YN EBAFO T 0 E—Y —H
BiziE, 20X MV RAINECBERAY gy 7 1R
>~ & (heat shock element, HSE) & M:iEh 23, F%x
B2 T SREFES NIBM L A > S FEL, A b
VY o8 HBGTF OREEEE, By 7R
EXT (heat shock transcriptional factor, HSF) %%
HSE IZf5&T 25 2 LIC X DI 39, SEEHY) Tl

A PenCB (mg/kg)

1 Al
"B ﬁ = HSP90c.
= pd
: — “HSP90B

100)
w

300+

HSP90B

200

Relative HSP90 content (free-fed control

0 0.5 1 5 10 25
Dose of PenCB
(mg/kg body weight)

Fig. 5 Dose-response induction of HSP90 in liver
cytosol of rats treated with PenCB.
(A) Rats were treated with the indicated
doses of PenCB.
Each cytosol sample (25u4g protein) was
subjected to SDS-PAGE (6%) and
immuno-stained with rat anti-HSP90 anti-
body.
(B) The HSP90 level was estimated by the
density of the anti-HSP90 immunor-
eactive band.
The values represent the means of the
percentages to the free-fed control groups.
PenCB 0 mg/kg (free-fed control) = 100%

HSF1, HSF2, HSF3 5 X ' HSF4 /7 L b 4 f#
DO HSFIREHET 5 Z LS Th 3 55,
Yav IR EDA NV AL DIERHREE 2T 5D
HSF1 TH 5. HSF1IZA L RAIZEB SN TWVRY
Tk HSP70 & % v & HSPY0 7« & o fiIfIA T &
HHEEMLTH Y, HSF1 DHIC L 2EEEOBK %
Wz veese . REM (BER) L Twb, Lal,
ANV AZ X OHIBENCE.Y X BEERT 5 &,
HSPI0  ED Y »RuyFZFNSD T +—IVT 4 >
T OECHIFINHASFL SRS 2, Zhick
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HSF1 13, 7 3 SR 2R TTRE & 72 2 L g, #
HRMCBATT 2. ¥ 72, HSP O#EE%)%1: HSF1 O

VUBLICE D FE LR E 2 2 EDHION TSP,

ZDX5Z, A VAREEEHSFL&ICE3 5
HSPRICX2AD7 4+ —F /Ny Z7HETHAINT
w5,

K 5T, BEHE 2 HIRR L 7z pair-fed 2 > b
O— VTR EHBICEES ¥/ freefed 2> b+ o—
NEEIERT, HSPT0 OFEERD sz, (Fig. 2)
Heydari & iZ 5 v » ® HSP70 ® & %, mRNA L~
v, BEEIEE, B & O HSF-HSE fE&mTEoWwF b
M, BREOREFIR (609% of original) 12 XV FH¥
52 ERMELTEY®, pair-fed 2> o — )V
ICB 1 5 HSP70 OFEEIFHE I, RE L~V THIfH S
NTWB AR RIB SIS,

PenCB ALEFE T, Z OFEOBREICEITIDH L DD
®, HSP70, HSP90«, HSPIS ODWFHNIZBWTDH
HEPED SN, FA 4 F v VEPFIER I TAME
FHEOK O, 4 MY VSEICHFEET 5 Ah-rece-
ptor BEAFRDOIGHEIC K> TWB EFZHNLTW
% 392060 GeneBank 2B #FRI N T w5, 7y 0D
HSP70 8 X 't b ® HSPY0«w, B HEfnT D 5 _LHitk
DVTHNIZBWTH AhR/Amt #EEH A b & PR
N3 XRE 794 v SNBEMIDPFEET 2 Z &2
YEa— — T OBRMHERL Tw B, o T,
PenCBALEIZ £ 5 25 v v u v OFHIZ Ah-
receptor 235 L TV B ATREME S B 5.,

L2 L, coplanar PCB % polychlorinated diben-
zofuran #IZ X 2 FMEFEERE I, Zofilc, 2heo
EEYIC & > CTERINDBILIA b L A2 X > T
SN EDFEZ 65N T 530307 oy o U HERE

B © 26 2 — 8 — T

Molecular Bioinformatics of Gene Regulation
(http://transfac.ghf.de/) 127 7 & &,
Transfac-Programs to search for binding sites
and more® Matlnspectoric X O #2175 7=,
F 7z, BN L7-Gene AT OMEY, vy
GeneBank accession number #7579,

HSP70 : Rattus norvegicus HSP70-3 gene

(X77209)
HSP90« : Human HSP90a gene (U25822)
HSP904 : Human HSP90S gene (J04988)
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Z b DI HSP IZHALAIA b L A2 &> T HFEE
IO, EEEETH S H,0, DFEFEIC LD HSF1-
HSE &N ERA T2 2L b HEIN TS, F
7z, ZHE CTOWFEL D, TCDD I & 2 MHifaH
Ca?t JBEE29®), B X N Z 2| &< protein kinase
COWEME LA NHE ST 51089,
kinase C QM FHFIFIER CERFHcE 2 D,
actinomycin D % cycloheximide L¥ 1 X > T b %
DOWEESIH I e »oiz 2 e, TCDD #EEH
Ah-receptor H &% protein kinase C{fE%2 > 2 &
WRBE N TWw 5, HSF1 1 serine/threonine pro-
tein kinase C 3 & U protein phosphatase I2 X D V) >~
AL OFIH 2 Z T TEB DD, s DHEEIS,
PenCB #LBHIZ L D, 2 bV A IGEDH L 7 % HSF1
PEEEESN TV LAEEED H 5.

L LS, &TOAMVARY VRV EHBETE,
Flo 7o —y —fEE % b 5, HSF1 Offi2%Z 0
T3 EFEZHNTVWEHDD, A FVARHT 55
B ~OVITRE  Hg 520805 3, PenCB LB
& % HSP70, HSP90« ¥ & O* HSP90S DFEBIFHE D
77 4=, BLUPenCB HEKERN 5 FIREH)
&, 2Oy » RO LY ZOFLED TR T 4 — )b
WRELSE LR ST, oD &1k, HSFL #4353
HERREILAANC b, BIOFTIHI A A = X L DFAE 2 RR S
5HDTH%, TCDD ik IL-14, IL-2, IL-6 DY
A N H A EFEET LD, HSPT0 1X IL-18 B X
O IL-21972 ) HSP90a 13 IL-4 B X O IL-21949),
HSP90B 13 IL-6°Y 12 K h ZHH I EFE s 5. E,
HSP90g 1213 % » 7 u & — ¥ —4#ali1c HSE Oz,
nuclear factor interleukin-6 (NF-IL6) ¥ X U signal
transducer and activator of transcription-3 (STAT-
3) WETA MBEEL, APV RY VST ED
HSF1-HSE i< & 2 HlfHIA DR T2 & - T H FAFT
NTWw3 2 2% Fd 5,

FHE I N7/z HSP70 8 X P HSPY) I3 A v R ¥ &~
N7BEELTPenCB E WS AR bRt L, M
JazBAEIL Cwa ElBbnd, Thbb, F144+Fy
YEOBEEO—D L LTIEINA bV ARERINS
HROIT, 2z kD RAEEIIRES, v LiRERiZ S 1
T8 SRR, FIEOHEL T 2R B
5. BALMA PV RACKVIEGEZT 25T ELT,

Z @ protein
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FEE LIRS D WX, Z ORI BRI B3 2 W58
MRESNTBED, § 287 HIZDWTIXZ Ok
HiZowTofRiEZ LY, LarL, By v 378
DEFERNDIER, B L OGEOEBE & EREED[E
71, Wb HSP70 & % ik HSP90 2 A% &3 5
TuR AV TH B I LS, PenCB Iz & D EEEX
NrzZns 2Oy vrea wp, HIFRGHECES LT
Wb EFZ 65N%, £z Ah-receptor 12 &> NS
M2 protease I & D MEEZIT 2 Z EBHRESNT
BYW, ZOHERICH HSP70 23EE5 L T % AJHE
Wb s, — 54X Fy LY NADP)H :
quinone oxidoreductase, glutathione-S-transferase
Ya subunit FEFHE X 15 23173814060 A L plEEE D
RYRTF R EHIE HSP70 &AL T 9200, s
STz HSP70 3% 4 b Y VHIZB W THEY > 87
BOERZED> TWaDhd Lz,

— 5T, HSP90 13 XA 7 a A RKIVEVZRELED
iE 5 K F %, c-Src, Raf, casein kinase II (CK
1), eukaryotic initiation factor 2a (elF2a)
kinase, 7& & OFFURIES 7 F IV EERICBESG T AL
KX - EEEHERE LT, ¥—7 v by Ry
H ORGSR & BBEERFICB N Tw b o v o v
T2 M50, 26y 7 FIVREREICEH
2 RAE T REE R S B,

AWFFE T, PenCB UL T » T4 h Y LIZB W
T, 3 FY v~u > HSP70 8 X O HSP90 3 L < &
HaInsbZexHES»IZLI. HSP70 8 X O HSP90
FAEEOA VARG E OB &, e BRI
FoTHFEHEEINE EEbNTW 399, coplanar
PCB *° polychlorinated dibenzofuran £ X % s %¢
KOWLWTEIRETHSN T T, HERRY
Bk EMEEILH TH L Z L, EloENOIE,
FIRRIC BB E & L C b RO ED GRS 1
Tw2, PenCBLEIZ LD 2 b 2FEDOHTF Y ¥R
UHFEHINI I ER, A4y VHEOBIETERIE
WaRHT 2 1T, —DOBEELFH»V KD FH

ZoNnb,
B &

EaMEa 75+ —PCB T&® % PenCB LB 2 & %
5Fy v~2m > HSP70 8 L OV HSPY) 0 % > 8 7 &
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FEV ANV AOFELHS,IZTHZERHNEL,
Z v MY A b Y ro HSP70 8 & 08 HSPI0 0 L~
Wh, ZTNERIRFRAZIERERWTS L/ 7oy
T A YWD, KRR THE S IR 2 R
L CRAFICRd,

1) v MY A bV VDSF Y vy_a» HSP70 B
LK O'HSPI0 1%, PenCBIc XV ELLLIFEINS Z
RS MM LT,

2) Tho 2/DOHTYvurdPenCB 2 & 235
HOHEKRESE 2R U EERE, HSP70 1X 0.5 mg/
kg O HE THEELHFENR D 5z, HSPI0a v
~ViE, PenCB HEMLTFRIZ, PenCB H&E 25 mg/
kg £ TER L2, HSPI0S OFEEIE, PenCB 5
mg/kg DHETIRAKE -7z,

STy vyRurThHb HSPT0 8 L OF HSPIO0 13, iy
ZOHEEKRD L DL RA MV ARREVFESNS Z
EDHIS N T 5 93992, coplanar PCB *° polychlor-
inated dibenzofuran IZ & 2 ICOWTIEINE T
HwEIN TV o7z, HSPT0 I3kR ¥ —7 v v ¥
UNZBEREE L, HiEY N7 B OERESETER
MINEE, B2 WIEEARELRT 7 ) 7=y a YR
WAL E CFy vy & LT, EROER ML
¥, 72 0 CCHIBEBAENC BB D > T 592000 %
7z, HSP9O 3N D > 7 F VAnE R b % ¥ >~
WRIZBEWRIER AV 73 A=Y arykk), Thod
FERER FEHLT 2 7- OICME R KTFTH 5299, fiE>T
PenCBIZ L2 s 2FOSF¥ v RurOFELW
FEHIFHE 1, coplanar PCB % polychlorinated diben-
zofuran OFME L BBRICBHE L ZHKR Tl xwr L &
bhs,
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