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Foreword

Masanori KURATSUNE

Chief, Study Group for the Therapy of “Yusho” under the Grant
from the Ministry of Welfare. Professor, Nakamuragakuen
University and Nakamuragakuen Junior College

Masao AoNo

Chief, Study Group for the Therapy of “Yusho” at Kyushu
University. Professor, Faculty of Dentistry, Kyushu University

Hikotardé YosHIDA

Chief, Study Group for the Therapy of “Yusho” at Nagasaki.
Professor, Nagasaki University, School of Medicine

It was June 1969 when the Ist report presenting the study on PCB poisoning
(Yusho). We had been reporting mainly on the results obtained by the members
of the Study Group of Kyushu University for 14 years.

Last year, the Ministry of Welfare created a nationwide organization which 13
study groups of Yusho belonged to. It included Study Group for the Terapy of
Yusho at Kyushu University and at Nagasaki University and follow-up groups in
11 prefectures. This is why, this 10th report consists of the results obtained not
only by the members of Kyushu University for these 2 years but also by those of
Nagasaki University. Those members were shown on Table 1.

This report completed under the grant from the Ministry of Welfare and that
from the City of Kitakyushu.
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b0 LiEEE NS, PCB OBlEEETZC SWERIZIO L TRGvE VEESELLND.
EWRLEETH L. 7/ PCB ok L, #Ya REFERICICOUTIE, BAOMEERESTbIT

PR RIS B HE s TR, WBY, ERlIC LSO TRERFRGTHONS.
BEHEZZ 5% PCB o EEE: LT Zofl, BEL, BEEAR, ESRERERICBLTR
MO & FERICIE Ul sHEREENTON 2.

Q) mRFEE 3. APHEDKRE

(3) #EYx PCB IEAIORO#RS HERZICE VT, &, NOWMEE, BRE
REBBFLHTNS. BIEOFRANHONB DL DSHELELR
72f2 L, BAEBXUBRFEZIOVTE, 20 T, ERAMENEREIT 2EENS IO THEE
BB IUEBCEERNREZET 3. ICIRET D NEND L.

2. HRERREE Fh, BRFHCLXDEYOHEPRESI TS

SHEE S LTR, Bao@EHl (- LIE8T b, BEORERTRREIRP LB oNTELE
Bruzstv) Beo RERHRSA LED & V.
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EFEDC5. H4ATEIOHBETORBEEHREIZOLI THE820RIET 5MENED
BREZLEZ, CORERHIREESGIMEELEDTVIRETH 5.

ERSSER & SOFEFICB T 22 OMOMEE & L TREBEESHERBHRENE AEEREE
O REIC & D HERF 4 EFEERFSSERT B CER S .

THIEBRFT & IEM S8 49 A 8 HicfTbh, JLMARMIEGEPIFIE WHIEDOBRG & 158,
RERFICB Y 2 HAMBROXEEEMGNL CETEMRFENTR, MECHERYE IOV T BRERE
Uiz, DWTHERAD B, T, B %, K, ZEF0oWEErBROBEN D L IFRomsiHE
BT BEETABEL Dl

FRMO04E2 A I8 Hicid PCB &RBEECHKRLRI T 2 X CHERRF SN0, K
MARFEAEIF R B IC L D BIE & FE & OBERHRE S h, FEOBEBEIC DO TIREEAK
2, RIEBERE, WMNAZOEHAE» S REOHBEIRE IR,

i, WRI47E10 ARFOAPESEEIEC BN T RO ETER BB OER X N
REFBEH LHE TETHERNEHZORINIC C EH KR ARBHOFFREELH 2. L
VIERIC B 25 FZEOESBER LD, InSDOREDRK HROMEEKE>TETHA.

HEO R E 2% PCB, PCQ, PCDF o EEMic B} 280 S EMIE & © T &8
BRABEEN, HROBFMIRESHS A2k, 35k PCB Bikdic k sBESHUIEH LS5
MRBEI DO TREBEZENIKEE T2 2, 3, 7, $TCDF ic X 2 EMRBEOKEER S HE L k.

Z Dl PCB HFEHRIck 32— BEEE L FEEREZENS PCB t0BHE, PCB KX 2REME LM
B RBv7 ) vREL, ADWIBENOEET OO THHROERNA LN TN .

IHK, MEBEKBWCREEREH 2 PCB © PCDF OHHHMEEEEOMERICOVLTIE
BMERICEDR 7 75 vicEDERRED O IR BEFENSEREZINS.

ULH LEBRLECHERCHERED FAERKOFRREHESEEINMELE L, 4BIOKKH
RAR SIS T Wi

LOILMKRE E BRIEAZEEZDLE T 5 BIEPTFEHI 0 BIFTEBO ETHA LD T, HRER,
BRI EARHEICL, MEMEOREN—HBMERECEBEE2 0T CE2HALE
Y.

BICHMELILHERES [ABEOAGEE L ZoRRECHETIHE] KT 2 BUBEES JUR
HMOEEREANZEMEBRMYES L OCKEAFECRINT LD OMERBYLLCAI DOTHE. CCKER
BEREELRTB.
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N E K B

FRFI43 4, H % ITESESRAE UM, REMERBEMIZ LA SRE L2 Dl Ok
KEE LT ZO0BMLRSFEPOLOERZEEN/C LI 2T HESHFEODORIKHE
DR LESLDTO DO TH B, L UIERS2EN, BEBFREAREL TR U THEEH
DRENRE LS, MEOCEZRY, HEFHEMNIZHERILELNDOTHB. £ L THEEENE
TUNBESEHEESTOELOLLEE RN A0 THES. L LEVICS BRRERERNEHE
TREFID» STIEICH T 5 REFZHEIT BEERNIC S ERNICS b T REBHNIED ShTn
7DTH2. COZERMIREDTAERBMNTEHD2LDOTH B,

LBBEEVPEHRELGP SOOI B RBHNRTESLE B ENTELBEARB2DH2EELS
Nz 201 DRFHEYE FhEXRZBEBROBORBICESOHEHATHD, ol 2IRE
BYFE LUCRERREEAEHTFTOREN, BB THE. REOEENZOHLIHOH
7, B, WRBEZBRALTIS2OF-vKROBEO L LRIEEEOHE IRENERT LTRE
BETERCETREY. AHCCIKISPLUENBLL2EOHNERET I LN TERLTEER
RFEFICHED LED L, BB RBRARCEEOHELBESIRETHL. 2 LT
EVHHBEOHEICROIEA T NI HBREEONAE LT ELDTH 5.

MEICE T AR EARAEIC O BIUEINTV S, REBERSHEFUEBRI N BEEHES
BRFAHCE L, HEEMNIOEEEL HEEORINMELZI UTHHRT 2 Eh%
BERhWEEZI TS, REE»OOHBE, BHHEE5RETDH 5.
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BERRBS IOHERELZHD PCB,
PCQ #k7 PCT

ERRGEAE Y 5~
BHBEE-BHMEX- 56 ZE
H— R EIEMTEHE
i H # A

PCB, PCQ and PCT in the Rice Oil Which Caused
“Yusho” and in the Blood of Patients with Yusho

Takao Itpa, Kazumi FukKaAMACHI
and Katsumi TAKAHASHI

Fukuoka Environmental Research Center, Mukaisano,
Dazaifu-shi, Fukuoka, 818-01, Japan

Yoshito MAasuDA

Daiichi College of Pharmaceutical Sciences,
Minami-ku, Fukuoka, 815, Japan

The samples of causal rice-bran oil of Yusho occurred in Fukuoka and Yu-
Cheng in Taiwan, Kanechlor 400 (KC-400) used as thermotransfer medium, unused
KC-400, the blood of Yusho and Yu-Cheng Patients and the blood of normal
persons in Fukuoka were analyzed for polychlorinated biphenyls (PCBs), quater-
phenyls (PCQs) and terphenyls (PCTs).

1) The average concentrations of PCBs, PCQs and PCTs were 110, 380 and
7.2 ppm in the rice-bran oil of Fukuoka, respectively and 76.7420.8, 22.3+6.4 and
0.7£0.13 (Mean+SD) ppm in the rice-bran oil of Taiwan, respectively.

2) The concentrations of PCBs, PCQs and PCTs were 940000, 60000 and
1000 pm in the KC-400 used as thermotrasfer medium, respectively and 1000000 63
and 11 ppm in unused KC-400, respectively.

3) The average concentrations of PCBs, PCQs and PCTs were 0. 0053+0. 0034,
0.0039+0. 0027 and 0.00062+0. 00059 ppm in the blood of Yusho patients in Fuku-
oka, respectively and 0.067+0.053, 0.017£0.014 and 0.0028+0.00081 ppm in the
blood of Yu-Cheng Patients in Taiwan, respectively.

4) The levels of PCBs, PCQs and PCTs in the blood of normal persons in
Fukuoka were 0.00320.0013, <0.00002 and 0.0012%0. 0078 ppm, respectively.

The levels of PCBs in the rice-bran oil of Fukuoka and Taiwan were compati-
ble with each other, while the levels of PCQs and PCTs in the rice-bran oil of
Fukuoka were 6 to 9 times higher than those in the rice-bran oil of Taiwan.

1968 4, FHEARTVHOW ZHEBEHMNRELY, & FVEF ST EPRASHITESNTINZYD,
5z, HEH DI FiC BB BT FEosEY: Polychlorinated Terphenyl (PCT) & % 7zWirhEHH
BRELEY. hoo hHEG O JREEo2A R icERET 2 2 EBBEShTNSE?. Lk,
B4 244 vihicid, Polychlorinated Biphenyl PCT oW Tiz, ZDEEEBBICEABRREICES

(PCB), Polychlorinated Dibenzofuran (PCDF) AEEFIZR O NITND,
% X U Polychlorinated Quaterphenyl (PCQ) A, PEEREM, BukE UTEREBSO PCB

(16
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(KC-400), KEHD KC-400 5 L UBEE L HESR
ZOMHEEE D PCB, PCQ LU PCT 0&H%
B, ETOMREB0oTHET 2.
RS & OB R
1. ##

(1) HERRE: B o FREZ 1968 £iciEm T
AFELIAF 542440 (0y FEE 82710082)
THY, GECHERKHRL 1970 i BEO Sl
KTAFshicd@Ble2n5sni.

(D) ERES BER: 19684 chr L BRICS
WCEMA S LTRSS T b0 TH 5,

3) MWEBREBIUCEBEZONK: BROBEM
BiIZVIT9F8 A, 1l AB XV 12 AicBRIicEEd 5
BE»S, BEHBIMKIZ 19794 12 A ERBENICE
BT AEEEDLLEFNTNER L. ABOBEMK
1979 F 11 A5 1980 5 A iwh i3 ¢ BhHKRD
B RIS W B E ST s e

(1) PCB R #x 7 o—1 (KC-400,KC-
500, KC-600)

@ BELs7Fr7e=1 (ODCQ) it
W R AREEFEROBAEL, bt s
RYEs TFv7 = =0 (PCQ) B A TAER
LUTHEE L7,

(3) o-, m- BXY p-14 BILIY 7 2=
(TDCT) : Fytifizest (99.9 BLAE.

@ vyAFv: FEER va -4 S-1 &
ERL, €20 100 x v v 2 ITFTEEYD 130°C T4H
MITEREAL UTe.

G 7ueyvn: yueyv vl L O S
57 4= (60-100 # » v 2) Z& 130°C T 16 Ay
TEELL 7.

(&) TwidF: xnsBhSLsux T4
—H (th¥, JEEREET, 70-130 x » ¥ a) % 130°C
< 16 BfiE L Ui,

7 ZofoRBRBZYEERRA, PCB 4H
EFMAFGE LT (o IRV
3 HROOZTMISTHLORESRS

(1) PCB: #zxzu<ts 5 7% “Ni BTHE
Zljpliss (BNi-ECD) f& 14 G-1800 Z& 2L
TORBETHERLE. #5243 1L5%v )3y OV-1
BHRzubs Q (80-100 x w v a) Wca—F4 v
L, #2474 Qmx2mm L D) icFE LD
OERV. 7 2EER 185°C ik,

(2) 188y 75T == (ODCQ): HR2
a2 5 7 SNI-ECD fEHEGC-7 ABZHL,
PUTo&BcHEE L. #1541 1%0V-210%H42
7 aQ (100-120 2 w v 2) Wa—F4 7L, #
72AA 74 (Imx3mm LD) ZHFELCbDEH
Wic. 3 ABRER 260°C TfEo .

(3 4#ELrY 7= (TDCT): Frru=<
P75 713 SNI-ECD &% GC-7 AREHW, L
TORBETHEALR. #5412 1% OV-210 %2427
oA Q (100-120 ¥y v 2) Ka—F 4 ¥ L, A3
Z2# 7545 (Imx3mm L D) wHELESOEHD
7. H 7 AEEIR 240°C iIiE0 -,

4. EERAS JUREBOMER

(1) PCB: h#HEREE LT S0 e BEM
Kico0Tit KC-500 %, BRoOBEER IO/EEE
M#&Ei>WTid KC-500+KC-600 (1 : 1) %, {#
A¥AsoBkic>nTiE KC-400 Zi@HER E LT
BontehFh~+4 v 7 100 pg/ml OEEREEKE
B/, COEHEEEE ~FH VT 0.01-0.1 ng/
ml KRB XSRFRLT, EERKE L. RER
BIESERRET A/ 0= b5 7ICEAL, =78
DI SFERR Uiz,

(2) ODCQ: PCQ A=A ER( LT
PCQ BET 0.024g/ml Zi%43 2 ODCQ #Z#
FRERM U, COEEEES~FH VY THRL,
PCQ T 0.002-0.01 #g/ml ThE¥d 3 ODCQ
R A B L. BRI, EHERRETS A 0
2 NI TIRBEAL, E—/ TR B 2D ERL
7.

(3) TDCT: o-, m-, p-TDCT [E# i ~+ 4
YEWMAT 100 pg/ml OEHREERZFASILZ. 20
R E R A~ VT 0.002-0.01 zg/ml {3 B X5
TR U CEER A BE Ui

BBREF R o<+ 75 7ICBEREAEALY
— 7 EED» DIER L.

5. 2HHE

() SFEE#EEBEO PCB, PCQ 5 LT PCT.

FAZAAN 0.5g EROA~+H Vv T4LE 10ml
LU, co Iml 10 %RERE 1ml 2Nz CE
ML 2,000rpm T LI5S HRAEL L. ~F: 4 VEES
ML, BBBCiRESiI~+Fy Y Iml 2NiEED
BAEERITE D7, COBEEHE LEIRRORLAEEL
fenF v Ea5hE, ~F¥vTELEE 10ml &L,
PCB gl GC #Bi L L. o GC BBz
Arym= s 57 KEAL, 4. (1) OBRERLL

(1)
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PCB BExRH:.

wic Lk PCB flEH GC RBRKEN IR TV
Fahici UkEE e BE UK, HIEMLT v F
&Y 0.5ml ZNAEEL, 200°C ¢ 2 BRMEASIS
. RIS, RIS 20 HERR 10ml TEEb
U, ~F4 vy 10ml ¢3IEEHL, ~+vvilibEsE
GbHls. ZO~NFHVHHKER K 20ml T2,
SHEABKEWR 20ml ¢ 11, 5S%RBKEFY
v A7KIEW 20ml ¢ 1 [ElB LK 20ml ¢ 2 m3ES
L7k, @ARB > ) o200 74 CBLTHE
L, EfLT ODCQ X TDCT RIEHZRRE &
Ui, coRBE~=3. Q) ol o< /5
ZIEALTA (2) OBERN,S PCQ BEERYD
fo. AUERRBEL 3. ) ool rse< o3
ZWEALTA () okER»S TDCT BEER
bio. 5B, hEERBRO PCT 35-8EDIEER
EHOINY 7= 0THBEDT, TORHMEE SHED
EFREHD> PCT LT PCT EEAEHR LK.

2 FEREB EEFERO PCB, PCQ HLUV
PCT.

SRR BIEERE ~F 5 VI EMB LT 1.0 xg/ml
OEEEFEHL, PCB EH GC HEKkE Ui
CORBEEN A= 5 7kkEAL, 4 () @
BREE,D PCB BEAE R, WRIT, EHEAEE
Ko 1.0ug/ml OFEHK 1.0ml 24527 v umh
ic&n s (1) oRE(l7 vFeEvickbeEENL
UTOBEZ2TISN PCQ BXY PCT oEE4Ek
Wi,

3) BEORZEmMETO PCB, PCQ HLU
PCT.

PCB WRIER? OFHICL> TR L. 3kibb
MKy 10g 2L DKBRILA Y T 2B8ITzF LTV
I —EMATHRRE LT T vh Y DRETIRN.
~NEFVTHB L, COMBEEY Y5 vh A5
TRREL, AHEEEERLT PCBHIEHRBREL
7z.

CORBEE H 27w 7 REAL4L @)
OE®R,» S PCB BELRD. ¥/, co PCB
WEARBREEEVTS (O LEUFETRSER
L, 7widn s L TREEL ODCQ B XU TDCT
WERARBRKE Uz, CORRKES. (1) LRk
ARy m< 75 7icEAL PCQ XU PCT #
EAERDI.

@ BROBELLUEEEmDRRO PCB,PCQ
HEU PCT.

R OAE2 I LD THiT Lic. 372bb, MKY
10g ZEDKBRILA Y T LABEZF NV T a—u
EMAMBER U TT VA ) DRETOE, ~F+
YTHB U, COMHBEREBELCIa ) Yvn s
4T PCB [y & PCQ E4 T/ L%, PCBE
SidiEkE U< PCB MIEAERKE L. PCQ BS
REBFEL, 5. () oRE(T v F eIk AReER
LU TOBEABCRY, TLIFH5LTERLT
ODCQ HERARBRK L Lz, ZoRBREAE3 ()
OHAIu= b5 7KEALTYL (2) ORERD
5 PCQ EEA2b &M, %7, Mt PCT i
5. () oFETARE L.

(5) KC-400 fp PCQ H LT PCT.

KC-400 ##es 20mg o7 a2 ) Yk J A
< PCB E4 & PCQ-PCT oS EEL, PCQ-
PCT E4ES. (4) oFETEAEERMEL, T s
#5ATHERLT, ODCQ & & TDCT #iEm
GC #Bi L Ue. coRBEES. (1) EEEKY
R/u=w b3 7TREALT PCQ BEL XU PCT
BEARD .

HRELUER

Fig. | WMk IUABIKE T 2mERRHHhO
PCB t#E#q KC-4004+KC-500 (1 : 1) OF =2
n< 5 A ERT. FRESEERE, KC-400 Z
#en, hBEEAMK bLC0E+o PCB, PCQ %
U PCT 4 Table | i, PCQ 0FE4EHE(L
Mo H A= v 56% Fig. 2 i, o-, m-, p-
PCT #piikx Table 2 icRT.

1. HEREHR FHEAHEES LU KC-400E
#Sho PCB, PCQ LT PCT.

() PCB: &M B X A k) 5 hHERH
iy PCB @ GC ¥4 — v Fig. | oW1
EH Ty, KC-400-++KC-500 (1 : 1) »
GC s, —VICER LT, Ei, ERBAREYE
® PCB @ GC 14— vz KC-400 DZN&iZEA
E—FK LT

Wiz, Table | (LR Lz & S iciBR o hEREHD
PCB g%z 1i0ppm ThY, BECPHEEHD
PCB g 60-100ppm Ti3E AREE O ETH
o, &bk, FERAEAEEEDPO PCB EER
940000 ppm Th D7z,

(2) PCQ: Fig. 2 »5HLHAREICERS X
CeEohFRAEAMLCICERZA#EAT PCQ
#EAEEILLTEShI: ODCQ © GC ,¢4 —

(12)
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0 10 20
F

e

30 (min)

ig. 1. Gas chromatograms of PCB

A: Toxic oil in Fukuoka.

B: Toxic oil in Taiwan.

C: KC-400+KC-500 (1: D).

D: KC-400 used as thermotrasfer
medium in Fukuoka.

E : KC-400.

YRVFRSIPTW, i, hEEREED O
PCQ I Table 1 /Rd &5 IZEEAS 380 ppm
THH0FLTHREOZNIT 1527 ppm & #
1/25-1/15 Thoiz. Ti, FHEHE I Higkd o
PCQ B 60,000 ppm Th b, REED KC-400
F1 ¢z 63ppm THD7e.

(3) PCT: Table 1| /R U7k D ichEFEEMR
ho PCT EREEIRERN 7.2ppm THEZ0k LT
BEDZNIT 0.9-1.2ppm  &# 1/8-1/6 TH o1,
Fi, FEHESBEE AT PCT T 1,000 ppm
THo, KEHDO KC-400 thTid Il ppm THo .
Wwic, Table 2 KRLELSKERS XUTEED T
FEREEH, SRS BEES JOFRERO - KC-400
FD o-, m- p- PCT QR EEROERLRZ VTR DS

dacdis

0 5 10

1‘5 (min)

Fig. 2. Gas chromatograms of octadeca-
chloroquaterphenyl

: KC-400 used as thermotransfer
medium in Fukuoka.

: Toxic oil in Fukuoka.

: Toxic oil in Taiwan.

: Blood of Fukuoka Yusho patient.

: Blood of Taiwanese Yu-Cheng
patient.

: Standard.

>

m mOOow

BREROETSH D,
BREOHESHIZS 4 X 44 v ORE TR CHH
ELUTHERs SN KC-400 2WEA Lic 54244
WEEBELKIEREIODTOEBCEINZESNT
WAHWY, Efr, D FARFA N PIIIFEEDRD
PCDF %20 PCQ E&HINTWT L EN
Kbl hicsh, PCT OFEEIKOVWTEHES
T5?., KC-400 &Mk E UTHEALTW AR
PCQ M AERL, ZOREMEN 54 244 v B
AL7eob, BETETMEBESH, BE0 E»
PCB fioan#l, ZTOREIA 44 vific#is
OEW PCQ DEIEMARE B2l Eh T3S,

(13)
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Table 1. PCB, PCQ, and PCT levels in KC-400 used as thermotransfer medium, unused
KC-400, toxic oils, and blood of Yusho patients and normal persons
Concentration (ppm)
Samples No PCB: PCQ : PCT
PCB PCQ PCT

KC-400 used as ther- . .
motransfer medium 1 940000 60, 000 1000 100:6.4 :0.1
Unused KC-400 1 1000000 63 11 100 : 0.0063 : 0, 0011
Toxic oil in Fukuoka 1 110 380 7.2 100 : 345:6.5
Toxic oils in 3 76,7420, 8% 22.3+6.4 0.7+13 100 : 32: 1.0
Taiwan (60-100)® (15-27) (0. 62-0. 86) : s
Blood of Yusho pa- 10 0.0053+0.0034 0. 00390, 0027 0, 000620, 00059 100 - 4 12
tients in Fukuoka (0. 003-0.03) (2-12) (0. 00016-0. 0022) : :
Blood of normal 0.003440. 0013 0.0012x0. 00078 . .
persons in Fukuoka 10 (0.002-0. 005) <0. 00002 (0. 20-2. 69) 100: <0.6: 35
Blood of Taiwanese 5 0.067+0.053 0.017+0.014  0.0028=+0. 00081 100 25 42
Yu-Cheng patients (0.031-0.16)  (0.008-0.04) (0. 0019-0. 0039)

a) Average+SD b) Range

Table 2. Composition of PCT isomer in KC-400 used as thermotransfer medium, unused
KC-400, toxic oils, and blood of Yusho patients and normal persons
Samples No o-isomer m-siomer p-isomer

KC-400 used as thermotransfer medium 1 27.0(%) 53.3(%) 19.7(%)
Unused KC-400 1 25.0 48.3 26.7
Toxic oil in Fukuoka I 15.7 64.4 19.9
Toxic oil in Tiwan 3 17.3+1,2% 59.94+2.4 22,8+ 2.0
Blood of normal persons 10 12,3+3.9 52.1%+3.2 35,7+ 2.3
Blood of Fukuoka Yusho patients 10 13.3+4.9 56.6+5.9 30,14 4.0
Blood of Taiwanese Yu-Cheng Patients 5 13.0+5.1 27.1+7.8 59,9+10.0

a) Average+SD

4 OB O F R B, KC-400 s XU
ERRMS PCQ BEOHHBEREIEHO LD
EEBE-HKLTWE 7, PCT EEIHTR
b PCQrumipiEmroid PCT @D PCB @
Bty 2EIESEFEHDO KC-400 X0 RS
BEOED K& HERRB TSR RENEND
HER PCQ LEULTH>H. PCT G kER D
KC-400 ZgkigkEMBT I I DERT BT &
»5Y PCQ &ERRICBEHED PR ARICERL 7
A RAANVPIBALILSOEELLONS., —F, &
BOMERRERD PCQ Bkt PCT oEHER
PCB EEIHAERMHTRIERECTHDIICE b
boF, zhzh, EBHOBERBOK 1/6 XU 1/9
K EHpolk. ORI M4RAF4AVTBEA LT SE
Hrro PCQ B LU PCT OEENSER & HNTHI
DEPDICEERBL, FA4RXAAVFIIBALR

BIRADFEHRKEBER DTk & EZL 5.

2. EEOHERESLIUREELRVCHECERE
oI PCB, PCQ LU PCT.

(I) PCB: Table 1 icRT L5, BEO
MERES LUBEEEECICEBOMESZME PCB
EEOFEER, £h%Fh, 0.0053, 000345 L0
0.067 ppm THo7:.

(2) PCQ: BHOMWEEREL XUEFELC IS
BomERENT PCQ BEDFEIR, Zh<h,
0.0029, 0.00002 I FB & 0.017ppm THoi:.

(3) PCT: BROHERZES XUBREEL A
BommESREOMYT PCT EEDEHER, ThE
1, 0.00062, 0.00113 X 0.0028 ppm THo7
%/, 0-, m-, p- PCT BREAOMEIIILIE Tabel
2ICRT KO CEMOEE L BEFCRERED L
WORHREOEER p-PCT 2hoik.

(14)
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HHOWERES LXURERNTO PCB BiU
PCQ @FIhd BE DE 3N BEZEIDEND,
PCT WWEBOMIABSEREDONELD. —
¥, BEoEREMERD PCB, PCQ &Lkt PCT
i, B o BENE tERTHFhbEREETHED
7. CNITEROBEPEREEEER LT b+ 5E
BICRMENIRBTH 20N LEBOBEASIRER
MEERO T HHEA TRILs /o RE T H b RBE
KREBEOETELBOIDEEZLNS.

R b

THAEREN, ([ERARLEEE, REHO KC-400
BEUERENE® PCB, PCQ 8L PCT %
S Uiz,

L EBRBXUEEBIckY 5 hHEERNER o GC
RE— 13X UTEY, KC-4004+KC-500 (1:1)
D GC »$2 — VTP LT, F1, FHEHKAE
EfED PCB @ GC ¥4 — Vi3 KC-400 o#nt
BEAE—H LT —F, SECHEBRRBERD
PCQ BXUPCT oFiHEiIx PCB EEINHREA
HATEERIU TS 272 dbrhrbod, #nEN,
BERAOREMOK 1/6 BLT 1/9 icdEhaholk.

2. BHEOMERELSIUCBEEMETO PCB 3
KT PCQ RWEFNHBFEDE I BNBEZLIDEL
%, PCT i WEOMIcERAD N LDI. —
%, REOEZEMKE O PCB, PCQ XU PCT
13, B0 BFME LEXTHIThEEETHD
fo. COREROFEMNRERNBERRR L ThH oT54E
BicBRMaNRZBTH 20T LEEBOBEARER
IR RO TS TR /- T H b A%
KEZBEEDETHRDBVIDEELZ LN S.
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Quantitative Analysis of Polychlorinated Quaterphenyls in
Yusho Oil by High Performance Liquid Chromatography

Sanae YaMmacucHI and Yoshito Masupa

Daiichi College of Pharmaceutical Sciences,
Minami-ku, Fukuoka, 815, Japan

Polychlorinated quaterphenyls (PCQs) in the Kanemi rice oil and Taiwan rice
oil were quantitatively determined by high performance liquid chromatography
(HPLC) on a column of gel permeation. The samples were cleaned up by saponi-
fication, extraction with n-hexane and column chlomatography on silica gel and
then analyzed on HPLC. PCQs were determined to be 705 and 950 ppm in Kane-

mi rice oil and 31.9 and 64.6 ppm in Taiwan rice oil.

Polychlorinated hexaphe-

nyls were also identified in some of the Kanemi rice oil.
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Fig. 1. High performance liquid chromato-
graphy of PCQs on a gel permea-
tion column.

: PCQ fraction from Kanemi rice oil.

: PCQ fraction from control rice oil.

: PCQ standard.

: Kanechlor 400.

3. PCQ FEAT
HEIFGARFA NV 2HBRBRIBES 4 XA 402

OOw»

-

10 20 30 min

O

Fig. 2. High performance liquid chromato-
graphy of PCQ fraction from Tai-
wan rice oil (upper) and PCQ stan-
dard (lower).
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Hahg &L
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ERWSFNVEBI o S5 7 o —kENE, 74

Table 1. Concentrations of PCQs in the rice oil of Fukuoka and Taiwan

PCQs* PCHs*
Number of
Sample experiment Amount Concent. Amount Concent.
Xperime detected in oil detected in oil
(ng) (ppm) (ng) (ppm)
Kanemi A 5 78.7+10. 1 705 +71 7.9+2.6 7017
ricceoil B 3 127 +23 950 =56 nd —
Taiwan C 10 16,0+ 1.6 3.9+ 3.3 nd —
eice 0il D 5 32,3+ 0.6 64,6+ 1.5 nd —

* Values are mean-+=SD. nd: less than 3 xg.
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Fig. 3. Mass spectra of PCQ fractions from Kanemi rice oil (upper)

and Taiwan rice oil (lower).
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Fig. 4. Mass spectrum of the early eluting
fraction of PCQ standard (tg 23.7-
25.7min in Fig. 1, C).
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Time Course Variation of PCB Levels and Peak Pattern
on Gas Chromatogram in the Blood of Normal Persons

Takao Itpa, Kazumi Fukamacur and Katsumi TAKAHASHI

Fukuoka Environmental Research Center, Mukaisano,
Dazaifu-shi, Fukuoka, 818-01 Japan

Yoshito MasubA

Daiichi College of Pharmaceutical Sciences,
Minami-ku, Fukuoka, 815, Japan

The samples of normal persons (221 in total) collected during the period of
1974-1980 were analyzed for the concentrations of polychlorinated biphenyls (PCBs)
and examined for gas chromatographic patterns of PCBs. The average concent-
rations of PCBs in the samples gave the maximum value in 1975 and later gradu-
ally decreased with year. The PCB levels in the blood of male were higher than
those of female in every year. The ratio of first peak to second peak ((1//2)
value) after p. p’-DDE peak on gas chromatogram gave the maximum value in
1975 and later gradually decreased with time. The (1/2) value of female were hi-
gher than those of male in every year. The ratio of Sth peak to second peak
((5/2) value) after p, p’-DDE peak on gas chromatogram showed no significant
variation during the checking years and no significant difference between male and

female. Most of the plots of Yusho patients were distributed outside of tpe tole-
rance ellipse of normal persons in 1974 and 1980.

1
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FHEERNCT — 2 55 2 BABO S EERT

{. PCB EEORELEL

Table | X0 Fig. | » & 455 X5k i
PCB R 1975 FxEmICBDERER L. &
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Table 4 1C7R Lic & 5 K@ AOS BB 0T—
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7z,
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Table 1. Time course variation (1974-1980) of PCB level (ppb) in the blood of normal
persons

Year 1974 1975 1976 1977 1978 1979 1980
N 32 27 31 29 31 31 40

Total Mean 3.8 4.5 3.8 3.3 3.2 2.8 3.1
SD 1.65 1,67 1. 51 1.25 1.23 0.98 1. 24
N 22 14 18 19 19 25 30

Male Mean 4,2 5 4.4 3.6 3.3 2.9 3.3
SD 1.76 1.75 1. 40 1.38 1.19 0.93 1.26
N 10 13 13 11 12 6 10

Female Mean 3.0 4.0 3 2.7 2.9 2.7 2.6
SD 1.05 1. 47 1.22 0.77 1,31 0.92 1.07
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Fig. 1. Time course (1974-1980) variation of PCB level (ppb) in
the blood of normal persons.
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Fig. 2. Time course variation of PCB GC pattern, peak height
ratio (%) of first peak vs. second peak after p, p-DDE
peak in the blood of normal persons.

E: Male % : Female A : Total

(23)



ratio (%) of 5th peak vs. second peak after p, p~-DDE
peak in the blood of normal persons.

A : Total

B : Male

% : Female
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Table 2. Time course variation (1974-1980) of PCB GC pattern in the blood of normal
persons, the ratio (%) of first peak vs. second peak after p,p~DDE on the
gas chromatogram
Year 1974 1975 1976 1977 1978 1979 1980
N 32 27 31 29 31 31 40
Total Mean 53.7 57.6 43.5 39.6 29.3 34,5 29.7
SD 18.7 22.8 17.0 15.3 8.6 12.2 11.4
N 22 14 18 18 19 25 30
Male Mean 46,9 43.7 37.3 35.6 26.0 33.7 27.2
SD 17.1 20.3 18.6 17.2 9.2 13.0 11,4
N 10 13 13 11 12 6 10
Female Mean 68.6 72.7 52.0 46,3 34,2 37.7 37.5
SD 12.5 14.3 9.6 8.6 5.0 7.8 6.9
Table 3. Time course variation (1974-1980) of PCB GC pattern in the blood of normal
persons, the ratio (%) of 5th peak vs. second peak after p, p~-DDE on the gas
chromatogram
Year 1974 1975 1976 1977 1978 1979 1980
N 32 27 31 29 31 31 40
Total Mean 13.9 14.1 11,6 14.3 13.3 12.0 15.0
SD 2.2 4.5 2.4 3.2 2.9 3.0 3.5
N 22 14 18 18 19 25 30
Male Mean 13.8 13.5 12,2 14,6 13.7 12.4 14.8
SD 2.4 2.5 2.3 2.2 3.3 3.0 2.9
N 10 13 13 11 12 6 10
Female Mean 14,1 14,7 10.7 13.8 12.8 10,3 15.8
SD 1.7 6.0 2.3 4.4 1.9 2.4 4,9
;\g 20
o
£
&
=
2 104
74 76 77 79 8l0 (years)
Fig. 3. Time course variation of PCB GC pattern, peak height
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Table 3 X Fig. 3po40h 3Lk (5/) &
RRAEMBSED SR o7z, i, Bichlics
127 »otz. Table 6 o433 X 3 icfll4 ADSHT
ETHRVEGHRED SN hDT.

Fig. 4 ¢ p, p-DDE oA TIFHEY -2 8L
DSEEBE—/02BHY -7 icid 3fEe—~25
S OEERIE 2 FNETh HiE 5 X0 #ic e b,
1974 4 & 1980 52> GC-¥ 4% — v DB E LT,
HIEEZOSHERERLTNS. COFb bbb
B &5 IS 1974 42 & T 1980 4R 133 THEEIR
WIEBOTHEBH LTz, LirL, HEEL bR

EEZEDOT vy P RFEOMCHH LTV,

& i

1974 40 & 1980 £ % T 7T E IS H Ui B
MK FE~ 221 fliconTiir PCB EEB XU GC
28— DIRAEE(L Rz, PCB R 1975 £%
BEKBOERER L. ¥, TEEEBLTED
FRLLOBEETCH D, E—2 lovr—2 2kt
TaENE-sEs ((1/2) E) R 1975 Fiekme s
b Zzotk, BSERERLEL T, TEMZBLT
ZOEFRBEOELDI. =2 508 —7 21tdd
HENE—sEs ((5/2) BE REENEMIIED

Table 4. Time course variation (1974-1980) of PCB level (ppb) in the blood of individual
normal persons

No Sex 1974 1975 1976 1977 1978 1979 1980
1 Male 9 9 8 7 6 5

2 4 5 6 3 3 2

3 3 4 4 2 2 3

4 3 3 2 2 2

5 3 5 4 3 4

6 5 6 4 5 3

7 3 6 4 5 5
8 3 3

9 3 3 2

10 4 2

11 3 2 3 2
12 3 4 2

13 2 3 3 2 3

14 4 4 3 3 2

15 4 5 4 S 4
16 5 6 5 5 5 4

17 3 3 3 3

18 7 6 5 5

19 2 3 3 2 3

20 4

21 Female 4 4 3 3 4 3 4
22 3 3 2 3 2
23 4 7 5 3 2 2
24 4 5 4 4 3

25 3 5 3 3 4 4
26 4 3 2 3 2 3
27 2 2 2 2

28 3 2 2 2

29 2 2 2

30 3 4

31 5 4 6 4

(25)
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Table 5. Time course variatiion (1974-1980) of PCB GC pattern in the blood of individual
normal persons, the ratio (%) of first peak vs. second peak after p, p-DDE on
the gas chromatogram.

No Sex 1974 1975 1976 1977 1978 1979 1980
1 Male 31 29 19 24 17 19
2 34 29 27 24 18 29
3 31 23 19 13 13 22
4 34 24 25 15 17
5 53 54 50 39 38
6 36 32 21 23 20 29
7 34 36 26 25 20 15
8 52 26
9 33 20 14
10 39 26
11 33 30 26
12 30 27 17
13 54 57 48 40 31
14 41 33 29 25 22
15 51 53 42 43 30
16 55 52 41 44 31 31
17 45 51 47 37 47
18 98 103 80 82
19 43 43 31 23
20 48 37
21 Female 49 45 30 27 23 25 19
22 71 70 55 40 38
23 58 70 51 42 31 39
24 71 58 59 42 48
25 67 65 47 48 36 34
26 62 47 44 34 34
27 53 57 36 41 26
28 70 73 51 48 35
29 60 47 42 30
30 78 79
31 52 50 38 43

(26)
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Table 6. Time couese variation (1974-1980) of PCB GC pattern in the blood of individual
normal persons, the ratio (%) of 5th peak vs. second peak after p, p~-DDE on
the gas chromatogram

No Sex 1974 1975 1976 1977 1978 1979 1980

1 Male 17 20 15 19 18 16

2 13 13 12 11 12 14

3 16 15 14 16 16 i5

4 15 15 17 15 11

5 19 15 18 15 i1

6 15 16 11 17 15 11

7 11 13 12 14 13 10
8 18 13

9 14 10 12

10 15 11

11 12 13 13 11
i2 14 10 12

13 12 12 11 12 10

14 12 15 12 16 12

15 15 13 11 16 10
16 2 13 9 14 12 11

17 12 17 1o 11 12

18 12 10 9 14

19 12 12 14 12 10
20 16 13

21 Female 18 31 i1 16 16 14 14
22 13 12 6 13 16
23 14 13 12 14 10 12
24 10 11 12 12 9

25 15 15 11 25 15 17
26 10 6 10 12

27 il 14 15 13 14
28 18 31 11 16 16

29 14 12 14 12

30 15 25

31 12 14 13 15

(27)
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In [(1/2) value)

In ((2/5) value]

Fig. 4.

Distribution of (1/2) value and (5/2) value.

(1/2) value: the ratio of first peak vs. second peak
after p, p-DDE on gas chromatogram.
(5/2) value: the ratio of 5th peak vs. second peak
after p, p~DDE peak on gas chromato-

gram.

——: area of normal persons in 1974.
------ : area of normal persons in 1980.
@ : Yusho patients in 1974.
O : Yusho patients in 1980,

bniEpote. i, BREwERIL»D7. p. p-
DDE »ho¥ATIBBAE -/ BIVP5SEBY—2 0
2EBHE -7 a7 5 Y- BmSiIEonT, 1974
F L1980 FHFHEBAE LS, BEEZ9744FEL
HRT 1980 &1 1 ZE € — 7 M LA 48 B8
EBDTHEY, WEE S SMEBZEREEZDOST
RO AR LT,

X [y

1) fREBERE, BRERS: © ko PCB o
HERICET AR Ko 0T 8 22 BEREAR

wmEFEe, BT 97545 5.

2) fRERE, FEFSE, BE OB, BNEZS
mEED, EBEEA: ErOoMKRTIET SR Y EL
E7 2= WBIORV I TFNT 2 =20 R20T. &
WEsE 72: 185-191, 1981,

3) Masuda, Y., Kagawa, R. and Kurats-
une, M.: Comparison of polychlorinated bi-
phenyls in Yusho patients and ordinary per-
sons. Bull. Env. Comtam. Toxicol. 11: 213-216,
1974.

4) EHEHZEA, FH, BRNRETF SHEHZE
AEER: MEEREL XC—BAOMEFO 2 Y L
Y7 -=—v. [BRES 65: 25-27, 1974.
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RIS ARAEFIR
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FERT=F BedE h ® —

Analysis on the Pattern of PCBs in the Blood of
Patients with Yusho

Takashi KasgimMoTo, Hiroshi MurAaTA, Tsumoru YAKUSHIJI
and Ryoichi TaNarga

Osaka Prefectural Institute of Pubuilc Health, 1-3-69,
Nakamichi, Higashinari-Ku, Osaka 537, Japan

A computer programs written in BASIC for the PC-9801 familly of computers,
which can calculate similarity ratios on the base of component ratios of the blood
PCBs in patients with Yusho, was established. This enabled to objectively classify
the patterns three classes, so-called “Type A”, which is characteristic of the blood
PCB pattern in heavy patients, “Type C” which is resemble to that in normal sub-
jects, or “Types B”, which s intermediate between the former and the latter, giv-
ing a posibility for accurate investigation the pattern change in time course there-
fore, the mathod was applied on a examination of the pattern of PCBs in the
blood specimen collected in 1983 to 1984 from 70 patients in Osaka Prefecture.

Showing ov-1 gaschromatographic PCB components of peak No. 4, 9, 15 and

20 to important elements on a classfication for PCB pattern.
We come to a conclusion that our method is suitable as a standard method for

an arrangement of blood PCB patterns.
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Polychlorinated Biphenyl Isomers in the Blood of
Recent Yusho Patients

Yoshito MASUDA, Sanae YaMAGUcHI, Hiroaki KUROKI
and Koichi HArRAGUCHI

Daiichi College of Pharmaceutical Sciences
Minami-ku Fukuoka, 815, Japan

The blood of Yusho patients sampled in 1983 and 1984 were analyzed for 7 po-
ly chlorinated biphenyl (PCB) isomers by gas chromatography with a fused-silica
capillary column, The concentrations of 24,5 3 4-penta-CB and 2,3,4,3, 4'-
penta-CB in the blood were on similar levels in Yusho patients and normal per-
sons, while the levels of other PCB isomers, especially 2, 3 4,5 3’ 4'-hexa-CB,

[ ]

were significantly higher in the blood of Yusho patients than in that of normal

persons.

The characteristic pattern of PCB gas chromatogram was still observed

in the blood of Yusho patients 15 years after the onset.
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Fig. 1. Gas chromatograms of blood PCBs
from Yusho patient (A), normal
person (B) and authentic compounds

(©.
1:2,4,5, 3, 4-Penta-CB
2:2,4,5 2,4, 5-Hexa-CB
3:2,4,5, 3, 4-Penta-CB
4:2,3,4,2/, 4, 5-Hexa-CB
5:2,34,5, 3%,4-Hexa~-CB
6:23,4,52,4,5-Hepta-CB
7:2,3,4,5,23, 4-Hepta-CB
IS: 2,3,4,5,6, 2, 5~-Hepta-CB
(Internal standard)

2,4,5,2%,4%, 5>~-hexa-CB KUF 2,3,4,5, 3, 4~hexa~
CB OEENS T ->TNB0HEILD. 2,452,
4,5-hexa-CB Z— AIMBE TP ORESFHLEDT
WAODT, HERE —BRADBEIAGRSEVED
BISVAS, 2, 3,4,5, %, 4~hexa-CB OHE D fiE|
ARARELEITVE. Thid, SEREOUEEK
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Table 1 Concentrations of PCB isomers in the blood of Yusho patients
Yusho Ratio
Control
. 1983 1983 1984
PCB isomer N=27 N=1i8 N=26 Yusho'83  Yusho's4
Female 27 (Male 7) (Male 10) Control Control
(Female 11) (Female 16)
2,4,5,3”, 4-Penta-CB 71+ 95 55+ 44 70+ 29 0.77 0.99
4l 33) (64+ 23)
64+ 50) 5+ 33
2,4,5,2/,4’,5-Hexa-CB 3484430 1086+ 678* 1240+ 915% 3.12 3.56
( 865+ 432%) ( 999+ 636%)
(1230+ 784%) (1390 1040%)
2,3,4,3,4-Penta-CB 27% 35 38+ 26 33+ 17 1.4t 1.22
39+ 30D 30+ 17D
38+ 25) G5+ 1D
2,3,4,2/,4’,5>-Hexa-CB 1304160 522+ 294% 878+ 761% 4,02 6.75
(3974 249%) ( 667+ 451%)
(6024 303%) (10104 892*)
2,3,4,5,3%,4-Hexa-CB 50+ 33 836+ 343 427+ 330% 16.7 8,54
(7514 355%) 345+ 202%)
(891 341%) (478 387%)
2,3,4,5,2,4’,5-Hepta-CB 91+124 311+ 239% 336+ 244* 3.42 3.69
264+ 105%) 299+ 174%)
(3414 296%) (361= 283%)
2,3,4,5,2’,3,4~-Hepta-CB 45+ 55 198+ 142* 491+ 428% 4. 40 10.9
(150 739 (377 246%)
229+ 169%) (564+ 506%)
Total 7631922 3080+ 1440% 348042570* 4,04 4,56
(2590 1200%) (2780 =+ 1680%)
(3390 1550%) (3910+2970%)

Values are mean+SD ppt.

* Significantly different from control value (p <C0.01)
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2,3,7,8-Tetrachlorodibenzofuran DEFEFRE/ER
RUHBECRIETTHOE

RO LHE
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Effects of Impurities on Enzyme Induction and Toxicity
in Rats Treated with 2, 3,7, 8-Tetrachlorodibenzofuran

Hiroaki Kuroxki, Koichi HARAGUCHI
and Yoshito Masupa

Daiichi College of Pharmaceutical Sciences, Fukuoka 815, Japan

Shin’ichi Yosminara and Hidetoshi YOSHIMURA

Department of Hygienic and Forensic Chemistry, Faculty of Pharmaceutical
Sciences, Kyushu University, Fukuoka 812, Japan

Impure 2, 3,7, 8-tetrachlorodibenzofuran (TCDF) (95 %), synthesized by chl-
orination, was found to contain 1,2, 3,7, 8-pentachloro-dibenzofuran (Pen-CDF)
2%), 2,3,4,7,8-PenCDF (2%), 1,2,3,4,7, 8-hexachlorodibenzofuran (HCDF) (0.2
%) and 1,2,3,6,7, 8-HCDF (0.1 %) by capillary column gas chromatography. To
determine whether these impurities affect the biological activities of 2,3,7,8-TCDF,
the liver of rats treated with pure 2,3,7,8-TCDF or impure 2, 3,7,8-TCDF was
examined for cytochrome p-450 content, enzyme activities of of benzo [a) pyrene
3-hydroxylase, benzphetamine N-demethylase and DT-diaphorase and toxic effects
such as hypertrophy of the liver, atrophy of the thymus and was quantitatively
analyzed for the individual isomers by capillary column gas chromatography and
mass fragmentography. Both pure 2,3,7,8-TCDF and impure 2, 3,7,8-TCDF en-
hanced these enzyme activities and showed such toxic signs. However, there
were no decisive differences in the enzyme induction abilities and toxic potencies
between the two samples. The liver of rats treated with impure 2, 3,7,8-TCDF
retained 1, 2, 3,7, 8-PenCDF, 2, 3,4,7,8-PenCDF, 1,2,3,4,7, 8HCDF and 1,2,3,6,
7,8-HCDF at relatively high levels comparable to that of 2,3,7, 8-TCDF, while
no other isomers except 2, 3,7, 8-TCDF were retained in the liver of rats treated
with pure 2,3,7,8-TCDF. The impurities may not be disregarded on the effect of
biological activities in chronic toxicity test of impure 2, 3,7, 8-TCDF because of
their high accumulation and toxicities.

2,3,7, 8-tetrachlorodibenzofuran (TCDF) & (AHH) X©° DT-diaphorase 7Ei:%BEEc Minx
polychlorinated dibenzofuran (PCDF) 07T, 3 3-methylcholanthrene (MC) o BHE FE
ROLLAHENRE SN T B EREO—2THD, TERERT —T, REOMIMIH, RRCREOERE
HRSP K& Fy PEBOWTF by a—2 p-448 REBNFBEERTCEMAAONTS. AHH FE
BEOHEKA D benzo (a) pyrene 3-KER(LEEEN DREREE v B EOBRISEA D VTR,

* WAL B REE PR A ISR Poland» $ Bandiera 5 OHELH 2. 2,3,7,
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E Spleen * p<0.05 [::] BP hydroxylase
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Fig. 1. Effect of pretreatment with 2,3,7,8-TCDF or impure 2,3,7,8TCDF on liver

enzyme activities (right), organ weights and liver lipid content (left) in rats.
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from the liver of rat
treated with 2,3,7,8~TCDF

from the liver of rat treated
with impure 2,3,7, 8-TCDF

impure 2,3,7,8-TCDF

L -

4] 20 40 60 80

i
100 min.

Fig. 2. Gas chromatograms of PCDF on a fused silica

capillary column (50 m) coated with OV-101.
Peaks A, B, C, D and E correspond to 2,3,7,8-

TCDF, 1,2,3,7,8-PenCDF, 2,3,4,7 8-PenCDF,
1,2,3,4,7,8-HCDF and 1, 2, 3, 6, 7, &HCDF, respe-
ctively.
D
e
DN e 355812
B hi 35318
L F21pt
[o4 i
B
L
JA T19k1
LA 27K
285K1
500 1099 1588 2028 2508 3088  scan

Fig. 3. Mass fragmentograms of PCDF in the liver of
rat (F3) treated with impure 2,3,7,8-TCDF on a
fused silica capillary column (30 m) coated with
DB 225 in NCI mode (methane reagent gas).
Peaks identified are the same as shown in Fig. 2.
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v MBI EE T 2mE L, BEARTON
ke TE S NCIL (& ¥) T
&3 MF oR#tzmil. €=2yvs
4FvELT M——19 (M——C1+0) 4
4 VA B, Fig. 3 RS, MF
iz & b ik, HEALRORE AR H
ah, WO OBREIHAS NS LR,
Zhooe—70 ty BELZTh 2,37,
8-TCDF, 1,2,3,7,8-PenCDF, 2,3,4,7,
8-PenCDF, 1, 2, 3, 4, 7,8-HCDF ¢
1,2,3,6,7,8-HCDF @ ty &—% L.

ZORRRBEEDOF 5 Y —H 5 2%
Wiz GC ofER (Fig. 2) &—%7 3.
5%, Fig. 3 »5 3 » I FBiciR kR
PCDF REifkoftic o< #E0 mEE{rk
BRUONENEOBEET L ENELMER
S1h3, Zh 5T impure 2, 3,7, 3-TCDF
FTOMBRMAERT S & 0 & Bbh
5.
e, RelipoBREH X D EMcha
TEEDSy VFICEET 5% PCDF &
HEKICDWTER L. Table | it %D
BAERY. 2,3,7,8-TCDF #E5Hickif
% 2,3,7,8-TCDF jpri2# 0. 3ppm
THD, BEROW LIBOEFRTH
1. —J4, impure 2,3,7, 8 TCDF &5
Bhbid, TRTOF v MDD 2,378
TCDF & &b riios PCDF £
Esigsh, 2,3,7,8TCDF s
5 0.1ppm THY, B5BOK0.6%

BRI ONT, BEREY IENER L. T2
DB, impure 2,3,7,8-TCDF #&5BTIZ, 2,3,7,

OEHRTH ORI, 1,2,3,78PenCDF, 2,3,
4,7,8-PenCDF KU 1,2,3,4,7,8-HCDF 0B 12,
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Table 1. Concentration of PCDF isomers in the liver of rats 5 days after a single injection
of 2, 3, 7, 8-TCDF or impure 2, 3, 7, 8TCDF
Concentration of PCDF isomers (ppm)
Rat
no l, 2, 3, 7, 8- 1, 2, 3, 7, 8- 2, 3, 4, 7, 8- 1: 2) 3) 4: ly 2, 3: 61 total
TCDE PenCDF PenCDF 7, 8~HCDF 7, 8~HCDF
EO 0.26(1.3) ND ND ND ND 0.26
1 0.21(1.0 ) ND ND ND ND 0.21
2 0.28(1.4 ) ND ND ND ND 0.28
3 0.37(1.6 ) ND ND ND ND 0.37
F O 0.1000.6 ) 0.05(14. 3) 0.14(37.1) 0.01(31.6) TR 0.31
1 0.04(0.2) 0.02( 6.3) 0.22(57.8) 0.01(36.4) TR 0.30
2 0. 01(0. 05) 0.01(2.3) 0.04( 8.7) TR ND 0.05
3 0.1500.9 ) 0.06(17. 8) 0. 23(66. 8) 0.02(49.7 TR 0. 46

ND: less than 0.001 ppmm TR 0.001-0. 005 ppm

E: 2, 3, 7, 8~TCDF (1.0mg/kg) F: impure 2, 3, 7, 8TCDF (l.0mg/kg)
The values in parenthesis are expressed at a percentage of the total intake.

ZNZFNEY 0.04 ppm, 0.2 ppm K 0.01 ppm T
by, BEBOWI13%, SMBREFIGED ERERT
bote FIIMGITEEETR L F 5L,

= 4

impure 2, 3,7,8-TCDF @ R#fime LT 1,2,3,
7,8-PenCDF, 2,3,4,7, 8-PenCDF, 1,2,3,4,7,8-
HCDF %&U* 1,2,3,6,7,8-HCDF Azheh 2%,
2%, 0.2%, RUO1ZOELETEINTNEI L
BE S, LSO, OPERIC XD DY ERIc R
shie 2,3,7,8TCDF b ZhpERIEERALT
ARENTONTRBEMGOBENS FHREN 2.
zhsd PCDF Rz ns vy 75 VE
B0 2,3,7 RO USEREFICI > TEHBENT
£V, PCDF disaEYERERT EEFELONTY
5. & A, WHEEMMEAKRT 1,2,3,4,7,8-HCDF
BEELD kb, 2,3,7,8TCDF tEE, 5 b
R il 3-MC  Bo BEREER 4R
L, EHBLEEERTCESAGNTED, B
2,3,4,7,8-PenCDF i3 | Bi58 1 g/kg THEN
FEMERS, T/ 10 pg/kg THHEBREEISEDS
nTna. 1,236 7 8-HCDF? jzouwTd AHH
EWREE2BREELCENFESNLTNS.

Pl &5 impure 2, 3,7, 8-TCDF O/R9 ##
EHEEERRUERIC N O RS EE LTHET
wieBEZ oNEM, Fig | IWRTEIIC 2,3,7,8
TCDF J¢* impure 2,3,7,8TCDF #5ic B1»
T, Wi b BP I-kEMLEREEOE R E 3I-MC
MOBEFEMERL O CIFERPIE « BEOEiE

REOBRNEEIBRS MO0, WELBONTE
NOoDEEICHERRD bhLpo.

L7eioT, 4Egst LS5 % 5SBE0 5 v MF
KB BEFEEARCEREEEE LLRO TR
impure 2,3,7,8-TCDF |[c&¥n3 R0 gEIZ
EETEXSEEbNG. i, COTERISB UL
DO¥IED 2,3,7,8-TCDF 2B W TBREFERE KD
FUEESHE LT A RIERB N EEEKR LT 5.

7 v MFEY PCDF EECELUCHEREILD K
B#ET Ui, 2,3,7,8TCDF & impure 2,3,7,
8-TCDF 58k 10T, 2,3,7,8~TCDF 0z
znZFh 0.3ppm, 0.1ppm & EEFREETHSI
B, BEH LSRRG TH 5% PCDF EM{RHid~
TO7y Frbiilishic. UhbBERMYZ S5
L5 2,3,7,8TCDF JEED#H 2~6 ficik
Lfe. B~ PCDF EREEHWE: 59 MTESH
T AERMS 1,2 3,7,8PenCDF, 2,3,4,7, 8
PenCDF J&Uf 1,2,3,4,7, 8-HCDFE |3 EBgit4
AT, 2,3,7,8-TCDF OFEHEREN? T &
HoENTHW3., SEOERICENTS DL S EERN
REIEMNF N, T, FEY PCDF EER
COEIICHBTE LLESTD ORI b LD S
T, TTRBNC KD KERAEERCFEEOMRSIC
HEIZED N DH. COCELOEYEEL
BRBERERCALSHEORS BEPBATRERSC
HELTHRNEEZEZ OGNS,

2,3,4,7,8-PenCDF, 1,23, 4,7 8HCDF & f
1,2,3,6,7,8-HCDF (I ifERE © FiEH 9 FERE
U fFiED» b s T3 L, 1,2,3,4,78
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HCDF 3 PCB thE 4 v O EBRBIGEE 2 ~ 3 4%
B/BUEFE» S bBHEY shTnd. —4, 23,7,
8-4C-TCDF % 3 v b ic#®53 2L, ZO RiHEoD
90 B FREA AL CESMICHRESNE? T &
BEILNTVE. ThdoDT EPSEDOEREREEE
bE¥TEZ L, impure 2,3,7,8TCDF &5#%E
HRSEEB LBz, 2,3,7,TCDF XbirL A
T ch 5% PCDF ERAOCERESLVEETH
AHEFRENG. LT, R#mEEt 2,3
7,8-TCDF ZRuCigisEitis P EHOF®TE =
THEAR, RHc X 2B EET LLEND S
EERbNnA.

& &

2,3,7,8-TCDF [3ikii7s 3-MC BOBRFEE
BERT—F, FRRPLHEER - BEOEHETE 0B’
BhERT L@ TNS. BRAEFALTCS
mathi 2,3,7,8TCDF (Pomerantz #+ kD2
B 1R, FrE€3Y—A7s2H0n GC hoR
Wi & LT 1,2,3,7,8PenCDF, 2,3 4,7, 8Pen-
CDF, 1, 2, 3, 4, 7, 8-HCDF J&u* 1, 2, 3,6, 7, 8-
HCDF ii2nen2%, 2%, 0.2%RG0.1% O
HATRAELTHWEE. Znd0oREY by 3-MC
HOBRFEEARUEEERL, FEHELGBDT
. TS 2, 3,7, 8~TCDF 0 R EEESR
BRERARUHEECEEERELTOEDENEH LR
KW, ot ais 2,3,7,8TCDF &
&%F730 2,3, 7,8-TCDF %25 v b5 L5 BHD
Fiznvy-—sckd s BERBREERRVTEECOD
THE L.

ZORE, WHCBOT 3-MC @ :LToOBHR
TR U2 ORI BER BESNELD
7o, LIedionT, AEiest U5 S HBikBU %
2,3,7,8-TCDF o/RTBEEFEMFEHRC BHEEHEIC
FRORHY OB ZAD OGNS h DT

Tigmzatr 2,3,7,8TCDF f50 7 v M FED»
B3, Al 2,3,7,8TCDF XU SEETHRHS
N, WHTIIS R o BEFEEIEREs L.
PCDF o AMiEH: & BB 349 L s BENIK
BELTWINEZEZL bR, RHgEasds 2,3,
7,8-TCDF 2BV CEHicb 2B8HLFET E
BTH, Ko md TEWEDE -HFHEEETH
i, ChERMYIORELERUALOTREENE X
o 5.
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Inductive Effect of Polychlorinated Biphenyl Isomers on
Liver Cytosolic Enzymes in Rats

Nobuyuki KoGga, Jun Kuroxki, Yumiko HokaMA
and Hidetoshi YOSHIMURA

Department of Hygienic and Forensic Chemistry, Faculty of Pharmaceutical
Sciences, Kyushu University, Fukuoka 812, Japan

In the previous study, we found that polychlorinated biphenyls (PCBs) were
potent inducers for the hepatic microsomal mixed function oxidase system and co-
uld be classified into two distinct groups, phenobarbital (PB)- and 3-methylcholan-
threne (MC)-type. Among them, only MC-type PCBs revealed high toxicity, whi-
ch is well correlated with their inducing ability for the cytosolic DT-diaphorase
and the hepatic microsomal mixed function oxidase system. In the present study,
we examined the induction mode of cytosolic enzymes by treatment of rats with
3,4,5,3, 4-pentachlorobiphenyl (PenCB) and 2 4,562, 4, 5-hexachlorobiphenyl
(HCB) as representatives of MC-type PCBs and PB-type PCBs, respectively.
As the results, DT-diaphorase, glutathione (GSH) S-transferase, aldehyde dehydro-
genase and glucose-6-phosphate dehydrogenase were induced about 10-, 2.7-, 18-
and 2.2-fold, respectively, at 12 days after PenCB-treatment at a single oral dose
of 0.5mg/kg. These inductions of cytosolic enzymes were maximum at 12 days
after PenCB-treatment, in contrast to microsomal enzymes, which were induced
maximally at Day 5. HCB-treatment also induced above cytosolic enzymes, but
the extent was much less than PenCB-treatment. On the other hand,GSH peroxida-
se activity, the scavenger of lipid peroxide, was decreased by HCB-pretreatment,
but the formation of lipid peroxide was not altered by both PCBs.

These result suggested that MC- and PB-type PCB affected cytosolic enzymes
with different modes, same as microsomal mixed function oxidase system.

Polychlorinated biphenyl (PCB) (I poly- MC #op PCB &, fFi7 vV —40 benzo (a)

chlorinated dibenzofuran & & &ici bW 3 IHED
BEEWEE: LTcabh, RN REFRET
bbb —F, NOBEBMFERNAWIFI 2
0V — ADFEHRMBRROMASHEATLEY,

FBHROBLIUMO S v—712, PCB Bz 0EEFE
OWEDE DD, phenobarbital (PB) #& 3-
methylcholanthrene (MC) # o 2fEic kBl &
B EEEB L@, Fi, cpdbH 3,4,3,4-
tetrachlorobiphenyl # [F#l L 4 2 FEigE % H-o

pyrene 3-hydroxylase {Ei: & & bic, FFRlAMES
@ DT-diaphorase JEfE4ZEEZE I LRSS, 35 ¢
LOFEBOMRS L RBOEREEELT 2 akE
BMEI, BOMHEEPEESNETESHELLD.
tokSic PCB oFHIZIFI 7 v/ — 4 BRI
OTIRL, FAREEROFELE SEHTEENS
5LEZ NG, FEEEESICIE DT-diaphorase
ofie, vz F4 v (GSH) fas%iEd s GSH
S-transferase, NADP OBITREBRAKD 12H0
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YR =R Y VREHET D Y bR ) YRREIREA IR
L%, ¥ELOBRBELELTNE. FlhR -1 —F
F v FEOTERERRCBRILIEE I & 28, 54 4&
Z B4 5 superoxide dismutase, GSH peroxi-
dase-reductace FRR7EE S COEDFICHHLTNE.
CNOIFAEERED I B 2hic20vTi}, ¢h
ETIE®RO MC BEBERFEELET L 0DNE
2, 3,7, 8-tetrachlorodibenzo-p-dioxin (TCDD) #%
RUD LT IHEDAMIC X 2EEPRES LT
3. 7-&Z1Y GSH S-transferase (3 TCDD,
MC, PB oiEs»®, HmR{LFITHZ butylated
hydroxytoluene [tk - CTHHEINE T EMBMLN
T p®, aldehyde dehydrogenase iz Tl
PBY, TCDD?® kb 30~100 {ZOFEERFELS
i, &5ic Aroclor 1254 X 5 B LHSWES
DNTWBD. Fi HIERE Ic X 3 FEERICR
RV b—R YV BEROBEERTH S glucose-6-
phosphate (G-6-P) dehydrogenase 7i5HFE sh
30, —HEBESBEERGEENS LTS PCB
Ik O AFBBILEESENL, %0REBBRILIEEAR
OpifEER%Ro® GSH peroxidase [EHENETT 5T
LERHULTNAE®,

O &S ICHAEEERROBERNC OV THEE R
EHEINTRVELOD, ChECH~ PCB jck3
BEREZEshTELT, OO FAEERERICRIET
PCB 0oL LhicT 52 ik PCB 0HEWRS
BREERBLTOSATHRECEETHEEELD
h5. 227w, PCB offvaERERicyd 2 FEE
FOBEAE LT 520, B o B— PCB
DB, wht MC BBRFERELEL, BOE
DB 3,4,5, 3, 4—pentachlorobiphenyl (Pen-
CB) B & Ui PB BFEEART Y, FHIIED
2,4,5,2, 4, 5>-hexachlobiphenyl (HCB) #=7 v
iL&meE UTHY, 5y FIFREEBRE T IOERL
FEEERICRETEEIC OV THRIEEMA ..

£ B F E

1. =&

PenCB &R L OHEY K- TAKL, HCB
RAZsaTHE ) G XOEALL. NAD
(P)H, NAD(P), G-6-P (2Na i), G-6P
dehydrogenase, GSH (E{t& & X ' ETE) X
Sigma Chemical Company (CKE, St. Louis) @
g1o 2 M/, Propionaldehyde, 1, 2-dichloro—4-

nitrobenzene (DCNB), dicoumarol ZfIJeik

E (B CKBR) &b, % 2 6-dichlorophenol-
indophenol, I-chloro-2, 4-dinitro-
benzene (CDNB) 2 Merck AG (FEFA v,
Darmstadt), 2 bR B GED, FHELK
TEE M ERD XbhzhZh@BAlk.

2. ERBWMS LUEMES

45840 Wistar RS » b (KE 100~110g)
E1E4ILE LTHRE, PCB UBBHCAY THA
L7z. PenCB 5L HCB 13, #hZho EBIC
HEHLUCARERE kg %0 Iml o935 A
BLT, TNBECRY 5 FEoAs%RE L. &
# PenCB 04 0F4IIIEOICT, HCB & Dk
BERICIEERICHINRS T ERE L.

3. BEROHAH

PCB #5%, /K, #HIZAdICEL, EHUCEE
Brr—EipadoDObBHR UL, HEEHED LVEEAE
KRICTHERBRYILT, kL 0.25M va -
0.1mM EDTA-10mM Tris-HCl (pH 7.5) &
HTFT R Y REIFAF—EHNT2 % REY &
—-rE LT

Zha 9000xg T4 ELL, WEE FED
FiEEKiICERBsE, BE 9000xg T20 45 H&ED
U, CoLtEE21EHOEEE&HET 9000xg -
BE L. SHiceo 9000xg FiE%E 105000xg T
60 HRGEL L, Boh/c kS 105000xg HiEE L
fe.

4. BRIMZEOHE

cytochrome P-450 (P-450) 4&i3 9000xg L&
A28 & L, Matsubara &0 FEI & D ER L.
FAIAMBERTER 105000xg  REEZHOTREL
#z. DT-diaphorase 7GiEIZEEERY it - T, T
aldehyde dehydrogenase ¥E#:i2 propionaldehyde
AHE L LY, G-6-P dehydrogenase JEiIE G-6-
P 2HEELLTY, £ NADH, NADPH o
ERBEARDBEEICIVAE L. GSH peroxi-
dase {E#Ei3 cumene hydroperoxide % Z/HE & L,
GSH reductase [z k3 NADPH o@Ed %Y,
72 GSH reductase G 3B (LE GSH %%’E:‘: L
T NADPH oFEDEAR ZNENIE L TRD I,
GSH S-transferase {EiEiz CDNB & 2 0 i
DCNB #&EE L, 0 GSH ##4B0EgEICX
DHEIE L.

FREvi— +hoBRLEEEIX Ohkawa 50
HEkpEL thiobarbituric acid 319 jckby, 2 v
¥y 813 Lowry H0HEY kKL EZhThnERL

pyrazole,

(45)



162

#® R
1. PenCB JMIE(Z & 2 FFRIAMERSEOERN
ZBIHEBOZE
Fig. 1 jt PenCB (0.5mg/kg {AF) #5308

HEEREMIA

H % o DT-diaphorase, GSH S-transferase, G-
6-P dehydrogenase ¥ X' aldehyde dehydro-
genase DEFNEHERERIEMEOREAETERL .
Fivay—oZYREBELZOHRLEETH 2
P-450 &8z, PenCB %5% SHETHRKRER
0L, b AEERRTEERNTAS 120

BUBRIcEAR L 72 » 7. #ic aldehyde

— ™
(&3] o
Y T

Relative Activity to Control (1.0)
3

Aldehyde dehydrogenase

dehydrogenase TEVER S 0 ELKic &
L, BRENZHEHRIZ~18E BiIIIHR
o 20EcEcHEsh, SEEELE
BRO> B TRAROFER LR L. &
DT-diaphorase, GSH S-transferase @
2ELEEHR N2 AR KERDOFEEERL,
ZNEFN RO 16, 2.7 i &

--------------------- % FEHU”. —F4 G-6-P dehydrogenase
TEMEIET 3B E BETY, SRNERLR
- *
5 W S il HED BN -1 bDD, BEOBEHD
e B e 4 EERIC TS ER L, 5% 30 AR
i3 -
ok - 55 s BB .S EETHEEs .
Days after Administration Table 1 ¥ PenCB #: 5% 12 HHick
Fig. 1. Time course of enzyme induction after single % P-450 & XU FFrIAERRIGH
oral administration of 3,4,5,3,4—pentachlorobi- R IFFHEEOZEARL T 5. P-
phenyl (0. 5mg/kg of body weight). Each point e o -
represents the relative activity to the control 490 BEVRGE Img/ke ETHEEE
(1.0). The activity of GSH S-transferase was ML THWa0kex L, DT-diapho-
assayed by the GSH-conjugate formed from
CDNB. GSH, glutathione; G-6-P, glucose~6- o0 G-6-P dehydrogenase, aldehyde
phosphate. dehydrogenase O&BHEEEX 0.5 mg/
* Significantly different from control, p <0.05. kg ORBTREREKRICEL, ThThst
Table 1. Effects of PenCB dose on P-450 contents, and DT-diaphorase, GSH S-transferase,
aldehyde dehydrogenase and G-6-P dehydrogenase activities in rat liver at 12 days
after a single oral administration
Dose of PenCB (mg/kg of body weight)
0 0.05 0.5 3.0
P-4500 0.157+0. 022 0,253+0, 045* 0.353+ 0.113 0.483+ 0. 046*
DT-diaphorase? 0.435+0. 061 1.00340, 138% 4,464+ 0, 456* 4,267+ 0.712%
GSH S-transferase CDNB® 0.601+0.109 0.917£0, 083* 1.928+ 0, 117* 1.693+ 0.248%
DCNB» 24,69 +1.03 29.89 +5.55 45,41 +10, 44% 45,47 + 8 76*
Aldehyde dehydrogenase® 7.90 +0.82 8.29 +2.01 145,66 +17.45% 147,20 +41.23*
G-6-P dehydrogenase® 12.68 +0.73 19.37 +1.80*  27.88 + 2,95% 28,38 + 3,00%

Liver 9000 x g supernatant and 105000 xg supernatant were used for the measurement of P-
450 contents and for the enzyme assays of soluble fractions, respectively.

Values are expressed as the mean+S.D. of 4 experiments.

1) nmoles/mg protein, 2) umoles of reduced DCPIP/min/mg protein, 3) zmoles of conjugate
formed/min/mg protein, 4) nmoles of conjugate formed/min/mg protein, 5) nmoles of NAD
reduced/min/mg protein, 6) nmoles of reduced NADPH/min/mg protein.

* Significantly different from control, p <{0.05.
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REo 10, 2.2, 18 fFiciEUESER L. —F GSH
S-transferase & 0.5mg/kg HETHERKRKEIL - 72,
CDNB, DCNB o# & icxtL, £h%n 3.2, 1.8
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Fig. 2. Comparative effects of pretreatment with PenCB and HCB on rat liver
enzyme activities. The enzyme activities in the control 5 days and 12 days
after injection were given, respectively, as follows (mean=+S.D.): P-450
0.108+0, 031, 0. 128+0. 018 nmoles/mg protein: DT-diaphorase 0. 365-+0. 081,
0.362+0.046 pmoles/min/mg protein; GSH S-transferase (CDNB as subs-
trate) 1,174+0.103, 1.569+0. 162 pmoles/min/mg protein; aldehyde dehyd-
rogenase 9.23+1.27, 6.39+0.45 nmoles/min/mg protein; G-6-P dehydro-
genase 19.59+1.17, 13,0541, 65 nmoles/min/mg protein.

* Significantly different from control, p <0.05.

Effects of PenCB and HCB pretreatment on lipid peroxide content and activities of
the related enzymes of rat liver at 5 days after injection

Control PenCB (0.5 mg/kg) HCB (20 mg/kg)
Lipid peroxide? 0. 565+0. 024 0.56440.105 0. 584+0. 033
GSH peroxidase? 0.207+0. 009 0.184+0, 037 0.1774:0.011%*
GSH reductase® 45.44 3,11 55.77 +£2.00% 57.37 0. 86*

Values are expressed as the mean+S, D, of 4 experiments.

1) umoles of formed malondialdehyde/g of liver, 2) xmoles of oxidized NADPH/min/mg
protein of 105000 X g supernatant, 3) nmoles of oxdized NADPH/min/mg protein of 105000
X g supernatant.

* Significantly different from control, p <{0.05.
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Acute Toxicity and Inductive Effect on Liver Enzyme
Activities of 3,4,5,3',4-Pentachlorobiphenyl in Chickens

Yumiko Hokama, Isomi NAcaNO, Nobuyuki Koca
and Hidetoshi YOSHIMURA

Department of Hygienic and Forensic Chemistry, Faculty of
Pharmaceutical Sciences, Kyushu University, Fukuoka 812, Japan

We reported previously that PCBs could be classified into 2 groups, phenobar-
bital (PB)-type and 3-methylcholanthrene (MC)-type, in terms of the induction
patterns of the hepatic enzymes. MC-type PCBs exhibited high acute toxicity in
parallel with strong induction of cytosolic DT-diaphorase and microsomal benzo
(a)pyrene [(B(a)P] 3-hydroxylase in rats. In birds, on the other hand, PCBs are
also known to cause weight loss, edema, enlargement of the liver and atrophy of
the spleen, but their effects on hepatic enzymes have not yet been fully clarified. In
the present study, we examined effects of 3,4,5, 3", 4’-pentachlorobiphenyl (PenCB)
(MC-type) and 2,4,5 2’ 4 5-hexachlorobiphenyl (HCB) (PB-type) on activities
of hepatic enzymes in chickens and determined acute toxicity of these compounds.

As the results, PenCB showed a high acute toxicity and a strong induction of
hepatic enzymes. Hydropericardium, enlargement of the liver and atrophy of the
spleen could be observed even at a single dose of 5 xg/kg. In the liver, content of
cytochrome P-450 and activity of B (a) P 3-hydroxylase were potently increased.
The inducibility of these enzymes, but not of DT-diaphorase was well correlated
with potency of acute toxicity by PenCB. On the contrary, HCB-treated chickens
did not show any significant toxicity and inductive effect on above hepatic enzymes

at a single dose of 10 mg/kg.
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8
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L
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. 1. Effect of PenCB Dose on Body Weight Gain

of Chickens (Experiment (1))

Each point represents the mean value of body weight

2A3, FEBR 2 TiX, 500, 1000, 5000 xg/
kg Bo L1 P, zhEh 1, 1, 6 T3,
15 BRETHE Lic. 5Sug/kg TONEEKIE,
20 ng/kg TEOARIDBETE, 1002g/kg XD
BxsiED o, 20bid, HBRIKENICRERNS L
U, BELEMLL..

Table 2 icit, 100g KEX O OIFEBOERA R
L. BRIEFER, RUBBOSEHESLZHLZTNS,
B 20 ng/kg KRB SN, ARICKELTEMLL

g
*

ain of survival chickens, (n =3-6).
(p<0.05), **(p<0.01).
7o, Mk, FoZRRERRLTHIZVS, FORIEE

B3, BE5HIGRBOMICHLEZRDONEDP -
1z,
2) FrEERHEIER

Fig. 2 w&RBRENEZ, NBHLEOHENEET R
Liz. chbhoBELhELSKE, Seg/kes OBEDR

Table 1. Effect of PenCB Dose on Pathologic Observation in Chickens
N £ Hydropericardium Abdominal edema Paleness of kidney
Dose(zg/kg) dea?ﬁ 7no. : ; .
of treated ch]i)c?(aeis ch%gl‘(lgns 2 ch]i)ceka:ecrlls chh:llzgns @ chli)c?(%(rils clI;ilt\:ll?ens @)

Experiment (1)

0 0/ 6 — 0 (0 ) — 0 (0 ) — 0 €0 )

5 0/ 6 — 1 asn - 0 (0) — 0 (0 )

20 0/ 6 — 3 (50.0) — 0 (0 ) — 2 (33.3)

50 2/ 5 2 2 (80.0) 0 0 (0) 2 1 (60. 0)
Experment (2)

0 0/11 — 0 (0 ) — 0 (0 ) — 0 (0 )

50 0/11 — 8 (2.7 - 0 (0 ) — 2 (18.2)
100 0/11 — 8 (2.7 - 1 (9. — 5 (45.5)
500 1/11 1 10 (100 ) 1 3 (36.4) 1 9 (90.9)
1000 1/11 1 10 (100 ) 0 4 (36.4) 1 9 (90.9)
5000 6/11 6 5 (100 ) 3 2 (45.5) 6 5 (100 )
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Table 2. Effect of PenCB Dose on Organ Weights of Chickens
Dose Organ weight (g/100 g of body weight)
(ug/kg) N y
iver Spleen
Experiment (1)
0 6 2.45+0,128 (1. 00) 0.145+0.014 (1. 00)
5 6 2,660, 152%  (1,09) 0. 1200, 040 (0.83)
20 6 3.01+0.296%  (1,23) 0.085+0.042*  (0.59)
50 3 3. 1440, 086*** (1, 28) 0. 0820, 004%** (0, 57)
Experiment (2)
0 11 3.35+0. 301 (1.00) 0.126+0. 012 (1.00)
50 1! 3.7840.152%  (1.13) 0, 08240, 017%% (0, 65)
100 I} 3.7940,.206%  (1.13) 0. 07520, 014%x* (0, 60)
500 10 4,3340, 350% (1.30) 0. 0790, 014%kk (0, 62)
1000 10 4,34+0,331% (1, 30) 0, 06540, 018%¥* (0, 52)
5000 5 4,47+0,462%% (1,33) 0. 0670, 005*** (0, 53)

Each value is expressed as the mean=S.D. of chickens, and those in parentheses are relative

ratio to control.

*(p<0.05), *(p<0.01), **(p<0.001).
Table 3. Time Course of Pathologic Observation in Chickens after Treatment with
0. 5mg/kg PenCB.
Death Hydro- Abdominal Paleness
Days after N pericardium edema of kidney
administration o
No. (%) No. (%) No. (%) No. (%)
1 4 0 o 0 0 0 0 0 )
3 4 0 0 2 (50) 0 o 0 0
6 4 0 (o 3 s 0 o 3 (75)
10 4 0 ( 0) 4 (100) 0 (0 4 (100)
15 4 2 (50) 4 (100) 2 (50) 4 (100)
Control 15 0 ) 0 o 0 0 0 )]

B8TITR, TNTCOBREIERISEMERLE.
i, P-450 SRRV NV (a) © v v KERLTER
2, BB #BNicENELL ERLL. Zhbid,
500 ug/kg TERKICEL, ThEGEHEO 12.7,
8. 745 HEBa . 5000 pg/kg HBERTIR, T
TOBEEENET LTS, chidsknEkoik
HFBEOETZB Vb0 EEbNs. Tk, R
BLEBEHOI/nY —A0 SDS-RY T YT
I P BRIKE BT R, AR OBNEED
ic, P-450 ThH A H LR SN B HTFE 56,000 @/
YESEIMLTWAZ &M L.

2. PenCB 0=7J p YIZRIZTIEERILE
D Zdsk

PenCB 0.5mg/kg 1 EIEERIHEELIZEFT

1, REOFERIEMNEN, 4BEHXOED LA,
15 A B 5 80 2 PhFEr L.

BhE%, 1, 3, 6, 10, 15 B EO#ELFTR%Table 3
£, 100g BEEY DO, HEEEOE/L%E Table 4
IR Uk, B5%, 3HHICR, O¥EKED, 6HH
BB EARY, T 15 BEIE BED
FEHEb LN, FNL0 BEE, BRENCEL
L, Lk 2PeR, BARSEEsn. Bk, F
BIEEEOELIZISAEETED NS h o 7.

2) FrERHmEeHE

wEis 1 BB T3 Tk, P-450 &, ~vv (a)
YU ykEBRALTEE, XYY T2z Y N F ol
EE, DT-v 7% 5 —EEER, ThehdREo
4.2, 4.2, 2.4, LIELERRLASBEDLIT.
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Zofk, P-450 &8, RU<vvV(@vV
VKBALTEMER, E O BEMNK LRERR
g, 15HBrRRENEN 18.6, 10.3 5%
THEEsN, chicl, "vvy 724
IV N-Bix FvfeiEl, DT-Uv 785 —
EiEHE, 1 BENR EE REEER
318 - 1o (Fig. 3).

3. HCB o=7 bUICRIZTEE

HCB 0.1, 1.0, Ko 10.0mg/kg @
| EEEREE% © 15 AR, SREE
BEROABEMCRBECERITZD LN
Bote. Fie, BERE, LEXKELRED
KEHFD LNITHh - .

Table 5 iRT LI, FEECE/LI
7R, MEEETIE, 0.1, 1.0 mg/kg By
ERCEENSA LN, %1z, Table 6 i
Ko &g, PBE PCB THEBE&NBA
VY72V N2 FLERTT S,
BRI UICHETREIEMAPBED ONEH
-7z,

4. H+ PCB BER

Table 7 &, ®RERISAHK B3
PenCB, HCB o ffhikE=xR%, Table 8
iz, Frd PenCB BER @ FHELAER
Lz, BicEFd % PenCB i3, Wiho
HAEH 20, BEERKBNTS, 3~
T TREBHERERZSHONT, Sv DS
BHOFERERN N Hicd AT 2™
DT, BOTENMETH - L, HCB
O BERIZ, & 5iciE PenCB 0 #y

PenCB dose 0 1.0 5.0 10.0 15.0

T T t T T T T T T T T

Experiment(1)

[:‘ DT-diaphorase

V7 Cytochrome P-450

-m Benzo(alpyrene
3—hydroxy¥ose

ee % Benzphetamine
N-demethylase

e

500 ug/kg

5000 wg/kg

0 1.0 5.0 10.0 15.0
Relotive activity to control (1.0)

Fig. 2. Effect of PenCB Pretreatment on Liver Enzyme
Activities of Chickens

The enzyme activities in the controls of Experiment
(1) and Experiment (2) were given, respectively, as
follows (mean=+S.D,): DT-diaphorase 0.155+0, 018
and 0,154+0.029 #mol DCPIP reduced/min/mg pro-
tein; cytochrome P-450 0, 0210, 003 and 0. 01940, 004
nmol/mg protein; benzo (a) pyrene 3-hydroxylase
33.05+5.68 and 76.22+45.99 pmol 3-hydroxybenzo
(a) pyrene formed/min/mg protein; benzphetamine
N-demethylase 0.488+0.095 and 0.290+0. 116 nmol
HCHO formed/min/mg protein.
**(p<0.01), *=(p<0.001).

1/10 €H-1z. —h, v ricksiys HCB & PenCB EHEZRoO ZEBE/LTE, ISBHK BT
i3, PenCB 0#y 1/20 EETH Y, PenCB Lo LBERRDTLLMETLTE LY, Z0RVIFE
H#ETHWAE, 7y FEREBREERZRLTHEEE FEENREN .

Zohil.

Table 4. Time Course of Organ Weights of Chickens after Treatment with 0.5 mg/kg PenCB

Liver (g/100 g body weight) Spleen (g/100 g body weight)

PenCB Control PenCB

Days after
administration Control
1 4,06=0. 890(1. 00)
3 3.76+0. 040(1. 00)
6 3,190, 135(1. 00)
10 3.11+0. 303(1. 00)
15 3.33£0. 196(1. 00)

3.75+0.253(0.92) 0.067+0.004(1.00) 0.0740.012(1.10)
4.3210.577(1.15) 0.085+0.006(1.00) 0,0712-0.012(0. 83)
4.24+0.375%(1.33) 0.098+0.023(1.00) 0.081+0.004(0.82)
3.960, 348%(1.27) 0.110%0.010(1.00) 0.081£0.023(0.74)
4.43+0. 524%(1. 33) 0.142+0.034(1.00) 0.086=+0.010*(0.61)

Each value is expressed as the mean+S, D, of chickens, and those in parentheses are relative

ratio to control. *(p <0.05).

(55)



172

Table 5.

SAHEBETFEPI A

Effect of HCB Dose on Organ Weights of Chickens

Dose (mg/kg)

Organ weight (g/100 g of body weight)

Liver

Spleen

0

0.1

[0
10.0

2.52+0.110 (1.00)
2.66+£0.196 (1.06)
2.56+£0.160 (1.02)
2.46+0.061 (0.98)

0.133+0.014 (1. 00)
0. 0990, 028* (0.74)
0. 0890, 014%%(0, 67)
0.1260.010 (0.95)

Each value is expressed as the mean+S,D. of 6 chickens, and those in parentheses are rela-
tive ratio to control.

Table 6.

Effect of HCB Pretreatment on Liver Enzyme Activities of Chickens

Dose
(mg/kg)

DT-diaphorase?

Cytochrome
P-4502

Benzo(a)pyrene
3-hydroxylase®

Benzphetamine
N-demethylase®

0

0.
1,
10,

t
0
0

0. 266+0. 029(1. 00)
0. 2760, 025(1. 04)
0.270+0. 014(1. 02)
0. 289-0. 040(1. 09)

30,94+ 7. 24(1.00)
34.33+ 7.89(1. 11)
33,68+ 4.22(1.09)
34.72+11. 41(1. 12)

82. 0922, 80(1. 00)
70. 69+ 22. 46(0. 86)
65.71+20. 47(0. 80)
95,2721, 24(1. 16)

0. 55340.090(1. 00)
0.478+0. 161(0. 86)
0. 500+0. 081(0. 90)
0.599+0. 237(1. 08)

1) zmol DCPIP reduced/min/mg protein.
pyrene formed/min/mg protein.

2) nmol/mg protein.
4) nmol HCHO formed/min/mg protein.

3) pmol 3-hydroxybenzo(a)-
Each value is

expressed as the mean=+S.D. of 6 chickens, and those in parentheses are relative ratio to

control.

O—O Cytochrome P-450
18 o--@Benzo(a)pyrene 3-hydroxylase

A4 Benzphetamine N-demethylase
4--ADT-djaphorase

*

]

3

=

§ 4 s

o 12 X

2 10 .

Z s 2 —

g . —

o 6 S ®

s oul "o :

e < 0 & .

R ; —
0 3 6 10 15

Days after administrotion

Fig. 3. Time Course of Liver Enzyme Activities of Chi-
ckens after Treatment with 0.5mg/kg PenCB
The enzyme activities in the controls (15 chickens)
were given, respectively, as follows (mean+S.D.):
DT-diaphorase 0.164+0.021 gzmol DCPIP reduced/
min/mg protein; cytochrome P-4500, 0134 0. 005nmol/
mg protein; benzo (a) pyrene 3-hydroxylase 44. 324
20.11 pmol 3-hydroxybenzo (a) pyrene formed/min/
mg protein; benzphetamine N-dimethylase 0. 344+
0. 104 nmol HCHO formed/min/mg protein.

* (p<0.00D).
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Table 7. Quantitative Analysis for PCBs
Remaining in the Chicken Liver at
15 Days after the Administration
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Table 8. Time Course of PenCB Levels in
Chicken Liver after Treatment
with 0.5 mg/kg PenCB

Dose (mg/kg) % of Dose
PenCB  0.05 6.58+3.14
0.5 3.46+0. 32
5.0 3.68+3,.33
HCB 0.1 0.35£0.30
1.0 0.40£0.05
10.0 0.18+0.05

Each value is expressed as the mean+S. D.
of § or 6 chickens.

Mot., O LR, DI-U7h5—¥ 0 HHERE
EEELBNESZELLNEY, Benson LV, KU
Schor 5 BEEFTLHIIIK, DT-U7k5—Eh
FEsh, MEEE~O BEREL Ry L7585
F, ABZVEFEALTEESNLNEFPELEY b
KBOT, BUESBRIRETHE0D T &, HEIRE
WHIRTH B EEZ N, %, v T PBE
PCB [t BIcHFES N BNV Y 7242 3 v N-Ji
A FfLiEER, MC & PCB cRfiflansc s
BHISGHTNED, tFitBnTid, PenCB ©2~

SERBEOBELAZIT AT ENHL M L1857,

—J, P-450 ZBRU VY (a) ¥ L v 3-kEI L
TEEIE, PenCB TEE 10~15fHic FE & h 72
PenCB i K 2BHEORE L, ThoOBRFEDR
S, ARERENIS, ., BENKIBEREN
PORTTEEOD, IWHEEERTCEMNHE L
fo. &b, P-450 5B FHAEBNLEZLLE, 4
[EHElE %17 - 7 BERSMC, FEshic P-450 Bic
L DREORENS BT LREE NI FEE, Rif-
kind 5% )3, 3,43, 4-F b5 Juub =i
(5nmol/egg) T, BIFHO T-z h:v vz
4V O-BizF v {LiEER S0 i LRG3 &, %
7z, Ehrich 5% o &% (20~40:84) i Aroc-
lor 1254 (500 mg/kg, i.p., 8 HE) &5 LIicHER
TR, p-=true7r=y—n O-fit F N LEERDT
=Y YKBRIGEEMSR 2.5 LRI 2 Lis AR RS
LT3,

5, v FTEHEN PB BoEELRd HCB
T, bEFBOTER 10me/ke BERTY, v
V7243V N2 FEEERUDET BT
TOREEEOFE D, BDOhBdh-71. Fi, 7
v b &R, BHORBERIAINLH .

Days after

administration % of Dose
1 5.7 % 0.6
3 6.9 + 1.7
6 4.4 = 1.8
10 4.9 + 1.5
15 3.8+ 0.8

Each value is expressed as the mean+S.D,
of 4 chickens.

frh PCB 03, PenCB, HCB & &ic#%
5BidZ0EFRRL, EnFNBRS5BEOR 4%, K
C0.4%Th o1z PenCB 125w bicl 2O BT
FrEEMEN LRV, HCB 0f 10 fEE0 FFEr i
ERLTWVWE. Bk, HCB iK20WTid, v M E
B OFREXOL, BB cEELSTLI LN
4 Hansen 59 itk > THEIh TS, i,
F v b ICHAHg 1/15~1/20 © vuv TiRH 595,
PenCB Ofr#HEIRR 15 BIficE - ThFhic B
TEDHT, TORNMFEFAERS » P EEBEVE
3.

Pt, ericbsTid, PCB SEM&E, 5t
THOND LZPPELY, P-450 EBRUTR VY
(@A) v VKBIEREOE UOEEICET LT, 2%
EEMSHEICEEWELMic L. Thdid, PCB
OBEURBACIEEBTVELC Lieni T, P-450 4
FREOMNTHFEC LD, HFeoANREREORBEE
WHEL, ERNOERENE SN T B3 TEEENR
mE .

# &

Sy PRI RIEBENTIE, B— PCB 0 5H
MC # o PCB o#, BmOEESFEEEZRL, 20%H
EEHEBELT, Fiznvy—20xvvy@ELYK
BALEER R FEEES © DT-V 755 —+ 55
BxhzEePHmohTn3. —F, BX¥Tiz PCB
kb, KESOBESRET 38O TNS
B, FERFEEMIC OV TRARLENSN. £
T4hE, MC & PCB TH 5 3,4,53,4-_vay
ret 7= (PenCB), K PB # PCB o
2,4,52,4,5%-~F¥/nut 7=, (HCB) %
Hot, Bhe FBREFEER Ko T HRFELE.
Z0 2, PenCB Re+iBWT 59 bDESTS
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Effects of Chlorinated Dibenzofuran and Dioxin
on Concentration and Pattern of Chlorobiphenyls
and Activity of Benzo(a)pyrene
Hydroxylation in Mice
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Fukuoka 814, Japan

ABSTRACT To experimentally assess whether one of characteristic polychlorinated biphenyls
(PCBs) patterns in tissues of Yusho patients is caused with the treatment of polychlorinated
dibenzofurans (PCDFs), mice were treated i.p. for 6 consecutive days with Kanechlor (KC)-
400 (1.2mg/kg) alone or KC-400 (1.2mg/kg) plus 2,3,4,7,8-pentachlorodibenzofuran (Pen-
CDF, 0.3~30 zg/kg) or KC-400 (l.2mg/kg) plus 2,3,7,8-tetrachlorodibenzo-p-dioxin (TC-
DD, 0.3~30 xg/kg), and 30 days after the last treatment, the animals were killed. Hepatic
aryl hydrocarbon hydroxylase (AHH), one of the representative drug metabolizing enzymes,
activity and concentrations of total PCBs, 2,4,5,3, 4-pentachlorobiphenyl (2,4, 5,3, 4-Pen-
CB) and 2,4,5,2, 4, 5-hexachlorobiphenyl(2,4,5,2’,4,5-HCB) in the liver, adipose tissue
and lungs were determined. A ratio of 2,4,5,3,4-PenCB to 2,4,5,2’,4,5-HCB in concent-
ration was calculated in the tissues, as this PCB ratio in Yusho patients is characteri-
stically low as compared with that in normal persons. Hepatic AHH activity increased in
parallel with the increase in doses of PenCDF or TCDD, and the ratio in every tissue gene-
rally showed an increasing tendency in rough proportion to the increase in the enzyme acti-
vity, so we failed to experimentally reproduce one of the characteristic PCB patterns of Yu-
sho patients. The result, however, may be explained by genetic polymorphisms of drug me-
tabolism. The time at which samples are analyzed for PCBs after the exposure to PenCDF
or TCDD may be also an important factor to detect some peculiar PCB patterns.

We also observed decreased concentration of total PCBs in the liver and increased concentra-
tion of those in the lung of mice treated with KC-400 plus PenCDF or KC-400 plus TCDD
compared with the concentrations in both organs of mice treated with KC-400 alone. At
the present time, biological and/or toxicological meanings of the observation is unclear.

Introduction

It has been reported that gas chroma-
togram (GC) patterns of polychlorinated
biphenyls (PCBs) in the tissues of Yu-
sho patients are divided into three types,
namely, A: peculiar to Yusho patients,

B: resembling to A, and C: similar to
PCBs in ordinary persons®™®, The ma-
jority of the patients (85-95 %) showed
the types A or B”'®. Polychlorinated
dibenzofurans (PCDFs) as well as PCBs
have been determined in the rice oils used
by the patients!®!® and their several tis-
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sues¥® .  Since PCDFs showed about
10,000 times greater drug metabolizing
enzyme inducing activity than PCBs!'?,
some of PCB isomers ingested by the pa-
tients were considered to be easily meta-
bolized by the enzymes induced with the
PCDFs and excreted. Consequently, Yu-
sho patients seemed to show the charac-
teristic PCB pattern. We designed to as-
sess whether this characteristic PCB pat-
tern was caused by the treatment of
PCDFs. This paper reports main results

of such investigation.

Methods

1. Chemicals

2, 3,4,7, 8-Pentachlorodibenzofuran (Pen
CDF) was synthesized and purified as
previously described?, and the purity was
higher than 99 % by GC-mass spectro-
metry., 2,3,7,8-Tetrachlorodibenzo-p-dio-
xin (TCDD) was synthesized by chlorin-
ation of dibenzo-p-dioxin and the purity
was 95% by GC. Kanechlor-400 (KC-
400) and KC-500, commercial brands of
PCBs of Japanese make, were respectively
supplied by the Ministry of Health and
Welfare in 1972 and Kanegafuchi Chemi-
cal Industry Co., Ltd., Tokyo, Japan in
1968. Benzo (a) pyrene (BP) was pur-
chased from the Sigma Chemical Co.,
St. Louis, Missouri, USA and purified by
recrystallization, according to the method
described previously'?, 3-Hydroxybenzo
(a) pyrene (3-OHBP) was kindly provi-
ded by Prof. N. Kinoshita, School of
Health Sciences, Kyushu University, Fuku-
oka, Japan. NADPH was obtained from
Wako Pure Chemical Ind., Ltd., Osaka,
Japan. All other chemicals and reagents
used were of the highest quality commer-
cially available.

2. Treatment of animals

One inbred strain of male mice, C3H/
HeN, was obtained from Institute of Ex-

perimental Animals, Kyushu University,
housed in disposable animal cages (five or
six mice/cage) with planed-chip bedding
and kept in a temperature and humidity
controlled room (22+1°C and 55+5 %,
respectively). The animals were maintai-
ned on a diurnal cycle of 12h light/12h
darkness and permitted unlimited water
and food (CE-2, CLEA Japan, Inc., To-
kyo, Japan). At 7 weeks of age, the
animals were divided into 8 groups (Ta-
ble 1). KC-400 alone, KC-400 and Pen-
CDF or KC-400 and TCDD dissolved in
olive oil were given 1i.p.(0.2ml/25¢g of
body weight) at daily doses shown in
Table 1 for 6 consecutive days. Then the
treated mice were maintained on the st-
andard laboratory chow for 30 days.
Control mice (Group 1) were given the
vehicle alone in a similar volume and on
the same time schedules as the experi-
mental animals.

3. Enzyme assay

At the end of the experiment, the ani-
mals were killed and the livers, lungs and
dissectable adipose tissues were washed in
ice-cold 0.15M KCI solution containing
0.02 M N-2-hydroxyethylpiperazine-N’-2-
ethanesulphonic acid (HEPES), pH 7.4,
and weighed.

For aryl hydrocarbon hydroxylase (AHH)
assay, 0.5g of the livers was minced,
and homogenized (Potter-Elvehjem ho-
mogenizer with a Teflon pestle) with
nine times volumes of ice-cold 0.15M
KClI plus 0.02M HEPES (pH 7.4). The-
se homogenates were centrifuged at
9,000g and 4°C for 15 min; the super-
natants were used for the AHH assay.
AHH activity wes determined by the me-
thod described previously'?.
centration was determined according to
the method of Lowry et al®, using bovine
serum albumin as a standard.

Protein con-

For chemical analysis of the PCBs,
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PenCDF and TCDD, those tissues were
stored in a freezer (—20°C) until they
were prepared for the analysis.

4.  Analytical procedure

The general method of cleaning up
samples for gas chromatographic determi-
nation was essentially the same as that
described in the previous paper.!¥ Samples
of adipose tissue (ca. 0.2g), lung (ca.0.2
g) and liver (ca. 1.5g) were first saponi-
fied with 1 N-KOH-ethanol solution
(50ml). The n-hexane extract of the
KOH-ethanol solution was concentrated
and then chromatographed on a colum of
silica gel (2g) eluting with n-hexane
(150 ml). The n-hexane eluate was con-
centrated and determined for PCBs by the
When it
was necessary to separate PCBs from Pen-
CDF and TCDD, the concentrated eluate
was further fractionated on a column of

following gas chromatography.

activated basic alumina (Woelm Pharma,
Activity grade I) 1 g, eluting with n-hexa-
ne-methylene chloride (99: 1) 20ml and
n-hexane-methylene chloride (4: 1) 20 ml
successively. PCBs were expected to be
contained in the former eluate and Pen-
CDF or TCDD in the latter. These elu-
ates were concentrated and subjected to
the following gas chromatography.

A gas chromatograph GC-4BM (Shima-
dzu Corp.) was fitted with an electron-
capture detector and a glass column (3 mm
X2m) containing Chromosorb W AW
DMCS (60-80 mesh) coated with 5 % SE-
30. The temperatures of inlet, column and
detector were maintained at 250, 200 and
250°C, respectively.
was 99.999 % pure nitrogen at a flow rate
of 40 ml/min. Individual PCBs were
quantified by the calculation method of
Ugawa et al'” by the use of KC-500 as
PenCDF and TCDD were
quantitatively determined by comparing
the peak areas of their gas chromato-

The carrier gas used

a standard.

grams with those of authentic PenCDF
and TCDD, respectively. Chromatopac
C-RIA (Shimadzu Corp.) was used for
determination of the gas chromatographic
peak heights and peak areas and calcula-
tion of the concentrations.

Statistical differences among AHH va-
lues and the levels of the organochlorine
compounds were determined using Stu-
dent’s ¢-test.

Results

1. Induction of hepatic AHH activity by
the treatment with KC-400, KC-400--Pen-
CDF and KC-400+TCDD

Thirty days after the last treatment of
the organochlorine compounds, hepatic
AHH activity was assayed and the results
are summarized in Table 1. KC-400 at a
daily dose of 1.2mg/kg (Group 2) and
KC-400 (1.2mg/kg) plus PenCDF (0.3 xg/
kg) (Group 3) slightly induced the activi-
ty and induction ratios (induced/control)
were 1.7 and 2.0, respectively (P<0.05).
On the other hand, KC-400 (1.2mg/kg)
plus TCDD (0.3 »g/kg) (Group 6) signifi-
cantly elicited and retained very high
AHH activity (induction ratio; 15.0, P<
0.001). According as the dose of PenCDF
or TCDD increased (0.3 2g/kg to 30 g/
kg), the activity and the induction ratio
went up. Although doses of PenCDF
were 10 times higher than those of TC-
DD, induced AHH activities and induction
ratios were almost the same between Gr-
oups 4 and 6 or between Groups 5 and 7.
Group 8 (KC-400 plus 30 zg/kg of TCDD)
showed the highest AHH activity (3612
pmol/min/mg) and the highest induction
ratio (66.9).

2. Changes in total PCBs concentration in
the liver, adipose tissue and lungs.

Total PCBs concentrations in the liver,
adipose tissue and lungs of mice 30 days
after the treatments were determined and
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Table 1.  Inducing effects of KC-400, KC-4004PenCDF and KC-400+TCDD on hepatic AHH
activity.
a No. of AHH activity® Induction ratio
Group Treatment animals  (pmol/min/mg protein) 1/C*
1 Control 5 54 =+ 2 —
2 KC-400¢ 5 90 =+ 1.7
3 KC-400+PenCDF (0. 3 zg/kg) 5 109 = 12 2.0
4 KC-400+PenCDF (3.0 zg/kg) 5 938 +  30% 17.4
5 KC-400+PenCDF (30 vg/kg) 6 2651 +  134% 49. 1
6 KC-400+TCDD (0. 3 g/kg) 5 8090 +  84% 15.0
7 KC-400+TCDD (3.0 zg/kg) 5 2500 = 118% 46,3
8 KC-400+TCDD (30 #g/kg) 4e 3612 = 204* 66.9
a : Each treatment was done daily for 6 days and 30 days after the last treatment, hepatic
AHH activity and concentration of the organochlorine compounds in mouse tissues were
determined.
b: Mean=+S. E.
¢ : [=KC-400, KC-400+PenCDF or KC-400+ TCDD-induced; C=control
d: l.2mg/kg
e : Two of six mice died before sacrifice.
*: Significantly different from control (Group 1), p <0.001.
Table 2. Total PCBs concentration (ppb) in the tissues of mice 30 days after the treatment
with KC-400, KC-400+PenCDF, or KC-400+TCDD
Group Treatment? Liver Adiposse tissue Lung
1 13+ 18 (5 83 +  89(5) 15 = 21 (5
2 KC-400 350 £ 98 (3 3190 + 1290(5) 36 + 17 (5
31 KC-400+PenCDF (0.3 ug/kg) 100 £  O%5(5) 1970 + 430(5) 59 + 30 (5)
[4.8 + 0.6]
4 KC-400+PenCDF (3.0 pg/kg) 67 £ 14%%%(5) 2330 + 140(5) 76 4+ 13%%(4)
[72 + 16]
5 KC-400+PenCDF (30 pg/kg) 166 4+ 220 (5) 2260 + 230(6) 138 += 56%*(6)
[1030 = 61]
6 KC-400+TCDD (0. 3 ng/kg) 73 £ 13%k (3) 2770 = 150(3) 116 £ §3* (3)
[12 £ 4.3]
7 KC-400+TCDD (3.0 ug/kg) 1[22 + 4}%’; 3 2040 += 290(3) 130 = 81* (3)
+
8 KC-400+TCDD (30 pg/kg) 204 £ 33 (3 3160 = 800(3) 81 + 35% (3)
[315 & 19]

Figures in brackets indicate concentrations (ppb) of PenCDF or TCDD (mean=SD).
Figures in parentheses indicate number of tissues analyzed.
a : Procedure of the treatment is the same as described in legend of Table 1.
*: Significantly different from Group 2, p<{0.05

% .
Fokk o

are summarized in Table 2. Con-
centrations of PenCDF and TCDD
the liver are also shown in Table 2. In
the liver, the PCBs concentrations of
Groups 3 and 4 respectively treated with
KC-400+PenCDF (total: 1.8 «g/kg) and
KC-400-+PenCDF (total : 18 xg/kg) and

results
in

Significantly different from Group 2, p <{0.01
Significantly different from Group 2, p<0.001

those of Groups 6 and 7 treated with
(total: 1.8 ng/kg)
18 »g/kg),
significantly lower than
that of Group 2 treated with KXC-400 alo-
Groups 5 and 8, which were treated
respectively with KC-400 plus PenCDF

KC-400+TCDD
KC-400+TCDD
pectively, were

ne.
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0 10 20 min
Fig. 1. Gas chromatograms of PCBs from
the liver of mice.

A: KC-400 (total: 7.2mg/kg) alone, B:
KC-400(total: 7.2 mg/kg) +PenCDF (total:
18 ng/kg), C: KC-400 (total: 7.2 mg/kg) +
TCDD (total: 18 xug/kg), D: KC-500 (refe-
rence standard). Peaks I, 2 and 3 correspond
to 2, 4, 5, 3, 4-PenCB, 2, 4, 5, 2/, 4,
5-HCB and 2, 3, 4, 5, 3/, 4-HCB, respe-
ctively.

(total: 180 xg/kg) and KC-400 plus TCDD
(total: 180 xg/kg), also showed the dec-
reased PCB concentration in the liver
compared with Group 2. Conversely, in
the lungs, PCBs levels of Groups 4, 5, 6,

o

0 10 20 min

Fig. 2. Gas chromatograms of PCBs from
the adipose tissue of mice.

A: KC-400 (total: 7.2mg/kg) alone, B:
KC-400(total: 7.2 mg/kg) +-PenCDF (total:
18 pg/kg), C: KC-400 (total: 7.2 mg/kg) +
TCDD (total: 18 zg/kg), D: KC-500 (refe-
rence standard). Peaks 1, 2 and 3 correspo-
nd to 2, 4, 5, 3’, #4-PenCB, 2, 4, 5, 2/,
4/, 5-HCB and 2, 3, 4, 5, 3, 4-HCB, re-
spectively.

7 and 8 were significantly higher than
that of Group 2: particularly, those of
Groups 3, 4 and 5 had a tendency to in-
crease in proportion to the dose of Pen-
CDF. PCBs levels in the adipose tissue
did not show any significant difference
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Table 3. Concentration (ppb) and ratio (%) of PCBs corresponding to peaks (Pk) 1 and 2
in the tissues of mice 30 days after treatment with KC-400, KC-400+4-PenCDF, or
KC-400+TCDD

Group Treatment?® Liver Adipose tissue Lung

2 KC-400 Pk 1 24,1 £ 5.2 325 &+ 128 3.6 £ 0.6
Pk 2 32,0 £ 3.6 582+ 120 9.7 + 1.6
Pk 1/Pk 2 75.1 £ 12 54,3 + 16.4 370 + 5.4
3 KC-400+ Pk 1 13,1 &+ 1.5%* 309 + 50 5.1 = 2.3
PenCDF Pk 2 19,1 = 1, 2%k 457  x 101 15.2 &+ 6.0
0. 3 ng/kg) Pk 1/Pk 2 68.6 = 4.6 68.5 + 6.4 33.4 4+ 3.1
4 KC-400+ Pk I 8.9 & 3,28k 361 + 80 4.9 + 0.8*
PenCDF Pk 2 18.5 & 2 7% 543 £ 74 14,1 & 1,9%
(3.0 ng/kg) Pk 1/Pk 2 47.4 £+ 14, 1* 66.2 = 9.6 349 £ 6.2
5 KC-400-+ Pk 1 24,2 + 2.3 444  + 43 14.9 + 6. 6%
PenCDF Pk 2 71.1 £ 20, b* 492+ 66 24,1 = 10, 1%

(30 ng/kg) Pk 1/Pk 2 36.8 & 12 6%* 91,0 = 10.8%% 61,6 + 35, gr*

6 KC-400+ Pk 1 8.4 £ 2.3%* 354 =+ 91 8.1 £ 1, 0%k
TCDD Pk 2 17.3 £ 1, 7%* 702+ 23 29.3 + 18.9
(0. 3 2g/kg) Pk 1/Pk 2 49.4 + 16,9 50.4 = 13.6 35.4 + 18.6
7 KC-400+ Pk 1 23.9 = 10.0 404 + 43 12,1 £ 5. 1%
TCDD Pk 2 23.1 + 9.3 451 =+ 40 24,7 £ 11.6%
(3.0 ug/kg) Pk 1/Pk 2 103 + 5 1% 89.7 + 6.0*  50.8 + 12.8

8 KC-400+ Pk | 40.3 + 3.8% 613 =+ 174 9.3 & 2 4%
TCDD Pk 2 37.2 =+ 6.8 544 + 139 157 £ 6.4
(30 £g/kg) Pk 1/Pk 2 110 =+ 11,8* 112+ 3.2%% 616 + 81

Values are mean=+S, D,

a : Procedure of the treatment is the same as shown in legend of Table I.
*: Significantly different from Group 2, p<{0.05
#%: SignificaBtly different from Group 2, p <0.01

#0%. Significantly different from Group 2, p <0. 001

among the Groups, excepting Group 1
(olive oil control).

3. Changes in concentration and ratio of

PCB isomers corresponding to peaks 1 and

2

Figures 1 and 2 respectively show typi-
cal GC of PCBs extracted from the li-
ver and adipose tissue of mice 30 days af-
ter the daily treatment with KC-400 (1.2
mg/kg), KC-400 (1.2mg/kg) + PenCDF
(3 »g/kg) or KC-400(1.2mg/kg) + TCDD
(3 ng/kg) for 6 days. In the figures, pea-
ks 1 and 2 correspond to 2, 4, 5, 3, 4-
pentachlorobiphenyl (2, 4, 5, 3, 4-Pen-
CB) and 2, 4, 5, 2, 4, 5-hexachlorobi-
phenyl (2, 4, 5, 2, 4, 5-HCB), respective-
ly. Concentration of 2, 4, 5, 3, 4-PenCB

(peak 1) in Yusho patients was about 60 %
of that in normal person and that of 2,4,
5,2,4,5-HCB (peak 2) in Yusho pati-
entswas about 3.5 times higher than that
in normal persons®. Consequently, ratio of
peak 1 to peak 2 in Yusho patients was
about 1/6 smaller than that in normal
To calculate the ratio (%) in
every experimental group, concentrations
of peaks 1 and 2 were determined in the
liver, adipose tissue, and lungs and are
shown in Table 3.

In the liver, concentrations of peaks 1
and 2 in Groups 3, 4 and 6 were signifi-
cantly lower than those in Group 2, while
concentration of peak 2 in Group 5 and
that of peak 1 in Group 8 were signifi-

persons.
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cantly higher than those in Group 2. The
ratio (%) in the liver of Groups 6, 7 and
8 increased in parallel with the increase
in doses of TCDD, whereas that in the
liver of Groups 3, 4 and 5 had a tendency
to decrease in inverse proportion to doses
of PenCDF.

Concentrations of peaks 1 and 2, and
the ratio of Groups 3,4, 5, 6, 7 and 8
showed increased levels compared with
those of Group 2 in the lungs: some of
them showed significant increase and oth-
ers not.

In the adipose tissue, concentrations of
peaks 1 and 2 of Groups 3, 4, 5, 6,7 and
8 were not significantly different from
those of peaks ! and 2, respectively, of
Group 2. The ratios of Groups 5, 7 and
8, however, showed significant increase in
the adipose tissue, as compared with that
of Group 2: the ratios of Groups 6, 7 and
8 increased in parallel with the increase
in doses of TCDD.

Other peaks such as peaks 3, 4 and 5
shown in Figures 1 and 2 did not show
any particular change in concentration
and on GC in every group.

Discussion

It was reported that male ICR strain of
mice orally treated with both PCBs and
PCDFs showed a very similar GC pattern
of PCBs in the liver and adipose tissue 35
days after the treatment to that of PCBs
in tissues of Yusho patients, but the mice
orally treated with both PCBs and PC-
DFs did not show the similarity one day
after the treatment and the mice orally
treated with PCBs alone did not show the
similarity either 35 days after the treat-
ment®. This observation probably suggests
that highly induced drug metabolizing en-
zymes with PCDFs metabolize some of PCB
isomers and most of the PCB isomers meta-
bolized are excreted from the body, and as

a result, the characteristic PCBs pattern
of Yusho patients is produced. They also
pointed out that the level of 2, 4, 5, 3,
4’-PenCB (peak 1) decreased more rapidly
in the liver and adipose tissue of mice
treated with both PCBs and PCDFs than
in the tissues of mice treated with PCBs
alone with time after the treatment, and
that the level of 2, 4,5, 2, 4, 5-HCB
(peak 2) did not show significant diffe-
rence between both the treatments. Con-
sequently, the ratio of the peak 1 to the
peak 2 markedly decreased in the tissues
of mice treated with PCDFs plus PCBs,
compared with that in the tissues of mice
treated with PCBs alone. Contrary to the
expectations, the ratio in every tissue
showed an increasing tendency in rough
proportion to the increase in hepatic AHH
activity with the exception of that in the
liver of Groups 4 and 5 (Tables 1 and 3):
the ratio in the liver of Groups 3, 4 and
5 decreased in inverse proportion to the
increase of the AHH activity, and the
decrease seemed to be due to the very hi-
gh concentration of peak 2 in Group 5, so
we could not experimentally reproduce
one of the characteristic PCBs patterns
of Yusho patients.
morphisms of drug metabolism have been

Since genetic poly-

reported in both animals'®!® and hu-
mansP?®3 PCB isomers which are meta-
bolized and excreted may be different
from species to species or from strain to
strain in the same species, and probably
The di-
screpancy in results between the investiga-

from person to person in humans.

tion reported before® and our present study
may be explained by the genetic polymo-
rphisms of the enzymes of detoxication.
Since it is probably considered to take a
long time to produce some specific PCB
patterns after the exposure to PCDFs or
TCDD, the time at which samples are
analyzed for PCBs also seems to be very
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important.

Decreased total PCBs concentrations in
the liver and increased those in the lungs
of mice treated with KC-400+PenCDF or
KC-400+TCDD were observed, as compa-
red with the concentrations in both or-
gans of mice treated with KC-400 alone
(Table 2). To understand biological and/
or toxicological meanings of the finding
in detail, further investigations are requi-
red.
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4 F %y (TCDD, 0.3~30pg/kg) % 6 O

LT, BEENRE L. #5%308H ik, FRo¥F
FHERAKFEKB(LER (AHH) —RENSEYR
BERO | o—FWERE L, TR, Il
iltho4 PCB e, 2,4,5 3,4-PenCB RS
LT 2,4,52,4,5-HCB g ElE L. #L7T,
WE—2 O bGEH LI, §F AHH &2, Pen CDF
H50ix TCDD o 5g8rkEALTERL, MY —
7 O BERBOEEMERLTELE-7. 2DL
S, BUDIKFRLLESDEE - Ko RET
H-T, A2AFOBMEERNICERTLICLRT
Eilipodz. TORRR, 45, EURBEBERRO
BEEHEHEICE-THASLEEEDNS. F7o,
PenCDF 530k TCDD [t &R £l bz o
THho PCB oW TRARSERTENIhEnI T &
b, PCB 42— VA RZ FCEERRFTHBEEE
Zbhs.

KC-400 oax5shi=v 2 B LT, KC-
400 & [FBic PenCDF &% 3 iz TCDD %2551
o= ATH, o4 PCBEEORD BXE, il
o4& PCBEEOHEIMEESh. BEDLT A,
LOEWIEND 5 O EHEZNERIAATS 3.
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B35 2, 3,4, 7, 8- Pentachlorodibenzofuran (PenCDF)
D5y FERPERICRETRI7 I VOHE

TUNRFSZEEEAE - BEMLFEHE
A BB R NE — K
TN R PR
1 1BTE KA

Stimulating Effect of Squalane on Fecal Execretion of a
High Toxic 2,3, 4, 7, 8-Pentachlorodibenzofuran
(PenCDF) in Rats

Hidetoshi YosuiMuRra, Hidetoshi KAMIMURA
and Kazuta OGURI

Department of Hygienic and Forensic Chemistry, Faculty of Pharmaceutical
Sciences, Kyushu University, Fukuoka 812, Japan

Seitaro SAEKI

Department of Pharmaceutical Chemistry, Faculty of Pharmuceutical
Sciences, Kyushu University, Fukuoka, 812, Japan

In the previous paper, we reported that 2 3 4,7, 8-pentachlorodibenzofuran
(PenCDF) was regarded as the most important etiologic agent for Yusho among
various PCB and PCDF congeners found in the causal rice oil, because this Pen-
CDF possessed a strong and long-lasting induction ability of 3-methylcholanthrene-
type in the rat liver and revealed a high toxicity. The present study has been
undertaken to learn whether or not squalane (2, 6, 10, 15, 19, 23-hexamethyltetracosan)
could stimulate fecal excretion and decrease toxicity of PenCDF. As the results,
squalane did not show any significant effect on food consumption and growth of
rats during the treatment for 21 days. However, both enlargement of liver and
atrophy of thymus caused by PenCDF were suppressed by squalane-treatment,
Moreover, fecal excretion of PenCDF was stimulated about 3-fold, and the content
of PenCDF in the liver showed a tendency to decrease by squalane-treatment.

Polychlorobiphenyl (PCB), Polychlorodibenzo-
furan (PCDF) % & ¢ Polychlorodibenzo-p-dioxin
(PCDD) tREFEs N B ny EEEER{KER,
HRNREFLENELE LCHALhTVS, IR,
rEEOERN vy VAT AR T A Y
HBEBNE I—uy NEETERUTHS. B4l
4, bAEKBNTD, PCB BIRTHE A3 a—
V400 (KC-400) THRiERIERSN/IT 4 R4
NOEIICE - T, WbW 3 ESH PRE L.
ZNER, ABRELZETRAONBHENRTON TS
bbb o, 0 REERE I NHZEANS

{, RIEBEORFEBEHT 5 IITE > THEL.
ZlHeNhTHWBE XS, PCB iEfictis 3 &
FICE) AR VF F - OBNITFEXTHY, K
REBOPPNEIC L > THEHRERICT 57 =/
S —w(PBHE, 3-xFrazyiriry (MO
MBI ZENSOHMBEE - KRS TR, &
BT, v b, =YW IroInT, MC BoEEE
DY PCB B, Balkiits Ry C PRV ES
NTs, BEEER 542440 hicil X80
PCB pidhict#iiEd PCDF QEAVHOhITEH
TWAHIOW, z ¢ PCDF R20BHOHRI, D,
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LA PCB Ll EiciEEHshTsh, PCB oiFsL
E#eic, MC HOFEEEEE Bk L Ofic X0 iEEED
ROBasnTng®, k2t 2idE<{ o PCDF Bk
D5 B, 2,3,7,8-tetrachlorodibenzofuran (TCDF)
& 2,3,4,7, 8-pentachlorodibenzofuran (PenCDF)
RES0 MC BHFEEERL, »2Iv PEBT3S
aEFEsEL®m®. UL, TCDF X3 i
B59 5 &, BECREsNT?, #Eohicdkitsh
220t L, PenCDF {25 v b3 CHHiICEN
KEDTIHFET LI LBHSLIRINTNED, i,
FER 9 F AR U S THE L hERE O iR
thiziz TCDF &1 % PenCDF #5&h K S EEICE
HLP, ZomOEFHELEEE, SO PenCDF
REE, WMERRPEE UTEEEShTHEY.

FsEo PCB 8L PCDF ick2E/, AFv57
~YOFERRIL, EREYOLEST, AFaA ¥
ke y, B, IBElEe s 3 iRy, EKics -
TEHERBRIEF O REOREZ bEHET L L0E
b5, bL, COXDBYWHEORITEISERM
Rl 3 & Thid, £R~0BRELARSNS.

CNETCOWMEBRZEORBIEALTIE, FLLTH
EEEBTONTED, WM GBEANLERICRE
S TTWOIZ. PET, #E 513, ERSE (PCB, PC-
DF) ofA~OBEMEEERD T, SN2 TH
Bovs 74 v BEUD ALRFS IV LB RERT
ST, FNOREIEEREDRY, HREIERES
ROEETH 7. Lk, BRICERT 2 8AH
HORREERERCAMIIBETN S /NEELEL
THBERCHEN SNTHWBENIHED hOEL S
&, ZoBEgEE~0HY PCB, PCDF 25U, B
RIE B UCghER & { P~ ot & (2 3 AN H
ZETHIE, Bd BEN SREE LRSS
5.

55, Richter &3 PCB O#iHEEID T 5 »
FERAWT, HEht 74 EEbiE, RIT S
YWOHBABREFL, WENICOIEERE LTO
BHEZRD, BrRECTIDIFEREEZETHS. C
DRI TV, ¥AFEERLD, avAFao—n
EA&RICBY 2GR E UTCE), #EcE H49 5
RI TV VD R EMET LTELNDRER IO
s fRALKBTH 3. 2OBDREFRKTINEN
IR LAPY, O TREMDFNLAIEELLNT
Wa. %, HoHEEmEcAv: PCB RBE&
ik, Wihd PB BT ERED 2,4,6,2, 4-penta-

chlorobiphenyl!® % 2 4,5 2’, 4, 5'-hexachlobi-

phenyl® =, EiitE#Eic X 3 PCB @ BIEERHIcd
BEHMHIZIZE N TR,

ZCTAEEE LR, BFEE PCB B2lEEAoRDbY
WEBHET, RIECEBENIEFT 5 PenCDF %
Y, 79 P00 TR2 T I vick 2EEEEE
HRBOHED? b ORI EIT - 72,

£ B F &K

1. =EBRdH

2,3,4,7,8-PenCDF [ Zai#® icitly, 2-7 3/ -4,
52,3, 4. _vxpuonYys= vz —50 BAER
BREDEE L. 2275 vEBLU PCBOTHD
v A (Wako-gel S-1), Hxsu= s 57H
FEFID 1.5 % OV-17 Chromosorb W AW DMCS
i, I HFEHE CRIRD) L oBA LK. HEH
Rhic 5w MiCBAESERER, Sy, TUX, N
&2 4 — FHEERERASEE (CE-2) T, BAZ v
THRRSHE ER) JOBALL.

2. =Wks

Wistar Z#E5 » b (5384, &E 120~130g) %
IHEAEE LT 48 (A~DE) kHUTHERHLL.
B, C#iziZ PenCDF % Img/ml /723 X 5 C+
sZiIcEM Uicb 0%, 1mg/ke T 1ERROE
H U7, =7, A, DEciR¥y 7 4% Iml/keg &
T ARG Ui, BRfEs XUokidBlics 2z, 24
KiET, AE, AFHENE EBIUREZUEL
7z. ¥%, C, DEOA, 8EEAMLOGRITS VS
8w/w % EUfEEEASE. WEHKBRLTSE
BOBBOBEELRAE L. Fig. | t2olEs—
BELTRY.

%7z PenCDF Ot BE THOF BRI IV
BIICEIE L, BEiRitic PenCDF OB AHEEEN
EURk. 28, EBIUCEEBRAECHT 2ET-20
‘C THWELULREL:.

3. #EH LUVREETH PenCDF OHIFE®

EBIUHERIBLZ g, MOREREI4LEE IN-
KEALF P Y Y LADx 2 — B 20ml i A (B
TR INKBILF ) VL DR/ —NVAKRTHE
Vi —ricLiD), BEOKBTT2RERRL, v
U7z, EE n-~F4VENAZTRY Y%
WU, CoXRy vthnEEERTHAK LIS, B
k& Sml KEfELT, YIS VS S AIEML
n-~#F4 v 40ml T PenCDF %A S ¥z, D%
Bk, 1, 2880%, sLUTHFEOBREKICSNT
3 30.0ml, fhoFEs L UPEEOKREKICOVTIR 3.0
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+solod oil
group A [ normal_diet
PenCDF
Y
group B | normal diet ]
*PEHCDF
group C normal dietf squalane diet |
+solcd oil
group D normal_diet] squalane diet ]
) { 14 A 2
day
Fig. 1. Treatment of 2, 3,4, 7, 8PenCDF and

squalane diet.

ml gZhEhEgml, ECD-#zxsn<trs 574
—ift Ue. &tk PenCDF B3, Bonich
AR7a=w b /5 ADOE— 7 ERLDEN L. D&
*DOEEBMRAR 10pg ToH-7z. Fig. 2 wnoE
BEBLEFTRInw /574 —OREERT.

& S

1. 2,347, 8-PenCDF BLURITI/DTy

HREHEHIA

MrE, BEERE, BRERCREITEE
Table | 1zRd L5, PenCDF oft5ic &
b B, CHCTHETEREHMIMG, WFaEER
WEORBDBEESNIN, R775 vaEHEL
78 AEEETE, AE, SEENBIOVT
ALD#, BLCEHOBEICENTNERTERRE
Honro7o, 250, 3BEMOMETIRT v
FMAE, REENEBRRZT I VRBIKEELE
NERERE N, BB, BEC TERETR 26,
20 BEr L e o5 L.

PenCDF #5 it k2 & 0 BREER~OFES
Table 2 /rd. BETI, PenCDF o@miEoDiE
o & UTHO BN AFFEKR, Wi X OB OEE
DHH, BI2HRERINIY, BBEOEREREADS
NiEhote. —F, 2075 vikE0 CETi, BE
BT AR EBISERONTNICE T b
JFooht., ¥, B, CELLMEBRERENT
Hote. SHLRDETREMENOHOERIALLON
fo.

[Ttissues, or dried feces |

IN-NQOH-EtOH

on boiling water bath for 2 hr

n-Hexane x 4

aqueous phase

ECD-Gas Chromatography

Apparatus : Shimaedzu GC-3 BE
Glass columnt 3 o x 1

inj.: 300°c,
~column: 2707c
Carrier gas: N

Flow rate: 60 Wl/ﬁin.

Temp.

1.5 % 0V-17 on Chromosorb W AW DMCS

Fig. 2.

Table 1.
2,3,4,7,8-PenCDF

n-Hexane phase
1,0 x 3

aqueous phase n-Hexane phase

onhvd.Nozsou

clean up

chromatographed on a silica gel column
using n-Hexane as a solvent

ECD-GC

Analytical method for the content of PenCDF from tissues or dried feces.

Effect of squalane on body weight gain and food consumption in rats administered

A
salad oil
normal diet

B
PenCDF
normal diet

C
PenCDF
squalane diet

D
salad oil
squalane diet

Body weight gain (g)

from 1 to 7 days 51,54 3.7(100)  26.3+ 7.2%(51) 27.0% 5.8%(52) 49.5+ 1.9( 96)

from 8 to 28 days 1315 2,7(100)  89.3+16.6%(68)  84.3+19.2%(64) 131.8+ 6.3(100)
Food consumption (g)

from 1 to 7 days 124,611, 2(100)  96,6+11.2%(78)  94,5x11.2%(76) 112.7+ 9.1( 91)

from 8 to 28 days 529.2427. 3(100)

331, 8439, 9%(63)

405.3431.5 (77)  556.5+33.6(105)

Each value represents the mean=+S, E, of 3 or 4 rats and percentage to group A in parentheses.
* Significantly different from group A (p <0.05)
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2. PenCDF QOBREEHCRIZTRAOI TS OHR
PenCDF o #rhfitikin4 Table 3 & X ¢° Fig.
3iET. B, CECHLMNESi, PenCDF %
Img/kg ST lpEOHEs5dsE, 1HHRES
DB KT 29 %01, 2HHBIE X% 4.5% Bk
fuctkits e, COHBOHMIE, BOKELKC
CIXBZRERGEBDNE. £LT B, CHEB,
SEHEMOHMER | BY LK. 1S%TlHIE —E
L2y, TAMOKRBEEBRM IO BTH -T2, —F
CHTi, SHBIK8HBX7 77 VHILRAL B LFHE
KHEMBOERLNBED L. FoHgtED 1

B OEEERERERED 0.43% -7, FiEF —&
Ukt 7R L. 8HEM S 28 HEH ¥ coMo#
Petegi, BET3.17+£0.329%, CETI.07+0,80
&, CEHTEHMNIEO BN BEvohk. i3
¥, PenCDF 035 v Mk sRhdhmz, h
THEESIN TN, SHRS 75 ViEEiEs
SEBORICODDNTOBRB SN, - 7.
3. PenCDF OEBRARICRITZTRITI VO
g
Table 4 iz PenCDF 0+ & VI H~ D537
BERY. Tk, 2MERR, AEX0.08THEL
722, PenCDF 2—#OPCB& E12 1, FF

ICZQRIPAVERS N, [EIHESA~ 2
30.0 BPTHoTe. CHTHBEERNT, ok
27.0 #/BXUME T PenCDF 474E12, B
5 ‘ e ®ooms BUCIL~TRAEIZR U7
é 5.0 O———o0 group C
« Z =
Z 10 %& Table 1 IRy & 31c, 277 5 ViFRk
2 \ WS & CAEERRICEN S EbE RS
T 0.5 Whhote. RIT I VOERICE-T, %
- SRS REHIEE £ 3 ¥ ORI
z BENI, KRE L AEENETSLRY,
2 8B En5>8ETIENORAEHEMTE,
£ RIT I3Vt ODRBRGEELE
& squalane diet AnnC BRSO
’ 7Time after dO%L'l‘ﬂg (days) 28 Table 2 7, PenCDF 285 L7 B,
. ' . ) CH#T, MoRERARPSED NI Th
Fig. 3. 12-3,1’§e2’t7o£_;11111ac1:g1§ diet on fecal excretion of 12 PenCDF (/M ic £ 1) AKEEHSE 5Tl
* Significantly different from group B (p< lefebE Bong. —J, DRETRIFEHM
0.05) **(p<0.01) PEEI NI, TOBRRICOVNTE, 4
Table 2. Effect of squalane diet on relative tissue weight in rats administered 2,3,4,7,8-
PenCDF
o B C D
salad oil PenCDF PenCDF salad oil
normal diet normal diet squalane diet squalane diet
liver 5.234+0,073 7.301+0,081* 6. 46910, 282% 11 4.700+0. 091*
spleen 0.25240.014 0.244+0. 028 0. 34340, 053 0.254+0. 007
thymus 0.257-+0. 021 0. 0680, 033* 0. 1680, 015%+ 0.318+0.015
lung 0.441+0,014 0. 486+0, 024 0. 687+0, 078% *+ 0.438+0. 020
kidney 0.826+0. 013 1. 00240, 100 0. 988£0. 055* 0.855+0.014
adipose tissue 1.019+0. 099 0.857+0.059 0.951%0. 166 1. 256+0. 086

Each value represents the mean of relative tissue weight (g/100 g body weight) + S.E. of

3 or 4 rats.

* Significantly different from group A (p <0.05)
+ Significantly different from group B (p <{0.05)

T (p<0. 1)
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Table 3. Effect of squalane diet on fecal excretion of 2,3,4,7,8-PenCDF in rats
B C D
salad oil PenCDF PenCDF salad oil
normal diet normal diet squalane diet squalane diet
from 1 to 7 days N.D. 35.79+2.26 35.59+0.90 N.D.
from 8 to 28 days N. D. 3.17+0.32 9.07+0, 80* N.D.
(0.150. 0D (0. 430, 03)**

Each value represents the mean of percent of dose excreted during the indicated days, and
one day in parentheses*S. E. of rats.
* Significantly different from group B (p <0.05) **(p <0.01)

Table 4. Effect of squalane diet on distribution of 2,3,4,7,8-PenCDF in tissues of rats
A B C D
salad oil PenCDF PenCDF salad oil
normal diet normal diet squalane diet squalane diet
liver N.D 47,09+ 3. 80 40.70%2.81 N.D
spleen N.D 0.02x0. 01 0.014£0. 003 N.D
thymus N.D N. D, N.D. N.D
lung N.D N. D. N.D. N.D
kidney N.D 0.0340. 0! 0.04+0.01 N.D
adipose tissue N.D 0.39+£0.02 0.35+0.07 N.D
blood N.D 0.31+£0.02 0.22+0.05 N.D

Each value represents the mean of percent of dose+S.E. of 3 or 4 rats.

N. D., not detected

DETHBFTEIN, 12F, HEEELDE/AR
< 0.898 e LT CEEY/BET 0.886 &i5h, Pen-
CDF #5088 chhrbdd, 2773 vUEkk
S CEERBEOERIEAON 3 € &, X5t Ri-
chter 513, Wistar M5 v NiC8 %R T35 V4R
% A BREASEERT, ERULIEA7 75 V0K
1 BENT FICBERBR LI EMELTNEY @
T, BREANI2 7T 5 VO OHOERIL SO0
b L.

Fig. 3 K& L7k 5ic, PenCDF %1 mg/kg T
I EEO#EEST2E, SHESZ0pOEPIRMER
IEYYEEED0ISHEBED, BIE —EILk 5.
COBEMER, NEEEBLTRERCHERsh, B
WA -7z PenCDF BiiEEsh s, —
K, RIT 5 VEAEAESELEE, HPhEHEBRER
KHINT 5. coPfMBR 1IN 0.43%% FiF —
ETHBLE, SOREMUILRZ T VORI
BIRE NN EVWAEELFEZ L&, ZOHHMRE
ERIEEEcEEH S iz PenCDF 227 75 YAIA
BL, ZOHRNAEBEIEL/ZCEIEELTHWEEE
Zohn5b.

AED 2775 v %E O ZREMER I BMiIcEE
T, EhOHEHE ML EE DA TROERBET I

DIRP LI -7, PMETERT L, X SRk
RSB LN D RSN 5.

& b

8% 2075 YL, ORE AEENETA3
RO, vt ORE KBREEESIRI 1. @
PenCDF o#FHiic X 2 FFIEA, MREREERE ¢
7. ®PenCDF @ ZEhEEitE%5 3 (Sic{B# s 4.
@PenCDF oE#4#H, #iKFozhve KhEd
SEBERER L. P EOHERELS, 5y Mgk
T, 227 % viZ PenCDF e AHE{R SR
W HEEBRESREEET 2 b0 L ERs N, 2o
TEXD, BHEA Ul B4 oReticonTiRs
%, SLICBRHEETEZLOD, Ry T T VIdEAH
HholgEoBBRERLAoBREENE LT
HlHEING.
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PCDFs thi&EHI)LICHd 5 13-cis Retinoic Acid
RORV 735 vOBEICET 5H%E

REURIL RS
oA B MRS E

Studies on Therapeutic Effect of 13-cis Retinoic Acid and
Squalane on Symptoms of PCDFs Poisoning in Monkeys

Takashi KasaiMoTo, Shinjiro HoRl
and Hirotaka OBANA

Osaka Prefectural Institute of Pubulic Health,
Higashinari-ku, Osaka 537, Japan

Monkeys were administered polychlorinated dibenzofurans (PCDF), 20 xg/mon-
key/day, 3 times a week for 3 weeks, observed for Yusho symptoms for the follo-
wing 2 weeks and then treatmed with 13-cis retinoic acid (13-CRA), 5 mg/monkey/
day, or squalane, 8 g/monkey/day, for up to 20 weeks for observation of its thera-
peutic effect.

1) There were decreases in body weight, edema of the eyelid, loss of finger-
nails, immunosuppression and increases of triglyceride in the blood in the monkeys
fed PCDFs.

2) Effect of 13-CRA and squalane on occular manifestations of PCDFs poi-
soning were not definitive.

3) Improvement of decreases in body weight and increases of triglyceride in
blood were observed in only the monkeys treated with squalane.

4) The amount of PCDFs in livers on the monkeys treated with 13-CRA and
squalane were 79 % and 80 %, respectively, of those of the monkeys treated with

PCDFs alone.

i L ¥ (

HAEAS T LT LR, #FE S IHERRNET AL
4% PCBs, PCQs ' PCDFs #43HL, 2 5%
7y PROEFMCEE L, TOEESRELEREL
T& 290D ZOfER, PCDFs [3& bMHBME%E
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Respiratory Involvement and Immune Status in Polychlorinated
Biphenyls and Polychlorinated Dibenzofurans Poisoning

Yoichi NAKANISHI, Yukio KuriTa, Hideaki KANEGAE
and Nobuaki SHIGEMATHU

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

Respiratory distress and abnormalities of clinical and laboratory investigation
of 401 patients with Polychlorinated Biphenyls (PCB) and Polychlorinated Diben-
zofurans (PCDF) poisoning have been studied since 1969 to 1983. About a half
of the patients were complaining of respiratory distress a/o secondary airway infec-
tions at an early stage. Thereafter the respiratory distress occurring in these pati-
ents improved gradually for the 10 years following onset of the disease. However,
over the next 5 years (from 10 to 15 years after onset) little or no improvement of
respiratory symptoms was observed in most cases.

Pathophysiological studies showed that respiratory involvement in Yusho was
mainly that of small airways disease and the disease state was mildly improved in
1983.

The effect of PCDF on 1) two T-cell subsets (namely helper and suppressor
T-cells), and 2) the response to nonspecific mitogen-PHA was studied in Japanese
Yusho patients 14 years after onset. High OKT 4/8 ratio (helper/suppressor T-cell
ratio) and lowered responsiveness to PHA were seen. Conversely, Yan-Chin Li
reported a low OKT 4/8 ratio and enhanced responsiveness to PHA in Chinese PCB
poisoning patients 3 years after onset.

In order to clarify these discrepancies, and to analyze the effects of PCDF on
lung tissue and immune status, animal experiments were done.

1) Male rats of the SD strain were given 0.25 mg of PCDF 6 times within 2
weeks by gastric intubation. Severe necrotic changes of the bronchiolar Clara cel-
Is and mild pulmonary edema and vascular congestion were seen. The thymus of
rats which were given PCDF decreased in size and thymic microscopic features
showed severe atrophy.

2) Female mice of the CH3 strain were given 5 mcg of PCDF by intraperito-
neal injection. Analysis of T-cell subsets of mice blood 4 weeks after injection
showed lowered anti Thy-1. 2 positive cells (pan T-cells) and low Thy 1/2 ratio
(helper/suppressor ratio).

3) Female mice of C57/Black strain were given 5 mcg of PCDF intraperito-
neal injection. A statistically significant hyperfunction of white blood cells (predo-
minantly neutrophils) in mice given PCDF was observed by the measurement of
chemiluminescence, when compared with those in control mice.
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These results suggest that PCDF leads to severe toxicity to bronchiolar Clara

cells and thymus, as compared with that of PCB.

In addition helper T-cells are

selectively damaged in the acute phase of the PCDF poisoning as shown in

Chinese patients. Further,

function is suppressed, while function of neutrophils is activated.

the results suggest that in PCDF poisoning the T-cell

It is not clear,

howeve1, whether these changes are direct effects or indirect ones of PCDF, but it
is suggested from our study that these abnormalities correlate with chronic bron-

chitis-like symptoms in Yusho patients.
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Table 1. Clinical course of respiratory symptoms (cough and sputa) in 79 cases, which were
followed up for 11 years
Symptoms 1972-1973 1974-1975 1977-1978 1983
Exacerbated* 10 21%) 13 (16%) 14 (26%) 4 (9%)
Positive  Unchanged* 18 (38%) 39 (49%) 18 (33%) 30 (70%)
Improved* 7 (15%) 15 (19%) 12 (2% 0
Negative 12 (26%) 12 (15%) 10 (19%) 9 (21%)

* The change of symptoms in the course was compared with those in the late check-up year.
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IETHR Lic 3R 2 &, 2FlofEs/ar ) v
TESIEFEAL LW, IgA & BRREROMICE, HEt
FEEEOERRD N0, 29 Filth, IgA 4
100 mg/dl IR Cdho/ SEMI, FERISRERE
DTHBY, BE2UEFRRERE#ED THEAD D,
IgM BEEFRE REEREE UEATRERIE
TFTULTWEY, ThooEfcrEho IgA EOE

Table 2. Pulmonary Function Test in 12
Nonsmoking Patients* with Re-
ticulo-linear Shadows about 1 Year
after Onset of Respiratory Distress

and at Follow-up

1973

Measurement 1970 “jg7, 1983
VC/predicted VC(%) > 100 5 6
> 90 1 5
> 80 |
FEV,/FVC(%) > 80 3 9
> 75 3 3
Vimax 30 (liters/sec) > 4.0 6 2
> 2.0 6 4
Vimax 25 (liters/sec) > 1.5 5 2
> 1.0 5 3
> 0.7 2 1
P.O, (mmHg) > 85 3 4 5
> 70 7 1
> 60 1 I 0

* Ages were distributed between 30 and 49
years.

TRED SN poi, MERES 7Y VER, B
S FERBEEAESNIY, 0 BRAFNESE
ZR U7 (Table 3).

BE, it by voSERE/ 70— iidk OKT-3
BILTHEEA, T, Z~ars—THaz, T, 347 L
v — T Hifa% Wi 72 & 0bi TN 31919, 4
DONONOFETH, WESEHT, T, Bk
(~ovy—THIR) OREDHEIMENZ, Ts B
F7 vy v —THE) OBECETENZREYD, £
L LT T)/Ts HOBMARERD . O
fith PCB REXLDBWE ClI0A) TEHTH
7z. —75, PHA w3 % Y v BREFE(LRER, BE
BE, RCEEE OCI10A) Tl hEVWEREZR
L7- (Table 4).
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Fig. 1 (B>

Fig. 1. Ultrastructural view of rat lungs given PCDF for 2 weeks.

(A) Degeneration and necrosis of the Clara cells and (B) Hyperplasia of
them are clearly seen (x 2600).
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Fig. 2.

Ultrastructural view of rat lungs given PCB. A proliferation
of agranular endoplasmic reticulum in the cytoplasm is seen,
but no necrotic changes are demonstrated (x 2600).

Table 3. Serial Serum Immunoglobulin Levels in Adult Yusho Patients (mg/dl, Mean*S.D.)

Date of exam.

Cases

Mar.—June 1970 28
July-Oct. 1970 27
Jan.-Mar, 1971 9
June-Aug. 1971 13
Oct.-Dec. 1971 24
Jan.-Mar. 1972 29
Nov.-Dec. 1980 15
Control 57

1eG IgM IgA
1655+ 414% 127+ 57%* 151+ 77%*
1843+ 628% 186+ 92 2864 100%*
1516-£471% 225+103* 253+149
1571 +341% 185+ 65 203+ 64
1586+ 604* 172+ 88 232+ 70
1340447 166+ 91 206+ 97
1307239 153+ 61 199+ 72
1243+329 170+ 54 207+ 96

* Significant increase (p <0.01) compared to control
** Significant decrease (p<{0.01) compared to control

Table 4. Lymphocyte Subsets and Function by OKT-series and PHA in Patients with Yusho
Subjects OKT 3 4 8 4/8 PHA
Control 68.3+8.6 41,2457 26.0+£5.0 1.63+£0.45 303+70

Yusho (n =38) 63.8+8.0 42.7+8.1 22.8+6.2 1.98+0.82 268496

<10A (n=28) 63.1+£9.1 42, 0+£8.8 23.5+5.5 1.84+0.74 286+ 58

=10A (n=10) 65.616.1 44,7+6.3 21.0+7.3 2.44+0.93 248497

<10A, =10A indicate PCB concentration in the blood.
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2. AERENEOMESER - HER  Lymphocyte
(CHEABEECHTAER 7ol

D 7y b ERNRER o control

PCDF #55 » b (Fig. | (A 1 500 - 03 PCDF
B) T, PCB #5535, (Fig. 2) 50 PLDE

K UHSE X0 7 5 5 a0k, & 560 * 83
WA T, —BBEICHEOTEY, K *

ERSHTREENIVEHT, 20K 30 4 44.3 = 9.3

HRHW LTV BIOBATE, HilE W= s I
MEOREREI L A~ ORED Y " A \
47 Y ORNA b NE. CREDE 1o wmzﬁmigmm“?
{tiz PCB 5B CRBETH DI I D A
LSO fE T, PCDF B54ET m Lyt—1 Lyt—-2 IgM

RINIRD FHEL b TERT HOL
», PCB 5B TREMNRIEETHD
f:12)‘

2) wYRERHWIER

C3H Z<wv 2~ PCB.PCDF #5871,
BEREESR XD 4 BRI TOREIRICER
ol BEEOREEBENELTS, v M
B oMK D IEFRLREMRD ONLHDOIbDD,
EiEE PCDF #5HOMKREERERIETLTE
D, BEDWE I MBOREMNRED .

PCDF #5 C3H = v 2Dkt ) v/ SBREEEZ,
SffEEE L ki LT, % Thy-1 BBiEfERa & Lyt-1
BHAmoROETHA SN, # Lyt-2 Gk
DOHEICIIENA SN2, ChbdY) vk
B, #hEnfTE ~v o =THR, ¥7 vy
H+—THIRZE#HT 20 TELH?, bhbhd
HEBR T, PCDF #5ickd THIELEOEDH
B BY, #hEic~vs—THEERO DR
H$ 5z Eaprgahi (Fig. 3).

PMA #iliic & 2 C57/Black &+ 2 D{L¥5E
Fe FAMEKD S DICHANT, HROBENLSVOD
OTHo7z. Fig. 4 itiRT & i, PCDF #5#HoD
ObDENMBHICHER L TERIREL, Bk (b
B HEDEM LA PCDF #51c X DAELTNA T
EDSFD LT

E £

1) IPRBFEEDRELE ZOREMFICOINT

HED ERYEIZ, PCB, PCQ, PCDF t& 3¢
O EN TN EA, Bradt 5293, BED<Y
ZER T EBRT, [ESHEE~D PCB ODEFFER
L, iz 58 PCB OBBICIRET 5 & AR

Fig. 3 T. B cell subpopulation and T cell subset

2000
1500 I
1000
¥

500
0

Control (N=3) PCDFs (N=1)

838+35 1316£312*

P<0.05

Fig. 4. Chemiluminescence.

NTW5. MEREBRBICA NI KBOBEIR, &
NOOREERICHKTZE0hE LNEL. L, H
FERED X8, HEE B IO MEEYNRERR
i, MER L ZTREROBERIFE LTEHIED
b0, TRHLBARER LERHREEL JURLEOMf
RICEDTUOEBIEINBTEERLTVS. ZOH
WKOWTEREHOPICRE 21O RRD L AN ETH
3. OMED T/ 2REEYE: PCDF ch 5 &P,
@Furan FHEE (4-ipomeanol) FHEKEX 7 7 7 M
fAOERAO B T, FYEICK 2 HEEER,
ERBICE TS ODTRIRITH B &, %N
KO ERNTAE L ZMMBOREE LTk, WkE
MaskErHE, Wis>-oM& sk &0 bivbh
o PCDF #55 » +ffiTsh, 4-ipomeanol iz k> T
HEUb0 & EU L WEERENELL s B oh
7z.

PR AR Y « VR BRSO HER e kD, LI
U RHEEESS O, HEREHMRIITE, 75
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LBRMEESPREBEINE T EMNEL, BELIEMAD
PHTRBEMICE RS,

2) EREELZOREBEICONT

BADHERE : GEOMERLEO REROEY %
HELTAEZE, BEREAZEC>VTREEALEL
XOBREETHOLY. bbb, RELD 2EHKT
i, MM IgA EE IgM EREETFTLTRYD, 3
FEHPIBRIEE/L U,

Lt &, REIFEBORBETOMERET OKT,
/Ts B (~wwrs—/47 1y 5T R OET &,
PHA ¥4 2 RIGHED ERAZRLTHWE. KK
LT, RBELD WEBIC bbb LIcAARD
HERETE, Fic T/Ts ko FHEE PHA 4
B UG DAE RS D b,

bhvbhd< v 2%H /- PCDF #5EBTH,
#h# 4 EE o THRER L, Pt Lyt-] BiEMEEY
b B~ —THEOERETPRED OGN, RESR
i id~ o~ THEDSERMICEE SN A C E20R
Wi, OO THEORE S MEEROMI
i3, FAoHrOBEENESEEZEDNSEN, PCDF i
B T A BES 200, WiREN L CEEE
52 20, 20t PCDF #5480 THEHEHD
EEZAN~D PCDF 0oEEE L EicED &5 38
BAETELOPENDIHBIC D DWTRABROKRER
WHEEBDOLNS.

Bll, {LEFIT L ZFTRoBREREIC X DigHE
RRYLE B CIF R R RS L s h TR L &, &
BB FOEENI VBT B EIRENTY
3. bhbhopg iz PCDF 5tk < v 2 iF
PR RE IR (b TR D, EEZCBIT 2 ER
ZubEicid, FTREROBEEE T IEERS LI aTER:
BHESN 3.

PCB DHRERICKIETEEIC O OVTOWMAR DI
WS, SEEIREEET, Avesnd ) VEQETFH
HONLPED IO IHFERE IR P LT P F I —
YEA VT Fvd —Fickd 2 EERMBHES GO
ETHEALNEEOIWEY NS L. WERELR
TTICICENEBLTHSEDY, EMichizs PCB
OFENEY, REOME, 18EKERGEO MBS
ERBEICINA TRIET N HEEEL, 20—
LTORBERORBEICDOVTAHRE S BRFIEEN DN
Wik b EEbN 3.

ES & B
W46 LUSRIENEIC & 1 2 WFIREE R & Sule R O lRIK

FRE O I BT A S LT & /. 4 RIIIERISS~
SSERfT O MEBREOMRAK BT 3 BREFAOR
BERILUILDT, Z0% EDETS &, BB
KRARKE T 2BEOMEFTEOESERHNT, £
NLOEFHRRORBERFLERIT L.

D FRREHERIZTCE S FHRFAEAETH S, B
iliity PCB EENSEER D 56 & 1BHESERYE
WaEETAHTEOEIMNEN. T, KEKEDH
EHE v — v BHRIEEE L Bho@mEs A BN
fe.

) fES eI VYERERT, T Yy Ko
subset ORE TR~ — THIEOERED B0 W
FVy - THECOBREETEEZEY, COERR
M PCB BESLOENHTEHTH O

) FERBMEENOBRICIOEEEREL LY
& LT, PCDF BHISEXDZ 5 5 MiaDRIR
RTSAE M, BICEENE LA LED L.

4) PCDF #5idMRoEREL R L, ~wv
=T ) VB FD & PHA o334 2 HERALRIGD
EREXRL.
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Effect of PCBs on DMH-induced Colon
Tumorigenesis in Rats

Masahiro NISHIZUMI

Department of Community Health Science
Saga Medical School, Saga, Japan

ABSTRACT In order to examine the effect of PCBs on DMH-induced colon tumorigene-
sis, KC 500 was administered to rats before or after DMH administration. Although DMH-
induced colonic tumors showed slight increase in number in the rats given KC 500 seque-
ntially, size of colonic tumors at 28 weeks was significgntly larger in the rats given KC
500 before or after DMH administrati on than those given DMH alone. Translocation of
colonic tumors to distal section was also seen in the rats given KC 500 followed by DMH.,

Fukuoka Acta Med, 76(5): 204—207, 1985

Thus, colon tumorigenesis was promotionally affected by administration of PCBs.

Introduction

Studies have been done on hepatocarci-
nogenicity and hepatic tumor-enhancing
activity of polychlorinated
(PCBS)4)~9)12)14)16)~18).
no reports concerning with the effects of

biphenyls
However, there are

PCBs on chemical carcinogenesis produced
in the organ other than the liver. It is
important to know the presence or not of
organ specificity as a tumor enhancer, as
well as to gain more information on a
tumor-enhancing effect of PCBs, which
are contaminants distributed widely in our
environment. This paper reports the effe-
ct of PCBs on colon carcinogenesis indu-
ced by 1, 2-dimethylhydrazine dihydro-
chloride (DMH), which is a colon-specific
carcinogen in rodents, with sequential ex-
posure.

Materials and Methods

Eighty Wistar strain male rats were
randomly divided into four groups as fol-
lows; group l——treatment with DMH
alone for 10 weeks, group 2——treatment
with DMH for 10 weeks followed by
PCBs for 3 weeks, group 3——treatment
with PCBs for 3 weeks followed by DMH

for 10 weeks, and group 4——treatment
with PCBs alone for 3 weeks. Experi-
ments were started at 8 weeks old in the
rats of groups 1 and 2, and at 5 wecks
old in the rats of groups 3 and 4. Con-
sequently, treatment with DMH was star-
ted at 8 weeks old in all rats of groups
1, 2 and 3. Thirty milligrams/kilogram
of DMH (Aldrich Chemical Co., Inc.,
Milwaukee, WI.) dissolved in sterile saline
solution just before use was administered
by subcutaneous injection once a week
One hundred milligrams/
kilogram of Kanechlor 500 (Kanegafuchi
Chemical Co., Osaka) dissolved in olive
oil was administered by gastric intubation
twice a week for 3 weeks. All animals
were fed a pelleted diet (CE-2, Clea Ja-
pan Co., Inc., Tokyo) and given normal
tap weter freely. Animals were weighed
every week for 16 weeks and then every
2 weeks for the duration of the study. Six
to eight rats in each group were sacri-
ficed at 18, 24 and 28 weeks after start
of DMH treatment. The entire digestive
tract was opened and washed with phy-
siological saline. Grossly visible or sus-
pected tumors were recorded as to loca-
tion, size and macroscopic morphology.

for 10 weeks.
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Table I. Numbers of Intestinal Tumors
(>2mm) in Rats Given DMH
Alone, DMH Followed by PCBs,
or PCBs Followed by DMH at 24
and 28 Weeks after Start of DMH

Table II. Distribution and Size of Intestinal
Tumors in Rats Given DMH Alone,
DMH Followed by PCBs, or PCBs
Followed by DMH at 28 Weeks
after Start of DMH Administra-

Administration tion
Grou Duodenal tumors Colonic tumors Group Duodenal tumors Colonic tumors
No. 24 28 24 28 No. Loca-® . Loca-® .

weeks weeks weeks weeks tion Size® tion Size®

1 0,542 0.940.1 0.54+0.3 1.1x+0.4 1 3.342.2 5.8+1.2 10.2+2.0 3.1+0.3
3,36 6,67 (3,2,6 @57 (0.5-12)  (3-10)  (4.5-15)  (2-9)

2 0.3+£0.2 1.240.3 0.3+0.2 1.24+0.3 ) 7.7+3.2 5.4%+1,0 7.9%x1.3 6.6x1, 4%
(2,2,6) (7,5,6) (2,2,6 (7,56 (0.5-20)  (3-10) (2-11) (2-12)

3 1.240.3 1.6+0.4 0.840.3 2.3+£0.6 3 3.140.8 6,4+0.7 6.4%0,8* 5,240, 5%
(1,5, 6) (14,7,8) (5, 4,6 (21,88 (0.5-13)  (3-12) (1-13) (1-10)

0

0 0 0
0,0,6) (0,0,6) 0, 0,6) (0,0, 6)

The data are expressed as means+SE. Num-
bers in parentheses indicate the total number
of tumors per group, the number of rats
bearing tumors, and the number of rats
sacrificed in that order.

The liver was weighed. Other organs
routinely examined were the kidney, liver,
spleen, lung and zymbal’s gland. Obser-
ved tumors and other organs were fixed
with neutral buffered formal depyde so-
lution and processed for histological exa-
mination when necessary. Results were
evaluated for statistical significant diffe-
rences by the t-test.

Results

Less weight gain in the rats of groups
2, 3 and 4 was observed in the period of
treatment with PCBs, but not in the pe-
riod of treatment with DMH. At the
time of the first sacrifice (18 weeks after
start of treatment with DMH), mean
body weights of the rats in groups 1, 2, 3
and 4 were 4686 g, 429+9 g, 4257 g and
43511 g respectively. As these figures
indicate, mean body weights in groups 2,
3 and 4 were significantly lighter (p<
0.05) than that in group 1, which was
treated with DMH alone. Mean liver to
body weight ratios, 5.1%0.2 for group 2,
4.8+0.1 for group 3, 4.8%+0.3 for group
4 were significantly increased (p<{0.01),

a) Mean distance from pyloric junction
(cm; range).

b) Mean diameter (mm; range).

¢) Mean distance from anorectal junction
(cm; range).

*  Significant difference from the group 1

(p <0.05).

compared with the value of 3.6+0.2 for
group 1. In three of 14 rats in group 3,
tumors in the zymbal's gland of the ear
appeared at 21 to 22 weeks, and grew
rapidly up to 2cm in diameter for 5 to 6
weeks. The similar type of tumor appea-
red in one of another 11 rats in group 3
at 24 weeks, and in one of 7 rats in group
1 at 28 weeks. At the first sacrifice of
18 weeks, colonic tumors were not observ-
ed except 2 rats in group 3, which ap-
peared as small polypoid growths. The
number of tumors by site observed in 24
and 28 weeks after start of DMH expo-
sure is given in Table I. In both of duo-
denal and colonic tumor, number of tu-
mors, which are larger than 2 mm in dia-
meter, tended to increase from 24 to 28
weeks. At the corresponding period, the
number of tumors in group 3 is more
than that in group 1, but not significant.
No histological differences of tumors were
observed among group 1, 2 and 3.

As indicated in Table II, colonic tumors
in rats of groups 2 and 3 were occurred in
more distal section of the colon compared
with those in group !. The difference
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is significant (p<{0.05) between group I
and 3. The size of colonic tumors oc-
curred in the rats of groups 2 and 3 is
significantly greater (p<{0.05) than that
in group 1. However, no significant dif-
ferences in location and size are observed
in duodenal tumors. No intestinal tumors
were seen in the rats given PCBs alone
throughout the experiment.

Discussion

Dimethylhydrazine is known to be a
potent carcinogen with a specific organo-
tropism for the colon since the report of
Druckrey et al®. This was also shown by
the fact of nearly 90 % intestinal tumor
incidence at 28 weeks in this experimental
condition. In addition, sequential exposu-
re to PCBs has also exhibited a promo-
tional effect of significant increase in the
size of DMH-induced colonic tumors, and
a significant translocation of tumor site
to distal section of the colon. It is also
interesting that promotional effect of
PCBs on zymbal’s gland tumor was seen.
The mechanism by which these occurs is
not known and needs further experimenta-
tion. So far, animal studies has presented
the potentiating effect of bile acids on
colon carcinogenesis? V¥, Possible chan-
ge of bile acid metabolism induced by
PCBs exposure® would be one of factors
enhancing colonic tumor development. It
is another possible factor that PCBs may
also have an effect on the metabolism of
DMH to methylazoxymethanol, which is
a proximate carcinogen.

No inhibitory effect on colon carcinoge-
nesis was observed by exposure of PCBs
prior to DMH administration, while PCBs
exposure prior to diethylnitrosamine ad-
ministration induced inhibitory effect on
hepatocarcinogenesis'”*®. The reason
why this difference had occurred, couldn’t
be definitely explained at this moment.

However, it may be considered that the
alteration of carcinogenesis by PCBs is
dependent upon the carcinogen involved.

In summary, the present study demon-
strates that PCBs has a promotional ef-
fect in colon carcinogenesis, especially in
Considering
the ubiquitous nature of PCBs and of
certain environmental carcinogens, further
studies will be required for such interac-
tions.

distal colon carcinogenesis.
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EEEMIEHREER S E

7 {E3

PCBs TN 1, 2-dimethylhydrazine dihy-
drochloride (DMH) it &k 2 KIgEEZREICED LS
BEEERETIES v MEFEDRREEERICEDE
g1,

Wistar ZoO#>» +ic DMH (30mg/kg %
1EETE) 21088 ichlcoT s Lic B4 &
DMH #:5 4z jn 2T Kanechlor 500 (KC 500)
(100 mg/kg %2 EEREAN) 2 DMH o5
T 7o B 3 BEMichb e > THRE LB SO KB
BEEoRERNE DMH £:5845% 18, 24, 2858
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CRHRLUTHER L.

KC 500 % 3 Bf#%5% DMH % 10585 Lk
54, DMH B sic b~ KEEEO K S S Dl
K, XDBENANDORENAD SN EEHOBRD
B S A ONBEEDOOTREL 2. KEEE
DRE S QAR KC500 % DMH o#%icis Ui
BRI RSN,

LD EM5 PCBs OXRIERBEORICES S ER
BIERRATH 208, FRECHLBELLRERS
HDEEZL LN
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Methylcholanthrene induced Mouse Skin

Cancer ORERAECKITTHECDIVT
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Influences of Polychlorinated Biphenyl’s (PCB) and
PCB-like Chemicals on 20-Methylcholanthrene-Induced
Mouse Skin Carcinogenesis

Makoto Hori, Kazuo Funra, Kazuyoshi YAMASHIRO,
Fumi Torivama, Ryoji HIROSE, Tetsuo SHURUWA,
Hiroyuki TovosHiMa and Hikotaro YosHIDA

Department of Dermatology (Director: H, Yoshida), Nagasaki University
School of Medicine, Nagasaki, 852, Japan

Influences of polychlorinated bipheny’s (PCB), hexachlorobenzene (HCB), bi-
pheyl and terphenyl on 20-methylcholanthrene-induced mouse skin carcinogenesis
were investigated. Four hundreds and twenty male d-d strain albino mice of 3
month of age were divided into fourteen groups, 30 each. They were treated with
PCB (topical and per oral), HCB (topical), biphenyl (topical) and terphenyl (to-
pical) followed by carcinoma induction using topical MC application. As controls,
PCB (topical and oral), HCB (topical), biphenyl (topical) and terphenyl (topical)
dissolved in solvents N-hexane (for PCB and HCB), aceton (for biphenyl and MC)
and benzene (for terphenyl) were used.

Two groups treated with MC after oral and topical PCB were suppressed mar-
kedly the number of mice with MC-induced skin cancer.

All chemicals used as controls in this experiments did not show initiating or
promoting activity against MC induced carcinogenesis.

Polychlorinated biphenyls (PCB), benzene PCB %#4tH L, PCB ic#5BXH 5 & promoter {5

hexachloride (BHC), polychlorinated terphenyl
(PCT), hexachlobenzene (HCB). 7z &35, = v &
PNLRL DR UTEERAESIRE DT &M
FEENTETHAYPY, ULhL—F, PCB 34k
ZF e, methylcholanthrene (MC) ik 3=
AFEEBEORE I LT 10 ppm, 100 ppm EET
{2 promoter & UCOEMAERLROEDHELS
Y. SLEEBEBEORECOVTORELBDTH
05, DiGiovanni 59 2, <=wvx@® dimethyl-
benzanthracene (DMBA) ic k 3 REEHRERIC

Ak onictHfE L Tna. £72 Bahn 52 3
PCB icEReEn 3l AD2 B 2 Nic BEERE
RENH ORI LB, SROEBREHRLL TS,

PCB @ffic & EHEsh, LB sBELD
BTV, REOEE—EBERCLERSh, EF
DRV EEEERT S. LizhoT, R OATE
), REBOHEILCS, Moh0shResRETI L
BtRicBEzohsscATHS.

4, #E ol SERNFEE LY, REZ0D
LB EBEUMES <9 X @ methylcholanthrene
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MC) kL 2REREMERRCHEREL, b0
LB MC DRBICOP BRI ZEBEEZ 500
s Ui,
ERMEE AR

1. ERCEYELERAE

PCB & LT, #%2 w—ie«400 © 150 ppm N-
~NFYVEHRERN. MC 20.3% 7+ ViE &
hexachlorobenzene (HCB) {2 150 ppm N-~: 4
V¥R, biphenyl |3 150ppm 7% b VIAMK, ter-
phenyl & 150ppm ~>€ ¥ ERE LTHWThY,
0.2ml 2ELHEECE2EFTFLE. 28O ¥
WHEAEMA LicBETciRvIhe, PCB, HCB, bi-
phenyl, terphenyl /£ XA F L 6 Bt MC %
T Uiz, 7336 6 oA B WIcE BRI, BFE
METH 5 croton oil #MC wtE Uiz~ AFE
REEEBICHE T croton oil %75 6 B MC
RT3 HEAE S DRBEO LASEETE
HTH5H>. PCB oRIKER~ v 2RWEH BEAE
¥ TthHs MF-food (£ xvzwBRTHERAS
) % 1S0ppm N-~F 4 VEBEIKEICEL, ¥
BEFTHEEE & SIS 2 H LTI .

2. EREWY

E®3IAAD d-d RfEwwx 4204 Table |
R L7z MBI, wihd BEEREEELER
A& Ui,

3. BWEAE

FZHIC2o0T, ERRERE2ME, 16:BF T,
20 BE TRRAICIEED RARE 2HE L. $1
ZE20T9D, 3WHERT, ERENOERELB TS
W, SREERICRET LY.

=R B R

1. RELEEREERERR

EEFARTIE Table 2 R, 1ED=Y R
CHEOBEERRET L EBEEAETE S0,
BEERAERIIIEED REEK J0d R4 Licey
ADTHRET A it L. %7z Group 9 »d
Group 12 [cH4E U BRI AREY, HRFENc 23
& bhiz. Group 13, 14 Tk, 0 2 BOERH
RERZ SOBEBNE Aok, MEEHbE
T, BERAE~ T XEOAFELTED LK.

Table 2 L LcK# SCC &, WIRMIICE
BRI BRI S 5 DV INEB RS EE R
XVABEDENE LA S THD. WERELSLHY
BXOICHEL, THE~OBEL I (M1). #

Table 1 Methods

Group ;Il(i)fnz?lg Agent Application
1 30 150 ppm PCD in MF-food
2 30 0.2ml. of 150 ppm PCB in N-hexane (T) 2/week
3 30 0.2 ml. of 150 ppm HCB in N-hexane (T) 2/week
4 30 0.2ml. of 150 ppm Biphenyl in acetone (T) 2/week
5 40 0.2ml. of 150 ppm Terphenyl in benzene (T) 2/ween
6 30 0.2ml. of N-hexane (T) 2/week
7 30 0.2ml. of acetone (T) 2/week
8 30 0.2ml. of benzene (T) 2/week
9 30 0.2ml. 8f 0.3% MC in acetone (T) 2/week
10 30 MC painting after PCB application 2/week
1 30 lt\gi(riligzgiirll\}[ilr:l_gfoogxdthe fkin of mice fed with 150 ppm PCB con- 2/week
12 30 MC painting after HCB application 2/week
13 30 MC painting after Biphenyl application 2/week
14 30 MC painting after Terphenyl! application 2/week

MC: 20 methylcholanthrene
PCB: polychlorinated biphenyl
HCB: Hexachlorobenzene

MF-food: # Y = v & VvEERTERIXHE <~ v 2 EAER AR

T: topical.
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Table 2 Results
X Papill .

Group/Agent 2 gcg s ap ‘;)m; %&E 5;5,,%&%%% &% %) %8
1/MF-food containing PCB 0 0 0
2/PCB 0 0 0
3/HCB 0 0 0
4/Biphenyl 0 0 0
5/Terphenyl 0 0 0
6/N-hexane 0 0 0
7/Acetone 0 0 0
8/Benzene 0 0 0
9/MC 15 22 27 738
10/PCB/MC 9 12 18 7
11/MF-food containing PCB-MC 4 10 12 12
12/HCB-MC 12 20 24 7
13/Biphenyl-MC 17 8
14/Terphenyl-MC 15

BEEIch, REHLOREL, THRANLEEEEEL
»3 (X 2). Fi, trichilemmal keratinzation 53
Hoh, BARBELIERBMENEHRTHE (K3I).
ULomim»o, & b OEEIFET 5 keratoacan-
thama WCHRK, MEBENCENT 25, BRER
L, Fil, BN XD RS XVT L
X b keratoacanthoma D squauous cell car-
cinoma F7bhH, KB SCC &, bhbhlIFH
LT3,

—7, papilloma [, ZO#HL TR AL S
KHRKOABEROER: LTREL, BHA~ORER
T (K4). BEENCOEREL DREIICREBRD
WERALNDH, EBHREL (®S). T4bb
BoEEEsELZ NG, LEMDT, CO®HRIICE
WTR, K& SCC itoWToOABRNENAL TS
Z&icd 5.

Table 2 R L7z &<, Group 1 25 8 MC
ZHEALTRNY R, 208 TTOHET, 24
BEORENL SN HDI. Group 9 © MC B
MEgEH~ Y 2T, 30PEd 1S icKAE SCC 45
7. —K, Group 10 ® PCB 4 fic MC ¥®7546:
HAUlle=yxTiE, KB SCC #%, 30 0L 9 pLjcs
&L, Group 1l © PCB BO®E5~v X T34
wK# SCC oREMHZBENI. T, BEEORE
1238 & KB 8 A 5z, Group 12 TR
MC B & 204 509, Group 13, 14 T,
K# SCC & papilloma OEFHSEEZEENL N

Table 3 PCB EO#EIC X 2 HENEE.

438 8:E 168 208

(ppm) (ppm) (ppm) (ppm)
Bl 2.4 1.4 7.7 29
B4 41 81 6.3

e (FE®%) | L2 13 3.2 46
W
%

0.18 0.11 0.47 0,22
— .9 — 3.7
— 2.0 2.8 1.8

7o, TOEFETERDL UKD, Group 9 © MC B
MERBICBU 2BERE Y RBOATT L ENH L
nizhrot.

2. PCB ENESCL3EZEREREE

PCB AH& LUBOKRET MC X 2REMND
I IFlshzEmBA LD N BOBSKXS
PCB o&&EE%, K, BENEER Table 3
RL7

3. Group 2 @ PCB EgStHHOTIARED
PRHRRY, #EASAIZEE

<y R BEEHEPEELERBER, |HECAX
b, BEORBORENRAOGNEZNZOK 16 BT T,
Hiclmd s RSy, —8, HELLHMC2HE
BCAXD, &0 YR KBRELHEDSE. Lh
L, 4BECAXD, 3IECRBEL, 10T 8
PRICE A RENSS BN, 168,56 2082, %
NnoskEL .
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ARERC, FE <A BB RBEEN2HLIE
X6) THEN, ER~VATREILEBLUER
TEHEEERIE S 5 6 BEREEENS Hh, 6
BET, BIcHRT 30 S BT 5. BERICE,
D) VSRR ERA LN, B 16 BT THRET 5.
M7EECHOERBEETH 3.

4. Group 9 o MC EMER(C L 2R, 8%
HHRRERRE

BIEMIIERBE®R 2EECALD, BEALAR
KIREMRID, JEICKZEBMOA TR, B
SRR LTL 5. 6B AICREEDEENER
&Ry, THCLAXD, M1, K4rrdg KA SCC,
papilloma ORENALNDS LD ICKB.
MR, EREEEGEEOBTOEE IZRE
DOERLE & HEMRORENA 1S (K8). &
6 BT, SHIKELVWERBES L ICEERK Y
UTFVICEATREOBRB YO ZKE SO A

E1. PCB A& MC offflickh FELK
Keratocanthoma # SCC (K#! SCC).

BRI HRERSS SN 5.

(95)

oHESAELNE (K9). 20, IpBoR 5
79 K& SCC, papilloma 7L &04 50 5.

5. Group 10, 11 @ PCB 4B 5\ MIiENks
& MC oHBIC & 2HER, EfrrEit

< I 2 QBERAEX Group 9 © MC BijhfgF#E
RS, 8 2ETREL THETERLEKICE LU
ERKTHEE TR, R4k LERE Group 9 & [F
BThs.
MR, ERORE, REBCBYIRED
ERWOH ZHEOHELE, Group 9 LEHTH
208, U UoNERIZES O BICB T AR LTRED S
na (¥10).

X 2. K& SCC.
BREAkMLE LD T EER
BHOLNG.

4. PCB AAHE MC @ BtHIc kb 34 L7
papilloma. FXxMEET, TERANOEEEA
EBDIT.
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5. Papilloma. 6. IEE=wy 2k
& DBl U TR BRI KFX2~3IBIDIEA.

e Lod.

& i)

9. MC B4, 6.8 510. PCB A H& MC o4tH. 9.
EHEORBELREBO s v~ F VICERL FEDLE, Spongiosis, RX + ER DD
Tokik S OMRENER. ERICBHEENRD WY VKRB AES S,
BENALND.
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£ 2

PCB #EMWNCAFELFREE LDELRT TR
{OBOEENEHL TR LIATH 9D, Lk
LEEREORECI L TEDL I BEELE5L 20
BEAEBRITSTHRL. AEIObLHDONTOEED
51z PCB 0a04H, BROBRSTREEEEOR
Epael@voitishoic. LA MC 0Bk
&b MC ozE/fel%silHs 2 ENBLNIDT
$5. TRbL, KH SCC oRAHEEIZ MC Bih
BT I0EH IS (0%) THDIDiC b~
MC & PCB %4fHdT 2T &icky, 30EFIIT
(B0%) kKBDL, & BROVETR—BE LV
HHRPBEDONIcDTH 5. £, PCB OO
B2HH UHTREROFRENRMICELS 52 &
WL ERDIz. ORI Table 3 /R L7ck
jiz, PCB R EHOBBREADHICE LTI X
DEFEPEICEEER UL EEZEL DY, &b
DHTHKEED. PCB BEEICENTIRAGPDHRE
HSWERARBLTCOAZ L2 RBT AFREELD
n3.

—7%, HCB [cE§L, Shirai® 5ik~v 2 OfFER
M BERER 2348 5 C & &R, Cabral® 5
BANARE—DFEY HCB LD ERSNEZER
Tk HCB @REmsdicxd L initiater & LT
OfeH b promotor & LTOEMbRET, &5,
Suppressor & LTO EH & RE ULIsho7-0TH
%. HCB |3 1 fio benzene e 6 o Cl EA4H
L, PCB CREELELIZYETHZN, BUEE
RIFEASCRE L, Fiewd 5 carcinogenic 75
ERRR PCB REMLTOAEENTNES. %7z,
biphenyl, terphnyl {3 Cl EZ &L BSBWYET
»y, PCB oikLind BEK Tths. oOWE%:
MC il LEB&bEEA L BEIERRZS S
nhsot. Lidai->7T PCB oZkmimsisais Cl
HigkoTkcrocdind, ¥, PCB okigE
<& 7% biphenyl, H3 3, TOHLMEE -
terphenyl THIHISN B DO TRITNT LILL3. T
7thHH biphenyl € Cl Ed-oniiEs Ldd
PCB ZBOWTRUDTREINZZ LKA, Ly
L, bhbhoEL: PCB 34427 o—i 400
THD, Torhicid polychlorinated quaterphenyls
(PCQ) % polychlorinated dibenzofuran (PCDF)
BESEENTEY, ¥LiIKFfAT2 PCB 0oEE
OEERELEITN TS, fA1E, DiGiovanni o

9 3 1HEE 100xg @ arochlor % dimethylben-
zenthracene (DMBA) Q7 EE/ERIERICHA LT
55\ promoter fEHZTEDTINS. bhibihd PCB
BEEZ 10ppm THZ0T, 1EHkho Il HER
0pg 5, DETHB. Licho>T, PCB itk
BRERACHT ZMEERP 2 ERTACLRE
BRThs.

B DERERN S, PCB 2BMTHARBLKE
&L, MC 2BEMTHERHUIBEOEBRITNORE
OEERBLTHS L, PCB BMER T, BE
TiRH B, HBREB Ichl>T J v BREEN
HoNB. O Y VRREE BERERENETH S
dinitrochlorbenzene (DNCB) % MC ik ftH LT
<V AREERESREL S SN ERICEVT AR
BThot.

—7J5, PCB jzi3 lysosome labilizer & LCDfE
Hbzp oh T, Lysosome labilizer izi3#i
REWPTD N TN EY.

bhbhoERicElF5 PCB oy EiEE
OBFIHEohTRNY, PCB 0k 2EEICEBN
T, EED24, $RHLHEREEL Y v BREEE
Iysomal lalilizer & ULCoOEHOWMEFIC LY EEE
ORELTF SN TOEZ D0 LT,

b &

20 d-d Ry zxEZAWVWT, PCB, HCB,
biphenyl, terphenyl 72 &5 MC it X 2 ERED
¥z, initiator, promotor % 3. % suppressor & L
TEHT 20E0ERF L, UToRREB.

1) PCB @g#H, #OBS5 0 0wFhick2Th
MC &2~y AOKRERBEEIE L. oWl
HROBRSKBNT—EE L, BEVRBORME
BEL LGN

2) PCB o/ARickd, REERHIbIZEZY v
SERBERS BN, COREBRBOWUGICEZRT S
TR SR s T .

3) HCB, biphenyl, terphenyl 7% &3 initia-
tor, promotor, suppressor & L COERIZED I,
7.

X 7Y
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[EBE Griseofulvin 57923393
KC-400, glutathione o B

BIAPRPEN BN EHE (H: FHERIEHRE
S N NI NI
T fEeEH B OBERE
FI S AR R (5 $REERL)

ol thi LS %

Effects of KC-400 (Polychlorinated Biphenyls)
on Porphyrin Metabolism

The Influence of KC-400 and Glutathione on Mice
Fed with a Feed Containing a 0.1 % Griseofulvin

Shigeo Nonaka, Taro Oncami, Kazunori YAMASHITA
and Hikotaro YosHIDA

Department of Dermatology(Director: Prof. H. Yoshida), Nagasaki
University School of Medicine, Nagasaki, 852, Japan

Fumio MURAYAMA

Division of Dermatology, Nagasaki-Chuo National Hospital,
Nagasaki, 856, Japan (Director: Dr. S. Teramoto)

To investigate the effects of PCB on porphyrin metabolism, KC-400, griseoful-
vin and glutathione were given to the dd-k strain mice respectively or simultane-
ously. Liver coproporphyrin and protoporphyrin levels were analyzed using the Sano
and Granick’s method. Delta aminolevulinic acid dehydratase (ALA-D) activities in
liver and erythrocytes were assayed by the method of Kondo et al. dd-k strain mice
were separated into five groups, and given the chemicals as under, 1) normal group,
2) KC-400 group, 3) KC-400 with glutathione group, 4) KC-400 with 0.1 % griseo-
fulvin group and 5) 0.1 % griseofulvin group. Liver/body weight ratio was eleva-
ted in KC-400 groups, and KC-400 with 0.1 % griseofulvin group showed the hi-
ghest level in the five groups. Coproporphyrin and protoporphyrin levels in the
liver were higher in the KC-400 and 0.1 % griseofulvin groups than normal group,
especially were the highest in the KC-400 with 0.1 9% griseofulvin group. There was
an increasing tendency to change in coproporphyrin levels than in protoporphyrin
levels of the liver by taking of the KC-400. ALA-D activity in the liver did not
show any differences in the five groups. However, ALA-D activity in the erythro-
cytes showed an increasing tendency in KC-400 groups. Therefore, it is clear that
an accumulation of hepatic porphyrin occurred in dd-k strain mice given the KC-
400, and its change was accelerated by 0.1 % griseofulvin. However, there wes no
change in the hepatic ALA-D activity, although the elevation of ALA-D activity
was seen in the erythrocytes. From these results, it is suggested that an abnor-
mality of the ALA-D activity in the PCB poisoning seems to occur secondarily
following the accumulation of hepatic porphyrins, furthermore an abnormality of

porphyrin metabolism due to PCB is accelerated by the addition of 0.1 % griseo-
fulvin.,
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Polychlorinated biphenyls (BI'F PCB & E%) #%
74 ) vREZTESR BT L1 Vos Hh e
LT, W oh0oBMERASNTIVE. Z0
R#FE#EIT hexachlorobenzene (PIF HCB &)
WENLTEY, Ric 8, 7-carboxyl porphyrin @
REBMSLONE LS. ULhLEND, ZORH
REOHMICHUTHERERBOENLL, FHCE
BHEINTHWBEELRIELNEN. T/ PCB 3 BEEYR
WEELTHSHh, ZORARMOBL D(LEYE L
DOEAEHASHEELLY, DDT ® BHC s&&#
AU THAFEEHAIERSNILNIHE B
bB. Rz ) ARBBELTS T 3 SEE
griseofulvin (BIF GF &mg) #5 ~<~vxic PCB
FERSE L, ThZhOYBENEMI D bEAE
HATsSbilisnic L2HELTHAE. Bllor
o, PCB LEREE GF OEERAMNRLT £ Y
YREROBRICEDK I UHELEZ 20 ERET
BLEREBRETHBEEZ. AH, 0.1% GF i
PCB % glutathione (PIF GSH & B) % iz 3
cEickoT, B, RIiER s-aminolevulinic acid
dehydratase (UIF ALA-D 18 EENRIDOLS
KEHT20EHEN, IhbOEMENBERICE
BERETHEIDICOOTHRAETRE 21O THRE
7 5.

£ RBR F K

1. R

KC-400 i3fnyemi R T3 A 4k, GF REwag
EBp griseofulvin §& (1 ¢¢125mg), GSH 3H
DRFEREN A XD BEEZ 7 FRE B
KC-400 i & UT, ¥HMFEROBR~F v
ZER L7,

2. =REW

HRE20~30g @ dd-k Hwwv xEEHLE.

3. #ARS LMEeRME R SR

WREREEEE () = v vBaikletil~
YR, 7v FHAMFRERNGR) THELL 0.1 %
GF SHtIRRA Y = v 2 vk ticikiEL,
¥Ric U GF §¢% 0. 1| Z 08 & icERECBA L
febOaER L. KC-400 &&%kiz PCB 1.0g
kY 1000ml CEREL, Fodic EEsRT
5 0.1% GF SFfEE K 30~40 BB Lk
#®, BEISTERLE. hoo @k gsha

PCB 4R RBEHREHEEANENERICERELTH
L7kEE, 140~150ppm T&Ho7:. GSH 320 &
KEHEUKICBAEL, BOMC®REL, SH 0.6
m g RREORMERITIE 3 & 5 IcHEHi L.

<y RS BICHY, FHUTOCE &5ET, &K
Bhke s 5 Uk, &1 BRNRET EFER
%, 5 2% PCB #1587 KC-400 &5 k%,
%8 3 813 PCBYGSH #%587c KC-400 & & ik &
GSH &5 &kKk%E, % 4812 PCB'GF #c KC-
400 B 0.1% GF aF8ENE, 583 GF%
5HT0.1% GFagREEENThHEE L. §3
o PCB'GSH DA R TEEREKEBRE UL

4. RAT 4 U KEE

EREIE 7 an T v LRKE T CTRRE, TEe
WL, EE%HE L. FEE KREX100(%) TiF
BEEE L. Fo—8s XUMkicoT Sano
SORELZER LLFED ZH0T coproporphyrin
(LI'F CP &#g), protoporphyrin (LN PP L&)
=HE Uz,

5. ALA-D EMOEIE

F ALA-D EHEIZFN0.3g 2K E L, R0k
ALA-D JEMZEE Uz ik L ml 288 s LT,
Kondo & DHE® £HNTHE L.

i S

SO~y XOfHEEE, I CP 3 XU PP, fT,
Frifitkd ALA-D E¥EfE % Table | R U7, &
e/ BONF, Rk ALA-D EiE% ZhZh Fig.
1, Fig. 2 K| L.

1. IE®E

12~22 38 IEEER %2 #5 Uic 29 BTl FHAE
4.50 % (RVTFEMEAERT) ,FF CP 0.19 pg/g wet
weight, fF PP. 0.41xg/g wet weight, f¥ ALA-D
FEHEE 12 23. 39 nmolPBG/mg p/h. [ ALA-D 7E
B3 0. 33 gmol PBG/ml pev Tk

2. PCB 58

13~21 1 KC-400 &B Wk CHE L 20T,
FrRE]I 7. 53% - HERNA O, I CP, PP 2
ZNZ 0.29, 0.67ug/g wet weight & IEEE 1K
BT ERLUTW, F/221 moh 3T PP 3 1,00
vg/g wet weight PIEo BEE RL Tz fF
ALA-D JE#(# i3 28.36nmol PBG/mg p/h T
DA, EEBRE BT EZFEDE,O. FRIDK
ALA-D 7EM:/E1Z 0. 50 pmol PBG/ml pev/h & 1E
HECHTRP EREER LTk,
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Tab. 1 Effect of PCB on porphyrin metabolism in the liver and erythrocytes
Feed Normal PCB PCB+GSH PCB4+-GF GF
Duration of feeding (weeks) 12-22 13-23 25-28 12-23 23-35
Number of animals 29 20 13 14 26
Number of animals
with abonormal 0 3 2 12 3
porphyrin metabolism
Liver weight/Body weight(%) 4.50(0.52) 7.53(2.35)°% 7.51(1.36)° 8.32( 1.37)°® 6.00(2.05)**
Liver porphyrin_
(#g/g wet weight)
CP 0.19€0.06)  0.29(0.09)* 1.37(2.92)  1.08( 0.80)** 0.23(0.05)"
PP 0.41¢0.10)  0.67(0.45)*  0.68(0.36)® 31.35(52.80)° 1.59(3.3D"
Liver ALA-D
(nmol PBG/mg p/h) 23.59(5.19) 28.36(8.42) 28.65(5.68) 29,59( 8.29)  29.10(9.64)
Erythrocyte ALA-D . oA FUN
{umol PBG/ml pey/h) 0.33(0.16)  0.50(0.28) 0. 71(0. 26) 1.24( 1.12) 0.26(0. 10)
@ EEZHicalLTEEZE (p<0.0D) () NoHEIR S.D.
A PCB B UtHEEZ (p<0.0D
A PCB+GF #Hicd LTHEEZE (p<0.0D)
n molPBG/mg p/h
SD )
Hean Kean
%0 5 n mel PBG/ml pev/h sD
40 2.0
30 1.5
20 1.0 v
10 0.5 J;

Normal PCB PCB+GSH  PCB+0, LAGF 0. 136F

29.10
9.64

28.65
8.29

29.59
5.68

Mean;25.39
sp;  5.19

Fig. 1 Liver ALA-D activity.

28.36
8.42

3. PCB+GSH 58t

KC-400 &%tk 3 X O GSH &&&EK % 25~
28 EI 5 L7 13 TR, FAEILT.SI%E BF &
KHNTHERZR LT, PCB #E0x%iz R
Yo, FREOHEXREZRLTW:. i CP, PP

Norwal PCB PCB+GSH  PCB+0. I4GF 0. 1%6F
0.71

0.26

0.50
0.28

Mean;0.33
SD 0.18

1.24
1.12

0.28
0.10,

Fig. 2 Erythrocyte ALA-D activity

EixEhEh, 1.37, 0.68ug/g wet weight & ik

0723
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N2 — v ZRLT0. B ALA-D #EikE 12
28.65nmol PBG/ml pcv/h S IEEE, PCB 2
HATHZEIRDLpo. FrllEk ALA-D ¥EiEE
12 0.71 pmol PBG/ml pcv/h & EEEK TEH
fEERU7eD, PCB BickRTEATDIE LD
4. PCB+GF 58

KC-400 % X 080.1 % GF &&#klice 12~23 8
WE L WETR, FAERNSNSEEEEHIT
BTkEl, FEREZRLTHY, PCBESE,
PCB+GSH #5803 @D shoi. JF CP,
PP j3#h#n 1,08, 31.35xg/g wet weight 14
MLk 12 PRic ZEHEEEARL, T &ic PP 0 LHHME
BThos. CP 2 PCB BicstLTd BRiC B
7k LTk, FF ALA-D EXER 29 59nmol
PBG/mg p/h LIEHE, ZoMioBFich~~THERE
72<, FRIIEk ALA-D JE#:fEIZ 1. 24 zmol PBG/ml
pev/h LIEER, PCB #E5HcH U THFRICEEE
wUTe.

5. GF Bt 58

0.1 % GF &5k hc T 23~35 B/8% Uiz 261T
TR, HRERIR6.00% T, EEBicHNT, FE
RERLTWD, PCB+GF #58# st TG
HicEL, FEAKZETH /2. I CP, PP 3%
nzh, 0.23, 1.59eg/g wet weight T EREEIIC
BT Bl © R EREN Lol Lk L2
3 ki PP 0o BEEEELLTED, WbWw3 GF
induced protoporphyria ORETHD7c. D 3T
2B L PP EigfEI 0.49 pg/g wet weight
L125. JF ALA-D JE¥:fE i3 29.10nmol PBG/
mg p/h T, EFECZoMoBEIOTERERL,
FRIMER ALA-D JEHER ERE SO BERER Y
tmoioh, PCB %58 % PCB+GSH #57,
PCB+GF #58 i st LCRARIEEZRLTH
1.

n» A B A

PCB iR n7 4 ) vRiffic #8252 52 L1327
TRBENH B, 4EOHLNHONDFT ~FIKBNOT
%, KC-400 B4 dd-k = v 2ic85LTd, K
CP, PP ZBAG D ICEML T ULhrL, Z0H#
mokegd PCB BMOB4, EFEEHI DS M
LTWABRRET, REEFLVLIETREVLLT, 21
b 3 LD PP 80 EERLTHWEDEHTHD
fz. T3 KC-400 #FE L D-D Zwvzici 5
LTN3Y, BMIESTRIBA EEIE S TR,

I L, 57 P TRAESL? H2~2080 KC-
4005, §F CP, PP %2AlEd 5 &, 20 puh 2%
WEREZRL, 30:8LE 0 BERRETIS LA TE
WEBEERL, TOEMLREELLTCPOEETHD
7L EERELTHE. bRbNOBIROLERT
i3 PCB iz GSH %A /-84, BhBSERFEE O
BAERL, —HOBECRERBRESTZIDLER
REENZE UL B2 Tz, 4Rl F—47T8, PCB
BENT 4 ) YREWCHEEBEBEZTHNELEREOL
Ths4, PCB oBRGEPHMIC > TERT 5 £
V7 4 Y YBRIEDOTL BEEENEN S S, PCB Bt
TR CPHLDELIEILTEY, COXBEXS
WCERSED) 5 HCB ic X 2Z{bicdl LT 3
LERFEHCEZLNS.

T MEEE GF 2l0n3 & #ay 1 ) A3
EROWPEL ZOFERRICINEEL, 0.1%
GF it PCB 2zl 2 D{BWEE &5 L
T, 74 ) YRE(MEVEOEAEANED X
DI HEEEBRXETHhBRE L. BoF—-2ickh
i, PCB ko7 0.1% GF #5<wvx 3FEX
BWELL, RIERSIITRNT 4§ vERL B D,
ZDEALE CP oE»E LS, GF Bi#fS5icxt 3
LR ShICER DT EB/NTNE. 4H
DERRTIE PCB &0.1% GF 0 BA&FERIRPI
b GFHEM Lo & @B obhiTnikss, 202k
i CP oiELV S PP OB ELL, 0bWw3
GF-induced protoporphyria OREETH 2. T
BOEEOLSICHPBTNED, @odxhBENBzCE
FHEIZWY, PCB 0&FREE, B58M, 30
REEKFHORNICEDT, THODEVOIHTL 3
LOnEID, SLEBRHFLTOIRIEESRNEE
Z5. UL, PCB B icthrT, PCB & GF
KX BEAERIRLVT « ) YREBEICB TS, B
BENTVWB T EPERINE. MERCOERN<
TREFRICE BT S, BDNELESINLTH
B0, CORKBELTREOBEEOEYIck 55
BAEBRTOPREBLEBNTESS.

R4 ) YRERIKEB TS ALA-D ol *
& UT AREEFEIRIC B80T, QPEEEO Hak
PEMRIN, COLBFIETS ALA-D oE#Hizx
CHIGNTWD LTATHE. LrLELNDS, HEHEK
BCid ALA-D FBEOHELZERICBCEHONT
WO BIRT 5. HiL, porphyria cutanea
tarda (LI'F PCT &%) BERMIRPHT ALA-D
TEEMET LTS Z ERED® xh, REICER
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HiIcbllEsscibhd LS5 cEo2Tak. —4,

1.0% GF % D-D Z=vxic#s5d 5 &0, R
B PP oFEMARCTH, ZORETHIF, RIIEK
ALA-D B RBBIcE LOELERSEbO L0
SH|EY &b, ALA-D FEHEZODOHRRHE
EOREAELTHOTEITL. PCB o®r7 1Y
vREIcEZ 228N HCB HHULTHNEbD&
4 hif, uroporphyrinogen decarboxylase (PIF
URO-D &#g) 7EME %2 ETSEL0DLBDN 5.
URO-D 7#EH:ETic &> T uroporphyrinogen 7»
5 coproporphyrinogen i & % ®EO BEN LT
Y, 8, 7-carboxyl porphyrin @ ZHE N ETEE0
EFEZONTHAY. Zofo BRETR, FATF
aminolevulinic acid synthetase (LI'F ALA-S) 7&
% PCB Rl 599, 4, jRifisk ALA-D
EEEORIE T, PCB 58, PCB+GSH #5
B, PCB+0.1% GF 58P ERCE~NTHEE
RLUTWOA, iFF ALA-D [FHEIZIZ A SEZEL
Z3TEST, PCB % ALA-D K@ bh0gE%:
52323300, EBELARIRLVT 4
) YREBEORRET 2EOTREESHEH. UL
L, GF #5014, I, Rllko PP BEHT 5iC
bbb 59, ALK ALA-D FEMEIEIFAA S 4L
Wihpofcdn31,  PCB igka®r7 4 vV
#HoE iz PCT oFEfiGENENDNEY, 4H
ORBTIE PCT O REETTOEMMRE I DTV
W5 ThB. Lird PCB EEE GF 2 A 72
B4 PCT Liv5 Xk & protoporphyria dikfE
Thof. Tok, FRiikk ALA-D EWEEIRZERL
TEY, HUPOF—2 LELE>THS. ULhL, #
RZDXIBBOE—DTOHLIRKTZ T LICKD
T, Bz 4 Y VERERDY, BRRICEDL D CEE
BEZ T MIEE, BREFLTNL T LA HRKEEEE
HELHEHS.

GSH 7s&o SH Hd—RicEEoBR/LETHE
CESL, &EENS ST IRENREE TS
Ehmoicng. GSH dehig, BAOFEERR
EE Aos it s EEIT, 4ES, PCB iy
T EEEED LD ERL . SEIOERTI
PCB Bt GSH Zii7cBLoficE LE:
Bl ieds, FF CP 8ZFE L BB L THW S Fd
GSH # 58 HAELTWAEaAM & shiz. &
DO 1 BB SN 0&EV2 S D, Bt GSH
K BEREWY T ERERTETL. GSH & B
74 ) vREET 2HERILEL, PP BkEES

U228 LT B, GSH MEEZRoEHE e
BETHDENIEE? ©, 72 acute intermitte-
nt porphyria @ BEERI1Bkic glutathione peroxi-
dase ¥iNLTxYy, GSH FIHOREAZEDLES
}EY 355, GSH vy 1) Y REEELS
ABZDHEEDLIT, COEDBEHSHETITbR
Z@AG-RIGAR

PEOHR»S, PCB W74 ) vREWCHE
2RiFTcE, £/ PCB MU LEMEEOES
TERTHRV7 4 ) YREWCEELZRIET CLRBHL L
ThY, 4%, Lrokd{tZyEs PCB Lo
AERAER D, HB0VRED XS TBREOERYH L
w74 YRBBREEET LBV, $ezhiiEl
TEHFERERTFEB LB OTO BEHH 0L
Bbhs.

E &£ 0B

PCB o7 4+ ) YRFIEAZEEBED LD
iz dd-k H=wxzizx KC-400, 0.1% griseofulvin
(GF), glutathione (GSH) %28id 2 W iIREALT
5.1, B coproporphyrin (CP), protoporphy-
rin (PP) % Sano-Granick oZ¥:7T, LUk
¥R S-aminolevulinic acid dehydratase (ALA-
D) &tz Kondo S AETHIE L. dd-k &=
U RESEICHY, B BEERE, £28%i KC-
400 5.7, #3@E KC400+GSH # 5 #, &
4L KC-400+0.1 9% GF 358, @584 0.1
% GF #5388 & Ui, FraE i KC-400 #5 Uik
BRERBIc~TENL, 0.1% GF #aHimL
Tikeds, KC-400+0.1% GF #430.19% GF B
MMicERTHERICHEE R L. KC-400, 0.1%
GF #5ick>ThH CP, PP HL S KEEELD &
HEAR LT, KC-400+0.1 % GF 581 &
SEALE Lo, KC-400 B 5ic k> CPE
DOFH PP E XDELL BbERY 2 @asnsoh
7o. FFALA-DEWER S HEIEROEFZRD I,
ofh, FRIMEK ALA-D EHETIZO0.1% GF i
KO TEUL EREmER L. T78b5, KC-400
BEickoT ddk T xDFRLT 4 ) VIEER
PR, 20EL0.1% GFickoTELL ik
ahTiz. LU ALA-D oZitizsashd,
FRILEkK ALA-D JEfED LRSS N Dk
s, PCB icks #v7 4 ) v REBEMER I
GF [cko> T Hmshads, ZOEECs5 ALA-D
DRERIARHMEED SHEREICIE T DT E IR RN
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Effects on the Hard Tissue of Teeth in PCB Poisoned Rat

Isamu Hasmicucnl, Akifumi AkaMINE, Yoshitaka HARra,
Katsumasa MAEDA, Hisashi ANAN,
Takao ABE and Masao AoNO
First Department of Endodontics and Periodontics, Faculty of Dentistry
Kyushu University, Fukuoka 812, Japan
Hiroshi Fukuvama

Department of Oral Pathology, Kyushu Dental College
(Director: Prof. M. Ueno), Kitakyushu 803, Japan

The toxic effect ot polychlorobiphenyl (PCB) on the morphology of the cells

of teeth was studied histologically.

Mandibular incisors and molars of PCB poi-

soned rats were examined primarily for the morphological change of amelo-

blasts.

The results obtained were as follows.

1) PCB exerted the dose dependent change of ameloblast in secretory and
transitional phase in which the appearance of large vacuoles and swollen mitoch-
ondrias, and the degeneration of Tomes’ process were observed distinctively.

2) Enamel hypoplasia and morphological change of odontoblasts and dentin
tissue were not demonstrated clearly by the administration of PCB.

3

Taken together these results, it was suggested that PCB exerted the toxic

effect on the ameloblasts but not on odontoblasts probably through the blood ves-

sels.

F

PCB h#EEE ONPFNRE LCRERO BRI
EPETOWHELS XURIREOHEREENS BN,
MBFENICIEROBAWEIBES NI T L04E
TRPESHTHBY. —F, EFARES T 3RE
HMBFH R TRETER S RN RRED
>h32, FRB|AEZ T PCB PEFO M
KRETEBCOOTO HE RBBRLALH LRI,

il
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1. FTEUSCRITHECIOWT

EEREN S LTIAER20HD w4 22— FF V)
Ay rZ2HAOUTO3IDOBICAT TEERT-
7z,

a) PCB 5%

KC-400+Polychlorinated Dibenzofuran (PI'F
PCDF &pgd) %43 #£iicEs» L 10meg/kg B &
o 50mg/kg FoENFN S HEERAKRE LK.

b) 45 2 EE

PCB B 5#LAEOY 7 FhEThEh 5 B &
7.

e XJMREE

PCB B LU+ 7 & il 58t

WINOEICBWTHERIOHEER L.

T — FMEETIOLBAR LD Karnovsky EER
(0.1 M a o VvBHEEK, pH7.2) WwCBhETSA:
FTOEDK TEERO ML, FREERK BEEEL
. TEHELLUEELFRAAR—Z T THBL 0.1
M# o O VBB EIRIC TS, EDTA T3 ~4
BEEBRKEZT - 7. BEERCCHRERIZAZIY
KIRICT 90 3 BERE, EET & P Vick B HkOHE
=RV 812 caE, BEAL. bz nb—A
ERHOHSAFA 7T vm QPR EERIL, b
4O v Tv—gtmE i DI TEE L. Ty
AvEYFF 4 7 TBEYRZERL, 72 VR
By 7 vic T 2ERE 2T H-500 &ET-BEMER
TEE L.

2. TEES1KMASECREZTEECONT

FEEREIY & LTI 250~300g OITIE U4 2 & —%
FYSAFy PEROK. EERBRICRTO 3 FHK
ST TEHE LK.

a) PCB 58

FR 17, 18, 19 AR v 7 £ hiclEd» Lic KC-
400+PCDF %z hZh 10mg/kg 30 BEHENZRS
L7z,

b) 35 ximksE

THE 17, 18, 19 HEic PCB 5B LERBOY 5
FihE NG U,

o) e

PCB 3 kU 5 & hifef s 2t

THEOIBOFELS v rEERERER 1, 2,
9, 11, 6Kz —FVHEFTRE L. BED
TS — RS 44 il L Karnovsky EEE

WREEE Ui, PDIBOBERIIEOR & FERIT -
7.

& S

1. THEUNCREZTEE

a) MBS LY SZHRSE

REILTUTO 3I»icsdiroh s,

1) #i= 7 # V3R

LRI E AR 5 A VIR AR AR L
THBY, ZEIIABTEE BEEARLUTHIEL - k.
COWMIERETRELNSECER SN, WAHE
RITRFRAMICTEERMIES A - x v FFETICE
AL, BAKZOERELHINSETE . MEROM
oS EEE R UIRERENSHE LT % ERIR
FBAERT XD, OIS L8
FANVERRERERABIE L, BRBELOSBICEE LT
BEEZRT I ENEN + — L2 EROERITA
Y B AN

i) W= F A VIR

T A VMRS SICRREME L, BHBTIEE
EZRLUTCER, BUMETR AR EEELEONE L
I TF A FENIKBETOBEONBESH
7o BEMICIZC OO & X VIFREIZ T VU
B HEMIGAERICRE L TE D BESW AR
OBBEELTOE. Ef3 b a v FY 7RSS
ELMRICES LTL 22O IRERZHELIEEZ L
T/, P—AXRERRRIVVEBREEEDNS
SSWEERLP coated vesicle BRIz

i) pREA= > 2 VEERR

CORINCR - A VEEOSBMFERLTE Dl
HBOETFHENENENE XS RKE-TE. =4
ANVEHBERZOEREEBERUED F — 42 EiE
PBHLNIBLE > T& T (CORRIRISEFTH >
ANV E Wb T B).

3 A VEEORB OB E NS LROETIRMA
FBIREOZERBBABHE LT 3L 518D, R
BROIEARDTED biviz. TOEO I 4 VIEHBED
BHHVARVTORBEE LTRI bay F Y 7TOKSHE
AB5EEBIGERLOVTEBI 2030 THETILIK
Bofe. ElLERNCOWBBR 2 VEEHREID T
W OEBEPHE/NEREBL Uie. =5 2 VEORE
AP RETEBL L EELHEOMARBEL TS b ER
ZRUZ XD Tz

b) PCB 58

i) l0mg 5SEHREE
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B 1. SWEx > 2 VIR ERSED 5N 5.
(x 700)

2. X! oBEE: Mo EHECaikERo
IEARDBEREENS. (X 4800)

SHHREF & LT A B &= - A VIR TE
F O MARIRTRO IR TED b, HOTHWT
F A OVEEHIRED b BB = o 4 VEERIIRIC TS BB
MiIcBOTIE (0F 0BT =3 A VRO
HERRSE IR LT AL S5k, &bic
WMREOREBHEDETLEA LMD EFABICKOR SR
HAllkKiz > T& . U LAhEEORIES % T3k
IR IERE S LT BB EERBE SN » - 7.

i) 50mg 5EHSH

WEEE L i U CERALENBE N, HERRK
HEFNC - T BT F A VI ORI B SR S
HNbObd0, UHCRELRCEELTHOE D
bLOLNEMEORIIER DN »r -t Tl
FHE & i iR SR LTV R0 A BT

3. SWET 3 X ALIEMREE O TR
. (x 700)

DWW F A VEIICETT 3 & TSR ER
L, AR & 51078 2 AR S L e ik o
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Hepatic Cell Carcinoma and the Patients with Yusho

Makoto OKUMURA, and Seigo SAKAGUCHI

First Department of Internal Medicine, Fukuoka University,
Medical School, Fukuoka 814, Japan

To evaluate an effect of PCB poisoning on the development of hepatic cell
carcinoma, HBV-and tumor markers as well as ultrasonic (US) examination were
performed in Yusho patients. Seventy-nine patients and 125 patients with Yusho
were examined at the annual examination in 1983 and 1984, respectively. Normal
frequency of positive HBsAg was recognized in these patients. No particular ele-
vation of tumor markers was observed except one patient showed slightly elevated
AFP (16 ng/ml) level without evidence of hepatoma. So far in US examination,
3 patients of chronic liver disease and 1 patient of hepatic cirrhosis were observed,

however, no hepatic cell carcinoma was detected in 124 patients with Yusho.

i

Polychlorinated hydrocarbon (PCB) thEHDO#HR
HiZ, 1937 FEEHML A LN, W5 “chlorane” %
2D b0t BRFERELE U THRT LKA
TOOWMEND L. BMERTS, BERBORLE
LnbORFBTH 2 E b T,

Lin U 1968 4 4 B, JbIMicRE Licobw 3 7
A IpE (PCB ) o MBI THRELAL
FHEDOERDY, ZOMVIT oW T HFEECE L
WHDRRALNTHWIZN. T2 HBs HREEHOHEE
b—BAL ERALNLTHENY. Z0HRITHEDORK
AdEnh, HMERBCITEENSSSLIENDH
K3 A 5N, LKIBEMRIE TN Higs]
O 2 PO FFEESA bR, Cn s RIMPES
Cregzitho PCB pattern Bn3dnsCT, EF
ADETHY, EricBIFEiHEEL PCB dhiELo
RGP SN TN,

—7, 1979 EhiR&E 1 BE UcigE (PCB
) HET 5 Hsu oWMEY wkbd, 197943 A
» 5 1980 K Cicgt 2, 060 Flo B BANFAE L,
ESOREPHR H~20F T, fih PCB & 3~1156
ppb IcEL, 3EMII9LZDWDHW S black baby

Ll

MHaHoh, 2H8ZRWICLE. Z0iEh24FDE
THEMNSD, 2o B3RP IFORE, FRES S0
RIFEREEIFEECH Uitk nsd. chidic
LRERTRTHETH .

PDEDXSTBHED BE» S, FRELRSR 745K
fc4H, PCB S@BWFEES ICFMRBRIES O
EROEELRAT A LR ASRE®RSESZ &E
Zbn5. bhbihd, ME—FREEZS UIHE
BEITONT, BREOUINP D L KEEEE~—
B —ORE, BICHHEEDERRRICEIEEE
ELTHNWONG XS K2 BEREES A H0
T, TOERBELELLS RS

WRZSWCHE

BEEICE 2 HE—FRD (19834, 19844) %
S8 LIERES LSRR EELNSE S L.

1. 19834 FR, BREME —FRE 222l
WEEETIL (B4, K414, FHFESSL2:
15.570) offs, RBEZLELELEEL B9
%, 204, FHEE4S40.6218.4F) EdRE LT
WEELR U, BEB R ~TI6FLUEORAT
B, WRBI I FUT o/MRSANEELT
5.
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WRWZER, ®IR, Mk, mMEkRE, NERERE
DiFipic, HBs fiH & ik, HBe fifk, -7 = + 7
v 54 v (AFP), carcinoembionic antigen (CEA),
T2 Y FUREEZARELZ. D BRFLY A VR
(HBY) BIUEEE~—7—RB0Fh s HAXEZER
#E (IML)-hulics e RIA EickoThRlE S
ni.

2. 19844FRRIT, BEMEOR AL OMET = ) F
Vi3RI, ERBEESWESE L. BEER
BB, EER SAL2A $23002 35A #ERL
<. 1984 LD WP WERBIBEEL, Lobbd 16
TULOBA 1242 (B504&, &T44, FHES
49.6x15F) & L7

123 &

1. 1983EfE@ HBV < —i— BXUEE~—#
—OHBEHELE | WRg. WEFRAES BRI
HARTH 2TH 2D, HBs HEBERR wEnd
2.5% THEICERA ORI, AFP © CEA »E
HEREHBAZbORME L bEETHOR. MEY
2 VF VPR EELEREZBI L DR, FhFh 1o~
RERANIHONZH, BEHIIRELORIKER
PNZY (RAC o)

2. 1984 EFORER, +NTRABERE OH
T, B0LZLLTALOPHESRENETNAT.5F &
49.7FC, MERBERBOESERTHS. HBV=
~H—-RE20ELBDT, HBs HEBRER I1FAOS
T, HERFEEMA TS 125424 (1.6%) TH-
7z. HBs ¥i&i3HE 52 9%, 225 %ics 54, HBc #;
HRB 4%, x31 Bickohiz. HBs Hifk, HBc
ik b zoBkERBRICEh D, HBV OB
i3I8 29/50 (58 %), # 26/75 (35%), WERA
DB L S55/125 (44 %) KHOLNBT LTS 5.

BE~—Hh—035, AFP 28 20ng/ml %83 72
b0 14 Q7F, &H) osT, l6lng/ml TH
Dfc. COFNIFEBRET, EEZIZVA AIP 40.20
(GE# 2.8-10.5), LAP 1250 u (GE% 100-210), =L
Z5ua—,v333mg/dl, TG 234mg/dl Th Y, BE
BRETRIGFEOERES A O, BERREDS
nig,mot.

CEA T 5.0pg/ml Dl D bDiL 5.6 2g/ml 1
Bl (72, B#®) osT, HBs #EIZ (£), BEE
BRETHLEFIRE» DM, 2.50g Pk 5.0 sg/ml ©
EHEEEE (16%), L5# (7%) s dbh,
1351 95 (69 %) REEETHDI. Thd 13

Table 1. HBYV and Tumor Markers in Yusho
Patients (1983)

Yusho Control
No. of Pts 79 39
M: B 32: 47 19:20
Age (Mean) 51.2 40.6
HBsAg +ive  2(2.5%) 1( 2.5%)

Anti-HBs +ive
Anti-HBc +ive

23(29.1%) 14(35.9%)
30(37.9%) 13(33.3%)

AFP  20ng/ml< 0 0
CEA Sng/ml< 0 0
Ferritin
Male 140ng/ml<  4(12.5%) 2(10.5%)
Female 85ng/ml<C  6(12.7%) 2(10.0%)

Table 2. HBV and Tumor Markers in 125
Patients with Yusho (1984)

HBsAg: + + — (Total)

M 0 1 49 50

F 1 0 74 75
(Total) 1 1 123 125
Anti-HBs: + =+ —

M 26(52%) 1 23 50

F 19(25%) 8 48 75
(Total) 45(369%5) 9 71 125
Anti-HBc: + * -

M 27(54%) 3 20 50

F 23(31%) 5 47 75
(Total) 50(40%) 8 67 125
AFP: + + —

M 0 0 50 50

F 1 0 74 75
(Total) 1 0 124 125
CEA: + + -

M 1 8 41 50

F 0 5 70 75
(Total) 1 13 111 125

ICRIERE S, MIRERED, EBIRSEME 149
D& bh, FER BE) »24kcsd b Si3EE
ahay, BEREHTRFOEEERER IfI¢R
R ARG IS Y il
BEEZY (1244 ofEE£3 A, B, Cic RUL
fo. TTHOREBIC>OTRIFERES 45icA SN,
B ABR SET- s 10 flicsaohTind. BE
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Table 3. Ultrasonic Examination in 124
Patients with Yusho (1984)

Diagnosis Male Female Total

A. Hepatology:

Liver cyst 0 4 4

Fatty liver® 5 5 10

Deformity®™ 6 10 16

Splenomegaly,

Chronic liver disease 1 2 3

Cirrhosis, suspected 0 1

Normal study 37 52 89
(Total) 50 74 124

B. Biliary system:

Gallstone 4 4 8

Polyp of gall-bladder 1 1 2

Common bile duct stone 0 1 1

Dilatation of common 1 i 2

bile duct

Normal study 44 67 111

(Total) 50 74 124
C. Kidneys:

Cyst 2 1 3

Hydronephrosis 0 1 1

Normal study 48 72 120
(Total) 50 74 124

a) may include mild (in about 10 %) fatty
infiltration.

b) means change in diameter ratio of right
and left lobes.

BHARF O 2 EME T FFERAIRIIEEmEs 30 %
PDEroboixiEds, BEEZH tR 0% Lok
BEENNIENHYW 2 bright liver & LT#HOVE
FAEIREMED S BT, OB OISR FIDS
SENTOVEEEEL b 3.
HOEREEEVIFRR, £, EEOoFZEOL
OENABRLNE D, FEREROFZSOBEEE
DTG, Db, HMOREBEFRREESZE K LTBR
FEE G5 341, FEE1fsZisnicd, R
DEEbh-bORBETH DI,

IEER T HBEABA 8F (6.5%), KIEEHEG
NI BIETERIfics bhTinE. Bo
RETREEEN IFICH LI,

£ £

PCB 0 oRBHICO>NTR, SMERTRRE
B D &S FRENE NS, 1979 4, hiBAEicER

L7 PCB $hFEDS>H, - LEbOOERI
DWTRFESERENTHENE S TH 508, BHic
BT LzdoBBNnEnbRLEY. RERISKLT
FiblzhbhbhMWEE L TEPCBhE (HE)
EFMREEEOEREELMCT B LI, BRI
BELD B E0bREE LI,

LHEZ, REEORH TR #E WNT FagE
OHEED BT ETELTHS. FHEE FER
HWE LT, B4V BHATed BREFSL 94 vz
(HBV) BRT 28040 FFEE L OBENER
ENTHEPD, 43, HBV [E~—5—, EE~
=71 —BIUCERBFENBSHIC LT, HIESE
HOREFEOEELHLMC LA & L.

HBV B v —# — T3, HBs fEBESICO
T, 1983 FRMERA T ORI 2/79 Q.5%)
Thh, 1984 EEIZ2/125 (L6%) T, —BADE
DERH NI

AFP RZERETFE O 0% L it EEBs b1,
A~ b= DEBEBEMRENERE —H - THBW0.
20ng/ml 2EFEERLTZE, BSEERIBELRE
MTHD, B4EF i3 | Hlo 27 Fxikic 161ng/
ml ©bohsdhic. AFP 13, BHERF%L, FEZE
EETH 400~500ng/ml FCERTE L5834 K
LTALN, ZOBREOEOHEETE RN,
REFITRILERBRO LR A b0, BERZHT
BERADONTENREND, D0&>I3&RELE5
HERDH B EEbNS.

ME7 =V F ERY, KAOREEE K LT
B3 30, chE 3B/ AU, il BE
RETHENTZ0T, BEv—H—00LDEEDT
W, LinLEBLEL, BE~-2 - LTOBEE
EREDRENEN DI AFP L oFEBAENSTS
HENTNS. 198345 @ RETRBER, Z0f
OFESIC 10 BPSMCHBBER 245, WHE
ZRAIDH LN pOk.

CEA Rk {bBREcEBERSEhL SN, —#
Bicid Sng/ml BEEERESHhTWVWS. Sng/ml
FBAZLOI198IFER 1AL polchs, 1984
FEEIZ S.6ng/ml ERT 12 FOLMES 1HA BN
7. L LZoflic3ic BEFRRRED ShEhD
fz. CEA R¥EECEELRTENHS DD, 2.5ng/
ml Z#Z 7 13 firh 9 b BIEE Tholk. DD
LIFIRERERE, RO 16, MEEEA 1A, B
IREHER 1§, BEFEX2ABSIATHEN, B
FHERECHEENZD LN OREETHD K.
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R 13, BERASFEEZT L0 b3
high risk group »oHBICERICREET S LM
HonTng. MNEfaEL i 3em REO/NNTET
& AFP 28 LB 2 BP0, ZOX IS
REEREDORRCNAA2FRIET 2B E WL UEL,
ERERENSE EHICIEDOTE IO,

EE2WEE s LTiESEe CT L I
DEWICIFERTH 205, HENCL ViET L 3EE
ERTETH B, Lidhi>TNFEREEOR O EFE
WMo FEYRENL, BEESHELVSCENTEX
5. HEOKRETHE, B4WWRLIEEIE, BEOKT
BRSNS RS e, FEsRRshizho
TCDRFELORERENZ XS,

5k, SEOWZEIIHEREO T CRES W
THBDT, CO—FRPBELEOREL SIEEH
ERAELOBEBRAERT A LIRETHE. 48
Z OWEBRBIC OO TOBBEEPLETHAS.

% &

1983 4Ed 5 i3 1984 FEE DR HBE O MAE—7 &2
L URBET VT, NEINRE, —RERRE
DOENPEFHRBREEL LT OKEE~—» —KBEL B
WTHRER L. B44EE 3 bic BB ER2 W2
AT, WERZICE 2 FRREO RO EE & B
FKEAERSL, ROXDBHENELNT.

1. 1983 EgiERugs (J94) Ohicid,
AFP ® CEA oML HhIBHEERA LRI DT.
2L, ME7 =5 vORE ERT 5 b0 sugE
CEBEIA BN,

2. 19R44EFED 125 4Tk, AFP 3203 CEA
PEERERE LSO IHFoH LN, WTh
bEFEZHCIEEERS ONEhD .

3. 125 PIhIBHITEEL 3P L FFEE L s
HoNIDT, 4% s SBERLHE SO ICERE

BEPBELEI OGNS,
P4 [

D FLTE, AEER, LWTES: mEREF
o JEre 2H R, BRE:SE  60: 455-461, 1969,

2) FUTE, BHNEE, TRz mERE &
=2 b5 ) THER ERESE 63: 405-407, 1972.

3) Hsu, S. T., Ma, C. L, et al.: Discovery
and epidemiology of PCB poisoning in Taiwan.
Seminar on toxicity of chlorinated biphenyls,
dibenzofurans, dibenzodioxins, and related com-
pounds. The Japan-United States Cooperative
Science Program. April 25-28, Fukuoka, Japan,
1983.

4 Sl HE: FFROERE. FFAEE  5: 897-904
1982.

5) THEX5h, AR W, Bk EZ: a2k
% o 5 a-fetoprotein, HB HiE——. T2
& 1023-1028, 1982.

6) Wa& B ikt SREMKBERR
Eigdt. WET 4 K. pp.484-503, B, &IFHIK 1982,

7) Kikuchi, M.: Autopsy of patients with
Yusho. Amer. J. Ind. Med. 5: 19-30, 1984,

8) Kimbrough, R. D., Squire, R. A. at al.:
Induction of liver tumor in sherman strain fe-
male rats by polychlorinated biphenyl aroclor
1260. J. Natl. Cancer Inst. 55: 1453-1459, 1975.

9) Kimura, H. Baba, T.: Neoplastic chan-
ges in the rat liver induced by polychlorinated
biphenyl. Gann 64: 105-108, 1973.

10) #HWHE, ELSN 8, iE T el
% O # HEN 2Wk——. FFEE 5: 1043~
1049, 1982.

1) & &, gE = FEslhko#s
m# ferritin OfEfE—. FFAEHEE 1029-1034, 1982,

12) Okumura, M.: Past and current medical
states of Yusho patients. Amer. J. Ind. Med.
5: 13-18, 1984.

13) BR th, BAREZY: whwaHhE (&
e 7 = =— i) OEKRNFE, &< KARINET
RlizcoWnwT. BREZE 60: 440-446, 1969,
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Thyroid Function in Patients with PCB Poisoning

Koichiro MuraAl, Hiroshi TsuJi, Eiji KAJIWARA,
Kimihiro Axacr, and Masatoshi FuJjisHIMA

Second Department of Internal Medicine (Director: Prof. M. Fujishima),
Faculty of Medicine, Kyushu University, Fuukuoka 812, Japan

Thyroid functions were examined in 124 patients with PCB poisoning of age 16
years or older. T, and T, levels of patients were significantly higher than those
of controls (p>>0.05). In contrast, TSH level of patients was lower than that of
controls, but its difference was not significant. Serum PCB concentrations were
not correlated to levels of T,;, T, or TSH. The frequencies of positive thyroid an-
tibodies did not differ between patients and controls.

The mechanism of hyperthyroxinemia observed in patients with PCB poisoning
is not known, and further investigations to elucidate this problem will be needed.

i

WEf0 43 EQEREDR 16 FEZBL, BADH
SHERHEERIERLTCE TV, UL LIBERED
ffitg polychlorinated biphenyls (PCB) EpiE
TLTETWEH00, DMK iciEiy
B —vRH NG, EhikhiER%E S poly-
chlorinated dibenzofurans (PCDF) o{&kRNEEH
BBSNBEES2TNEY. —HEH#ERT PCB
DREREBBERET S, PRpEEERT LD
oI T3P, AEHIESEICE D THID TR
HREEAIE UFAIRAE R 0 THET 5.

il

WRABUICHE

FEf 59 FEEMABEE —FR2 0 Z2E 176 40
3%, 16 FPIED 16T £ XMGEE L. 205D
124 ZIPREBET, BRROBNSFERAGE D
HMIERE 754 20D 16.4 Bic M 5. WRE RREERE
DA othEkEZeE 4345 Uic. BEBRBHES0
%, WETART, FHERFZ9.5FTHoik. TR
BB 204, kEBEL£TEEFSRT.TTITH
-7z (Table 1).

MZTRAEBORL &M L PIRERED &
R, B Faidho BEECTY,  ESER
~200C w BFE LU BRBRE wEE L. E Thy-
roid stimulating hormone (TSH) 31EmEE RIA
& (b3~ -t EE) kb, Triiodothy-
ronine (T,) & Thyroxine (T,) Z[EMHE RIA %
(+ 5/ —wigt, Gamma Coat T,, T, RIA .
) I D BIE L. bR o Bz 4
o4 FFR b, w470V —-o572 b (ELBE, €
) &R L. TSH OE®ER 0.84-4. 12 21U/
ml THzh, TSH BEFTRLUTOBEA&KRE &
ic free T, (T=vyoph, 7wlws279— T,
F b)) EREL.

& S

1. M PCBEE

Table | R TEMF PCB EEIHRERD
TSt RBhic A RICE» o 72 (p <0.001).

2. HRiE

FIRIRER BEBHOLMD U Lie L, WRET
11 & & 7o (Table 2). JERELETO
RO MR RIE 2 oS ARIC 3EEEE L,
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Table 1. Thyroid function tests in patients with YUSHO
Sex No Age PCBconc ppb T S HelU/ml T, ng/ml Ty ng/dl
YUSHO
Male 50 48.4+16.3 4,242.7( 46)  1.58(0.90-2.76) 1.57(1.25-1.98)( 49) 8.47+2.37
Female 74 50.3+14.0 4,242.5C71)  1.91(1.05-3.45) 1.63(1.26-2.11)( 73)P 9.16+2.79¢
Total 124 49,5+15.0 4,242, 6(117)2 1.77(0.98-3.18) 1.60(1.25-2.05)(122)° 8. 88:t2, 64°
Control
Male 20 45.7+12.7 2.8x+1.2 1.68(1.17-2.41) 1.49(1.21-1.85) 7.81+£2.38
Female 23 49.4+16.8 2.3+£1.2 2.37(1.38-4.05) 1.45(1,23-1,72)® 6.73:£1, 98
Total 43 47.7+15.0 2,6+1.22 2.02(1.24-3.29) 1.47(1.22-1.78)¢ 7.2342.228
Normal
Range 0.84-4.12 0. 80-2. 00 4.5-12.3
b,c: p<0.05 a,d,e: p<0.00l, Ranges in parenthesis of TSH and T3 show (mean-SD) and
(mean +SD).
Table 2. Frequency of goiter in patients with YUSHO
YUSHO Control
No Male Female Total Male Female Total
48 73 121 17 23 40
Goiter (+) 0% 11*(15. 1) 119. 1 0 1(4.3) 1(2.5
*: p<0.05. Numbers in parentheses show %.

FREEEZ S DR h o iEREREE L OficE
BEMSA LN (p<0.05).

3. HURIREERE

Table 1 /R UK. TSH 358 #8 i Lol &
BHERZEERD . Bl BER L NREE BT 2
LEER TSH PEVEBEES SN BER TR
ol MBEEZ2ECHEL TR o,

T, SR FHESHT 5 DN BERRICTESE &
R AR R U, HAlcBRE 5 &5
HETREBEHCHEMERRS DENERTIREL, &
HETRBEBRSERICEEL 2 (p<0.05). 44
TOUBRTHEEHOFIBETH > (p<0.05).

T, & T, LABCLETEEROLIEL (p<
0.001), 72 ETOlLBRTLEEEIFTRICHET
b7 (p<0.00D).

TSH o EETRUTOETHIREEH I £ (B
Hoz, LHESE kK, WRBRETREE1Z208 12
ZicEEEN. D5 % Free T, o LHRMEA LN
oo RBEERO 6 (B34, kM3IL 2o
7z.

4. HURIRBEEREE

ERIEBEETEREIX TSH ET L, T, 7213
T, DNFhr D LFELHD, Free T, O LH L7 d

D&, BRIEBEETER TSHAERLTHE S
DL Ltk BEDOIDL T, & T, OlEZLLEEDD
OEBERE L, WIThDLOBETOALNE DX
EFH L Ui, Table 3 i HRIFBEEEZOLBRE
WSRER Ufc. BRRBRBSSETLAERE R B L BT IR B S0
%14 (2%), ZET4£M34 Q1% 04
% (B.2%) kAadhtz, —HFNREIE 18D
SN0t FER 30 42 Fal KRTELOER
DB ST MDD 3 Pl IZHR B 75 BLR R B eI T MR fE
KA oo, Fio, FEHR 412 1845 Graves
WRETHDI. FRBEEETERMERERD 6
% Bz, ZESE) k, dEBoZH 2 gics
Svte. HE] 81 S6 X DI T, BTN 48 ERIEDE
AHRBEETHDEAL levothyroxine % 150 ug/ B R
Bhchz. PREBIETEEIBREROAZCALN
TS TREEE DI RO 2 35 LR Daho
fo. ECERIBBEBETEO HER SEHMEER
aR AW N

5. YRR ERIESR

Table 4 RLLSK, HMERELEKOHAn
AFFAMETA 20 —bF X + O BHERZIEA
10.5%, 12.1 %7, SBEIIEA24.7%, 14.0% T
HEEICEEE @Y Eh0k. BERE - WURBHL S
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*(Ip/3w £97-66) [0123S3[0YD
Grun v §°01-8°7) TV ‘(Ip/37 08 '1-89'0) "L-d :98UBY [BWLION :x

D € 81T 1°8 0 0 (G L6 €'l $9v e oddH 4 LS L T
o) 4 0L1 0°¢ 0 9 + €€ PI'T 0681 110A0 0d 4 ST AL I [onuod
v 4 6L1 0y 0 0 (+) L'8 81T 8LY jude; codAlY 4 89 LV 01
v 4 v61 0°8 0 957 €] 78 08°'T $8°9 junefroddg A4 €9 'O'd 6
wowooedar A, v 6 68¢ 0y 960y 960y  (+) 977 S0°'1 859 wwa0odAH 4 9§ WD 8
o) I 861 Sy 9 960y (=) 6°6 §8°1 0Tyl juwdyefodAH A 6¢ WL L
o) € 781 8¢ 0 0 - STI1 LbT §€°¢ ey odAg A 0f W 9
A4 £ 007 §°L 0 0 (- LI 011 TZv wwepodAH W §8 ‘LN S
RHIBED o1 O I 91 v6 0 9z () g 9%l ELE £r'0 POMGRIAH 4 5 OV ¥
Suneams y € 11 0y 4 0 (F)  00% €11 98T 9L°0 PplOMyiwdAH d4 i AL €
o) 4 vEl 9 0 I (+) Lo¢ L€l TP LTO ProMAyIwdAH 4 9¢ IH ¢
v 8 1£2 £ 0 0 (=) 81T €% T€T (50 PoIAYRdAg W S WA 1T OHSNX
onon G S TS wally BE 0N oo B TP WOC AN W es v o o
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Table 4. Frequency of serum thyroid antibodies in patients with YUSHO
YUSHO Control
No Male Female Total Male Female Total
50 74 124 20 23 43
Thyroid test (+) (TH) 3 6.0) 10(13.5) 13(10. 5) 0 2(8.7) 204.7D
Microsome test (+)(MS) 3( 6.0)  12(16.2)  15(12.1) 1( 5.0) 5217 6(14.0)
TH(+) and MS (+) 2( 4.0) 4( 5. 4) 6( 4.8) 0 2( 8.7) 204.7)
TH(+) or MS (+) 40 8.0)  18(24.3)  22(17.7) 1 5.0) 5QLT) 6(14.0)
Numbers in parentheses show %.
ZEDF P bis HRENEH D . THoto.

6. I PCB gL TSH, T, T, & 4EME
£3t5%3Z 1 > b i PCB s TSH, T,
T, LR % & #z. TSH & o#EIR r =—0.080
(N=160), T, &ikr=—0.111 (N=158), T, &k
r=0,002 (N=160) <, £44<{ PCB gELo
MBS SRk .

£ 4

BYyEB ik PCB BHERESECEETZC &
BREILNTHAY. Bastomsky & i& 7 & HH
L, PCB o5 o FiREREEICER 3 8%
FH~7o. Aroclor 1254 % 5 o biZRORIT 4 ARGE
594 3% &, o T, HkEdsEmL, 2oEEiE
sy o vBasE S T, TH D k2 hid
PCB #t57¢ T,~UDP glucuronyltransferase 715
BxhicldT, o BRIL PCB oREHHET
LD LN, —Flndk T, & Free T, index |
BETL, Ty, RIEEEIh, Free Ty index FirlL
ALERLTW. BRIgMHEZ v tic PCB %2 &
Ta5eMm T, & Free T, index RBEHICETL
T; & Free T, index BHEFOETHLLNIC
Eps, PCB ke T, ;5 Ty ~d conver-
sion ZEHEMBTAERGI L ENEEshL.
XLcERE - VFEAELZT PCB % 15 giEO&
5942La—- FERORK»»D LT HIRBER M
L, &< iEa— FEEETR ZELrok. [Mf
TSH & EH L, BRED 1 EREE 3 — FEIR
BCHSS oNicdMEs — FEIETE, d&bt
wml EERSEE O TEYD PCBREC X 2HEMIA
SIS0, CoXIiKF v o PCB & h
BEBRTRESICERBEBRIEORENS G LD,
T, ERERZOUEBE KR TR, R~
OFELHLEDICAESNIZFI b2y F ) 70O
L-a-glycerophosphate dehydrogenase &t 3RE

HEHmERE (48,2 12:8) PCB 259+ I
#5 Ui Collins 50 o#Ficks s, BREAM
W BAL BEREBC L FREAIZ DS LR
3. AR VY - SRR T a4 FRES
ML, AlEKELCHREZEO microvili 02%,
I baYEY TORMEME EOBENEMMSEL, T
nooE/o#E sz PCB (Aroclor 1254) o# 587
MEBIEELTOR. UL b0 hizw sk
T PCB #5545 tibd 2L, thikBi335BT
avire—nEERRELEok BECEsh
i T, 12 PCB 50t 3ET Ueh, dub#iz %
ZICEEL 3SEBICBEREMLL TN .

Sy MR HBBOATIE PCB Itk HER
IRESERBBEDET, o icPREEINEC 32
o Ttlsny, PCB EREBIMSLDIER
ZROCERMERENENEDITHB.

Z CTHEOSEIANNTMROREZRELTA
% & FHRIRIE S FR IR & S 2 RIETERIC O W
TORRBELE L. BRLW @roh Vi
A7 7 & —¥OBRE EFAERAGITERD I, £07
AV H A L5 HRD S RFFEASESEERTH D FRERER
BLREBERTHOL. EILP ItkBE, 240
BEEEE © BRBBRE AFH~IL A 141z BMR
BLEAUTHRUSL, fho ERBBRERIER o2,
Li» 5088 TO MECHRSICS FRIRBROER
FrRERNHEErD .

BB O ERETRRIFBESAIE S
ORAEHPNDTTH 5. “ORERIITFHKE Uil
Ty T, SARBRBECHENMERTRERICEL, 1

BEREPO N HST BIENERME A S iz, —
FlEx DEF OB SIMER TR 124 Bih 441 (5
161, 36 3.2 i FURIEBBELEED 4 5
N, AEEASFhcRIALHONLHOR. HE
O T R BRI AR HEAE O S I BRFEH VA IS
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Bolh, ThBWREORARS Db 0
HELTEZ NS HBEEORRIGFEECHE K
BLTHRESY B ERESHEARN caRto 80 %
K5 1,242 (EEES ST wBRERS%:
s 84 (Bik24, ik 64) 0.6 BICHFUIRER #
RETLERE % B OH L7z, Tunbridge 510 o4 £y =
@ Whickham (R0 FRIFMKZ OME T e
OI8FLULDERD 82.4 %ic245 2,779 4 (g4
47120 e 74 (0.25 %) oo PR
TLEESA L. o R RORELGE Y F
DTHEL, PRIBEEEZSOIKEDHL, TOHIE
O RIRIGEEEETEFED pervalence % L 1-1. 6 L&
WU, BEREHICED 2 PRESSTTEECE S
D32HBLOIFFRINGOHIBERD HEEKIC
HRTECHRAS T 5. nPHss o TERE
TR O BWHRMES R — T2 L O THEHLER
Lisdpodc. (HEEREFTA S 4 4l FIRIRESE
TUHERED 5 B & e Ic B BETLEER 2 8D 7o 0 B RIT
BEERAI I FIOHT, fho 3T EER THD
7o, 4B THRIBEEE~OBLSHON D
HO—2i2, HMFETIZ subclinical 75 FRISHEEEE
KEEEDTVBRL LK BDM RN,
BERTL LN PCB 50 & 2 FiRiges
OFEALRBIEETETH D, HEEETRERRES
nEY MFED RET BYER OBRERBETOTY
3. COMBOFERRBZWANWAEZEZ ONL. B¥ER
D, IKFy BN IERIEAEDOFIRIR
BiEkETHd b, WERZO T BER L6 FE2K%
BLIERETORETH DEBEOBERSEMNEL DT
WAHBZENETETFONS., S OREERLSREREEY
BOWMRETHL. WERFEOPEME IR PCB
7210 c12 4, PCB (KC-400) 255 4 24 4 VELED
BRETECTRER & LT ERHS DMK M ko
TH U7 PCDF, polychlorinated quaterphenyls
(PCQ) BEAZLTWHA®. PCDF ®» PCQ »iEE4k
BicEZL REEBEIBEEDE AR THE. SEO—
EBRLTLELERTHB EMH PCB s T, T,
TSH ORjicEEOEREMS LS, DI &z PCDF %
PCQ OEEBELZIRTNERLEN—2DRHME R
A2EEDLNS.
PHRREVAO HBEAERY M of FFR o<
7a/ =L R b HIFEREHCSOEVIERRE
Ligpoic. TOT LIFHEICAH SN S EFRIR &
WE VMEO BB A RERFEMNES LT 5§
RPN EERBELTHS.

& B

WEAN 59 F REREREE—RRZ O ZBE T 16 FLL
Lo 167 5o BIRIFEIEEHIE L, BER 12442 %
WP ORBE 43 2% BB & U 2 BlchEmst
LT OR#EER .

D T, & T, GBEEHTEE (p<0.05, p<
0.01) A LT TSH @FEEBTEI DN

BERTHOI.

2) HRIEEBIREEEHD 9. 1%, JBRHD 2.5%Kc
fhd s N

3 BREEETEERBRERTIL EE1L,
W3 Z) KHsRSRBEHIcRWE»ok. o
SHIHE | ZICRTBSEHA SN, D 3 ZITEER
Thol. —HFRRIEBEETERIRERC6S B
M1, 5S4, SR 24 () 250t
B 5 IR ERE TR IR BE B IR Rl 1 4ic
B ot FIRBRBEETIERE & ETED BRI
icER s bNEhD k.
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Dermatological Findings in the General Examination
of Yusho in 1983-1984

Shoji TOSHITANI

Department of Dermatology (Director: Prof. S. Toshitani),
School of Medicine, Fukuoka University,
Fukuoka 814-01, Japan

Masakazu Asani, Shozo HonBo and Harukuni URABE

Department of Dermatology (Director: Prof. H. Urabe), Faculty of Medicine,
Kyushu University, Fukuoka 812, Japan

Dermatological findings in the general follow-up examination of Yusho in
1983-1984 at Fukuoka Prefecture were reported and analyzed statistically.
1) In 1983, coming patients with Yusho showed the smallest numbers, seventy-

eight, from 1975 to 1984,

2) The skin grading indexes had much to do with the skin severity grading in

1983 and 1984.

3) Blood PCB pattern A cases showed the values of 2.691 (1983)-2.88 (1984)
and they proved to be a smooth improvement.
4) Blood PCB pattern were changed irregulary and we could not find out a

definite tendency.
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Ocular Manifestations and Polychlorinated Biphenyls
in the Tarsal Gland Contents of Yusho Patients

Toshihiko Kouno and Yoshitaka OHNISHI

Department of Ophthalmology (Director: Prof H. Inomata)
Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

Hiromi HIRONAKA
Fukuoka City Hygienic Laboratory, Fukuoka 810, Japan

Sixteen years after the onset of “Yusho” (accidental polychlorinated biphenyls
poisoning), ocular manifestions of Yusho patients were studied. The ocular mani-
festations which were extremely prominent at the time of onset has remarkably

subsided.

The contents in the tarsal glands were taken in 39 out of 122 pati-

ents with a new method. Twenty-two samples were analysed for polychlorinated
biphenyls (PCB) by gas chromatography. Fifteen had PCB in the tarsal gland
contents. PCB concentrations in the tarsal gland contents were much higher than

those in blood.
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Prevalence of periodontal disease in patients with Yusho

Akifumi ARAMINE, Isamu HasHicucHI, Katsumasa MAEDA,
Yoshitaka Hara, Nobuhiro Cuingiu, Yasuyuki IwaMoOTO
and Masao AoNoO

First Department of Endodontics and Peridontics, Faculty of Dentistry,
Kyushu University, Fukuoka 812, Japan

This study was perfomed in order to examine prevalence of the peridontal di-
sease in patients with Yusho. The pocket depth was measured at the mesial sur-
face of the six teeth of each. Subsequently the radiographic examination was
carried out to observe the condition of the marginal bone resorption.

The results were as follows;

1D 24.5% of the examined teeth had the periodontal pockets on the mesial
surface. 56.4 % of the patients had at least one tooth with a periodontal pocket.

2) Periodontal disease was found in males rather than in females.

3) The patients aged between forty and sixty had the high incidence of perio-
dontal disease. Even in twenties and thirties, severe periodontal disease was found.
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