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Foreword
Masanori KURATSUNE

Chuef, Study Group for the Therapy of “Yusho”, the Ministry of Health
and Welfare, and Dean, Nakamuva Gakuen College
and Nakamura Gakuen Junior College, Fukuoka 814, Japan

Masao AoONO

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

Hikotard YosHIDA

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

This 11th report on Yusho published as a special issue of FUKUOKA ACTA MEDICA
consists of collected papers written by the members of the Study Group for the Therapy of
“Yusho”, the Ministry of Health and Welfare which is composed of the Study Group for the
Therapy of “Yusho” at the Kyushu University, the Nagasaki Yusho Research Group, and the
Follow-up Study Groups for Yusho in various prefectures. It deals with primarily the results of
studies achieved by them but also those of related activities done by the Study Group from 1985
to 1987.

Among many interesting findings reported here, the most notable ones are perhaps those
related to the accelerated fecal excretion of the causal agents of Yusho by administration of
squalane and those concerning PCBs, PCQs, PCDFs, and related compounds still retained at a
significantly high level in the subcutaneous and other tissues of patients. These findings may
provide an important clue to the acceleration of cure and improved health care of patients which
we have long been eager for. It is our belief that all these findings together with other relevant
ones reported in this issue will significantly contribute to the better understanding of this unique
poisoning and stimulate many who are concerned about the potential adverse effects of halogenat-
ed hydrocarbons.

Publication of this report was made by grants from the Ministry of Health and Welfare and
from the City Office of Kitakyushu. It should also be mentioned with gratitude that the report
was edited by one of us (M. A.) and his associate, Dr. A. Akamine.
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In 1984, the Ministry of Health and Welfare established a new research team for the development
of effective medical treatments for Yusho, that is, Study Group for the Therapy of “Yusho”, the
Ministry of Health and Welfare, by combining Study Group for the Therapy of “Yusho” at Kyushu
University, Nagasaki Yusho Research Group, and Follow-up Study Groups for Yusho in prefectures.
The research activities planned and performed by the author as chief of this newly united Study
Group as well as a conference held by him as chief of the Study Group at Kyushu University in 1983,
will be outlined below.

1. Yusho Conference

In view of the fact that no satisfactorily effective treatments for Yusho have yet been developed
by us for all our devoted efforts, a conference was held by the Study Group at Kyushu University in
1983 in order to seek advice and comments of other specialists on our research activities and
achievements. Twenty professors of diverse specialities from the Faculties of Science, Agriculture,
Engineering, Pharmaceutical Sciences, and Medicine, and the Medical Institute of Bioregulation in
Kyushu University and a few others from other universities were invited to the conference. Although
no suggestions which can be immediately applicable to the treatment of Yusho were made by these
guest scientists, they provided us with quite a few unique ideas related to the biochemical mechanism
of the poisoning and to the acceleration of excretion of PCBs and and PCDFs from the body.

2. Standardization of Medical Examination for Yusho

The Health Departments of prefectures had done annual medical examinations of Yusho patients
on their own scheme, making it hard to sum up or to compare the results of such examinations. A
unified form for medical examination of Yusho patients was therefore prepared in 1985 and has been
used throughout the nation.

3. Revision of “A Guide for Therapy of Yusho” and Preparation of “A Guide for Healthy Life of
Yusho Patients”

“A Guide for Therapy of Yusho” revised in 1972 was slightly revised in 1985 (Table 1) and “A

Guide for Healthy Life of Yusho Patients” was for the first time prepared in 1985 (Table 2).
4. Liver Cancer Conference

Since an excess risk for liver cancer was seen among male patients in Fukuoka prefecture by
epidemiologic investigations, a conference was held in 1985 to ask advice of specialists in liver cancer
in regard to the best methods of prevention, early detection and treatment of the cancer which are
well applicable to Yusho patients. Although no conclusive evidence is yet available which indicates
that liver cancer is caused by the poisoning, it was unanimously supported that a particular effort
should be made for early detection of liver cancer in the annual physical check-up of patients.

5. Workshop for Analytical Methods of PCQs

Yusho patients are known to have ingested a large amount of PCQs together with PCBs and still
retain PCQs in their tissue. For standardization of the analytical methods of PCQs, a workshop was
held in 1986. It was revealed that the standardization could not readily be made and still requires
further study. The information presented at the conference was then printed and distributed to the
members of the Study Group.
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Polychlorodibenzofuran (PCDF)
D7NA)SBIZELBTF+> (EtO) FOERK

E—ERAEMEATEHE
BARLH - HOE —--BHEA

Formation of EtO-PCDF by the Treatment of Alkali Saponification on PCDF

Hiroaki Kuroki, Koichi HArRAGUCHI and Yoshito MASUDA

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

In the analysis of polychlorobiphenyl (PCB), polychlorodibenzofuran (PCDF) and
polychlorodibenzo-p-dioxin (PCDD), alkali saponification has been employed as one of the
analytical procedures. To examine the effect of alkali saponification to PCDF, a mixture of 2, 3,
4, 7, 8-Penta-CDF (20 ug) and 1, 2, 3, 4, 7, 8-Hexa-CDF (21 ug) was treated with 50 ml of 1N
sodium hydroxide-ethanol (EtOH) solution by refluxing for 1.5 hr and cleaned up by following
procedures : n-hexane extraction, treatment with concentrated sulfuric acid and successive
chromatography on activated carbon and Florisil columns. The final PCDF fraction was
analyzed by capillary column gas chrmatography (ECD-GC) and capillary gas chromatography-
mass spectrometry (GC/MS). As the results, it was found that EtO-PCDF were formed from the
PCDF, probably from 1, 2, 3, 4, 7, 8-Hexa-CDF, by alkali treatment suggesting the nucleophilic
displacement of halogen by ethanol followed by elimination of proton. The ECD-GC and GC/MS
analysis showed the formation of at least 3 EtO-Penta-CDF and a EtO-Tetra-CDF (trace)
isomers. EtO-Penta-CDFs were quantitatively determined by ECD-GC estimating to be 4.3 ug.
This value corresponds to 20 % of 1, 2, 3, 4, 7, 8-Hexa-CDF used.

Nine EtO-PCDF isomers (Cl: 1~5) were prepared as reference compounds and their electron
impact (El) mass spectra were investigated. However, the EI mass spectra of EtO-PCDF
provided little useful information with respect to the position of EtO-group.

Polychlorobiphenyl (PCB), Polychlorodiben-
zofuran (PCDF) ¥ X Uf Polychlorodibenzo-p-
dioxin (PCDD) 1Z—EDHLL @B ERE T 2 &F
HLEWTH Y, REFROEY, AMER, 83,
B, HBEHES R, BidDVLIEFERL 0SB
Ehanr, WANRBEEYETH S, 37,
PCBB XU PCDF bW 2 MEDFRAME L LT
HlonTwsd, Zias PCB, PCDF & % iz PCDD
DHWEELE L TINE TEHEL DOoENIREI LT
398, EED S ixELAER % IN NaOH (H 503
KOH) =38 /- VNEBH DRy —L—40%
KOH A& AT 2, Wb 2 7 s ) kR
A B St T R R L UTHERR

nTwa, FlziE, PCBAHTREAS PCB 47
B TR Y SENEENTE D, PCB OO
ELTLSAvweRTWS, %7z, A, BIHER =
N7 BB EEY & ¥ o E o PCDF, PCDD
DHMEBOBTETAH I AEEVAVLRTWLS,
T VEEERECIIZ, BRTRED T2 H%L
WEY SN TWS,

IDED, Tuh ) SRETERERRBEY S
B2 rOMAREL, A BWEBCHT ST
NIRRT D 208, —F, 7Tus Y aED L O/
HEELEEsh T3, rziE, PCDD TR, 2,
3, 4, 6, 7, 8-heptachloro-, 1, 2, 3, 4, 6, 7, 9
-heptachlorodibenzo-p-dioxin %2 ¥ @ & # % PCDD
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B7NA USRI L > Thi D DEIETREAL, 7
A SRR E DI NEOEIENS 1 BUATTH L 2
EWEREY AN T3,

Lied-T, ¥R%255 PCB, PCDFZBWTH
TNAN G BEE L OMEENERINS D,
IOFEEHLPI LRGBS, 2 ITHE, FH
5 PCDF D 5 5, mEMTEEEE 2 R EMNE
TH3 2,3, 4,7, 8-pentachlorodibenzofuran (PenC-
DF) B8t U1, 2, 3, 4, 7, 8-hexachlorodibenzofuran
(HCDF) =72 {ké¥e L ¢, PCDF B L i3 ¥
T ) SRORE D TR 1T o 7o,

x B F &

1. RERMH

2,3,4,7,8PenCDF Bk 11, 2,3,4,7, 8-HCDF &
BEsRO o F R Ll ->TER L, EERB LU
Florisil i # h Z i EHIFER () (HE), Flor-
idin Co. (U.S. A) X DEEAL 7.

2. ThAYSESIUEFRIRE

TNH Y SERIE 2, 3, 4,7, 8-PenCDF (20 ng) B &
11, 2,3, 4,7 8HCDF (21 ug) 2 IN NaOH =%
/=R S0ml &0z, #80° Dk BT 1.5
RPRr @MU TiTo/k., Bk, 100ml oAkEMZ
n-~F4 2 50ml T 3EHE L, n-~F 3
WEMIEml OEBEBTIEE-7-%, n-~F 4
BakiE, BALKZ, Z0On —~xF ERTEREL,
EHR Y 7 5 (2%X0.8cm 1L.D) 7 o= » 735
T4—WAL, ET0mlYrua Ay en-AFY
¥ (1:9) T, WAT8Oml Pz TEHL .
DMV UEHEREER, nAFYUBREL
ZayYius s s (14X0.6cm LD) 7o bS5
T4—=AL, 200ml Yy aa Xy yen-~NFY
(1:99) BXU50mlYruon Xy CIEREBEHL
oo Yruuo Xy vERBZOWTEEEER, n
-~F Y OB E L, ECD-GC % % \» & Capillary
GC/MS ot E Uie.

3. EtO-PCDFZ£R0&r

9 D EtO-PCDF Btk (1~5181b) B
WllRoTER LI, Zhs 0 EO-PCDF @ 3 5,
P 9 YL EDRMED v A X227 P vizgiio B
AEF JMS DX 300 B2 e FT— S EY X 7
L JMA-DAS000 2R L, BERANEA, ETF
g (ED BickvflEL 2, HIZEREGREROBED T
b2, AF AL EANF—T0eV, 14 {LEH 300
uA, EEBE 30KV, 14 VERE 150°C. %77,

HE % & ¢ EtO-PCDF EM481C 24> T id Capillar-
y GC/MS ik El =— FTHIEL .

4, AHRZOZ IS5 74— (ECD-GC)

BEGCTAGH I A/ u~ N 72 7 BETHER
W (SND 2EZ L0 FERAL TTo k.
HTLWEETa—=A R ) hFrET7V—hH T A
ULBON HR-52 (0.24mm I.D.X50m, B&) 2/
Wiz, A7 AREREY 2 4 180°C kb, 8°C/4
T250°C £ THE, 0% 2550 T—EWWRFEL .
FEAOB L UHREIMREIL 280 kR-o7:, BHOE
AFAh—E> 7 == LBy LY Ay bREEE
(BE) PHWTITo7, Fv Vv FABIU ALY
T IHACREHERRS R BFEHALL.,

5, #XzA%2t+5574—12& % EtO-PCDF o
T8

EtO-PCDF O EEBR A A2 a~v 57D~
mE%® 7-EtO-1, 2, 3, 4, 8-PenCDF O ¥ — 7 | & [t
BT 580 E>TiTolk, E—7HEBOAIER 7 0
< bty 7 C-R2AX (BE) ®Bwi,

6. Capillary GC/MS

BIEZIAAREFIMS-DX300 ¥R 7= k23
7 BESWE/ T — 7 MY R 7 A JMA-DAS000 %
FRLUEI £~ FTfTok. #RAZT~ 571043
Z7a—XARN¥YUH FrvEIF V-4 ALDB 225
(0.252mmx30m, J and W#k) 2B f1F, F+
IV —#7 hid A4 VIREANEEER L2, 27 A
BERZ2OBM0CE-T0B, CC/HDEIET
2500 FCHBEEBORKFOEEIHEHLL Frv U
FTHARZEAN) AT AZRG, YARERZS T LW
l.4ml/min & U7z, EEHIY V> bV ARBHEA
EEPHAWTEALL, ZOMOBERFIROED
TH5, HEALDEE 2807, /v —F—EE 250,
1y NRE D250, 44 EERE : 200~220,
AF AT ZNVF— 1 T0ev, A X LE/BF © 300 uA,
TR : 3KV,

% ES

Fig. 1122,3,4,7,8-PenCDF (20 ug) 8L U1, 2,
3, 4,7, 8-HCDF (21 ug) DEE% 1IN NaOH ¥
=B TT VA ) SR -EEI D w T, Capil-
lary GC/MS T L e R E2RT. F—=F A1
zaw hZ 7 h (TIC) WBWT, 7h ) HRCH
Wiz 2,3,4,7,8PenCDF 8 L 1F 1,2, 3, 4,7, 8-HCDF
EEEBRZ N DOpDEY - BRDsND, Flzid,
E—2ZBOYAZANRZ bvid, Fig. LitET Lo,
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Fig. 1

Total ion chromatogram of a mixture of 2, 3, 4, 7, 8-PenCDF and 1, 2, 3, 4, 7, 3-HCDF treated by alkali

saponification ; and EI mass spectra of peaks A-C and of authentic samples.

Cl

cl n NOZJ@CI ci Noji@c'
—_—
cl oK cl OCH2CH3 cl o OCH2CH3
cl cl
cl
1 Fe/AcOH Cl @ @ cl
2 CiaC=CCly Cct o OCH2CH3
iso AMONO Ci
Scheme 1

195

53FAF > (MY) % m/z382 (Cl DRRMAE— 27
o EEAE) KRL, BEY—7 L LT
M*-28 (m/z 354) »EEaNI, /o, 14 VRE

5w M -63 (m/z 319), M*-91 (m/z 291),
M*-120 (m/z 262) ¥ &V M*™127 (m/z 255) # &
D7 7T A 4T BRBOSNI, TDEIR7F
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Table 1 EI Mass spectral data of EtO-PCDF
M+ —28 =57 —63 —91 —120
1(9) -EtO-PCDF
9-Et0-2,3,4- 83 100 14 38 23 20
9-EtO-1,2,3 ,4- 47 78 7 6 8 11
2 (8) -EtO-PCDF
8-Et0-2,3- 61 100 11 2 8 14
8-Et0-2,3,4- 49 100 16 3 18 34
3(7) -EtO-PCDF
7-Et0-2,3,4- 61 100 17 3 10 11
7-Et0-1,2,3,4- 52 78 6 4 7 8
7-Et0-1,2,3,4,8- 27 63 5 3 5 13
4 (6) -EtO-PCDF
6-EtO-2- 47 100 7 — 3 10
6-Et0-2,3- 37 100 6 3 5 11

TAv N N —rEPCDF 3@ ohniz i O
TH2., E=27BD M (m/z 382) »REILY N
V77D M (m/z 338) &0 % 44 mass unit K&
WIZER, M™-8D 757X A4y (Bl —
7) BEDHLENDIERENS, E— 7 BOEEIIAE
BNV 75 00x b F b (BtO—1K) L HE
and, EEOEE»S Fig. 1B 32F—2A8
FUCEHEFNFNLNELY R Y75 B L UREL
IRV TSI D EO— R EEING,
ZDE3, PCDFO 74 ) 34w & -7 EtO
-PCDF &N FRENIZOT, ZOHEEHEL IS
T 578, BEY Lo T EtO-PCDF &R %
17572, Scheme 1 iz EtO-PCDF O&RKE® % 73,
Thhbb, 72/ =NV (BAVELNFY T/ —
V) DKEE ooz b Fy=—pboRyEy (HBz0

23478~
PenCDF

A

oo boRyEY) Y7 VT —FIVEE
BEESE LD E, WOTET, Y7 VERGETT
WfInd 3 EtO-PCDF 2&5 L 72,

Table 1 &R L7 9 # D EtO-PCDF (1~5 3§
) OREr#neDEl v AANT MV F—% %5
. T RTO EtO-PCDF D~ RARY b2
BWwT, M™-28 M*—C,H,) nE#Y—2 252, 4
F BRI MT-57 (M*—C,H,—HCO), M*-63
M*—-C,H,—-Cl), M*-91 (M*-—-C,H,—COCl),
M+-120 M*—-C,H,—HCO—-COCl), M*-127 (M*—
C,H,—HCO-Cl) 8 X *M*-190 M*+*—-C,H,—
HCO—-COCL) ¥ D7 57 A A ZF v %52 T2,
MO A F VHEBRFREETH-2. Lo Las,
Table 1R d & 312, EtO—~EDBRNE DRI
FETLRARNRY P SF — VB LU & EREDR

123478 —~HCDF

7-Et0-12348~-
PenCDF

T T
20 30

T 1 .
40 50 min

Fig. 2 Gas chromatograms of a mixture of 2, 3, 4, 7, 8-PenCDF and 1, 2, 3, 4, 7, 8-HCDF treated by alkali

saponification and of authentic sample.
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Wi, EITAARZ b v s IZBD s d oz,
N 72 BtO-PCDF @< X A7 F VOl & LT,
9-EtO-1, 2, 3, 4-tetrachlorodibenzofuran (TCDF)
B LU T7-EtO-1, 2, 3, 4, 8-PenCDF O~ A A7 b
# Fig. 129, Fig. 1B LS5, E—
JBOYAANT NV EERKL TE T-EtO-1, 2, 3,
4, 8-PenCDF <7 A A2 M VIdEEW—E L.
¥/, E—27ABIUCTIZ, Z11#Fh EtO-TCDF,
EtO-PenCDF O E# Y — 7 1223 2 M*-28 28 m/
z320B L Um/zB4XEDHN L, Lo,
¥—27 A, BBLUCOEE R, Z 17z hEO
-TCDF, EtO-PenCDF 5 & U EtO-PenCDF T# 9,
— iz 7 A VR X - T PCDF » 5 EtO-PCDF
MBERT B Z e » o7, %7z, EtO-hexa-
chlorodibenzofuran (EtO-HCDF) © M* & & O}
M+-28 12#E24 3 2 m/z416 B X UFm/z388 % 7z
<wRAruw b7 57 4—i2& b EtO-HCDF D&% %
AT, EtO-HCDF OERKIZRED sz o7z,

Wiz, Tk aERL e EE Dvw T Capillary —
HAru<w S5 7 42k D ENZ 7, Fig. 2
12 50m ULBON HR-52 & % £ 5 Y —# 7 & THH
LicH Aza< b7 7 s%RT. RIFER (ta) 38.0
ABIUVN.6DCHEONE 2EKDE— 2 Fig. 11
BFAE—27 BB LUCIHET % EtO-PenCDF &
Ezonb, L, ZThedtdEEKL 72 T-EtO
-1, 2, 3, 4, 8-PenCDF D tr & i Fig. 2R d &5z
—HK L rol, tl, EABREREDL THTE2IT-
72 %, &5 EtO-PenCDF & Fah 32200
E—r»BRDSN, ZOI2HD 1208 —7 Okl
Fig. 2 1&57% 7-EtO-1, 2, 3, 4, 8-PenCDF o tg & —3
L7z, %8, 7-EtO-1, 2, 3, 4, 8-PenCDF D fE1E ik
F—FERE RV, B4 U MEFEAF e — i
#1172 Capillary GC/MS 2 & » T b HEFR & iz,
D LAz, Capillary—F A 270~ /7 7 4 —IT k&
AR OER, P < b 320 EtO-PenCDF £k
DOERHEE S » ko, ECD-GCiz & Y Fig. 21
Hob 2FD EtO-PenCDF 2 E2 L7z 2% 4.3
ug ThHolz,

-
<

% ®

2,3,4,7,8-PenCDF 8 £ 01,2, 3, 4,7, 8-HCDF @
BE&#% IN NaOH =% 2 — L+ 80°C T 1.5 hr
RitdTsz &b, #< &b 38D EtO-PenCDF
BLUIZ/INEDEO-TCDF 1@, ERKT 2 2 L8
BE & 4k 2oz, 1 @ EtO-PCDF o 4 % 12,
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PCDF OREEBEIIGEFEH L TELC b D L H#E
XN, 4 U7z EtO-PCDF O KERS; 5t EtO-PenC-
DF Th2 s, PCDF BEEED S B, Fil 1, 2,
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LTwizwEEbina, Scheme 2 2% OHEE KIGHEE
BLRT, 20X>w, PCOFO7 LAY SRIC L
2 EtO— 1k £ PCDF OB IZREL TWw b 2
LSRR N, %¥2, 3, 4, 7, 8-PenCDF iz
EtO— % & Laslc DA\ TH S5, Edli:
W L v, £ L7 EtO-PenCDF (4.3 ug) #51,
2,3, 4,7, HCDF 0 &z ik T 20 Thhid, Th
e Em1, 2 3 4,7, 8-HCDF (21 ug) DO# 20 %I
LAEL T 22 THS, %72, W PCDF (4lug) »5
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BIECOCl R Rk o77 T AV PA A L
Eahs, BHE, EtO-PCDF o M*-28 DIgEIZ 81T %
T ARANRYT MY — k Hydroxy-PCDF @ = A
A7 bR =X ENL T RN I,
IO EHEMI TS, Scheme 3WRT & D AR
# 13 alkoxypolychlorodiphenyl ether® < alkoxy
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DeAA~Z b iz, Table 112779 & 512 EtO—
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winot, LiesoT, PCDFD 7 v Y 3w
ko TH U7 EtO-PCDF 0#giE % # D El v 2 X
IV SEBEMITEI LR TEEr o7, B,
FTAAhYSBIIE>TPCDF sk 0 QEE&T
EtO-PCDF &g a2 Z e 28 ML, E,
EtO— k412 PCDF OB EEKESENH 5 Z &
DRBENI, LidioT, 7ah AL -> T
EDHED PCDF M A0 AN EO— 2 EH T2
WegEtsd o, PCDFERE I L OST7 A4 Y
SBETHLTHLEEZSND,

il

@ £

PCB, PCDF 5 & U PCDD 7 ¥ O AHfiEic B W T
TAHURBRILERIANSHT WS, Db
B PCDD i3 7 v U AT I BV TRERGH
SEINB D, TAAY SRIIEESR PCDD 05
P TEETH L I EBmES LTV, Lal,
PCDF &I DL TR AHEZ AN S L, £ 2T,
BEREEERT 2 3, 4,7, 8-PenCDF 58 X 071, 2, 3, 4,
7, 8-HCDF 0ESY % AT, PCDF S4ric RI1E T
TNHVSFEOEEIZ DO TRIFT L., ZOHER,
PCDF iz 7 v# V) 38 (80°, 1.5hr) ¥ &> T—8
DREBRE G S 1 EtO-PCDF 24512 2 &2
BE &> & e o2, %72, EtO-PCDF @4 & 13 PCDF
OEETHREL Twa Z e rgan, £ U7k EO
-PCDF &t & £ D 1, 2,3, 4,7, 8-HCDF 0 20 %
WAHY L 72, BBELL 72 EtO-PCDF @ El v A A2 7
ML MT-28 M —CH) 75 7 A b A A v
(FH#EE—2) 2R, EIvAART M s
EtO-—HOBMMEBERRAT 5 i3 TERMo72.
Eie, BRESNDWID, TAh YR L > TE
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3-Methylsulphone-4, 5, 3', 4 -Tetrachlorobiphenyl (Z & %
FEERRIEKFRKERL B SRR A E(EA
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Inhibitory Effect of 3-Methylsulphone-4, 5, 3', 4 -Tetrachlorobiphenyl
on Aryl Hydrocarbon Hydroxylase Activity

Junya Nacayama, Chikako KivyoHARA, Noriko MOHRI
Tomio HIROHATA

Department of Public Health, Faculty of Medicine Kyushu University,
Fukuoka 812, Japan

Koichi HarAGUCHI, Yoshito MASUDA

Daiichi College of Pharmaceutical Sciences
Fukuoka 815, Japan

3-Methylsulphone-4, 5, 3', 4’-tetrachlorobiphenyl (3-MSF-TCB), 4-methylsulphone-2, 5, 2, 5" -tetra-
chlorobiphenyl (4-MSF-TCB) and 4-methylsulphone-2, 5, 2', 3’, 4 -pentachlorobiphenyl (4-MSF-PCB) are
major polychlorinated biphenyls (PCBs) metabolites present in several tissues of Yusho patients and
healthy human subjects. After treatment of human lymphoblastoid cells with 3 xg/ml of 3-MSF-TCB,
4-MSF-TCB and 4-MSF-PCB, 3-MSF-TCB and 4-MSF-PCB decreased basal aryl hydrocarbon hydrox-
ylase (AHH) activity in human lymphoblastoid cells by about 85 % and about 40 9% respectively, while 4
-MSF-TCB did not change or slightly enhance the enzyme activity, as compared to the AHH activity
from control cells. At a concentration of 1.5 gg/ml of 3-MSF-TCB, 3-MSF-TCB also reduced 3
-methylcholanthrene (MC, 0.7 ug/ml}-induced and 2, 3, 7, 8 -tetrachlorodibenzo-p-dioxin (TCDD, 3 ng/ml)
-induced AHH activity by about 15 % and about 50 %, respectively. Consequently, it seems likely that
3-MSF-TCB preferentially inhibit AHH activity especially induced by TCDD. We would like to
elucidate the structure-activity relationship, the mechanism and the biological significance of the in-
hibitory effect of MSF-PCBs on AHH activity.

Polychlorinated Biphenyls (PCBs) DA 4RIz Bl % & 7L T v 3 3-Methylsulphone-4, 5, 3,
2 ERRBEYD 1 0% Methylsulphone Polychlor- ¢-Tetrachlorobiphenyl (3-MSF-TCB), 4-Meth-
inated Biphenyls (MSF-PCBs) T# %Y, L»L, ylsulphone-2, 5, 2’, 5'-Tetrachlorobiphenyl (4
MSF-PCBs 0 AFERIC DTS £ DIz T -MSF-TCB) # X f 4-Methylsulphone-2, 5, 2, %,
WAL Z 2T A VREREEMBEYE VT 4’-Pentachlorobiphenyls (4-MSF-PCB) T® 57,
MSF-PCBs 3% 7 v B ORBHICESE L T3 F o .

B Rk EARILEZ (Aryl Hydrocarbon wE 7R

Hydroxylase, AHH) EicL TED &L 5 2R E . eREL

B IIETHLENG, JOWRETHY I MSF-PCBs 3-MSF-TCB, 4-MSF-TCB # X f4-MSF-PCB
AEEFIMERE S L OCREEOEL OEMIC W T RO HEY 12 X D &B L7z, MSF-PCBs p#ifE
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BAAZa= 27 4—L99%ULETHS, 2, 3,
7, 8-Tetrachlorodibenzo-p-dioxin (TCDD),
Benzo(a)pyrene (BP), 3-Hydroxybenzo(a)pyrene
(3-OHBP), 3-Methylcholanthrene (MC),
NADH, NADPH 8 & UMlOEHK DL TRIERY
BDTHE,

2, fElRiE®E, AHH @HoRE

U oo SERESEMIOAR OB B X Ul AR D
WTRXEG) 2BRBahY, TOMETIRSED
EHEEBRRD ) o SHRESEMAL S e Vi, BHEH
BRZEEYS LU MCAUEREEZLUTOEBD T
H5.

(EERT)

MR E % 3~ 4 X10°cells/ml & L, F—AH¥K
DFNFNOEEMIE L MSF-PCB; 3 pg/ml,
MC:; 1.3 yg/ml % %313 TCDD; 6 ng/mi L33 5,
Control ® M i Acetone (BHE) 10 ul LT 3
(Basal AHH B EIED-), HIgEEE LT, 48
%I s Ed T AHHIES2BIET 5.

(EBRID)

R 5 3~ 4 X10°cells/ml & L, [E—AHXK
DFNFTNOEZEMEIIC 3-MSF-TCB; 1.5 u4g/ml,
MC; 0.7 ug/ml, TCDD; 3ng/ml, 3-MSF-TCB+
MC; 1.5 ug/ml+0.7 ug/ml, » % » ix 3-MSF
-TCB+TCDD; 1.5 ug/ml+3 ng/ml 4L 3B ¥ 3,
Control D HIIZ 13 Acetone (A#) 10 ul LB T 3
(Basal AHH #EHEIZED o).

E»5 A

AHH %13 3-OHBP 0 & B 2 1 & U THIE
WEDREL, AHH BHEHEEOHMIC DWW TE
XRER(O) B E Tz,

& E S

1. EBI

SFEEED ) o EIEEMERRIC D W TIT o 1o KBRS
2% Table 11259, Basal AHH iE¥ 1L 3 Bk #
i onwTENFNE->TWS, MSF-PCBs 3 £
&1z & % Basal AHH EEEEOREICOWTLEY
VOSHREBSEMMETHELTVLR, 2 MCHhB 0
TCDD #L¥ U 7235450 AHH & (MC-Induced %
2\ it TCDD-Induced AHH ¥&1) & &Y o SEkES
B THEE LT w3, D%, Basal AHH 3B
BEAZENH D, MSF-PCBs iz & 5 Basal AHH ¥&
MEECHEAZE®H D, &5 KK MC-Induced » %
Wiz TCDD-Induced AHH &M 4 BAZERH % &
SIEbRL, VU EREEMRICET A2 MCE X
UTCDDO AHHEZEEHEEH K DWW TR T TR
Nagayama 525#R& LT 59, 3 L WEIR I MSF
-PCBsiz & %3 Basal AHHEMOEETH 5. 4
-MSF-TCB iz Basal AHH {212 L A FBEEL R
W, BREERE O S EE L EE S iz, Basal
AHHEMS ¥ HE 3 % 0 ik 3-MSF-TCB & 4-MSF
-PCBTHY, < 3-MSF-TCBic L 2 BEREN
DEHEHRK &, 3-MSF-TCB 2 & % Basal AHH
EMEOEZEILFEH 85 % THD (Table 1),

Table 1 Inhibitory Effect of 3-Methylsulphone-4, 5, 3', 4-Tetrachlorobiphenyl (3-MSF-TCB) and
4-Methylsulphone-2, 5, 2', 3, 4-Pentachlorobiphenyl (4-MSF-PCB) on Aryl Hydrocarbon
Hydroxylase (AHH) Activity in Human Lymphoblastoid Cells.

AHH Activity (pmol/min/10° cells)

Treatment

Cell Line Basal  3-MSF-TCB  4-MSF-TCB*  4-MSF-PCB  MC*  TCDD®

. 0.034 0.003 0.029 0.021 0.229  0.237

(1.0) 0.1 0.9 (0.6) (6.9) (7.0)

) 0.022 0.001 0.027 0.016 0.074 0127

(1.0) (0.04) (1.2) (0.7 3.4 (.8

; 0.075 0.022 0.179 0.042 0.488  1.147

(1.0) (0.3) (2.4) (0.6) 6.5)  (15.3)
Relative AHH Activity y 9199 0.140.1 1.5%0.5 0.6£0.1  5.5%1.1 9.4%3.0

(Mean+S.E. M.)

Cell culture, treatment of chemicals and enzyme assay were done as described in the text.
Figures in parentheses indicate relative AHH activity to basal AHH activity.

a ! 4-Methylsulphone-2,5, 2, 5-tetrachlorobiphenyl.

b ! 3-Methylcholanthrene.
¢ .2, 3, 7, 8-Tetrachlorodibenzo- p-dioxin

(20)
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2. EKRI

3-MSF-TCB iz & % Basal AHH i5&HE/ER
BEanl, ZOEBRO B MC-Induced H % \»
12 TCDD-Induced AHHE S x § 2 3-MSF
-TCBOEREZ#HA~NE 2 & THY, 3-MSF-TCB &
MC & % \» i TCDD G RIFFIC &M LB L 72,
BEYONEBEIER | OAEBEED 250 1T
H%, #EE% Table 2 8 & f Fig. 11277, 3-MSF
-TCB iz & % Basal AHH {HEHEMFHPEREZ I L
5. MCBLUTCDDIc &L ) AHHERIZFEEE N
%hy, —#%E91 TCDD-Induced AHH &I S 58
MC-Induced AHH EH L Y b Ev, JFEEHO ) o8
EEHEMNTO Basal AHH {E%% 1 & L7z Relative
AHHE M % & 3 &, MC-Induced AHH &% i
5.5 (Table 1), 5.2 (Table 2) T& b, TCDD-In-
duced AHH 3 12 9.4 (Table 1), 8.3 (Table
2) ThHBH, L»L, MCH%\ix TCDD & [FH 3
-MSF-TCB # 4LEE U 72 354 @ Relative AHH iE1%

20

Relative AHH Activity

ENTN44 4.3 THY, KEMNZW (Table 2,

Fig. 1), 2® Z £ i3 3-MSF-TCB 2 TCDD iz & -
THEEI N2 AHH B2 RENCEET 2 %
ALTw3BEEbhs,

1 -3

Zh & T MSF-PCBs 0 &G EICHT 2 5% HRSE
XA n2Y TERFSE L b 4-MSF-TCB 2w T8 b,
BEEiZLFND 100mg/kg T, RO RKBTH 5.
Rat # L 7-HEMEETIZ 4¢-MSF-TCB g £ A &

201

Basal MSF-TCB MC TCDOD MSF-TCB MSF-TCH
+

+
mc TEDD

Fig. 1 Inhibitory Effect of 3-MSF-TCB on Basal,
and MC— or TCDD-Induced AHH
Activity in Human Lymphoblastoid Cells.
Cell culture, treatment of chemicals and
enzyme assay were done as described in
the text. Abbreviations used are the same
as shown in the Table 1 except that MSF
-TCB is 3-MSF-TCB. Relative AHH
activity represents the AHH activity treat-
ed with the chemical or combination of the
chemicals/Basal AHH activity, Vertical
lines indicate S. E. M. of three individual
cell lines per group.

EME RS R o7, Mousek - BHEE T
pulmonary N-Demethylation 3 {& T L, hepatic

N-Demethylationi & L Tv»%*%, N-Demethylase
HP2VWEFAHH DO L > 5 vb© 2 BYR#HEROE
HEEEROEERS () Trokdicaryia—u

Table 2 Inhibitory Effect of 3-Methylsulphone-4, 5,3, 4'-Tetrachlorobiphenyl (3-MSF-TCB) on
3-Methylcholanthrene (MC) or 2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin (TCDD) Induced
Aryl Hydrocardon Hydroxylase (AHH) Activity in Human Lymphoblastoid Cells.

AHH Activity (pmol/min/10° cells)

Treatment
Cell Line Basal 3-MSF-TCB MC TCDD 3-MSF-TCB+MC 3-MSF-TCB+TCDD
3 0.083 0.030 0.468 0.846 0.351 0.330
1.0 (0.4) (5.6) (10.2) (4.2) (4.0)
4 0.013 0.002 0.071 0.114 0.059 0.061
(1.0) 0.2) (5.5) (8.8) (4.5) (4.7)
5 0.021 0.010 0.092 0.123 0.094 0.090
1.0 (0.5) (4.4) (5.9 (4.5) (4.3)
Relative AHH
Activity 1.0£0.0  0.3*0.1 5.2£0.4 8.3%£1.3 4.470.1 4.3+0.2
(Mean®=S.E.M.)

Cell culture, treatment of chemicals and enzyme assay were done as described in the text.
Figures in parentheses indicate relative AHH activity to basal AHH activity.

(21)
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ENTUEOMREINTHROLOTHERZ LiZE
2w, EMRHBBRREEREIO X » = X 4 3 HEE
(M) X > THB -2 #ELTVWD LD
WEbNE?, SE0fL:bOWE Tk 4-MSF-TCB
kAL Sppm TAY voSERESEME o AHH &

IR EACEELEB IS R hol, UL, 3
-MSF-TCB & 4-MSF-PCB |+ Basal AHH y&i%%

EEL, ZOMEEERIE 3-MSF-TCBIcH\» TH#EZE
Th-o7. ZOWFRTHV 72 MSF-PCBs DL B
Eppm DL NATHE, WEBREDHZOIXEEED
#H#E MSF-PCBs & 12 % D 1,000 9D 1 ~10,000
SD1IDOVNAVTHLY, &5 ZLEEE% T,
2 D MSF-PCBs M0 EHFZEI Db TSR T
BLENDH D,

AHH &M EHEESE L Cytochrome  P-450 (P
-450) TH D, P-450 iC 3 HHOSTFENDH S Z L H
WESNTNBEY, Lizas-> T, Basal AHH i,
MC-Induced AHH E™ & 5 v» i& TCDD-Induced
AHH EMIZE—O P-450 Tk <, W DhDfE
FOP-40IC k> THEHASN TV 2 AN H 5.,
# U T 3-MSF-TCB |& TCDD 7 & > T EM T 5
Han s P-0 3 FHEOEELEEL T LEL
543 (Table 2, Fig. 1). &7 TCDD Iz & - T
EHICFEE SN % P-450 5 F5E»° Basal AHH &t
WEDOREBSL Twa»iZ X » T 3-MSF-TCB i
& % Basal AHH &M ORBHEESEABATE > T
52495 TH2 (Table 1 & Table 2). FizH ik
S @D P-450 1253 % Monoclonal itk = 1Efk L <
Wh, 2 s D Monoclonal T & & B v T MC,
TCDD, Polychlorinated Dibenzofurans (PCDFs)
Wk s AHH EEFEE A = X408 L U 3-MSF
-TCB 7% & ® MSF-PCBs Iz & 2 AHH {EHEE £ #»
ZRXLEBHLIWEZEZTHS, ¥, ThoDFE
BB L UBEEHCB U 2EAZDOERIZ VT
HLZWEE -2 T3,

AHH 3382 OBRER Y VPEORBCHREL TS
D, NOFES > EOBEENRBEN T 39, 3
~MSF-TCB %z X2 & 2 AHH i5EOBESAD S >~
EBUBAOEROBLECED L ICEAE L Twah
ESHEOMFEICEL B LAy, UL, 3-MSF
-TCBiz & 2 AHH EHEZEFERAS» % D B H
Ba N/ iz MSF-PCBs O &R E » BB § 2 4
AD1oknbEEZONS,

A
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1EH»S5 A

15

2
i)

HERES L UCREFEORSE M#) $wid PCBs
ORBEDE LT MSF-PCBs BSEIZES LT W3, L
7L, MSF-PCBs DAEKERICOWTRIZEA L
Bzt IOFETRAY /RS %
AT 3 B0 MSF-PCBs ZM1& (3-MSF-TCB,
4-MSF-TCB, 4-MSF-PCB) #3%# > 48 oA 5
KEASL Tws AHHERICHLTED & S 2 EE
ERT AN FORBRUTO LS 22 b HES
FAWAR

1. 3 ppm OLEEE T 3-MSF-TCB & 4-MSF
-PCB i3 Basal AHHEH %2 = 1 2 1L #9185 %, #1
40 BPEE L 7. L L 4-MSF-TCB iz Basal AHH
EHEEEEL 22 o7, MSF-PCBs i & 3 AHH &
HREEE I IIE SRS 2 Lo cBbh
5.

2. 1.5ppm O AL E T 3-MSF-TCB iZ Basal
AHHEM /70 %BEEL 72, 7z, TOEETS
-MSF-TCB & MC-Induced AHH &% % #7 15 %[
£, TCDD-Induced AHH &M % #) 50 %RREL 7.
3-MSF-TCB i3 TCDD ic & » TRENICHBans
AHH EH %1213 100 %PHET 3 L 2 Ebiur:.

— SHROFEE —

1. 3-MSE-TCB & % iz 4-MSF-PCB iz & %
AHH EHIHEERE S » % ) BBEICEBE s L0 T,
MSF-PCBs D% { @ &Kz DT AHH EH st
THEREMNEL, #E - mHEEEREH T 5 -
b, TOEMAAN XL DCTHERT 2 LERS
5,

2. BIYIES E¥ % YK & MSF-PCBso
AHH EHEEERBADOY v 258 % < DEROF
FEZEDIICES LT 2O EHET2LENH S,

X [y

1) Haraguchi, K., Kuroki, H. and Masuda Y. :
Capillary gas chromatographic analysis of methyl-
sulphone metabolites of polychlorinated biphenyls
retained in human tissues. J. Chromatogr. 361 : 239
-252, 1986.

2) Haraguchi, K., Kuroki, H., Masuda, Y.
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HItErEon 2, 3, 4, 7, 8-Pentachlorodibenzofuran
BREZ Yy MBI HEAS K EEUEN

FNARF LB ELE « BENCFHE

0 HE F F-h R =
MO E M-F N K

Relationship between Tissue Distribution and Acute Toxicity of
2, 3, 4, 7, 8-Pentachlorodibenzofuran
in Rats given around lethal dose

Nobuyuki Koca, Hiroshi Nakasumma, Hidetoshi KaMiMURA
and Hidetoshi YOSHIMURA

Department of Hygienic and Forvensic Chemistry, Faculty of Pharmaceutical Sciewnces,
Kyushu Unzversity, Fukuoka 812, Japan

2, 3, 4, 7, 8-Pentachlorodibenzofuran (PenCDF), the most important causal agent of Yusho,
possesses potent acute toxicity and 3-methylcholanthrene (MC)-type inducing ability of hepatic
drug-metabolizing enzymes in rats and is accumulated almost exclusively in the liver, especially
in microsomes binding noncovalently with cytochrome P-448H (P-448H), one of P-450 isozymes
induced by PenCDF treatment. We then proposed the hypothesis that P-448H might function as
a storage site in the liver of rats. To confirm this hypothesis, the relationship between the
distribution of PenCDF and its toxicity at around lethal dose of 1, 3 and 5 mg/kg was investigated
in rats. At the dose of 5 mg/kg, the body weight was decreased during 5 days after dosing orally
with PenCDF, while at the doses of 1 and 3 mg/kg, it was increased but the rate of growth was
suppressed significantly. Atrophies of thymus and spleen were observed in all treated groups.
Benzo(a)pyrene 3-hydroxylase and DT-diaphorase, both of which are induced markedly with
treatment of MC-type inducers, were increased to 18-fold and 10-fold, respectively, at the dose
of 1 mg/kg and reached to maximum at the dose of 3 mg/kg. About 65 % of PenCDF given orally
was absorbed in all groups and was mostly distributed into the liver. However, at the dose of 5
mg/kg, PenCDF concentrations in the extrahepatic tissues such as lung, kidney, adipose tissues
and small intestine were raised markedly compared to those at 3 mg/kg, suggesting overflow of
PenCDF from the liver to other tissues. In liver microsomes, PenCDF concentration was
dose-dependently increased with a parallel increase of the content of P-448H, a P-450 isozyme
with high spin form which is induced by treatment of rats with PenCDF. These results support
our hypothesis as mentioned above and also suggest the possibility that the target for the acute
toxicity caused by PenCDF may exist in the tissue(s) other than the liver.

Polychlorinated dibenzofuran (PCDF) 133378,
HRARBSEME L L TDA LR ST, &3 SHED
T FAME L LCRBSN TS, WER, E
FeE 4%, PCB &5 @ Kanechlor 400 i & 3 &
LEzZoNTHR, 20%, BRI A A4 4 v
5 PCDF # & ¢F polychlorinated quarterphenyl®:?
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PREESNZIEY, ZORRNWEER, EHEI 2L
TWw3, ULH»Lans, 2035 PCDFit, FERH
9 BRI L ERE DI 8 & O BE 2
BRIMENTLIED, 25y M9 Rwy X9 2 Hn
TEIERIC LY, MoEMRRBRT AL, &5
PN B LT, KC-400 i 5 & » § PCDF % #



HILERFI% O PenCDF DN & FiE

HURAWRKERENE O Z L RS, BHET
i, PCDF i, MEQCHEEME & LT, PCBREW
FEHERTWVS,

PCDF D T & & £ 122, 3, 7, 8-tetrachloro-
dibenzofuran (TCDF) &2, 3, 4, 7, 8-pentachloro-
dibenzofuran (PenCDF) {35 v MZBWTHESFDF
EYREBERR O MC BIEEm L MBS 2R T2,
UL, MEEFREEOS TCRERESRHE, T
bbb, TCDF 3oy b &5 3 2 &, LBRWES
WRBE ST, Bt s L3 3, —%, Pen-
CDF g A ER#FanT, 2919, ¥V BIY
E M IcBLTE, BHcbRVBRET S, Zho
DEED S PenCDF %, WMEOCHERERMEE L TEL
WEEEEZONS, YBETH, vy bE2HAVIA
SAEEMIC & ABERFER - SUER - oE#EIz OV
TH2RF2MATERS, FErsu V-2
benzo(a)pyrene (BP) 3-/KERILIEM & & UHFRAIVAHERE
#® DT-diaphorase DFHDOES L BHFEBE L
LTOMROBEDOBRES, 2bH T AHET S
& BER S iz L7,

—%, PCDF 8 X U0'% O0B#E LAY O Z
EORHIZIEZ, £9, IhsotE&moEshneEs
BHoMNcT 22 EBNEETHL, 20HEL, LUH
ETIE, v b2 PenCDF % 1mg/kg T 1 EED
BELLBEOERRSMHIC OV THRE 2T,
PenCDF 3 #5E#%, FUNOHEBC LB D DS
fERTY, BE5®%SBHBEEZ2Z &, RIXan
PenCDF @ ix & A 3T ICERET 2 2 &, B X UHF
HEERIC 5> Tid, PenCDF /I ZE L S &w
FHEERL, »o/NEERCRET 2 EREERD
cytochrome P-450 (P-450) & 43 i oD Z£ B »°
—HT LI EEBELMLIP®, & 51 PenCDF #%
SRk oy rFiray—- L BEECHEEsRS S
FED P-450 2 5Y (P-452, P-448H, P-448L) % % f1
FREHEL, Thokaznb PenCDFE4%E&E L
7z 2%, PenCDF i3, ZD?5 % P-448H L3121 :
1DEETREMNIEELTWE ZEnBEsn k>
729, ZhoofBwhlz, PenCDF (1 mg/kg) #
5359 NFTIE, PP4SHEMN I 70V —LHDE
P-450 2D 50 %A LZED B XD b L v O EE
5, EEo i, P-448H BIFHENI BT 2 —&ED

BORERAT & U THEREL T3 & WO RS ZRIB L 72,

=71, IO BWROBETEES X, 7y B
> % PenCDF O FE&E1Z 5~10mg/kg THhH v, #&
5%, 1B 1080 biEL WEERD »
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gL, FLKEL I ER2FTED T35,

Z ZTARRTHE, TORBEHS T AL, B
FELXSDI1, 3, 5mg/kg ® PenCDF % 5 v b iz
B5L, SHERBI2EHBNSMEINEEL LUV
ERFEE L OEERERENL b, 2o
V—2uH1 0 PenCDF £ &, P-448H £ & 0B M I
DT HRE LTz,

x B H E

1. EERMx

2,3, 4,7, 8-PenCDF 13 BE3R® i2f€\>, 2-amino-4,
5, 2', 3, 4-pentachlorodiphenylether D BB Rt i &
DERLU., PCBOWTADY Y &4 (Wakogel S-
1) B & dicoumarol, # A 7 a~< k7 F 74—
(GC) FEHEHID 1.5 % OV-17 Chromosorb W AW
DMCS (60~80 mesh) 3FIXHME (KIR) X DA
L 7z. NADPH, NAD(P), glucose-6-phosphate
(G-6-P, 2Naif), G-6-P dehydrogenase iz Sigma
Chemical Company CKE, St. Louis) £ 0, 2, 6-
dichlorophenol indophenol (DCPIP) i Merck AG
(F6 K 4, Darmstadt) X DESEAL 7z,

. EYxs

Wistar 25 v b (4 @E, HEH100g) %
184 UTEH4 FEC, x3i8EE, PenCDF (1,
3, 5mg/kg) %58 - L7, PenCDF 3&¥B5E8%
I—rENZE» L, 1EREAOKRS UL, SR
I-EOLERE L, Ty MERER, SHEWK
Bz Uiz, a8, BERET12EFMIER I L.

3. FrmfasmEsx

BR%, LXbICFEEsHREL, BE® LD
9000xg EE BB L L2, Z DI000xg L iF %
105000 Xg T 60 43R, FLTBEL, Boni LiEx
AEEES, R I 70 —AESE L. —A,
DI PenCDF # GCic A WV EET % £ T,
—~20°'CTRTE L 72,

4, BFREHALCOAE

P-450 2T REY 2 — b & 9000xg EFICDOW
Tt Matsubara %W DA, 3 7uV—AlZD20nT
& Omura & Sato ® FED - TEE L 7.
BP3-/kE L& M 13 Nebert 5 0 Fikiwc & n, DT-
diaphorase {E £ iZ Ernster ¥ 0 Fikic k2 n#
19000xg EEEAVWTHE L, FREEOES
it Folch % o ik &b, 2 v 37 BOER,
Lowry 5™ O L DITo 7z,
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5. PenCDF O ES

%, & E L UFO&E SO PenCDF O E &1
BEERED 12 vs ECD-GC 2 RWTiTo 72,

6. PAS0 2 FENMEICLZITER

Thomas &' © K & & & %, radial

immunodiffusion FEIZFEVIT - 72,
] 2

1. SNsEH

Fig. lu&Hoks5% 4B coREDE LS
3. PenCDF o X 3% L W EESMHI&IZ, 1mg/
kg THZEsN, BERLEF2oh, 2OBRERK
%ot £ 5mg/kg BERTIE, RERM
BREEAYRONT, 4BETIR, BEROAKELD
B LAETLE., ChETORED?S, 5mg/kg %
SO LD RAECETRA L & AR IOERF
EEZZEDBHMSNTVS, LizdoT, ORI
3mg/kg & 5mg/kg D/EEOMITEE LFELTOS
PNENHZ I LERLTBY, Iy ricdl, 5
mg/kg FIRBEEENFELET S LI, ThETO
By —E Lk,

Fig. 21243, PenCDF ¥ 5% 5 HE O, B,
MBEOBEEL L UHOKRBEEOR{LERT, ik
1mg/kg B ESEHETHBHON 1.5, 3mg/kg s
BTHLTE, Smeg/kgBEHTH1IFIEAL

=

1,3 A
30 + o0—o0 Control
o—e 1 mg/kg
& 3 mg/kg
4&—a 5 mg/kg
;61 20
o
S
= A/**
510
T
=
>
p=
a
0
-10 +
i L L i
1 2 3 4
Days after dosing
Fig. 1 Effect of PenCDF Dose on Body Weight

Gain of Rats.

Each point represents the mean value of
body weight gain of 4 rats.

* P<0.05, ** P<0.01

Relative welgnt and content to control (1.0)
0.5 1.0
T T

I

2.0

T

Liver
Thymus
:] Spleen
BE= Lipia

Fig. 2 Effect of PenCDF Dose on Organ Weights and Liver Lipid Content
The tissue weights (g/100g b.w.) and liver lipid (mg/g liver) in control were: liver 3.933+0.093,
thymus 0.347+40.051, spleen 0.476+0.033, lipid 42.25+1.381.

* Significantly different from control (p<0.05)

t Significantly different from 1 mg/kg group (p<0.05)
§ Significantly different from 3 mg/kg group (p<0.05)

(26)
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7-. F7-BFEBEE 8% 1mg/kg, 3mg/kg B L U5
mg/kg DRIBERT, FNFNNBEEON 1.16 15,
1.24 %, 1.5 Th-o72. D LI, FEXKEFR
eEE0EME, PenCDF OB ICHKEL THBEL
7z, ZRICHL, BRI SRS VEELE
WEhBEEIN OO, FEREECBCTHEKEN
ZHERED s o,

2. HEBRFEMER

Fig. 31t P450 &8 8 L ' PenCDF iz U® & ¢
2 MCHIFEHIC XV EAFICHFES 5 BP 3-kE
{biEME B & 8 DT -diaphorase M 12 © &, PenCDF
BEEDEELTT, P-450&521, 1mg/kgkE
BET3.0f%, 3mg/kgik 5 BT 3.815, S5mg/kgk
SEBTc43EFEas NS, BP3-kEEE L DT
-diaphorase ¥E1£iE, 1mg/kg 8#5HT, zhehx
HEEED 19 £, 105, &HEHOL 7245, 3mg/kg 58t
THRHBEREEOFERZEIIFRCEL, Theh
2015, 22fETH 7z,

3, #EHhEhts L URESE

HILE» oD, PenCDF QRINERRKD 57012,

BE% S Ao %E D PenCDF 2% €2 L 72, 1lmg/
kg DHETHNE, BEBRIHBHE TWHELEE»S
OBIFFETL, 0, 1BUYDES5EDK0.1%
HTHWNBEREL D ERNICHRE I NS Z L S »
L5 TWw 52, Table 1i2# d PenCDF E D H
ZbERT, 1mg/kg HE5HOEHE, 1HEC®RS
BO#31%, 2BHIH 3 %M%Y 3 PenCDF 3
#EhicHhit s h, IRETOREOFER L 2,
3mg/kg BEE T, lmg/kgHEH L FERFED
WAy — > R Lz, —F, 5mg/kg 5T,
IHEwHRESEDH23%, 2 BEICH 8 %ngE &
, 1, 3mg/kg {GEE R 2RIy — & RL
7o, LarLzsss, #%E5% 5 H o % PenCDF &
DEEHE, SBTR~6%LIEF—ELTEY, 4
CELHE5~T0 BN E NI bDEEZ SN,
W51 5 HB W13 % PenCDF 0 &2~
DM EEAETHR L., SIEERAEDS% &
LTHE L7, Table 2W2mRT L3512, WFho#
ERIcB VT H PenCDF O3 HBIE, FTHok
%<, HEEDS0~64 U RH sz, FELZS5
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Fig. 3 Effect of PenCDF Dose on Liver Enzyme Activities and Cytochrome P-450 Contents in Rats
The enzyme activities in control were : cytochrome P-450 0.130+0.009 nmol/mg protein, DT-diaphor-
ase 0.210+0.048 gmol DCPIP reduced/min/mg protein, benzo(a)pyrene 3-hydroxylase 38.68+6.334
pmol 3-hydroxybenzo(a)pyrene formed/min/mg protein.
* Significantly different from the control (p<0.05).

Table 1 Fecal Excretion of PenCDF in Rats

PenCDF in feces (% of dose)

Dose (mg/kg) Total excretion

0—1 1—2 2 —5 (days)
1 30.88+3.32 3.34%0.95 2.04%+0.41 36.26£2.51
3 28.01+3.10 3.70+1.30 2.321+0.61 34.03+2.94
5 22.69%t2.04 7.84+0.84 1.94%£0.16 32.47%2.30

Each value reprsents the mean=S.D. of four rats.

(27)
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Table 2 Tissue Distribution of PenCDF

&5 3 A

Dose (mg/kg)

Tissue
1 3 5
% of Dose
. 64.204.489 50.05%6.23 59.43+9.11
1ver (10.02%0.78)% (22.28%2 60) (46.37%+7.16)
Blood 0.45%0.16 0.10%0.03 0.00£0.01
00 (46.08%14.76) 9 (32.87+1.35) (50.17+5.98)
Splee 0.03%0.01 0.0240.01 0.03£0.00
pieen (85.9110,40) (180.89+109.92) (518.36+91.08)
Thymus N.D. N.D. N. D,
L N.D 0.01£0.00 0.0340.01*
ung e (27.6611.86)° (162.70%94.78)
Kidne 0.020.00 0.02+0.00 0.08+0.06*
Y (19.26%3.30) (42.51£11.18) (340.51%293.96)
Adinose tissue 0.12%0.01 0.18+0.04 0.30%£0.12*
P (123.09+16.44)© (494.73+85.54) (1797 .50+ 255.70)
Small intestine 0.10£0.05 0.07+0.03 0.25+0.12%
(44.02421.16)° (86.68140.76) (597.31%272.78)

Each value represents the mean®S. D of four rats.

a) % of dose, b) parts per million,
N.D, not detected.

¢) parts per billion

* Significantly different from groups at doses of 1 mg/kg and 3 mg/kg (P <0.05).

H#o#ES PenCDF EOEERR*E 2605 &,
3mg/kg TW S EWH DD, KINE #1172 PenC-
DF 3 2 QREMABFICHHBT 2 I LB hEL -
7o, $CImg/kgBE5 Sy TRIBRER 2 H
£ LT, BHEDS5me/kg BEHOBE

BIERICTH o7, FFUAOHBA~OZIHIC DV T,
Fichkrgbd Thuns, Ilmg/kg DEETHRHET
& 72 o 72 PenCDF O i~ D 534548 3 mg/kg 58
TEEan, £7:5mg/kg BREE T, M, F,

BElAfEE X UCU/NB BT 2 BE S Smeg/kg B 58
DENRFNHI 615, 8f%, 3.61%, 7{HEEICHEN
Lz, TOsDERBEEN1.7HETH2DITEA,

EORKELEETHS, ULOFER»S, 5me/ke
DOREETH, B3 0MENRIMETL, 20
508, OB TS I EaRBE NI,

ZAUIx L 1 mg/kg & 3mg/kg SO T,

BEEN BT R>THEDIKR, FLUADEBTORE
ERIEBEES 4Bk >Tw 202K, ¥
2EBERC LML TRy, D% 0, 5mg/kg
BERT, HFUAOHEBAOIHBSEEITHEML T
5ZEmRLTWVS,

4, FHBRRA2 %

BIRD & 512, HHE T3 3 i< PenCDF O AT #
NS %N, ZOSMEP-45007h & &< —
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HI2ZeRHLLIILTWE, 22T, EHED
PenCDF #5 7 v + TORF b P-450 & & & T F Pen-
CDF&roofE2HF 7, Fig 4iems L3, F
Fi§8 PenCDF & (3 7% & & T Homogenate &8 PenC-
DF) i, %58 1IZIZHAIL THREIL 7223, P-450
BOBEMEIQ 0o, FD7zw, P-450 1L
%H @ PenCOF EIFE L <ML, 5mg/kg TR P
450 141, PenCDF ix 1.4 ELTH - 17,

WIZHEEC E 0B 70V - 2EBSTOWEE DS
firFNI L2, B5BOHEIIC DN PenCDF £
L, Smg/kg 5T, P-450 1 £ YD,
1L1EVTHoR, BB, 270V—LEI~DP
-450 D EINEEIX, 1mg/kg THREY 32— D 49 %,
3mg/kg T32%, 5mg/kg T20% &, BE5E % ¥
LT ONTET LA, PenCDF® L FE##i1c PCB £
HEOPTRMO MCHRRFEE L ENEELTRT 3,
4, 5, 3, 4-pentachlorobiphenyl® #55 v T T3,
DX RSERENEL, MBS T 7oy — LB
HODENHMT 2 Z SN TS, SEOK
RiZ, ZOREVHEBERENTHL Z L 2R L.

5. P-450 ~a%

Kuroki 5% %, PenCDF# 55w v 70V —
L 5D PenCDF it & » T Wil FEE N3 3 &
D P-450 #FEH L, Zh 5~ D PenCDF D434 %
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Fig. 4 Distribution of 2, 3, 4, 7, 8-Pentachlorodibenzofuran and Cytochrome P-450 in Rat Liver Homogenate
(A) and Microsomes (B).

® 1 mg/kg A
o 3 mg/kg
A 5 mg/kg

0.3 -

a 0.2 t Py r=-0,53
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r=0.82
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Fig. 5 Correlation between the Contents of 2, 3, 4, 7, 8-PenCDF and two Cytochrome P-448 Isozymes Induced
by PenCDF in Rat Liver Microsomes.

N7z b 2%, PenCDF i35 A ¥~ B P-448H 12 ¢ DF & 0% E#ME U7z, Fig 5RT &5 1S,

BENCH L, P-450 1 E0%D 0.85 EABEESL T 2oy —,AthPenCDFEIZ, PA8HODE L &b
Wi ZEEHALS,IILL, AR TEHRBREROIFS HTELMEEL, HEAKE r=0.82Tho7. —
70y — Ao P-448H 18 X UF P-448L % Gy L2E iy 7, P-448L Ei% PenCDF B0 ->TH L 5
FERHOTERL, 8270V —AI3HT 5% PenC- AL T8 H, PenCDF & P-448H 12 D & 38 W AT

(29)
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2RL, P448L wREMNED 2w I EnRENT.
gD & 3 12, PenCDF #5850 /Nafkiz, 3 7 o
V= LSO SEFIC L S AL, D7) P-450
B L 20 aEF b S CFEET 248, P-448H i
EFNODP-A0FTHL FRTH L LHEBENS, &
DZELVEZDE, FFH O PenCDF £ 1 P-448H
EBWIKEL, PenCDF 038w F5%E 2%, PenCDF
BECL->THEEEINTL 2 P-448H B IHEEAT 2
ZEBRBE I,

Z =

PenCDF & & UBE(LEM O BHEREEIE R, &
ZLDMRBOBIC b b o, WEZICHRET
Bz, REHOAMBS GV, KRR TR, BEERRD
PenCDF % F >, RS & BTN - O BEE
DLTHRE R IA 7.

AREEOBIEDS b, FE ER) wHT 2EE
¥, PenCDF 1 mg/kg 8 & ¥ 3mg/kg @ 1 B 5 T,
ZDOREMESFRECHHI S 7z, TBMHRRL LT
mLTwsoistL, BIEE 5mg/kg TREERM
ZDLOMELAETDENT, BLAZBA UL,
FERs & IR E1IX, AREEMICEARL:, &
CWHFIBE &, 5mg/kg T3mg/kg wxiL, BE
WHEIML T Wiz, 72, BES X UCEEI 1 mg/ke
TTCIHEECER/LTH Y, BIERE5me/keg D
GLRERD I,

HEDRHBEROFELSHEETHE L £ 2 2,
BP 3 -k B 1t i M $ & *DT-diaphorase i, 1
mg/kg T, ZAZNH19ME, WI0FLELCEE
AN, MEEEImg/kg THRRE RS, 5
mg/kg Tk, 3mg/kg »ARE TH -7, TCDD O
BERCETaMRICL 2L, BEEEHEPL TV L
HBHHEE TRFERHNHML T, BIEEA S
ORETRHIET T2, SHEOBEE, 5mg/ke
BREHET, Img/kgB LU 3mg/kg 58 38R
DEGERI R BEESRRL THWE 22 TBLT WS,

HEP PenCDF OEBIZ L VIRINFER B L2 L 2
5, 18BLU 3mg/kg & 5mg/kg & THIE ORINE
L opELHBED oML, 5 HEZ2EHT5 &,
WTNOHREHEIZBWTYH, < & H#765 %ETki
BN END Z eBPEepER T, —F, RIS
PenCDF D K51k, WFhoBEE Ty L LT
WRTET 25, 3mg/kg TiE U ® T, Jiiz PenCDF
PRHINDL LD, 5me/kg &b LI, H,
RERAfEg, Bk & Tid, 3mg/kgDfEwcxt L, B
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&3 A
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PenCDF D EFRIERAL & L T DT IZB W T 5 mg/kg 1%
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EROHECBLT, FELIEFLLLDTE, 2
ne0EYOMAEENIEE T 2 Z L 2BE
LTw3 (RFERT—-7). 5 5mg/kg BEFHDM
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3,4, 5,3, 4-Pentachlorobiphenyl ®5 v b 31T %
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Long-Term Effect of 3, 4, 5, 3', 4-Pentachlorobiphenyl
on the Toxicity and Liver Enzyme Activities in Rats

Nobuyuki Koca, Jun KUroki, Yumiko Hokama
and Hidetoshi YOSHIMURA

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

Long-term effect of a single (0.1 mg/kg) or two (0.05 mg/kgx2) low dose of 3, 4, 5, ¥,
4’-pentachlorobiphenyl (PenCB), a highly toxic PCB congener, on the toxicity and liver enzyme
activities in Sprague-Dawley rats was investigated during 8 months after the injection.

In both PenCB-treated groups, the body weight were increased during the experiment, but the
rate of growth was significantly suppressed from 52 days to 130 days. Such suppression continued
up to 8 months after the first PenCB-injection. Even at 8 months, significant atrophy of thymus
was still observed in both groups, but the tissue weights of liver and spleen were not affected at
all. On the other hand, benzo(a)pyrene {BP) 3-hydroxylase and DT-diaphorase, both of which are
typical enzyme activities inducible by MC-type inducers, were increased markedly at 1 month
after the injection in both groups. DT-diaphorase level were lowered to the control level at 4
months after the injection. Total P-450 content was induced 1.5-fold in both proups at 1 month
after the injection, but was lowered near to the control level at 4 months. BP 3-hydroxylase in
2 injection group still retained 3 times higher level than that of the control at 8 months.

These results showed a surprising persistency of biological effect of PenCB, and suggested
that the multiple injections with divided small doses were more effective than a single injection
of PenCB at once.

3, 4, 5, 3, 4'-Pentachlorobiphenyl (PenCB)
%3, 4, ¥, 4'-tetrachlorobiphenyl 8 X173, 4, 5,
3, 4, 5-hexachlorobiphenyl & & % i fF 347 (¢ 5t
B2 % % O 3-methylcholanthrene (MC) HUZEE 48 %
92 PCBTHY, EREMICLBVAEENE
TTZEBHISNT VR, Fbb, KEQEIMW
Fl, FrAeE 0N, MRS L CEEOBEEL S 0E%
FRELELILL, PHTHCEL L DD, YHE
TIRHEDFAELIE, PCB & 2 OBEEILEOEM
REBREBBIEO L LT, ZhenRTaksEts
HERFEECEEL, BA ORI EMATE 7228,

(33)

ZOFER, 7y PEBLTMCRFEEN B LD
FE #EPEG I EEHS ALY
PenCB#57 v b T, 3270V —Al12 X 3 tes-
tosterone ¥ X Uf progesterone % ¥ D R 7 u 4 F {4
AT BMRELSEHT 2 2 99, sul-
fanilamide ¥ X ¢f phenacetin {7 & 2 & Epi i
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Fig. 1 Long-Term Effect of 3, 4, 5, 3, 4-Pentachlorobiphenyl on Body Weight of Rats

* Significantly different from the control, p<0.05.
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Fig. 2 Long-Term Effect of 3, 4, 5, 3', 4'~Pentachlorobiphenyl on Organ Weights of Rats
* Significantly different from the control, p<0.05.
0——0, 0.1 mg/kgx1; @——e, 0.05mg/kgx2
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Long-Term Effect of 3, 4, 5, 3', 4'-Pentachlorobiphenyl on Cytochrome P-450 Content and Enzyme

Significantly different from the control, *P <0.05, **P <0.01.
Significantly different from the value at I month, § p<0.05.
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Experimental Studies on Long-Term Influence of Polychlorinated
Dibenzofurans to Respiratory and Immune Status
(Preliminary Study)

Hideaki KANEGAE, Sham lal, Yukio KURITA,
and Nobuaki SHIGEMATSU
Research Institute for Diseases of The Chest, Faculty of Medicine, Kyushu University

The influence of polychlorinated dibenzofuran (PCDF) on two T-cell subsets (namely helper

and suppressor T-cells) of Yusho patients and experimental studies of PCDF on these T-cells has
been done and we found that helper T-cells were selectively damaged in acute phase of the PCDF
poisoning. As the further examination, such effects on T-cells and bronchiolar cells were
observed for a period of six months.

Intraperitoneal pre-administration of different doses of PCDF, one week, one month, three
months and six months before immunization of these mice with sheep red blood cells (SRBC)
caused a time- and dose-dependent suppression of delayed foot-pad reaction (DFR) when a
challenge injection of SRBC was given into foot-pad of these immune mice. This suppressive
effect on DFR was observed in relation to atrophic and ensuing regressive changes of the thymic

cortex.

The toxic effect of PCDF caused histologic changes, mainly found in Clara cells, which were
cell degeneration in the earlier stages and in the later stages hyperplasia of the cells.
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Table 1 Relationship between the dose of PCDF administration and foot pad reaction induced by
SRBC in SRBC-immunized mice.

Treat ¢ N £ animal Untreated foot pad Antigen-treated Difference

reatmen 0. of anmma’s reaction (A) foot pad R. (B) A—B

— 5 1.44+0.05 1.6 +0.04 0.8
5 mcg PCDF 5 1.41+£0.07 1.54+0.04 0.13
50 mcg PCDF 5 1.47+0.04 1.47+£0.04 0.00

Mice were immunized 1 week before with 108 SRBC injected subcutaneously on the left foot pad,
and PCDF was administered intraperitoneally one week before immunization.

Table 2 Relationship between the dose of PCDF administration and delayed foot pad reaction
induced by SRBC in SRBC-immunized mice.
Treat ; N ¢ animal Untreated foot pad Antigen-treated Difference
reatmen 0. of animals *) B) A_B
- 5 1.47£0.072 1.57+0.04 0.10 (mm)
5 mcg PCDF 5 1.47£0.02 1.53£0.04 0.07 (mm)
50 mcg PCDF 5 1.4740.01 1.484+0.08 0.01 (mm)

Mice were immunized one week before with 108 SRBC which was injected subcutaneously on the left
foot pad. PCDF was administered i.p. one month before.

Table 3 Relationship between the dose of PCDF administration and delayed foot pad reaction
induced by SRBC in SRBC-immunized mice.
Treat ¢ N ¢ animal Untreated foot pad Antigen-treated foot Difference
reatmen o. of animals @) pad (B) A-B
- 5 1.18-+0.04 1.414+0.07 0.23
5 mcg PCDF 5 1.17£0.07 1.36+0.07 0.19
50 mcg PCDF 5 1.11£0.06 1.27+0.06 0.16

Mice were immunized one week before with 10® SRBC injected subcutaneously on the left foot pad.
PCDF was administered (i.p) 3 months before.

Table 4 Relationship between the dose of PCDF administration and delayed foot pad reaction
induced by SRBC in SRBC-immunized mice.

Treat ¢ N ¢ Animal Untreated foot pad Antigen-treated foot Difference
reatmen o. of Animals @) pad (B) A_B
— 5 1.22 1.27 0.036
5 mcg PCDF 5 1.22 1.26 0.036
50 mcg PCDF 5 1.20 1.25 0.05

Mice were immunized 1 week before with 10® SRBC injected subcutaneously on the left foot pad.
PCDF was administered i.p. 6 months hefore.
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Fig. 1A

(upper left):

Fig. 1B (upper right):
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Atrophic changes produced in the cortex of the thymus are seen 2 weeks
after administration of PCDF in mice.
ticomedullary junction is indistinct. Magnification X 76.

The cortex of the thymus 6 months after administration of PCDF is seen in
normal and pretreated state. Magnification x 76.

The cortex is shrinked and cor-

L

Fig. 2A  (upper left):

Degeneration of ciliated and non-ciliated cells with denuded nuclei and

perinuclear vacuolation 1 week after PCDF administration in mice.

Magnification X 300.

Fig. 2B (upper right):

Hyperplasia of non-ciliated columnar cells, without cellular atypia in mice

treated with PCDF 6 months before. Magnification X 300.
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BHAOEH W BT H, PCDF # £2% immune re-
sponse DINH], METEFIEE T 2T L9910, $
HREEAD toxic effect 37502 & iFIZRED
FERPBRSN T BP9, 2 - Mglpds L OO E6E
BLUBLOEDI BB, FOBEROAS1LD
ZED, BIHEBROETIZY YNEROBEFE LD B
ZEDHD T EBBNLEN T B,

) WMREXZ 7 FMBEOTI/LICOVT

WEDE/ 2 EEYE X PCDF ThH 2 2 285
e, Furan FEFEMKELR 7 7 7 filso#
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Influences of Polychlorinated Dibenzofuran
on Carcinogenesis

Ryoji Hirose, Makoto Horl, Kazuo FujiTa,
Kazuyoshi YamasHIRO, Tetsuo SHUKUWA and Hikotaro YOSHIDA

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

Polychlorinated dibenzofuran (PCDF) has been found to be an ingredient of the rice oil of
Yusho.

In order to evaluate the influence of PCDF on carcinogenesis, three different concentrations
of PCDF were examined by topical application on mice with or without 20-methylcholanthrene
(MC).

The concentrations as low as 0.1 ppm and 1 ppm of PCDF were high enough to act as a
promotor, but they did not show any sign of being initiators. Furthermore it is proved that 1 ppm
is the most adequate concentration of PCDF when it works as a promotor, because the electron
micrographs of the skin treated with 1 ppm PCDF only showed the following three characteristic
findings : First a diminishing tendency of keratinization, such as a decrease of tonofilament, an
increase of ribosomes and an interdigitation of cells forming villi, occurred. Second a curious cell
which has a markedly convoluted nucleus and numerous ribhosomes appeared in the granular layer
and appeared to protrude toward the surface of the skin, and it could be regarded as a sign of a
characteristic change. Finally there was a lymphocyte invading the epidermis.

On the other hand 10 ppm PCDF did not raise the ratio of the occurrence of carcinoma, and
its electron micrographs revealed an intense damage to the keratinocytes.

B polychlorinated dibenzofuran (PCDF) #3,
WERERO S 4 A4 A LI 5ppm L MERZH S
FENTWARZEPNELMZENLY, L poly-
chlorinated biphenyls (PCB) #fn#afn s I & i
D&% E2DO PCDF BERENEZ Z b bho
72089 2 0 PCDF @& PCB £ D i35 2 1258
& &h?, $HTI PCB & v 4 PCDF #IEDE
REZ2zoNBL5CK2TETHAEY,

S EiZbnbiit 150 ppm DEBE D PCB 284 &
EROFET 220k, v 7 AD 20-methyl-

cholanthrene (MC) 12 & 2 FEBEOFREEF]T 5
T rREE L 7295 E I PCDF O Ricity 528 %
M T 3 & A, PCDF O F KM~ RIE 5 #
& Lo A BEL T,

REM# L FE

4% 3ABOAddRT T A20EEUTO 7B
3, BREEEREL, FBRERGIE Ui, B2E, T
HolbFEmES 128ET0.2ml FO® L, BEFR
ERREEET 2 e £z, SEBLUIZEECLE
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L S ER AT, MESLOERICEL.
Fo AR BMAE~ 7 ABEEROERLITO, WREL
7z,

% 1% 0.1 ppm PCDF acetone {5 B A s,
30 L

% 2 2% . 1 ppm PCDF acetone SR S AnEE, 30
jus

# 3% . 10 ppm PCDF acetone i B @ A Es,
30 /L

4% :0.1 ppm PCDF-0.3 % MC acetone {5 Hf
FRE, 301

258 . 1 ppm PCDF-MC 8%, 30 1T

% 6 B% . 10 ppm PCDF-MC #FHEf, 30T

B TEE MC BB AR, 30T

%%, PCOF DBEZT R, UaTERs: PHE
BoFERIZL D, b 5 2 [ 20 ppm BEOEK
0.2ml OBFEFI 2L 25, BHEETIITRTD
BT Lciow, FEEERICITELYEEZ, B
Ex 0ppm UT & LzDTHS,

& £

1. BEBERERR

STHEOY Y AZOTND EERRE BEE TR
ZOEEERBEFTHY, PCDF x MC 2#H L7z
B4, 5, 6L MCHMBEHFOFETHOTVAD
REROTPICEL D, REREIPPEE-T
&/, UL» L PCDF BgmoaEl, 2, 3IFHOR
BREGTNTREFTH -7,

FEABEATE 6 A BE L v PCDF « MC I EE, B

i = S—

1E»5 A

0, BB HRHRLITEFOEEEL Twvolz s,
PCDF ¢ 8B MEE T3 128 F COLBHERAM »
BLTHEEREZIEETH .

F1CERBMRGSER & LHAHOEERERR
mU7z. 8B TIRWIRR I & b keratoacanthoma
WWELL, » oEBFENICESE L E 2 5N 5 ker-
atoacanthoma # squamous cell carcinoma (K7#
SCC)» #3 0.1 ppm PCDF-MC i FEEET 30 Vo 2 T,
1 ppm PCDF-MC f#FEET 2 P8, 10 ppm PCDF-MC
HARTIRCZDOREERZ GBS R oo n
MC BHBAAEE T 6 M EBERE S A7z,

oW 12HEBKC RS E, FEOHERZINFTRI
150, 150, 4EOKBSCCOFEEL A, —F
MC BB Tl BETHINL 7228, 9ICHEEL DA
TH-lz, §7%050.18 L 0U1ppm @ PCDF % #
FLABEKESCCHENEHKLI-DTH S,

RICHEMBF I B0 papilloma?® OFE 42D W0
TH#% &, 1288 Tk 0.1 ppm PCDF-MC #+AEET
26 0L, 1ppm PCDF-MC#f /B 8 ¢ 3005, 10 ppm
PCDF-MC HtRBET 18 ILD = 7 AW Z D% &7z,
MCEMEF T2 TH oIz, LMo T THFL
ppm PCDF-MC #2584 - & b BT papilloma % %
ELZEiTis,

2. HAHFHIRR

WERMMKE SEE & 12 BB CAESTEEMRL,
hematoxylin-eosin e 0iE A 2 /ERL L, th# MRt %
77z,

PCDF it 8 HE T, 2 QREWC»»
bod, TURBMABERELASERZFTREAGN

FUMCHMBREZESOCTEBOREELAD LT ot UL PCDF = MCHAB TR 8 BET
® 1 BERERN
2 K2 SCC ¢4 Papilloma F2E B 5 %AEE
v 7 A % v A w v ABDERT
8 3 12:8 8 3 12:8 12:8
%1% (0.1ppmPCDF) 0 0 0 0 0
% 2% (1ppmPCDF) 0 0 0 0 0
% 38 (10ppmPCDF) 0 0 0 0 0
% ¢# (0.1ppmPCDF +MC) 2 15 4 26 26
# 5% (1ppmPCDF+MC) 2 15 11 30 30
% 6 # (10ppmPCDF+MC) 3 4 2 18 21
ETE (MO 6 9 8 25 27
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% 2-a ABHETFR (88

w1 =08 =38 4B 5 B 67 57
0.1ppm PCDF |1ppm PCDF | 10ppm PCDF |0.1ppmPCDF+MC| 1ppmPCDF+MC | 10ppmPCDF +MC| MCHH
=1 - - - + + ﬁifg
RELE | o) | mem) EHEE | BOELE] | B e H
iR A - - - + + + +
B E - - - - - - -
BEom| E i R EH EE T | & ou
R ~ - - D L SEREREE | U Lo SEREREE | ) oo SHREREE | U LoSER
22-h ERIESTE 128
515 o 3 4B 558 56 B 578
0.1ppm PCDF |1ppm PCDF | 10ppm PCDF |0.1ppmPCDF+MC| 1ppmPCDF+MC | 10ppmPCDF+MC| MCHH
_ ~ - + H
FIELE | g am e Tumor H # H
el on |BMERpipss | Glo + + f
B E - - - H n - m
R EE E E% — | TumerBECl Er | oy
Tumor&BiZ +
e — (535 R +H Tumordiiz i d H +H

OTREE

EKEORE, EEMMBCBI2BREMOHZHE L
OHIfED I, U SEROBEDORER EMAH ST

12:88 w72 %, 0.1ppm & 1ppm PCDF Ejhat
T 8B L REN 2O L, 10 ppm PCDF #
WHTEREOREIEE & ) o SEkiE g1 4 5 L,
72 20RO PCDF-MC ffRBTIEWERIEE,
HEROREL, V) ooSERBER PR s, BEDRR
EEEHTHR2ITRLE,

3. EFEMEMR

PCDF B fmgtic oW AR O - L v E
BER R ERLL, (S OB LT,

D \AE~ Y X

ERE2~3E» o/, EEMAEREE2RT,
BORESIHEVTRICTSH 55, BICYIAR T A
Sz, MEERICIZRZEE D tonofilament 2377
fE L, ribosome, mitochondria ®F:EIZBIFTH 2
(1),

2) 0.1ppm PCDF gt 8EHOAR

SR M O HRE A tonofilament 12 %V AP T 2

(45)

—7#, ribosome #BE WS ATW S, EABEIIZ/N
BpZEfansonsd (K2),

3) 0.1ppm PCDF B5hE%, 12:BEHDFRR

ERMEOMEEN I X FEE D tonofilament &
ribosome MIENN, = 52 polysome DEE % 3B 5
(43).

4) 1 ppm PCDF &ph#t, 8:BE DR

48 % L T tonofilament O Z L v JE D E[E 23 &
505, MEEMNO tonofilament &R E T 5 &
ER L BMETEDATH %, desmosome [ZFET B
tonofilament I3 ETH %, MEEARCIEEEL
HE/MIEe NS F S E 2 EEER A0S (K
4).

5) 1ppm PCDF C #58¥, 12:HEOATR

tonofilament DFA M Z, S5 DHDE
ESHIR L 72, 20— DI BRI BB &R~ D52
HERTHD, ThbbELOTITNAADER R
25T RS R EE > S E AR TEHET 2
Boissni: (5). Z OO - keratohyalin
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1 EE<YR, AEROEEMEOZCYIILAA 3 0.1ppm PCDF 8Jh, 12:8, EEMIEOMHE
rR vz, HEERNCETEED BN k7 BTZEO tonofilament 234 &
tonofilament % A %, X5,600 % — 7/, ribosome 3 ¥ %, polysome (—)

DS ASND,  x14,000

®2 0.1ppm PCDF 8%, 88, HMKMidOA 4 1ppm PCDF ¥, 8:H. HEEMIC BT
BN O BRI A U 5, tonofillament b E L BA L7 tonofilament (—) »5#AE
EVBA TS, x14,000 BN 8 £ L, desmosome IZ # T %

tonofilament b ETH %, X 14,000
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X5 1ppm PCDF 84, 128, SHod THUNAS X7 1 ppm PCDF &k, 12:8, FEZEMEE
DEAEEET 2 BRI R A A 2 Dy SERORAGRE A D, BEEB L UEHE
LTw3,  X5,600 W EBHOVIliBE (») ks flEs s

&5, X5,600

b 5ok BRNERYEREROLER 8 BI7OIK. Y 2o SERERD & < RERIDIC I
keratohyalin granule & @ Bl ix % < © basal lamina i3 & & iz v (=) 7= o, U
ribosome TH#EDH SN T3,  X14,000 NERIERBERICHD Z NG, b,. X14,000
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29 10ppm PCDF B, 12;8, RELBEL2EL T B 11 10ppm PCDF &, 128, EEBIz 450
EHEELEZRT. BORABEA/NOEER % Langerhans cell. Golgi apparatus (—) ik
B (=) #5b 0, BRI S < © ribosome Lk ¢ FEEL T %, Birbeck granule
TRz &8N 5, X 5,600 ») X 14,000

-

10 10ppm PCDF Ejh, 12:8, —RL THAL X 12 10ppm PCDF 8%k, 12:8. EEMIEC A5
AZAEMHLL-EEMBE, HEER N 7z intracytoplasmic desmosome
tonofilament i % v, LR L - MHE/NE K (=), Xx36,000

(=) % ribosome X HELS.,  xX14,000
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granule E DRFIFE LR L, 20oHE2EE D
ribosome 23S T3 (K6), B2 OELEFRK
ZEMRMC ) v BROBABBA SN ZETHD
(K7, 8). BI30EME L TREERS L UEHE
DRMBR Iz % < O villi BEES A SN2 2 L 35T
shd (K7).

6) 10 ppm PCDF, 12:8HDATR

SEE T 12EE L HROENIBETFEL 20D
ATHHOT, I2EBHOFHR2EET 5, aRE
(10ppm) O PCDF Iz X 2L F L TKRD 3 &F
Thd, TobbELEEELEL TEREEEMLER
DoNi:Z b THD, BOBEHCEEZELORNEEE
7RSI S, MEENIES < O ribosome T
WroanTnz (K9), BCE—RLTHI AL
PEMLIMREL DD, Zokd MiEoMmiaE i &
LOTERT, %< OIEL EE/IMI% L 2 I TE
4 % ribosome % & ribosome, mitochondria 7z &
2H%, LU tonofilament iZ Eb o TAH 2 (K
10), F2RELTHREBEBEDLO TISHEELL
Golgi apparatus #F T % active % Langerhans cell
pROERbFoND (K1, F3HE, BE
RO M E NIZ intracytoplasmic desmosome & B
bhaEssFgERIN: (B12) 22THB. Th
& 0 active 7% Langerhans cell % intracytoplasmic
desmosome iZ 10 ppm & D EWiEE O PCDF 847 T
BEEaNE» o T,

%

SEOEBRICB T 2 BERERNEENT 5L, 8
EETIE MCEMBET6IMICKESCCREL-D
zxt L ¢, 0.1ppm, 1ppm, 10ppm ¢ PCDF #H
BTirrzntn2k, 20E, 3EO°yACHEELH
HTBY, MCHMBEMOATNEERES TR TV
RBHTWE, LrLE S8 AER]EL 12:88 1K
%% &, PCOF-MCHREBTHERERABL,
MC BB TIZ 9 I KB SCC 8 FEL 1z Diext L,
0.1ppm, 1ppm @ PCDF §fA#ETRZNZh 150
DT TARLFEER BT, LI AHPEERES I LT 10
ppm ¢ PCDF #tHE Cid b §4» 4 iz K SCC %
Tl d &z, $bH50.1ppm B L UF 1 ppm
@ PCDF iz it promotor & L THEIZ RIFTERAD
BB ENTERENT, 7 PCDF BMBETIE, ©
THOBETLRLBOREEATHRVEBELEZ
Eb¥ b, i< &y PCDF Iz ik initiator & L T
OEEERVWES THB, %7210 ppm TREEERSE

%

(49)

=44

e

229

BOMME ARZH»o7 2 kL kb, PCDF i ik
promotor & U TEIK 72 D EFEEMNTFIET 5 dJ8E
HnEZ s,

NSEFR T PCOF OBEZICLZ2EZIEEA
FRO LT, 32 10 ppm PCDF BEED 12
BHECBWIBEORKEE, B/MEE2EHETLIR
EApEO L, b » 2 KEREREELZ S Bash
PR E o,

ZZT& 51z PCDF QBEZRIC L 2 ERBRFEHLRK
EANDOEELFANSL -, PCOFEMEHICL 2E
BB R To D0 Th 2, TDOHKE, 0.1ppm
PCDF 2B HETIZ 8 BETY 2 BETH REL
<, b¥hicREMBEA O tonofilament 3% D g4
T5 iz, 2Rl T% < O ribosome 21 HEHR
LTWwaDHTH-7 2., RIZ 1 ppm PCDF Bjigsm
BIZDoWTHBE, 8HE T3 ribosome OIEIMIZAN
% T tonofilament #3533 L ¥4 L, HE/NEED I
ERPARNOEREELAELCTE Y, BERIEO AH
e L TOMESTHEBEE > Twad L5 B 27,
ZLTI12:BEICES &, BALDEMIHEERT 5.
TRLBROEINASL 2 E T 25 Dl FER B
AN, %< D ribosome A% keratohyalin granule
EEOMENET BFENA Sz, LTI 0ME
BRE~NAPOEHT 2FERL TV, Zo#ila%
B R TR v, 2L Ly EROER
M BERFNICRESBE->THBE I LIREET
b, FlMREEOBRERRNLE(LL T, M
Bk villi 2K L T, b ® 3 interdigitation %R
LTw3, ES5CRREERBICY VSR ALTY
LEATR A S O RBEZNRICOFEEE b RBL T,
20OTHA»>, UEOEERRR LD, REMEIEAL
EA 2SS L 2 S OHROELERLTE Y, £
OBROFHSRIREICEE N SFH L 0o
TELEHLTVEDTHS, & oI HERE ST,
ZOREHICHIE L T 3 BT keratoacanthoma A,
ThbbEBuAER 2T SCCh, kR
Ji % 7~ 3 papilloma TH-o7zDizxt L, Z @ PCDF
B A O IR O BHEG T AL O REEIER
R, P& tonofilament L »EDE L o7 T
ETHB, RE¥IOL I HAMEROTCHEIEY S A
HEROECEERNHRT 2003 2> THTH
5%, PCOF @B e M T 2D Tlaie <, MCiz &
5 EERAOKE, BICHEMNCE £ +hid, PCDF
O E (L& ¥ 2ERR T CRIBCRIZTIERIZE
feahi- Lz %,

et
&
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7%, 10 ppm PCDF Bf#EClik, MABEDOSHHD
ZEf bR MR E DB MR E T L T 2 R A0
WA AT S 5 7o, Langerhans cell D FEER
intracytoplasmic desmosome @ HIFIZ DWW TiE, &
BREINERNETH DD, IOEETRZBELMH
RSz 2BENEEE 2 Bbhi.

hoDFTR LD, PCOF it lppm OBREI BV
TS »2EREEOEREEL, 20 1/10 Dk
ETHLIZERICERSD LD LEbhi, 272 L#
& Lix Llopm BEOHE O S 2k {ticxf L
<, 0.1ppm TifI6Z& 2R LT85T, 1ppm
TR EZHCHT 2EROE -7 035 5 £ DI/
bhd, $PCDF 2hERCEEEEIZHILE
YES Lo, 12EMRBEME L RCENT
2L, BEOEHR2AL L&D, PCOF OIEESH
HEz x5 EF I3 3 U T initiator T % <,
promotor TH Y, Lib EFEEENEET S LR
L7z,

FhEESIRICY Y AKEEIICMC & vitamin A
FEREREA T 2Lk, FHLEEROK
TRFEHIY, FEC EBERE 21TV, vitamin A
PFEIENE £ TR, RO ALEROE T2 4E
U, 20 MCOREERICHT 2BZHEOERT
ZEL, TORBRBROGINELCL EE2 /2, L
L xR 6 » TE ALRFER 2 2 28 PCDF
@ promotor ¥ L TORKECRIFTEILELTED,
HME T 2H-EE L o/, 20PCDFIZ & 3
tonofilament M E 4>, ribosome DEEAI L V> - 72 EFE
FRREFEFO LR OBFREHS » TR, 56
RRLZTRE R WBES 2 BEH/ETH 2D,

&

MC #4712 & 2 FFE OFEFR L DIRE D PCDF
ZERIOL, PCDF ORE I KIFTHE LR L /2.
FORR,

1. PCDF i i FHIEHIZIED &> iz otz b5,
promotor & L CER T 5560355 Z LB M E
A RAN

2. PCDF »##& 0 promotor & L T ZEEE
i 1ppm ffif & Bbhic,

3. lppm PCDFHE@mBHAIZ LD, EEMEED
tonofilament M i§4>, ribosome DN, villi Bk 4

2%
b

I -

(50)

&5 5 A

EAROERERE ST I oo kot &
REATINAAD B R T 2 FRAMEO ERAD
R, U SEROREABAZEDORES HonTz,

4. 10 ppm PCDF @ B3R A7 13 2 SR 18 L 2T
Hr &y I eBHsr Lo,

ez bcHz), PCDF 2B L T/t & E L
BERAFEIREEBEAELOEIB# L ET,

X 13

1) Buser, H.R., Bosshardt, H. P. and Rappe,
C.: Formation of polychlorinated dibenzofurans
(PCDFs) from the pyrolysis of PCBs. Chemosphere
7: 109-119, 1978.

2) JLH#ERZ b % & 20-methylcholanth-
rene EF~ v A FEEEF LI RIET vitamin A DF
wOHE I REAEL L URERORS. BESE
95 1423-1431, 1985.

3 JAEEE L FEF 20-methylcholanth-
rene FHR 77 A K ERFEAE W RIFT vitamin A DF
L OEIH I EFEMENRCOVWT, BEESE
95 : 1433-1440, 1985,

4) 3B H, BHAx, LE—#, Bl &,
LEEET, BT, SEINMT, SHEKRR £EE
{EEERLEY, B U%0ELYHE O methyl-
cholanthrene induced mouse skin cancer DF 42 K&
FTEEICOVT, WRESE 76 1 208-214, 1985

5) ¥ H L% % 5 % 20-methylcholanth-
rene FFE U AEERORE, 1R BEEEOD
BRI B & UZ OFER C HBFRSEEII DV
T. HES3E 91:21-31, 1981,

6) MHZEA, EEEMS MWEEEILLIAR
FANROBEEYE, BHEESE 70 229-237, 1979,

7) EEFHRVEMSARY T A 4 F
vy EFQEEYEICOWT, REEE 15 135-146,
1974,

8) Morita, M., Nakagawa, J., Akiyama, K.,
Mimura, S. and Isono, N.: Detailed examination of
polychlorinated dibenzofurans in PCB preparations
and Kanemi Yusho oil. Bull. Environ. Contam.
Toxicol. 18: 67-73, 1977.

9) Nagayama, J., Kuratsune, M. and Masuda,
Y.: Determination of chlorinated dibenzofurans in
Kanechlors and “Yusho 0il” Bull. Environ. Contam.
Toxicol. 15: 9-13, 1976.

10) RESD, BEHRA, AEE#: 27 o0—
V400 DIIENC X 2 LY RV 7 5 v DAERKIZ DL
T, HAEBEFEFHEFS p 558-559, A, 1978,



BRBESE 78(5) : 231—234, 1987 231

HeLafla» a0 = —FmiElc & 3
polychlorinated biphenyls (PCB) &M D485t

ESTRERRRE (R SARENL) AR
oM - &
ERERER (TR FAREEL) KER
Moowm sk B
RIERFESMEFHEHE (X | SHEANHED)
K FHABE - B b M - HHEZRER

Detection of Polychlorinated Biphenyls (PCB)
Toxicity by Colony Formation Methods of HeLa Cells

Kazutada MATSUOKA

Department of Pharmacy, Nagasaki-Chuo National Hospital,
Nagasaki, 856, Japan (Dirvector : Dr. S. Teramoto)

Fumio MURAYAMA

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

Taro OucaMi, Shigeo NoNaka, Hikotaro YosHIDA

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

Polychlorinated biphenyls (PCB) toxicity and the effects of shohsaiko-toh to PCB toxicity in
Hela cells were investigated by colony formation method of cultures. Cell activities were
evaluated by counting the number of colonies in HeLa cell culture. HeLa cells were cultured in
the medium contained PCB and the toxicity was examined by the degree of colony formation.
There was no influence of PCB to the colony formation of the HeLa cells up to 12.5 xg/ml of PCB
concentration. Although the colony number was not changed at the concentration of 25 ug/ml,
the diameter of colony was smaller in the medium with PCB than without PCB. Marked decrease
of colony formation occurred at the concentration of 50 ¢g/ml and no colony formation showed
over the 100 zg/ml of PCB. From these results, this culture system could show PCB toxicity and
evaluate the degree of toxicity. The effect of shohsaiko-toh was evaluated to PCB toxicity. The
concentration from 1.56 to 100 gg/ml of shohsaiko-toh was added to the culture medium with 50
ug/ml of PCB. There was no change in the colony formation. These results indicated that the
shohsaiko-toh has no influence of reactivation in the toxicity of 50 gg/ml of PCB. It would seem
that this culture system can be utilized as a screening test to see whether or not drugs have an
effect on the reduction of PCB toxicity.

PCB (polychlorinated biphenyls) 7 it 522 #i fa EEZLDTHL, FLTEFD LS nEY S BEIML
WHT2BEOHD BN TS, bhvbhii, Ti9 22 Eidd &b BEEHRILICE T {ERITAT
ZORCHROBEFTE 2> BRI LHECK bH 0, BHEGOBERIZLERIIOO TR vh L1
FHHEA~NOREEER OB, EHR2 CEHETX H2haThHs), UT, bhbhoHA-FiKE,
i, TOEYORERZIRE FHMTE 2D TEL L DO THERZICHADCTETOEEEROWES %7
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1. EEHRiEs L UEEE
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=y v (TAREERASH, ®5) 10 #47/ml, R
BAMLT A vy BREEHASH, B3
100 xg, NaHCO, (RH#ZFETL, KR) 1.54 mg/ml B
LUL-7 s sy CEHEZE, AL 0.854 mg/ml
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0.02%=F vy 7 s v Al (RALE, HER)
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W00EOMBEE L U 3mlOBERERBE ML -, RIZ
PCB {REEIR * IACIBE2 0, 6.25, 12.5, 25, 50,
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Tz,

b) /NESAE BRI PCB & Ak MR & 12
BR® 7V — M2, DNEBEEERKEED
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55 X DCIRIUER R o 2,

PCB & X U/NEREA SN - PCB 8 & 13 50
pug/mMUCEEL, THIC/NEHBE 2 ZNLFN 0,
1.56, 3.12, 6.25, 12.5, 25, 50, 100 ug/ml DHEFHE
BECZL L ICHMUEELT- 7,
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c)

1 :

o 1 1 1

control 625 125

25

50 100 200
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Fig. 1 Toxicity of PCB in MEM.

(52)



HEFMRIC & 3 PCB Sttt 233

& S

EER AV 72 HeLla g o B h0usMIEEH 1.2 H
TH-7. PCBEMBELS (Fig. 1) 25 ug/ml DEE
FCHERNFELEARED 2 0= —-»EH3h, F
7z, PCBEE12.5ug/ml £ Tidan=—DKES
BERIEEE R T EEBA SN LG 57, Ll
25 pg/ml LEDEBETIF I 0 = —HOBP L & b,
REX BN T, 50 ug/ml L EDBE TIE 2
Do—HEBEHCELL, TALLOBETE 2D
==k A SN o7z,

INEEERS BRI D354 125 ug/ml DIRE £ T3
agoz-—prREscgizsasniro7 (Fig
2). 250 ug/ml A EDBER RS L 30 —HDWD
marsie, Lrlaus—FBREEREETHA56N,
PCBHMOH\AD & 5 kR LERMEIE A > 1k
Lotz

PCB /NESHGRBRRMEE (Fig. 3) TiE, /M
BRI T PCB50 pg/ml DR TIZ 2 0 =—8H
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Number of Colony
40 60
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?
o L 1 1 L L L L L

control 3125 625 125 250 500 1000 2000
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Fig. 2 Influence of shosaikoto in MEM.
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Number of Colony
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T

o 1 1 4 1 ¢ 1 1 1
control 156 312 6B 125 2B 50 100
shosaikoto ( pg,/mt)

Fig. 3 Efficacy of shosaikoto to PCB toxicity
(MEM contained 50 gg ml of PCB.
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Studies on the Experimental PCB Poisoning in Crab
Eating Monkeys. III.

Nobuyuki Koca, Jun Kuroki, Yumiko HOKAMA,
Hidetoshi KaMIMURA, Hiroshi NAkKASHIMA and Hidetoshi YOSHIMURA
Department of Hygienic and Forensic Chemistry,

Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka 812, Japan
Y oshito Masupa, Kouichi HArRAGUCHI, Hiroaki KUROK],

Miwa OoMA and Reiko HATTORI
Datichi College of Pharmaceutical Sciences, Fukuoka 815, Japan

Effects of treatment of cholestyramine and fasting on body weight gain and level of PCBs
were investigated using 11 crab eating monkeys intoxicated by distilled KC-400. This KC-400
which had been used as a heat transfer agent contains not only PCBs but also PCQs and PCDFs.
It was administered at daily dose of 1 mg/kg for 24 days and cholestyramine-diet was then given
for 5 months. In the experiment of fasting, KC-400 was administered at the similar dose as above
for 5 days and followed by the reduction of normal diet from 200 g to 50 g per day for 5 days.
Finally, all animals were sacrificed to examine the long-term effect of KC-400 on induction of
hepatic drug-metabolizing enzymes and to measure the concentration of PCB-methylsulfone
(MSF-PCB) in the tissues. The results obtained were as follows :

1) Distilled KC-400 used in this study exhibited higher toxicity than undistilled one in the
previous studies. Four monkeys died with the marked loss of body weight during the experiment.
Remarkable loss of hair from the head, neck and chest was observed within 50 days. Cholestyr-
amine treatment resulted in the recovery of the body weight and the hair more rapidly than
control group. It was, however, considered that further studies are still necessary to obtain a
conclusion.

2) It was observed by gas chromatography that the blood PCB concentrations increased
during the KC-400 feeding period and decreased after stopping of the feeding. Some monkeys
died within 3 months after their blood PCB levels reached up to 2 ppm by the feeding. The levels
of PCBs in the blood and tissues were higher in the monkeys treated with PCBs than in the
untreated at 4.5 years after the KC-400 feeding. However, the differences were within about one
order of magnitude.

3) In 6 crab eating monkeys, liver enzyme activities were measured and compared to those
of the untreated monkey 3.5 years after the fasting experiment. Also, enzyme induction was
studied using 2 monkeys given 2,3,4,7,8-pentachlorodibenzofuran (PenCDF) a week before the day
of sacrifice.

Although no increase of cytochrome P-450 contents was observed in KC-400-administered
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monkeys, benzphetamine N-demethylase activity which is typically induced by phenobarbital
(PB)-type inducers in rats was about 1.2 to 1.5 times higher than that of the untreated monkey.
This result suggests that PB-type PCB in the causal oil of Yusho affected the induction of hepatic
drug-metabolizing enzymes in monkeys rather than 3-methylcholanthrene (MC)~type PCB and
PCDF. PenCDF administration resulted in the increase of benzo{a)pyrene 3-hydroxylase, an
enzyme activity markedly induced by MC-type inducers in rats, to a lesser extent than rats.

4) Gas chromatography-mass spectrometric analysis showed that the main components were
di-, tri- and tetrachlorobiphenylmethylsulfones (MSF-PCBs). About 30 different MSF-PCB
isomers were found in all the tissues. The levels of MSF-PCBs in the tissues of monkeys treated
with KC-400 were rather higher than those of PCBs, compared with those in the control tissues
though the MSF-PCB levels in the fatty tissues were relatively low. There was no correlation
between the levels of PCBs and MSF-PCBs retained in these tissues. On the other hand, in the
liver and lung of monkeys treated with PCDF, high concentrations of MSF-PCBs were observed,
suggesting that PCDF might cause some effect on the formation or accumulation of MSF-PCBs

in the liver.

IHETHREFLBIVOAZI7AFNLEIBNTHE A
7 a—i 400 (KC-400) 38 X tf KC-400+polychlor-
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TVAFTIY, MBI 74 vBIUVINYF AV
D 3T DWTHERE L L TOAREEIRET & ik
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|EBHECT 200, RSB 5%PCBD
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—ETEREZL Dol =74 PN EIRSDIR
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monkey, A% 2.5~3.2kg, F#2.9kg) 2D %,
#15 4 BRIEENT, B2 fTo72%k, Table 1, Table
2T LI, AROOHEEBVWT3IEKEDID,
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DUBETHOTHE—D I Y ha—N& Uiz, YHON
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78, 79, 84, 85 MEFA4VL, 2V AF T I UIEERHL
LT No.80, 81, 82, 83, 87 MEFHIEE LT,
PLVOFEER, TRAPELCAETEC T DR

F— VB — R T T, 2V RFT5 3 EBERPR
W, TRTOVIVIGERER (RERBEY VA,
200 g/day) X VEIE L7, BEHETREARN0S
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FEEOMEBRLL 24 ) x> & VY )L B EBSR
FEISE CITok, AKFERZERS Y, BAK
50 DT FBIUHBIFTYy 71 (E5 2 VA
10001.U, D, 100 L. U., C 200mg) *5% 7., #*%
KC-400 # & ¢ PenCDF i i#f'® 12 ¥ U T a2 — > il
CEERL, NFFHLEBICEML TS L. BE5E
2, VAT T I VERERTEBESLIUCEHIE
2 KC-400 % 1 mg/kg/day, 24 BRI E L7, BB
£ BBEERTIZICRED No. 81, 82, 83wxfL, [
U< 1mg/kg/day, 5 HE#&E5 L 7. &% PenC-

‘

Table 1 Treatments of KC-400 anb PCDF in crab eating monkeys.

First treatment Second treatment Third treatment
(1981, Oct. 31-1982, May 5) (1982, Oct.26-1982, Nov.15) (1986, April 15-22)
Monkey No.
Davs Total KC-400 Davs Total KC-400 Davs Total 2,3,4,7, 8-
¥ (mg) ¥ (mg) 4 PenCDF (ug)
A group 88
B group 78 24 86.4"
79 24 72.0*
84 24 72.0 2 90
85 18 54.0*
86 24 79.2
C group 80 24 81.6*
81 24 79.2 5 18.5
82 24 76.8 5 16.5 1160
83 24 84.0 5 20.5 2
87 24 86.4"

* This monkey died or was killed and dissected for weakening during the first treatment.

Table 2 Summary of methods of cholestyramine-treatment and fasting in crab eating monkeys.

First treatment Second treatment
(1981, Nov.30-1982, May 5) (1982, Oct.26-1982, Nov.15)
Monkey No.
Drug Days Fasting Days
A group 88 200g —50g 6
B group 84 200g —50g 6
86 200g—50¢g 6
C group 80 1% cholestyramine-diet (1982, Feb. 8 death) 71
81 1% cholestyramine-diet 156 200g —50¢g 6
82 1% cholestyramine-diet 156 200g—50g 6
83 1% cholestyramine-diet 156 2002 —50 g 6
87 1% cholestyramine-diet (1982, Dec. 8 death) 8
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Fig. 1 Growth curves of crab eating monkeys during the experiment.
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Flick DERMmL 72,

5. Ei&

2o &, BRNICREREHZEL, &by T
a0 PCB 8 & 02 ORBMBEEOHE, RHES
8 & CEZRET O 70 DRBOFE L IT - 72,

X B R R

1. B KCA00 54 ILOKREETILS LU -
R (HEEE, BX & HMEEF, HPREFA,
g, TR

SN EECBEAR - U CHEE S T v KC-400
REETLZLD, EFRZ4 A4+ 4 Fo PCB
MR EED b D EERL, hisBEL THRES ¥
7z, Fig. Lic4E 9 A Rith 2V OEEHES
AT, BE—AE B TRE KC-400 #5814,
W1 BBOBEE T Fig. 1 (b) ® No.83 2z
DWTNDF L BEENFES L, £ Fig 1 @o
No.85 3¢ 5BHtE% 20 HM D 5 52 3kg 7 5 2.2
kg LEZECRBILE (ZOBSTER). a1V 2R
F 5 3 VIEMBE (Fig. 1 (a)) @ No. 78 3% KC
-400 ORGHAR (24 BIESRE) KT 1:EME«,
SO N TIBETHR 2 VABIETES L RE
LSEFLK, aVAFT I VABRERCBWTS No.
87 A EERILET 1 BB L, 20k dics
BV ZAEKC-400 11588 1, 2 8™ THEIHE
Aans KC-400 i2k~, 322 @it Th -7

BESRmE I AL bR, HBRCLEENE
{lgoico, BHCBREBLLZY Lz, 5K TH20
HEHOBZ Cix, B, 5, W, BELOBE1E
Bruok, INOREBOEFELVY ALK IZD X,

1%avAFZ7 I 4E (CEB) 2Lkcel3, Wi
nbLERENEINLES, FEFEHE (BE) O No.84
WHELTHEEN R -7, COBRIavRFT
3 v @ PCB 8 & U PCDF 0 #EiHERERIRICZ L b, &
HrBESNbDEEZANE, LrL, BROX
SWMPL~VOETFTIRIVAFS I LB, FERE
thiwHon, ARCEFBRLES, 2B, TV RF
7 3 ALEREO No. 80 iRtk OB L U &a»
SHIML, FECLTW ., FREFBETHZ, Zh
FCHRELIEFCEBEL T, HFKC-400 oHM
DERFEH L L @dE L w, —F, £EF Lo
Ei, B ORTEE LS, IV AF T8
VBTV EhRERE I TH o,

B2 RAE TIIEE KC-400 0B 5HARH 5 HRE &
HBotuhtlwHI»ARBELERAD S
Modz, BB, BROILaNS, BRI ERER
DD oI, TNUMIEZ 2L EDb Y o
7z,

2. mEsLURESE+yD PCBi2E
(EEHEA, KEZEM, BARKHE, EOE—)

(1) HMHroFE

a) M

MK 3g 2L, 3mloTy 2 — LB LUK
B> VY L0.3g% M2, £ 2R T5C
T2RMMEL 2. BEn-~F Y 5ml T2 EfH
L, n-~FH%BEEDT, Kikl, EAFEES b
Uy ATERSE:E, Bty Is5n (va—4
MS-1) 0.58DATLZaR NI T T 4T
Joo AT ARESITn-~FH 2 25ml TIHE R,
ZDn-~Fiox K-DEBERTEBEL, ¥ R7o~<
NS4 —DFRBE LS, FRZORNTT T 4 —
HEBEGC-4BM ¥ A7 = k75 7 O BFHERNR
HiZE (®Ni) 220 7b0%Aw, AZL@BHFIAY
. (25mX3mm) 5% SE-30 %#FEL-H O
PRO, ERSHTIIERE K KC-500 2 A, #E
&Y T/RE—7 OEE 2R, #0O#HFA% PCB i
Bl

b) 2

PCB #51%, M 2L (No. 78, 79,
80, 85, 87) T, MM, FFiEs & URERAEMEE T
FRl~4g®»FEL, AT/ —110ml, K
10ml 8 & CABEF MY v al~2g %Mz, &<
E®AMS 75°C T 2IERIE L 2. Rigg, LXmd
PCB 0434 & R ALEE L T PCB g x5k o 72

RBICEZL - (No.8l, 82, 83, 84, 86,
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88) woWwTiE, il AP, & URBHEEE TN
2N 100~500mg # &L, =¥ /—n3ml, /K3
mlEB L UKRELF Y YL03g%2M2, E5KCH
HERE L T2, 3, 4,5, 6, 2, 5-hepta-CB %
2.5~7.5ng D—EEMz Tz, ThH2 XL LN S
75°C T 2 BERIIME U 7z, DABIMWOHE & ki, n-
ANFF U, YVASSSTLAIOC ST T 4 —
BIXUn-~Fx¥ vOEEETH, ¥RAZIR T F
T4—DEEE L, AR NS5 T 4 13 EE
GC-9A wEFHENUMIE N 220 b0%
By, #7537 2—XFNY )V AFvxET7Y—HT L
(B3 CBPI-M50-0.25) 27z, A7 LAREEHI®
2 3 150°C T, R»T 14 15CoEETHER
a4, D 210C T—EREICR o7, EEBSFR,

2, 4,3, 4-tetra-CB, 2, 4, 5, 3, 4'-penta-CB, 2, 4, 5,
2,4, 5-hexa-CB, 2, 3, 4, 2, 4, 5-hexa-CB, 2, 3, 4,

ppb
5001~

5001

500 '»

200

7 /.
o;zg_j/x
O[Q—/\/\/\(H‘ zoooi
00/

EF OE»L0A

5,3, 4-hexa-CB, 2,3,4,5,2, 4, 5-hepta-CB, 2, 3,
4,5,2,%, 4~hepta-CB O EEICEHE LT\ PCB
ZHEHEY L, 2,3,4,5, 6,2, 5-hepta-CB & O PEHE
#ikic kb, & PCBEMNBOEE2RD 7,

(2) BHRrEZ

PR L7z KC-400 %5 2 7- A, EHZED
BB L E s % Fig. 20 TERic=RL,
FRCHIGT 2O 2 Fho oM PCB &
BoZE% Fig. 20 L& id. KC-400 252 2
L PCBEENER T 2DREEOY =27 4 ¥
DEE® LREETH S, UL, PCBDHESIIEIHE
(52 BB 45 HREIZ 52~59mg TH-o7z D IC
ML, SHEIE 24 O 72~86mg TH D, SEIZHE]
m& by KC-400 #EHM»EHL, BEELHZ WD
W, M PCBBELETE L 0 ERE (270 ppb KAL)
WEL ., diZi3 690 ppb 2 2 5 &I PCB &

ppb
20001

2000

2000F

2000

8
ol 3
789111111 2'2_4‘-5 =S’
RN EE L YY) Date
1981 1982
a1 Jas ) cA PCBRD
a2 Pas] CA P(BR__D‘_
a3 Wild:] cA PCB RQ ’
84 i RO
B6- LB LT
as L WZy
Fig. 2 Treatment of monkeys and time course concentration of blood PCB.

PCB: Feeding of distilled KC-400.
CA : Cholestyramine treatment.
RD: Reduction of diet.
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ExRrLi¥A (No.79, 80, 85, 87) vHY, Zi
5, Z0%, BHLTRTLTWw3, No.8l, 82,
83 DY NMATIEH 1 EHFEE PCB 2% 5L Tw 22,
ZQWiE, I PCB &I 70~107ppb £ TL» £
Sixhot, TRRBREENI LD ELELS
n3, BiEOH =2 410 PCBD2HEEHRSD
BizsRens ki, 2EE®RSOES, 1EHE
BEanPCB 2 OBRFEEEA TPCB ORH
HEES IRESRE L TW Ao, 2HERE
DOEFIC I PCB 0EE S E D LHE L anot b &
Zons,
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1EEDPCB#5%, IVRFIIva5iY
) (No.81, 82, 83) Tit, #DEMMmb o PCB &
BRESLTVEY, ZORERZIVAFIIveE
Z%dnodzL (No.84) whREshi, aVRAFS
IVERBWC L DT PCBEBENEL & o7 L G#E
Lz,

2EIEPCBE SR, AR ¥ T4
(No. 81, 82, 83) Tk, #0OBbLT LTI H 2HMb
PCBEBEX > Twa, ZOMEME, BMEERNC
PCB 25 L Ty (No.84, 86)8 &L V2R
PCB ##&5 L TwiwnwH i (No.88) b Raens,

Table 3 PCB concentrations in the tissues of monkeys fed PCBs

PCB concentration (ppm)

No. of monkey Date of death

Liver Lung Adipose
78 Nov. 8, 1981 43 9.5 13
79 Jan. 13, 1982 14 1.3 1.1
80 Feb. 9, 1982 1.5 0.2 21
85 Nov. 4, 1981 12 7.1 na
87 Dec. 8, 1981 12 4.3 4.0

na - not analysed

Table 4 Concentration of PCB isomers in the tissues of monkeys fed the PCB mixture

Concentration of PCB isomers (ppb)

Sample 9,4, 2,45, 2,45, 23,4, 2345 2345 2,345,

3.4 3.4 2,45 245 3.4, 2,45 2,45 Total
No81 Liver 2.5 120 100 13 45 15 26 321.5
Lung 0.4 8.2 7.1 0.8 2.5 0.7 0.5 20.2
Adipose 3.8 730 650 55 180 58 61 1737.8
Blood 0.17 2.2 1.9 0.2 0.8 0.26 0.16 5.69
No82 Liver 0.7 35 34 4.3 20 3.5 6.9 104.4
Lung 0.4 2.7 2.3 0.5 1.2 0.2 0.4 7.7

Adipose 34 320 220 21 180 a1 53 869
Blood 0.18 0.54 0.32 0.10 0.2 0.11 0.07 1.59
No83 Liver 2.1 42 46 7.2 20 6.8 12 136.1
Lung 0.7 7.1 12 1.9 2.9 1.8 1.1 27.5

Adipose 39 530 460 52 150 80 77 1388
Blood 0.22 1.9 1.6 0.23 0.54 0.28 0.18 4.95
No84 Liver 1.0 8.5 47 3.8 14 0.4 1.4 76.1
Lung 0.2 1.1 1.4 0.4 1.1 0.2 0.2 4.6

Adipose 28 120 74 25 99 22 32 400
Blood 0.14 0.4 0.65 0.07 0.2 0.02 0.08 1.56
Nag6 Liver 1.5 9.5 9.5 2.8 2.5 0.9 1.1 27.8
Lung 0.8 2.7 6.9 0.8 1.0 0.4 0.6 13.2
Adipose 99 130 94 13 21 9.8 7.4 374.2
Blood 0.24 0.47 0.86 0.11 0.04 nd nd 1.72
No88 Liver 1.7 3.1 6.7 3.9 1.9 0.8 1.5 19.6
Lung 0.5 1.0 1.5 0.7 1.7 0.3 0.4 6.1
Adipose 27 118 42 9.5 2.6 7.0 3.0 109.1
Blood 0.07 0.06 0.43 0.08 0.02 nd nd 0.66

nd @ <0.01
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ZhiE, AHOHBEREY tBWwIbREsnsk51,
HER e, BEFRH -7 PCBYEIE s h,
—FIC PCBBEN EET 2 -b Lt EL 6N,

FNDOI, MEE & CEFHEBEO PCBEE
Table 38X f Table 412773, PCBoOR S5 2ias
TEIEG B ORI L 729 (Table 3) Diges
o PCBEEIX, HEZEFELY L (Table 4)
L DB iz E <, FFEE T 40 ppm, HEE T 10 ppm
WET2HDETH-%, ZDS b, HEPPCBE
EnEuyr (No.80) TiE, M PCBEE &
o, PCBRESE2MHE® TASERERBL -9 0
(Table 4) Tk, PCB# 5% 2 E1T-7z % (No.
81, 82, 83) THFHE, MERFMEAT O PCBIEEMNL -
EyEL, RoT, PCBHEE2 1A ToRY
v (No. 84, 86) THEEF DO PCBEBENE» 7.
LL, PCBREBREFELRZE AL T30 T, PCB
BRE L7y LOiFiTs PCBEREIZ, PCB 251
Twigwarybo—=LDHy N (No 88) ofFisd
PCBRBEIEVCBESTT OO H 72,

BHBRCERL Y LI D0 T PCB @ &2k R4
WEITol, ThoORWEDS 5, BRTCEET
5b0D%2, 4,5, 3, 4-penta-CB & 2, 4, 5, 2/, ¢,
5-hexa-CB 8 K% L o, @EDEFILULETH S,
ZNERIATNCAT » 12 v D EE® ¢ PCB # 5% E
BRRIfE L 72 Vi L Ty PCB £ A U PCB
REMEAETHL, WMEBFOMP R DI BR I SEE
THEETS2,3,4,5 3, 4-hexa-CB 13, PCB#5&%
By (No.8l, 82, 83, 84) THIEGITHWEE
TERELTBY, ZO&HTE, MERZODIMG PCB
DOEMEFEE £ gL RESE sz,

(3) /MdE

FIATEE KC-400 #8851, #D%, H+ricar
AF7 I REBLIVRAS &Y, MEHO PCB &
EEEELR, &7, FBCEXEBR UYLV OFE,
filig, BERsfE#ib o PCBEELHIE L 72,

a) 1Mk PCBEE 1Z KC-400 %5 L B I
AL, ZOBKREEDS L.

b) PCB#& 5z & v, mH PCBgE D LEHEEE
RYNE, 0% 3 HHAURETC L.

c) AaVAFIZIIVEEW LY, < it PCB
BENED L L IE LB,

d) BEsEsnZ iz, M PCBIEE R
— Kb Thic LB L eFEZoND,

e) PCBREHBISERBL LY VOMBEB LV
I3 PCBEEX, PCB » #5391 T, B

g

5 10 A

SMITEM TS, TP A— LD LDENSDE
BT, 10 EBUANOREE 2,
3. FBKCA00 & LU°2, 3, 4, 7, 8-PenCDF
BEYILOFBEEN
(HEESE BR & AHEET, MEN, big

", SR

(1) #MErIx

a) BB & URTNE

RBEETCHEEL 6DV (No. 88, 81, 82, 83,
84, 86) HERL I, HEmHL, DTos by
MEticH W, %8, No. 88 izt Th b, No. 8l,
B BLUBIBAIVAF T I iz k2R No 84
E 86 FFEEEBETHZ, ZDI B, No.83 &L 84k
ER12H8E 7HANC 2,3,4,7, 8-PenCDF % 2 @i
ST TROBS L, #5513 Table 1 1257,

b) AF9,000xg FiFED T

TR, R U IR 72 22 5 ok Ak T
WHIE, K<TTE, WogrEMCERL, R
WCHELC T 9,000xg EEAREIL 72,

C) BREEOREE

cytochrome P-450 & & o & £ i3 Matsubara &9
DFEHET > 72, Benzo(a)pyrene (BP) 3-7kE{L,
¥E M, benzphetamine (BZ) N-fi £ WAL IE (20
¥ Z N #73-hydroxy BP, HCHOD £ & & » R
» 7z, DT-diaphorasei i3 Ernster 52 O F i & b
K.

(2) HRrEE

PCB 8 X ' PCDF 3w ¥ h & FFEMAHER DR
NEFEHNE L TELHoNT WL 370, 1M
JUBRREBWOMEBI LV BEREOM S BEESET
B2+ & b2, phenobarbital (PB) ¥ 3-meth-
ylcholanthrene (MC) B ¢ icHMEI NS 3, T v k
W TR, WINOBOFEEHR b P-450 HE D
Mz, <2 PBRITIE BZ N-Bi X 5 L {bEM
DI, MCE iz BP 3-/kE(LiEH & DT-dia-
phorase DF L WIEIIARENTH 5,

Table 5 i2hf 9,000xXg FEDITEEREM % R T.
P-450 &8I3 28 KC-400 B 5BEO W TROH LV IZE
W (No. 88) kL, K<, < icHI-»
7: PCB #5088 13D s hikipr o7z, BZ N-Bix
FUALEEE No. 81, 83 BX U84 TENENNED
L.5f%, 1.245, 1.5 L@» 72, BP 3-AKEbiEH:
BRI 2,3, 4,7, 8-PenCDF %51 7> No. 83 5
LU THEL, Zh2nB01.81E, 14T
Hote, IORRIE, v b EERER, YricBnT
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Table 5 Activities of drug-metabolizing enzymes in monkey liver 9000 Xg supernatants

Cytochrome Benzphetamine Benzo (a) pyrene DT-
Monkey No.* P-450 N-demethylase 3-hydroxylase diaphorase
(nmo/mg protein) (nmol/min/mg protein) (nmol/min/mg protein) (#mol/min/mg protein)
No. 81 0.281 0.907 0.229 0.044
No. 82 0.328 0.503 0.136 0.079
No. 83 0.351 0.695 0.497 0.086
No. 84 0.309 0.891 0.378 0.061
No. 86 0.197 0.157 0.148 0.057
No. 88 0.401 0.599 0.270 0.067

No 88, untreated; No 83 and 84, 2, 3, 4, 7, 8-pentachlorodibenzofuran-treated.

* These monkeys were sacrificed in April 22, 1986.

4 BP 3-kEE(byEEs MCRIEERIc L hFE s
BTEETRLTWAY, 7v bk, 20OREE
BEWE S Thote, KEREN X PenCDF £ 5
HLD No. 81, 82 % & 186 TIIHBOMEL D /EL-
7z. —7%, DT-diaphorase j& 413 PenCDF #& 541
O No.83 THIBED 1.3FLEmr o7z, lildiEL A
CEENTED SN0,

%28, No.86 1k P-450 & &, BZ N-fir F V1bLiF
HE & U BP 3-KEBLiEHDO T b IR (No. 88)
D¥ESBETH -4, FOEHBTHETHL, K&
HigEARBY TCRELOTIERATHL Z n s, A
BEELZEME LR, BIE (2) KRLEED
w, SESEE L7z No.S8DffFw b e b DED
PCBABEELTEY, No.88 D&EWNT Tkl
BNV ERLTWAHEERLEZ NS,

UEOfRER» S, B2RLBHRIFE6VHEEAEL
72 VBRI B Tk BZ N-Jix F bt o
ashsd &>z, MCE® PCB % & UF PCDF &
Vi PBEIPCB OEERELZI T3 X2 CEDb
N3, i, HIE (2) BRLEISDEEREFO
PCB ke oW TR L7z & 2%, PBED 2, 4,
5,2, 4, 5-hexa-CB & X' PB &I & MC B D H#
k22 4,5 3, 4-penta-CB s52RD 43 LU E %
OB EMNHESMER SN, REOFERE L —
BLTWwW3, 2055 HmEMOPCBIEMCHE O
PCB 8 & *PCDF b THEHE»ZDHFVH DD,
HENRBELEVBEEL WL I L e2E2L D L, H
EEROFH I —HHFS L T2 L#HEI NS,

(3) ME

A KC-400 #54%, TV AF 5 3 VAEE X U
Bk VBEERALF LI DOE, B2WLEBRIE
6 W HEHIZEBRL, MEREEERLEY VO ZENL
e Lo, %272, 2 EEVCERET PenCDF % #
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S LUBRFEERA AN

1) WENOF BT P-450 S EOBNIZR
oz olen, 7y MBS PBRFEERDE
HTH23 BZ N-ii A F W LiEENFHE KC-400 % 5
FAREBBT, HBICHERTHL.2~1.58K 5L,
PB AL PCB 2 & 2 &SRB s L7z,

2) MCEIPCBB X UPCDF#55 v rTEL L
Bh0s % BP 3-/kEB{biE M1k PenCDF & 59 L2 8
WTHIEIL 7228, ZOREIR/NS» o),

4, PCBAHRBFYNLERBRDO PCB-XFILANK Y
DRE
(ROw—, BMERA, BARLHE, RES®HT)

PCB O&FARBYD —D A F L Ak ARG &K
NEERETZendgenTwa?®, z2TPCB
(KC-400) % & ' PCDF %5 U 729 VO BT, Hii
B L U BEB5#E # o @ PCB - methylsulfone (MSF -
PCB) O#E%HFE~:,

(1) =ERME e FiE

a) M (No.8l, 82, 83, 84, 868 X O
88) DK (1.1~12g), fff (3.8~7.8g) ¥ L U
ReffsHss (RBRASY 2g) %AV,

b) B .

1) BT RTBEPCBAWE - 3IBERHK
HERHEMEA L,

2) N4 F Fw K E Bio Beads S-X3
(200~400 Xy ¥ =) B0ghyruaua Ay Y7 I
FHr (1:1) BETBEEsE¥, AZE2.5cm
EX60cm OF T AEICTIEL 12,

2) FaAEFlAEE b EEEL
70~230 A v a) 3gh AT AHT A (HE2cm)
WA TIHIEL 72,

4) FE¥EE D NEIE¥E L L C 3-MSF-4-Me-5, 2,
3, 4, 5-penta-CB% f\v>, BEIZIZ4-MSF-2, 5-di-
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CB, 4-MSF-2, 5, 3-tri-CB & X {8 4-MSF-2, 5, 2/,
5-tetra-CB (¥ b &R &MV,

c) HIERSE

) ARZa=br27 - EES5WE HEETF
DX300-DA5000 7 — 7 ALEEEE # A, BRly U A
Dexsil-410 (30m, H#&) F+ 7 V-4 7 L% ¥
L, 180°C 25 4°C/min T2T0°C I B R L, 447
Uiz, #Fx VTHAEAY T LARHEB, 44 xR
nF=T0eV, A& {0 EH 300 uA, El (Electron
impact) &— F & MSF-PCB FEAS L A ERE
EOMEB L UM+ 2 44 > (m/z300, 302, 334,
336, 368, 370, 402, 404, 416 B £ UF418) THH L
AR

2) ARzu<w 7357 (ECD-GC) : BEGC-
TAG WEFHEIREE °Ni) 22 CHEALL.
BT LB LURERBRZ, GC-MSD2h RAUT,
Fy )T =T AFERERHVE,

d) A

1) MSF-PCB 048, #Hlk

Btz Enzn 2ppb 0k 2 & S ENEHEREYE
(3-MSF-4-Me-5, 2/, 3, 4,5 -penta-CB) #hnz, o
7unAyrTREIFA X%, MEL, BiErEE
Lz, BERYZ7unFdr-vroultyy (1
1) BEAml E» L, “"VEFTE L8 T L
Uiz, 205 L REHTEL 3 ¥ 130~180 ml O 43 H
EORUI®R, TV hIh Bg) hF7r., F
TPCBREREYIuu Ay rn-~Fx4r (1:9)
100ml TErWH, Y700 X% vn-~FH
(1:1) TMSF-PCB ##Ha ¥/, WKIDHEE
n-AFH U TBEEBRI BT 2 M= MY VTHERH
HETo7, ROTKTHERL220% 7=t U L
EL, BID n-~F Y sl U R S S 2B
BBToECHE L, ZHEKTH0 BB FERE, B
VRO n-~F 35 > THAE L, 2 ORMER I B
BEZOLERERBER 7O NT ST 4 —1ThT T,
# T A ix Waters #: @ Bondapak CN (10 cmx8
mm) %MV, BEERZ, Yrouxsyron-~FH
VIRBEERRAW, 5%Yruaiy s 04T
50 9% & ¥ 5 EARIREEGE W& 2ml/min) & &Y
MSF-PCB ##&H &%, WMLz b D% GC-MS B
L U ECD-GC i s8ft« L 7,

2) EBAE

4) GC-MS iz & 2 MSF-PCBRIEEDEE : 2
Hibsix 4-MSF-2, 5-di-CB, 3i#E{biEiz 4-MSF-2,
5, 3-tri-CB, 4if{bfkix 4-MSF-2, 5, 2/, 5'-tetra

&

=
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1F» 10 A

CB#EFEYBE & LT, AEEE L D> o F ik
BEREER L, BEOCAT7S5 72 I AT
FEL 7 E—7 OEERME NEHIER RO % h & s
L, MERIVEBEL2RD,

u) ECD-GCiz & 2 B MSF-PCBO E & : 4
-MSF-2, 5, 2/, &' -tetra-CB »E¥WE & LT, AN
THYE L O ROMBFAEFR L2, B AR 70
RN AETI~BSOBKRERSE -2 HEOD
WAAE RO Zh E L, MERL DV ERL .

(2) RRCEE

Fig. 3w VO FlE (No.81) » 5857 MSF
-PCBOYAT7S 7 AN 0%RT., ZHIZ2E
b, 3 B XV 48D MSF-PCBOME & O
M+244>TEZF—LEbDT, BEHIIHED
BEEAC -7 2RE L, Z0E» SHERLHE
M &z, 183 L U6 bErRETEr
Mol (BRHER0.2ppb). iz, [E & # % ECD
-GC T L7z & & OfER * Fig. 4R d. Zhig,
GC-MS :R—0D % 7 A% AV, FIFR UL THE
Lt ZEDHAAZUuv b IATIS~BHEAH6N
BE—2 DL ALY MSF-PCBIcfYM T 2 L#EE
and, £Y—72 EWHEE L MSF-PCB 0iEHH
FRET. BHBH D MSF-PCB 0 RHERI D E &I,
GC-MS iz & » THTvy, # MSF-PCB 0 E & iz ECD
~GC 2AWz, 2D#ER% Table 612783, KC-400
RS L7291 (No.8l, 82, 8) ™3 & No.81 o
BB bua— (No.88) 1 6RTTRTOER
TEEESWELEZTR LY, No. 82 L8 Tita v b
=V ERVRVTEE T, #LAaY ho—
O THm\WwMSF-PCBEE #/R L 7z, KC-400& 5
#%, PCDF % 5 2 724 )L (No. 84, 85) o FFhkic X
100 ppb LLE D MSF-PCB B &F L Ttz & <2
No. 84 i3 No.83 12 lt T, PCBEE 2 72 D (K 1»
DizxtlL, Hiz MSF-PCBEEIZIEWEEZRL.
COEMEFOEr Il TOERECAON, £z
PCB & MSF-PCB QEE # &+ 2 &£, T XTOM
HBTMSF-PCBEENPCBE %R A7, & <
12 No. 84 Dfitiicix PCB 0#y 20 f£ &0 MSF-PCB 28
BELTwE, LE2LLTFhOoEBRTLBRE T2
PCB £+ MSF-PCB & & ORIz i3HBMARIE A 51
Lot BEEILICEDE, SRENC 438> 2
B> 3BLOECBELF L, 2Ty 28Kk
No. 84, 84 OiFHE, No. 81, 82 Dz &% < B
BT, WHEERE OMESPIE 2 ~ 6 BiuEsi+

ppb LR TEE LT 553, PCB HEY L OBE,
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Fig. 3 Mass fragmentograms of MSF-PCB congeners in the liver of a monkey (No. 81).

4

T
40min

Fig. 4 Gas chromatogram of MSF-PCBs in the liver of a monkey (No. 81).

EERMAE (58 LU 6EME) IRHS Rz L,
BELTLPRVBETH >, FORE, EEHEL
EOLEBNE S BEL Twa X3 Bbik, SEOD
FAETKCA00 25 L TR IELZEAL - VO
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Table 6 Concentration of MSF-PCBs in the tissues of monkeys

Monkey PCB MSF-PCBs (ppb) Ratio
Ne. (ppb) 2Cl 3Cl iC1 total A total B C D
Liver

No. 81 321 8.3 9.2 21.2 39 113 0.1 0.3
No. 82 104 5.6 1.8 12.4 20 53 0.2 0.5
No. 83 135 37.2 22.0 55.6 115 346 0.8 2.5
No. 84 76 46.4 21.0 36.9 104 560 1.3 7.3
No. 86 27 4.8 2.9 12.8 21 48 0.7 1.7
No. 88 19 7.3 1.2 7.5 16 34 0.8 1.7
Lung

No. 81 20 23.6 6.0 38.6 68 115 3.4 5.7
No. 82 8 27.2 4.5 12.0 44 79 5.5 9.8
No. 83 28 10.2 3.1 23.1 36 42 1.2 1.5
No. 84 5 14.8 6.8 74.0 96 108 19.2 21.6
No. 86 13 6.5 1.7 9.5 18 24 1.3 1.8
No. 88 6 10.3 2.7 21.9 35 60 5.8 10.0
Fat

No. 81 1743 1.1 0.5 21.1 23 191 0.01 0.11
No. 82 868 4.2 1.8 10.6 17 71 0.02 0.08
No. 83 1389 9.7 3.5 18.0 31 190 0.02 0.13
No. 84 399 7.5 1.5 12.3 21 88 0.05 0.22
No. 86 371 6.5 1.4 13.1 21 70 0.05 0.19
No. 88 109 4.9 0.7 7.0 13 47 0.12 0.43

Total A ! Total of di-, tri- and tetrachloro congeners by GC-MS
Total B : Total MSF-PCBs by ECD-GC, Ratio C : Total A/PCB, Ratio D : Total B/PCB.

PCB e, ZoELMKE 2, 3B8L U048
LAET, 2055 4HER S - & SHFBE TR
HLTHwdb00, 2IEELLEDREL TS Z
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2) KC-400 ## 5 L 7= % L (No.8l, 82, 8) T
BEAEZNH Y, No8l#irsay hu—v (No.
88) WIANT, BERUEEE TH- .

3) KC-400 @ iE 412 PCDF ##% 5 L 72 % 1 (No.
84, 85) Tt FFBE T 100 ppb Bl _E @ MSF-PCB 28 %
HLTwr, e No8offFs L uocis, BY
PCB 3% D {EWETH 2 b b 5T, 208
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The Effects of Cholestyramine and Low-Calorie Diet on
Biological Parameter Values in Rhesus Monkeys
with Experimental PCB Poisoning

Kimihiro AKAGI, Hiroshi Tsuji and Masatoshi FujisSHIMA

Second Department of Internal Medicine, Faculty of Medicine,
Kyushu University, Fukuoka 812, Japan

The effects of cholestyramine and low-calorie diet on biological parameters were studied in
Rhesus monkeys with experimental PCB poisoning. By PCB poisoning, body weight and serum
levels of total protein, albumin, total cholesterol and phosphate were decreased, and serum
transaminase and triglyceride levels were increased. Most of these parameters were improved
during cholestyramine treatment, but total cholesterol and bile acid levels were remained low and
tended to be increased after the treatment. On the other hand, similar changes of these par-
ameters except transaminase to PCB poisoning were also found by low-calorie diet, and the
changes by low-calorie diet for 6 days were almost within 10% of each value before the treatment.
These results suggest that most of abnormal biological parameters by PCB poisoning may be due
to decreased intake as the secondary effect, and that cholostyramine and low-calorie diet do not
disturb the improvement of abnormal parameters by PCB poisoning.

WEAHUIHE
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Allen %9 33 7 = —=—n (PCB) = RE# 1. XEREHY

BRE T2 2 Lk DMEREICB T 2PTR & LY
ILSHIBGLEEE2|MEL Tnw2d, a2 REYS
Wiz PCB #5117, PCBHEDHIRERAAL, HE
B, eSS CIREBOREEZ S, 501 PCBIZ
BETZEEZONIBERHEL, ChO0EE
B & VAL FIE OB ERIC L > T LI
po ST, SE, BRLIZIOBETTAVERVT,
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EEPOMEEFREEOEE R OEEL D
T, HTOXBZER R IIA THRET 5.
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FREH L 6 Pt (Rhesus monkey, {KIFE 2.7~3.2
kg) M, RO IS TREBICHEL -,
A I xIEE (B 1 No.86, 88), fEL, No.86 ik EB&
& PCB 5 s v 7 B,

B 1 KC-400 (PCB) %5 (i : No.84),

C : KC-400+Cholestyramine #%& 5 (f# : No. 81,
82, 83),

ISV NOAERERER F) oy By
VA, 200g/day) BXUKEHBCERSEE L
W& 0 To7:, KC-400 1% 0.05 ml/kg @ corn oil &
% L 1mg/kg/day, 2y 7+ (850g/day) WiEA
L7 48RS L, B LICIE corn oil DA %[F
CHEAEIG 2 72, PCB #5120 HL D cholestyr-
amine % 2g, 5AHEESL .
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IR S OFREF L 5 H T, cholestyramine
wEpIEB e BRIV EA o) — RS ERY 2B
W2 THT - 7o

C I fEAu ) —&F (H; No. g4, 86, 88),

D : KC-400+{KE4 v V) —&FE (4 @ 81, 82, 83),

KC-400 i corn oil iZi&E#» L 1 mg/kg/day % /N F

200
GPT
(U/1)

100

Q
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(mg/d1)
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o}

4acor
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o ©.

1 L. ' . 1 ) £ s It

o

'81-10 12 '82-2 4 6

Fig. 1 Effects of cholestyramine on serum levels
of GPT, TG, T. Chol and bile acid in
Rhesus monkeys with PCB poisoning.
Open circle shows the value of the subject
without cholestyramine treatment after

PCB administration.
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FICEAL, 5 HMERRS L, B4 o) —R/EHCE
corn oil OA*FEMAMES L7, 5K THI0HE
rn, BE@EES0g/dayick 2iEA ) —&% 6 H
Faﬁgif:.

2. FEMNESLUHENL

W1rBEcr 75 —0 (BE7 Y 3 50mg)
ERBRERCENEL, BREF T ICRERRE 8 & CWEZRI
EEROCTHEmME L.

=3

® BR B R

Cholestyramine 125 (& 2 BEARBOLEH

A& 1% PCB #5112 TIET L, cholestyramine 5
Bifhte, e wsEmL, 55 A% EBRROKEIR
B 7z (Table 1), —7, cholestyramine JE% 54
TRERNENL D 1A ABAL, MEREOB LIV
77 ERPCB#HS TIET L 72438, choles
tymamine #%5.5054% 3 # B CH{EIZ{E L 7> (Table
1). —7, cholestyramine JE#54T L # OEfEH
4% L 72, Transaminase(GOT, GPT) &z, PCB
BHCTER Leh, RERTHR2 5 alEicE
L, cholestyramine %5 DEHEICLIZEE T o0
otz (Fig 1), mMAREEC>WTE, Figl o
&<, hEEMEIC i cholestyramine &5 D EIT
oo poled, B2V AFu—NEIR
cholestyramine ¥t 5HEE%2 R TERCH D, KT
®BiZ L HEAH SN, —F, cholestyramine JEf# S
BITE—FHEEERL 7228, B & b BEIC FAER
AR L7z, M fEH-ER(EIR cholestyramine #5504
BETT24, 17EBroRELLERZRL, BF
CEEERT e eor (Figl), 5K TH

Table 1 Changes of mean biological parameter values by PCB poisoning and cholestyramine administration
in Rhesus monkeys
PCB administration Cholestyramine administration After 2 M
ltems before 1 M before 1M 3 M 5 M

(’81.10.6) (11.11) (11.27) (’82.1.12) (3.2) (5.11) (7.6)
Body weight (kg) 3.3%0.1% 3.1£0.3 2.910.3 3.1£0.1 3.2%£0.1 3.4%0.2 3.7%£0.3
T. Protein (g/dl) 7.7+0.4 7.7t0.2 7.4+0.3 7.3%£0.3 7.6x£0.2 7.7%10.2 7.3%0.2
Albumin (g/dl) 3.9%0.3 3.8%0.7 3.7+0.3 3.51t0.4 3.8%0.3 3.8%0.2 3.7+0.2
Ca (mg/dl) 9.8%0.6 10.0£0.8 9.21+0.2 9.6+0.3 9.3+0.4 9.540.3 9.5+£0.5
P (mg/dl) 5.3%1.2 3.7£1.1 4.4+1.8 4.5+0.5 5.0%0.7 4.840.5 3.7%0.3
Hb (g/dl) 12.6%0.2 11.3+0.3 10.3%0.3 10.0*0.6 10.1£0.9 11.3%£0.5 11.0%0.1
It (%) 46.0+0.0 36.8+0.6 33.6x1.4 32.7£1.0 40.0x1.3 37.8%+3.9 38.2%x1.1
RBC (x10*/mm®) 685+ 4 675118 57630 566143 63835 600%£53 656+22
WBC (X 10°%/mm*) 9.8%2.6 9.2+2.3 8.6+3.3 9.912.2 10.4%£4.2 10.9%0.5 9.1+0.3
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Table 2 Comparison of mean biological parameter values by low-calorie diet in Rhesus monkeys with and
without PCB administration
Controls PCB administration
Items

Low-calorie diet

After 2 weeks

Low-calorie diet After 2 weeks

Body weight 92.1% 4.6* 97.
T. Protein 105.5% 4.2 96.
Albumin 102.5+ 2.0 94.
T. Chol 115.1+ 9.9 93.
TG 152.7%£37.6 81.
Ca 96.7+ 3.3 94.
P 91.6+12.2 95.
Hb 100.0%+ 6.0 94.
Ht 102.5+ 8.5 93.
RBC 112.4+15.1 95.
WBC 87.4+ 9.7 73
* Mean+5D
Low-calorie diet
4.57
Albumin
(gsdl)
4.0
35} (I\
3.0%
50
T6 F
(mg/h) +
30 T//R\\\\Y
10}
T 1 L ]
0 1 3
Time, week

Fig. 2 The effect of low-calorie diet on serum
albumin and TG levels in Rhesus monkeys
with (® — @) and without (0——0) PCB
administration. Results given are means
from 3 subjects and vertical bars represent
1 SD.

Wi ER U, 65T, ZO{ETiX cholestyramine
WEBbDEEZ LN, MEERYE Na, K, Clic
13 cholestyramine %512 & —ZOELM A SN 7%
ot 7, MiECa, PRI PCBERESEBETL
5, BT BERHERHICNEER 2R L, cholestyr-
amine #5OFETEETA SN o7z,

PCB# 5z & 0 &I, A 2L 50505,

(71)

3+ 0.2 89.8% 3.3 97.7x 1.8
6t 3.4 105.8+ 3.0 98.3+ 2.3
9t 4.3 110.8+ 2.9 103.0% 2.4
8+ 9.8 115.8+ 9.7 92.3+10.3
0+39.7 101.0£23.4 82.3%12.6
7t 4.1 95.4%£ 2.6 95.1% 0.5
9+11.6 98.3F 7.5 103.2%11.5
0x14.7 101.7£ 2.6 96.5+ 2.6
5£11.9 95.9%+ 3.6 97.4% 3.4
4+17.9 102.9+ 6.9 98.2% 4.6
.8t14.6 92.9%+ 9.2 82.7x 7.1

NS DEFIFEREMZ 44 A, AMERET 24
BHrgznzn&Ea#ECgiEL 72 (Tablel).
Cholestyramine 5 0EEIZ L 2 ERIITD o Lz
hoie,

EHOY—BIRSCLIBRERBENES
Erol—a%5R0EE 100%E LT, SERE
BoZE% 42 (Table2), AEGBER TR
HI8%IET L, itk 2:BE ik EhitERicd -7z,
MBEREA, 7A7 2 EREESROEEID 20>
788, FIRRE 2 EB I ETER R R L, mED
VAT O, FHEEHERRS S 0% Lo
L, ik 2 MBI EETL L, mECa, P
EFEr o) —RESHET L, k% Ca B 1E,
PEGEEIMER I 5 - 72, RIBMMRE TiE, #5H1E
% 2;BBICREN, JIEREORY %8Bd7, —77,
PCB¥5#% KA —R2HE5 LI TYH, PCB
EHERE U B ERTEAIZH o722, PCB#E
S5@Tr, B7AT 1 o ME, PR OEIMS A S
nicizw (Fig.2), BA oV —_2DABEHELES
TAEERMBE SN, LA L, turn-over DEBWT LT
T UFE Y —RTIHET L, turn-over OE L
MHEERES v ) —RTERT 2ERSA SN, T8
S OFRERIIAB I PCB ORTHS SR < &5
NAENTHL &zl
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GOT, GPT omE kR, MEPEDOE TS L UFHI
KEORL B H LN, UL, e d PCBFE
PN EERD D Fe, REMORE L PCB %
NEBICE 2 S D0, F723EE L SEOEIRE

v it

WEERT L2020 E > »iE, HohTidhoT,

2T, SE, A—YVvERCTEITY —RZEE
L, ZOREOBREBORLEBEL. ZO/BR,
BEREBERETH GOT, GPT O EHE %<, KEHE
P, TNT Ry, VAT O—EOET, PHIEH
EDo LR, MEPECEKT, &M, HmEREORED %
EMEET AL TALONI ERAKORENERE SN
7. o b, GOT, GPT S omEEDRE I,
PCBo&E K & 2 BREIRECET ICREA L 7 ZRHY
B B B AR EA R & Tz,

PCBItd 2 —MRMBLIUV RN INSDEE %
oy L PCBoBMEERMRE* BT 3
cholestyramine!®® %5 L, REX|OMREME I K
ETREICDWTHRET L7z, Cholestyramine JE#H 5
Bl D20 2 b S RFER D S O B T T i &
LR, KRE, MREMTFS X CmRFENZ
AL cholestyramine %5 5ith%R BRI FHAI HE
L, cholestyramine &5 4L & OEICEE S i &
BiRianwrisThole, BRNRSIVAT -
MAEDEFRFEAE L THERI RT3 BNEEOE
E&C#%, cholestyramine ¥ 54 ME 2L A F 0 —i
B Feke U CIRE %R L, Wik FEERERL .
—7%, cholestyramine X8 5 > #HESI D EHEE{E
FETS®, EF5BE T80 THEASIATY
597 L, IS O WEFICESL, H
HEBEOEE AHEIID 20D, 56, KEKS
PP EHBEOEES 2B L 700, KELES
AL, BEETT 22 el kho7, ZORERE
2 oA SN WLIHFEREIZ cholestyramine @
BEVPAETHL I L ARBT 20 EHEZ Shi,

Wi, PCBHEIVIZEED 1/4 BICHET 2K

Aol —gE6HHKREL, REBOELEHEL L,

FOREBREHED 0%HNTHY, PCBRESOEH
MTHAENZEZRIBZD oM hot, TH60DHE
RELD, E@RERED 1/4BEOEY oY) —3EEI
FLWEERIZS VI eSS TR o7, o
T, EFE L7 PCB 2HH 2 €T TR L L TE
AuY —BRETHINEZFOEREE LT, WMIEERE
L EEOFE 2T SIT oo T, EHEO#ERL
AEETH D EEZ BN
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FREF VI PCB 25 L THET 7L 2 /BRI 72,
ZDE T cholestyramine B L U B ) —B%
B2 158 DEEREBEECELEEHE L.
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Histopathology of Chronic Meibomian Gland Abnormalities
in Experimental PCB Intoxicated Monkey

Toshihiko KoHNO and Yoshitaka OHNISHI

Department of Ophthalmology, Faculty of Medicine,
Kyushu University, Fukuoka 812, Japan

Histopathological studies of chronic Meibomian gland abnormalities were performed in
experimental models more than 4 years after intoxication of PCB. The lids treated with KOH
~glycerin mixture and Sudan III staining demonstrated the figures of Meibomian gland structures.
Partial disappearances and enlargements of the Meibomian glands were shown in PCB intoxicat-
ed animals. Light microscopy showed abnormal features including dilation of ducts, hyperplasia
of the duct epithelium, enlargement of acinus with cystic degeneration, and squamous metaplasia.

Although these pathologic changes were milder than those in acute stages, Meibomian gland
abnormalities still remained after prominant clinical signs subsided.
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Histological Study on the Gingiva in the Patient with
Yusho and the PCB Poisoned Monkeys

Isamu HaAsHIGUCHI, Akifumi AKAMINE, Sachiko MIYATAKE,
Yoshitaka HAra, Katsumasa MAEDA, Yoshikazu TORIYA
and Masao AoNO

Department of Endodontics and Periodontics, Faculty of Dewntistry
(Director : Prof. M. Aono), Kyushu University, Fukuoka 812, Japan

Hiroshi Fukuyryama

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

Hidehiko OKUMURA

Department of Maxillofacial and Ovral Surgery (Director : Prof. M. Sasaki),
School of Dentistry, Nagasaki University, Nagasaki, 852, Japan

We performed ultrastructural and immunohistochemical investigation on the biopsied gin-
giva from the patient with Yusho and the PCB poisoned monkeys respectively. The results
obtained were as follows.

1) In the ultrastructural examination, we found a great number of melanosomes and
melanosome complexes within the basal and suprabasal cells in the biopsied gingiva from the
patient with Yusho.

2) In the immunohistochemical examination of the number of infiltrating cells and the ratio
of IgG-bearing cells to them, we found no definitive difference between the PCB poisoned
monkeys and the clinically healthy monkeys.
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LIRS 7208, Hela #ifa%E- 72 in vitro DF
T PCB OB EER N E s nTs v, PCB
OEBEOFRICL2 O Lky, LrL, FE&
B PCBHEY VEARO EEA A > 39, X
512 KC-400 DEMIERIC RIZTIEA > b €5 —D
BMEITHREALHMEREOMCEIRED Sl
ol l s ZFDREIEOWTIEFETHD, &5
ROEMENLELrEbN . /%% lamina
densa DIEAD 2 IEMBHOGLF R LTE
Si17z, Lamina densa i3 _EF#IBIoES 2 & 23313
oz > TE D, SHEMEEER L OB
AP Ty SEOHRSE AR EEMROBES AR
Rz —F L T lamina densa DL BE 2 2
6, PCBOEBERIC L 2HE TR EEH
FADBUEI M2 > 2 iyt e &z o, LM
Fa»s basal lamina FRLEE 2 FIE T 5 70 o 1T I3 HIREF
BEODN—T7FRAE L O FEST 2 EEB
AOME W LR ET 2 e ALEL SR TY
L0, PR TEEECHBEOBESRL 25— >0
FEEDPBOEUHFED 515 2 £ 4 lamina densa @
WRO—HEZ->TWBD» Y LAk, Ker
atocyst % dyskeratosis 73 5N H o7 2 L
LTREROHBIZ L 2D, BOED LW IFEMHE
ERMOEICLZbOROPHEETT O LITTARE
Th-oiz.
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FHIL, HAORETS - HECHR, wWEEFORNE &
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WREFEAEORERE LTI 77 — 27 FOMEBE O EEE
ZORBEYD 213 LPS 2 L OB S»E 2 o
nd—7, ERES & CHIRERE RIS ED < s
EEEEAECEESE L TwEEEIONE LI k-
T&, 2I2T5E, REEMES & U IgGREM
HOBRTEZODWTRERZTT>7., Larl, wihod
EBOTHEHAEZIRD s W FHEMRS ) >/
PEBRETIEUAERFELTBY, - BEEK
MR D T 1gG RE MBI 45~60% & > 5 B EE
EHOTH, Zhs OFBERITEEIBRESEE LD
HETHIRA B 2 I ERIRAZCHER T2 0 L Eb
n, ERERPHEOSASN LI RE IC—FL
Tw3, ZOo@BEbonhro7zl EWEL TRALD
BERREV L ko2 L by TEROSE
£2b0nb Lk, WEREMETORE o7
DU EEFERER LIES CIRET L TR ENE
BLTORZEPHESNTHRY, SEERLZY
b PCBESHIEHREBERASR->THWE I thosy
HBVBIXFArO MEM AEELTWI0nE LA
v, HEIVEFEEHLSY OHMED & I I OERNERRKR
FrR & RO SR 2 0 7Y » OBES & Ol
sz wizors Lat, THIlESD 2 iZfol
BEERTF T 2BBESLEL»b LAY, Ll
FAMEBWTEHERRY v hOBESDECENZVE
WIOREY LY, BHERTHI2EERLHASDR
FHbE N ESE 27291 PCB ORIZT £ BHETIZ &
LIS EEICH TR TR WATREE S 5 5, [l
FERFIRNR 7 v FOHBEESE O, ZOEREH
ELTHIES? Y Y 3D CanBREICL S
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EERELTWAR, Bl LS EEMEOZE M
DHREOBIES S LEFN S DR T FEEL
Twkudhrb Ly, SBRINGOEELEZT
XSUREBEET ZEnLELEPIh A,
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Stimulation of Fecal Excretion of Etiological
Compounds of Yusho in Rats

Hidetoshi KaMIMURA and Hidetoshi YOSHIMURA

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

Studies on stimulation of fecal excretion of the causal agents of Yusho accumulated in the
body, which should be valuable for the treatment of this intoxication, have briefly been reviewed
in this paper. Since 2, 3, 4, 7, 8-pentachlorodibenzofuran (PenCDF) has been recognized to be
most important among various congeners of PCB and PCDF ingested, with respect to toxicity and
persistency in the body, we selected this compound for this study and demonstrated, first of all,
that accumulated PenCDF in the rat was eliminated, though very gradually, through the intes-
tinal wall into the lumen, and then to feces. Then we investigated by using rats to learn effects
of squalane, liquid paraffin, cholestyramine and activated charcoal on enhancement of the fecal
excretion of PenCDF. In the case of charcoal, we used charcoal beads instead of the powder.
They are the fine beads of agar in which activated charcoal powder is enwrapped.

By 3-week treatments, all these compounds were found to give significant stimulating
effects. Treatments with squalane and activated charcoal beads afforded better results than did
other two. The effect was due to inhibition of the re-absorption of PenCDF by dissolving or
adsorbing, and then excreting efficiently into feces. Enhanced exsorption of PenCDF through the
intestinal wall might also contribute to this effect.

Rats given PenCDF were then maintained on a diet containing 5 % squalane or 5 % activated
charcoal beads for 12 weeks. Both treatments increased the fecal excretion of PenCDF about 5
-fold over the control and concomitantly lowered the blood and the liver level of PenCDF
markedly. Appearance of fatty liver and thymus atrophy were also prevented significantly, and
no appreciable side effect was observed during these treatments for 12 weeks.

1968 47, PHHA— THEL 24 & 3 HEEMAE,
SiEENE 7220 (PCB) O8GETH B Y %7
oL 400 (KC-400) THBREICTHRENZ T AR
FTANERLEZECEZHEENHOETEEMHTH>
7o, FELYICTED & MR R EERE, S0 %
TIZHRZCHENEA ERL TELFwZ, WEX
WL DEHERL AR, B X SEEOHER
FELDTRATH S,

HWEOERYE L LTPCB e bItE\HL TS
meDREERILY V75 (PCDF) TH 5.
PCDF i3 KC-400 o &ixEh, BL U I A4 A4 A LD
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ETRETKCAN 2R T CHRICMAINT
PCBHh 54 L EZONAMEBONHY TH 23,
ZOHDEPCB &0 b HBEREEOT EEENS
$, MEBEON»S X PCBIZEELS 2L~ T
MHEND EWI, Fi, =7 YP Sy (180
< A% 125\ T, PCOF X PCB X v b &, s ik
MEBO I ERTONTVE, &6, EHSD B L
CEES I, FFERAO KC-400 12 PCDF 28B4 L
THMZE 25 E, KC-400 DADEZES LD & HED
FERZ & DERREWC R T 5 Z L 2R LT,
REWZFERZ A A4 A Lz FE T % PCDF £
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& @ T, 2,3,7, 8-tetrachlorodibenzofuran
(TCDF) 8 X123, 4, 7, 8-pentachlorodibenzofur-
an (PenCDF) 37 v MBI 288%ENLEDLO T
WP Thesndn, TCDF X 7 v b, # Y,

TUAD W BLTHENERCAH R, BYriH
BIURDHH a2 0w L, PenCDF i+
AR Ty NI TR SR, E T, MC TR
417z PenCDF* r JERZH D Z 9 % Z v M
5L, 2 nPhBHEEB IO R Z70x T 5
T4 —ITHMT 5 L, KEMKOASRE SR, »
D7 QSRS fE L EPRtE O, BEREE
—HT AT, bURBYERLIZELTH, Z0
HER b T RuLDEE LN, TmE,
O PenCDF #5007 v bMEHITHBY & A F 1Ll T
HA7Owb—"RAA~RY b (GC-MS) M7 %£17
v, 0EOREEBREBELIZEVWIREN AN
7230 Ins AFafbaniEmO S b, Erbo
137 5 B HZ L 7 dimethoxypentachlorobi-

phenyl & methoxypentachlorodibenzofuran & vx 5,

LictS > T AT MERTORBYEREERY 7 = / —
MkrE /) 72/ —NEEEZ NG, B, o
ORBOBEME - Bbh 52, EEREINTES
T, FABEOMBLFRHETH S, FLHEERIE
ERBL THRT L MERE DN » 5, TCDF &
H b PenCDF #iE iC BB IR s e 2 9%
»5, ZOEUENEBVWEEMHICL > T, PenCDF

BHEOREYE L L TRICEELEZEZ 50 T3,

k<N TVWS &5z, PCB® PCDF i3fifx
FTEFF—COBNTEERTHY, BROBTE
BB LT, ZOFEEKRAE7 =/ E8 —n
(PB) B, 3-2Fna7>v b (MC BBLU
7R KRBl E 210, MCERIOFRE &I,
F b7 uo—uP-448 BREIS ¢, FAUC L o TRIE
BNy Y (a) Ev kBt (AHH) WE%x L
Aagd, s HIEKESD DT-Y7 87—+
AFET L, MATC, BUIvy b KB TPCB®
PCOFO MCHZEERE - S EmOEEEL
219 PCDF D354, 2, 3, 7, 8oL d
S ERBREIET 2O MCHROFEE %5
T 8, EBEOERNICHEET 2 E A EEMRE,
TRTIDIA TTH B,

®%if, MCEIPCB®5SS v T, Fh27Oo—24
PAR OFEENTHREMET T 73/ 7 VA v
> % Trp-P-2, Glu-P-1 0EEE XD EF, AL
Ty IATIRRT 2 FuF OBHEOEE H

FERTWA, E5IC4-=2baF /) UN-FFTF
DBTICHEET 2 DT-v 7+ 5—+ b MCH PCB
LB EINE D, INEEPMELLTOD4-
EROFIAT I/ F U N-F4F v FOEREMN
LT IERLREY, ZOLIBHME»ST S
L, 473 MC# PCB % PCDF #3722 Wl fE &
R, hsARMIEYIC S o an 2RI &R
KEEHkT 28Rt BRI N 3,

TN E THEDEEIZRE L U TRERED &HT
b, WLEPRANOBEEORNICIEE > Tk,
—F, W9FCHBTHEREARLICHAER L [ARk
BEMEEESFEELD, £ 4F vy (2,3, 7,8
-tetrachlorodibenzo-p-dioxin: TCDD) % & T Z
e —EBEOHIERNFEHERKE & 2 B iR
BHTHFHL TORHE, TA5DOFHFIINT 2 EE
EOMIERFE L w2 5, L, EESBERMED
FAHRREES LD b ok b FAINZFEE» S, &
NVEBWT, BB 74 vBIUAVAFT IO
R ERET LM, FLOBIEn e <, REBER
OO LEREBROEEI TH o1, 22
T, REREESZO—RELT, Ty MEBAOT, HE
OEELFEERYE - % 2 51 2 PenCDF O Rt
WKHAEZBESTHERS21To%,. ARTIE, 20HRE
EHuiiz, WAOBERR SO THHRT s 8T
5,

PenCDF D& AARES

PenCDF OHEMEE R 1T O 7212, T2 0E
BAEG A EEL TE LB H B,

BO#HS a7 PCB I, /NBIETFo 370>
WHLD A E N, EY 82 BHRL TR EITT
29 MO PCBIE ¥ 7 ordRicf#Ein,
WEZT AT 2 U ERHE L) 2 BICEREIND 2 &
BESNTWEY, —F, F v NI PenCDE # 7
Me3&E, 2O80%BT LTI EREELEY,
72, IS OIMEERS & #E L7z PenCDF 13558

Cl

Cl
AQ~Or-e
Cl O

Fig. 1 A structure of 2, 3, 4, 7, 8-PenCDF
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Table 1 Distribution of radioactivity into rat tissues after a single oral dose of 1.0 mg/kg of

Y4C-PenCDF*®

Days after administration

1 3 5 8 13 21
% of dose
Liver 38.60 57.14 65.15 66.15 67.66 47 .64
Thymus 0.04 0.01 ND ND ND ND
Spleen 0.69 0.02 0.06 0.02 0.02 0.02
Lung 0.06 ND ND ND ND ND
Heart 0.02 ND ND ND ND ND
Kidney 0.16 0.12 ND ND ND ND
Testis 0.05 ND ND ND ND ND
Stomach 0.11 0.05 ND 0.02 0.02 0.02
Small intestine 1.16 0.23 0.14 0.10 0.05 0.05
Large intestine 0.21 0.09 0.05 0.03 0.01 0.02
Adipose tissue 2.40 0.70 0.52 0.23 0.11 0.02
Blood 3.37 1.83 3.12 0.93 0.49 0.56
Skin 9.92 1.66 0.48 0.58 0.31 0.48
Muscle 2.35 1.97 0.31 0.36 0.39 0.40

Each value represents the mean of three rats.

MOFN LD FHECERDAEADL T &[T
L7, Zh e DEENS, PenCDF ORINE X OF
BAMBIPCBOBA AR THLI EEZON
7220,

7w b PenCDF % 1 mg/kg »CROBET 2 &,
ZOLDOEESBIHBEF 3 Coe88HmT 5
7, bHAE TW&EHEB,SH~BSAL, 20%E
BRI SHERE S 2 (Table 1), gizkL 72
& 912 PenCDF i3 & b & Ty, #AIE % MC BIEE
EBREAE L T 323, BFh PenCDF i3 PenCDF &
EMP-448D 3 B, B A ¥ v & @ isozyme (P
-448H) L IEEBENEA L T3P, &5 CRE
{L¥ s EE» 5, PenCDF 0.5 mg/kg 285 L7
Zy rOF I YT, P44SHEEF 7
00— 4 P-450 DFI60 %xEw 3 2 EABELME S o
T3, %0, PenCDF OB W FEME - BT
M, LT, #FNICE->THE &N 2 P-448H
LHEAETAIEREBEEZOND, IDXIET Y
FFAOBRBYERIZ MCRIPCB (3, 4, 5, 3, 4-
pentachlorobiphenyl : PenCB) iz & i@ & & 1°Y,
—f& D PCB M EDREFHEB~OEEER & 13 RE
D, FbOTHEHTNEEHRE L5,

PenCDF O#rit i3 & H T Tld b 228, NEEAN
LTCERICITHON S, Fig. 2 127 0OH RN E R,
BHIOHBEMEIC N L ENFRE SN T 58, 20D

ND, not detected.

SREINENE o7 PenCDF 2 L2 DT, 0
BOMELY S -~E L -EPHRE, M XL 0/ BE
EAHLTCHBEanb D eEzoN, BEflicbizo T,
ZOHHEPERER NS, BRIEREEYO/NEEE L
D OHEH (exsorption) WEIL Tix, & { Williams
5, FEFdieldrin 2 BE » —av—3v 3> %2 &
L7zZy MFIRES L, EdicRmB kel ¢,
ZONEEEANDBFHEHEL T2, 20%, %
FELHVKCAWDFERID 1D TH 52, 4,3, 4-

29
281 M
27 U
o T
0
3 5
S
3
2
1
| 1 Yl | ] 1
0 3 () 9 12 15 18 21
Days
Fig. 2 Fecal excretion of radioactivity from rats

given an oral dose of 1.0mg/kg of "“C-
PenCDF*®

Each value represents the mean of three
rats.
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Table 2 Billiary excretion of PenCDF in rats?®’

Bile
Rat number Feces” Liver?®
0—24 24—48 48—72 (hr)
1 N.D.2 - - 0.031 -
2 N.D. N.D. N.D. 0.035 31.49 (72)
3 N.D. - — 0.025 38.82 (24)
4 N.D. N.D. — 0.007 45,17 (48)

@ Each value represents the percent of dose (0.15 mg/kg, s.c.).

© N.D., not detectable.

tetrachlorobiphenyl 23, v b IZERIES5 T 2 &,
Kok e Uit R et s gz uoi, #Ehe
BHMEOREESRE SN Z L n s, FERERHE
BEOGFEERMEL, Z0BRIOILE2Ty N TER
FNZ#ID CTEEEB L 7247, $ %2 b b, PCBO L35 E
BRI CEERBMED SR FBHERAAETIE, —
ERBENTER L7 =/ —KiE 7y bi2BWVT,
FIEHE AL CERCH S DI L, %
IR ED TTIIH 255, /NGEED S 7 DEREN
~NEEHE N B ZEBHHO D E R o RT, i, YA
B8WT, PCOFESAEDH 2 b D EHF~DHE#H
bHEENTWRY, 22 TF v MZBIF % PenC-
DFOHitREA*BE oMY 27201, HES =2
V—yarEBLI Ty 2 PenCDF % F#%5 L
7:& 2%, PenCDF 3 fEH o A7 u~ b7 F
Ta4—WEoTReE< ey, —F, EFrolk
1BS 70 HE5ED0.007~0.035 %HHH s 7z
(Table 2)*”, % b, PCB ¥ L EfEw, v b
B 5 KZE(L PenCDF 0 72 2 gRifitid, BTN
29, M &/NEFEENOEENZBIT (exsor-
ption) W3 &EZ oD, RADHE?D T, KE
{t.® PenCDF %57 v b HHH 12 GC-MS 2 & b #& i
SNTW3Y, ZOBEHMBCEE LW EEbRS.,
ZODE 2L TNBERBENCHEE & 117 PenCDF
O—88iE, TOFFERAFHI N LEZ 5N D,
KEFFERNSTOh, BUU 2R 2NL T
WWR->Twad eBbh3d, Lizd8->TPenCDF 0 FH
W Z4MH T 2 Z e 8 TE NI, ERCEEL252 %
RS EECEORNEM R RS I N TES E
Zonbd, COEBNEERT2DLLT2D20HEK
MEZ oL, 01 DFEERD LD R BREFIOFE
ATHD, o 1l DIFEMRE, ¥4 b % PenCDF %
LB D ZREHOENT, Larb zhERE

Each value represents the percent of dose/day.

Figure in parenthesis represents the time of death (hrs) after dosing.

BEL D BRNESNCL BB DO TH B,
EEROBELEYNT T 2 EOIRELEIC DV TR
ZlHenTsY, BEBERECANTEROBER &
LCHAERFICHERRE L TNEINTHS, —
H, MEFEa VAT o—LVOETHE, 2vAF7 3 i,
—EOE 1 2 v RBEBIET, HIBOBRENRER &
LTERYT A, T hbbBEHEBEREL, ZOBERIK
ZREIEL TEPAHHR R TLE S, ZO7OHHE
OFE~ORAERRBEAL, 2 VAT — L L DODHE
HBESRSEES N, MEIVATI—LOEKT%
brest twbnd, —7F, ZOHHTEE PenCDF
OBEERIICbRNALEZON, FORBZLDED
BOET 2%, PenCDF o # gt &0 EMN%E &
7o TAREME S H B, MATAVAF T & vOiEd
D~y ¥ VB PCB, PCDF 0 RERE LRSI N T
WhHIZENEZLEND,
FB2OHECGHRERTIREOREN SD 7 4 »H
Hb, TNIFZREH 15~20 OEMRBIEKZEORS
VMTHY, @mORBEEERED—F, HEE LD ORI
BHEVRA VLI LB THS, ZhIZHL,
R 2T 5 R REERE 0 DO ERILKET, HFH
KELROTWARITHE ST 7 4 > & D IBERINA
B Z e FREan:,
PEo@hns, #ErRz3 2 L0 4BOFEDC
2w, PenCDF#% 5 5 v b i B> T, PenCDF @
Het e & BHERERE % M5 Uz, PenCDF 1458
WEEEFELTED, 7v Mo TZFOHRt=DE
REEDBEMHDERED LG TLEPEF 2 v I T
5 ZEDAIRET, ZDH, WEEDOBERELLTLE
I EBLTWw3,

EHi 5 EER

PenCDF O HEMRER & L T OAREM 2 RE L 72
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DIE, AZT 729, REWIF T 429, aVAFF
U B UNESEKRY Th A, PCB i X oHitEE
W2, 3§ T2, 4,5, 2, 4, 5-hexachloro-
biphenyl®*”, hexachlorobenzene®® iz 2 \xT X 7 7
Z s, 2,4,6,2, 4~pentachlorobiphenyl®® 7z &2 D
THE ST 7 4 >, & BEBIERRZERFE chlor
decone (Kepone)® ic DWW T IV AF 5 3 vpl, #
neERZ vy P EPHRHESEMNs 2 tH{EsNTL
5. EHERIZOWTE, F YF, 4 FE) TFH
B R R A dieldrin DB A BE X ¥ 3 2
EBREZIN T2, AR SIREPEBROBEET
%% PenCDF iz3f L T b ifF & e b I ¢, Fig. 3
WART & D RRET, FEHEOERICELD, wih
DILEYR L VB TH 22D TR L, T4
b, 5iBHED Wistar R % 7 » + 12 PenCDF @
BFEE WU Img/kg 7 1 EEOH/EL, SHE®
SREYEECRE TR L, EYES52 3 AE»
SEL 20, ZOEIKIZBINE W7 PenCDF 0
Z2HHSHADBESFHB KO- TH Y (Table 1),
PenCDF O#EhADO I HEL D —FED/SF — >
(Fig. 2) ZRLTWE55 ThH2Y, EYOBEE,
AZT I, MBI 7 4 DWW TiE 8% (w/w),
DVAFIZ Iy, BERICOVTIRSY% (w/w) &
Lz, WEHERERMO SBOEY I, BEL EE
TEZY PORBECEERE5 2202 LR
BRTH YD, F\HROBEF, JIVAFT Iy
DB BT 27015 %E Lz, REHRERE
ROBEKD D TIR L, BRERREERS LI
BEULEERE-X 2BV, COEERE—
RIEMREKOREES BB SN TEY, ULrbRR
DENI AR R R L ICRAITH 22927,

NS

salad ol
v
[ basal diet ]
PenCDF
v
basal diet ]
PenCDF
¥

[ basal diet] drug-supplemented diet

salad oil
A\ 4

basal diet] drug-supplemented diet
7 14

1 1

28

J

day

21

1

0
L

Fig. 3 Treatment with PenCDF and drug -
supplemented diet
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PenCDF 0#: 5% 8 H@» S 28 BH £ ToOR,
JEVa#ERE (basal diet group) Tk 1 H¥7- 058
@ 0.1~0.15 %D PenCDF 33 b iz HEtt 2 i, =D
HEOKRIRERIZ 2 ~3% Th-7:. Zhexl, A
2T 7B ECEERE - RS CEIRGERON
3fE, MENVT 74 v BIUIVARF T IVBEHT
A 2 OB R HEE ISR s e (Table 3).

PenCDF % & 0 3 RF ERKILAKE % 7 v b
5T 2 b, RECHEIMNE, FOEKS & U
DEFEHRD 5N 59 REOEIEIT EEEY
WAHRLNAGBET, IRICLBEEERIEWD Z IR
Eripz, RAFORKERY) EFOBERELE,, B
Sy N TREFELVEBIF2ERLT 2. WROBHEIR
BREDET 2 b7 67T0T, MEBETRS IR
EERCORBPECHET2EH EEb S, RIR
OBERIFAIRO & 512, WMECEEEORELTH,
EMOHEEIERZ0dD L0 b, FRICL->TH
SR EM OB 2 B T % 2 &I BRI
ha, 22T, L BEERECLT, EEYD
SR OHE R 1T 72,

FEIRERE IO RRERIC LN T, REREIMIRF 50 %
IEl R s, ZOFEEER, CThoEYERY
REHCBLTLAHBEES AR r o, ERALEY
1 3EMDIESIC & - T PenCDF O #EM % (E 4 %
vz, FOBREEED 4~9%BEET
(Table 3), BEWEE AT L 28HBIKBVWTD,
7 BIFCIEESE 0O 40 %0 PenCDF mTEEL 72,
2%, ZOREOHRMEINTIHAEDBIINE %K

Table 3 Effects of the drugs on fecal
excretion of PenCDF for 3 weeks

in rats
Dietary treatment
Experiments
Basal  Supplemented
(% of dose)
Squalane® 3.17%0.32  9.07%0.80*
(1.0 (2.9
Paraffin!® 2.31%0.39  4.98+%0.35*
(1.0) (2.2)
Cholestyramine!® 1.98%£0.26 3.62+0.53*
(1.0 (1.8)
Charcoal*" 1.96+0.12  5.4440.25*
(1.0 (2.8)

Each value represents the meantS.E. of 3
or 4 rats, and relative ratio to individual
basal group in parenthesis.

*Significantly different from individual basal
group (p<0.05)
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Relative weight to control (1.0) Relative weight to control (1.0)
1.0 0.5 0 0 1.0 1.4
T Dietary treatment —it T T T
Thymus [: basal : : - j
[ 45) —
* squalane b
—— TS LR S e— Liver
. [ cholestyraminel3) : 'L i ]
* [ charcoal44) : - *
1.0 0.5 0 0 1.0 T4

Fig. 4 Summary of effects of the drugs on toxicity of PenCDF in rats
* Significantly different from basal diet group (p<0.05)

Table 4 Effect of paraffin and squalane on fecal excretion and tissue distribution of PenCDF in rats
at simultaneous administration.

Fecal excretion (days after dosing) Tissue distribution

Blood
0—1 1—2 2—6 Liver Adipose
PenCDF dissolved in % of dose

salad oil 28.62+3.09 1.91+0.26 0.76+0.03 63.26+2.87 0.11+0.03 0.47=0.05
(1.0)

Paraffin 63.81+1.82 2.19+0.29 0.65+0.04 32.90+1.12 0.05%£0.01 0.16=0.01
(2.2)

Squalane 85.50+1.01 1.10£0.24 0.66%+0.01 10.75%£0.98 0.03%£0.01 0.24%0.05
(3.0)

Each value represents the mean®S.E. of 4 rats and the relative ratio to PenCDF-salad oil group in
parenthesis.

Table 5 Fecal excretion of paraffin and squalane in rats after oral administration

Days after dosing

Total excretion

0—1 1—2 2—3 3—4
% of dose
Paraffin 66.47£4.38 N.D. N.D. - 66.4714.38
Squalane 86.9910.85 5.83%1.66 0.17%+0.05 N.D. 93.02+t1.74

Each value, represents the mean=S.E. of 4 rats.
N.D., not detectable.

OHT I EDRARNREEED 1 D TH2 EDOFEE
EffFs30ThH5,

BRELIRELRWEEZOND,
—7, BEREEOBICIZHES pRUENEL O
72, 28 HBIEBWT, FEEEFHOFEHEIEOMN 1.4

SRR EA DX A
Er AL, MBAET /4 B L DL, Ak Btz E

BT, WITNLOEWERLIEEL, HFERZERR
SNLERERL, MBREEL, R T 7« VHE
BT, BElgEsNE (Fig 4. Zns0/E
i3, BERMEOSEREFEERILKZOHRE 2B
TrT, 2OEMOBRFESTRETH L I L ERELT
B, WERFIZHEZT 5 PCB % PCDF % &4 ~&

(91)

SHEBOBBER TR, TTOEH% Fig. 312
REEBETHE 27 b BEb 5 ¢, PenCDF o #Eit{E
EPRICEETOENE L., 02 LiE, BYo
PenCDF FRIVNFIDGET £ 7213 2 OB IC E L H
LR rEZLND,

RIZT I, VAT O—LESKEO DKL L
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THISNDAZ T L #FMRTL TSN D RER
N DEMHRIARTH Y, WET 7 1 Y RRER
15~20 @ n-alkane DEREYTH 2. TS EHRD
WE T, NEEEN P & i PenCDF % 5%,

REFT 2207, 2OBRBLEMET S E20N0 5,

&R & fS B REE W R > T, exsorption H &
FEES TV LR LD 5, FIHOREBE2ED 2
728, MY PenCDF 2L T, J v b iz 0.2
mg/kg HC1ERORS L, ZOEPEEHE - H%
%, PenCDF %4 7 M L TE A BE LI
B 722,

¥5% 1 HH® PenCDF Q# Rkt &1, WE/S
77 4 VBBEETY 7 VBN 25, AT T
VISEEBETHIETH D, T o RILAKTIZ PenC-
DF 2L THRE5T 5 2 LT, ZOHMEBIZEHIC
WINL 7z (Table 4)., &8, ZORSTHEIN S
PenCDF iz kRN &2 613, 72, 1BEH®
REVSZ 74 v BIURZ TS OEDHERE, T4
bHEERBINEE, ThEPhBREBOH67T%, ¥87T%
T (Table 5) T, w¥Fhshi VRINEnICL <,
Z ORI 2 iz < WAL THiEED PenCDF O #E
HEAHEINT 2 Z LA L 72,
BE®SABCERL T, BHOBBEEYAFEL
e 2, BT S HMEER TN AT, T
KI13BICERL, 20V EFEIIA 1.4 FEmL
Jo. S WEEE MR TREEREENID S,
WEB ST 7 4 VISR CATIERSR Y € F ofmoiE
By 7 VBB TEB LD Th Tz, A7
77 BB TEFER RV, LoBEROFRA
o ehkot: (Table 6),

PenCDF % 5 v M5 9 24854, FIEACHER

U= S

ZEiE1E 10 ug/kg O 1 BN/ G THRET 3 0 loxt
L, AHH® DT-Y 7k 7 — ¥ DFHEEIE 1 ug/kg D
HETEDONZ?, g0k, Ty TZ
NeOBEZEORE R, I ER0ES cPITT 3,
T4b s PCB *® PCDF 0&F M %5 ¢ 2 54, s
BEEOELLID Y, TOMCHOERZERN > A
B2HEMEVERETHZ, 2 ThE5%SHEES
U7z, IF9.000xg EER RS, ERoBEYR
WEEOEELHE L, 20FE, Fig 5oxt
o2, FYEFEE LI, F 27 o—L4P-450
a8, AHHB X U'DT-Y 7K 5 —¥ & 1E i3 PenC-
DF Offdv~v e @A ED shiz, 202
&%, PenCDF % BRI L TZ O &L
ZOHE, WEEELZET %% Z L TPenCDF 0
BULERT LI LN TEL L 2HITBLTWS,
IVAFITIVIFEZIARVE U ERF LD Co
polymer iZ 4 # 7 v E =y AEMEA I N EE S
oA 4 o SR T, WREWE O TILIRHE
LT, £DbIEABREREEEL T 23589, [
B2 PCB % PCDF 7z &1 b ERERMW BRI 2D
LLERIND, —F, EHERIIERENLEHR, @
|5 LIk o CREICERE 0 EERORERE
DEWTHERESATY S, ERRITE, —H, BRI
ENTHRERICASTEHEYCH LT, BEERES
DELEBETA2Z0k>T, BHENL, i3
exsorption it & D BEWHH S N/ EoEkr &7
EEBRET L LD, WO IEEENOBES»S S
FEHE R TV 3022889 2 DUREEE 713 B DL
IeEtEoWE IR LT, EDbFEL, IheD Ik
75, WHEY D PenCDF BEHZHAEZIRDZE 1, Pen-
CDFOREHEDERX LB I ENEZLSNTDT,

Table 6 Effect of paraffin and squalane on tissue weight and liver lipid in rats simultaneous

administration with PenCDF

Tissue weight (g/100 g B. W.)

Liver lipid

(mg/g liver)

Liver Spleen Thymus
3.90%0.06 0.401+0.008 0.297£0.023 40.85%0.97
Control (100) (100) (1007 (100)
PenCDF dissolved in
salad oil 5.10%0.117 0.335%=0.008* 0.147£0.026* 55.23+2.97*
(131 (50) (135)
Paraffin 4.71+0.10* 0.333£0.011* 0.160£0.024* 47.25+0.59*
(121) (83) (54) (116)
Squalane 4.45+0.08*% 0.394=%0.031 0.197£0.042 42 .56+0.76%
(114) (98) (66) (104)

Each value represents the mean®=S.E. of 4 rats, and the relative ratio to control in parenthesis.

*Significantly different from control (p<0.05)

§Significantly different from PenCDF-salad oil group (p<0.05).
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Fig. 5 Liver PenCDF level-response curves for liver lipid and DT-diaphorase activity (left), and for AHH
activity and cytochrome P-450 content (right)®®

100

50

Thymus weight and liver lipid in control (mean=+S.D.) were 0.297+0.046 mg/100 g body weight and

40.85+1.94 mg/g liver, respectively.

The activities in control (means+S.D.) were cytochrome P-450 0.062+0.06nmol/mg protein, AHH
0.065+0.012 nmol metabolite formed/min/mg protein, DT-diaphorase 0.174+0.074 umol DCPIP

reduced/min/mg/ protein.

(O@) salad oil groups; (A A) liquid paraffin groups ; (¥ ¥) squalane groups

=5

7.0 8.0

1
6.0

pH value

Fig. 6 Effect of activated charcoal beads and

cholestyramine on the adsorption of PenC-
DF at various pH values

The percent binding was determined for 10
mg of adsorbent after equilibrated with 1
ml of buffer containing 0.1 ug PenCDF.
Each point represents the mean+S. E. of 3
experiments.

@®—@ charcoal beads

O—Q cholestyramine

pH5.0~8.512817 %2 PenCDF O R B E & LB L 72
A, Fig 6T ik, winopHEkE
WThH, AVAFT I VBHEMEDRK 50 %D PenC-
DF #BE L 72D L, HEHERE - FIEETE
WE L, 2%hH, IV AF T 3D PenCDF
i, BSIEMED co-polymer S48 » T % & Eb
noh, TOES5IEEL, L3 PenCDF DY v /¥
W B e fHITEE % & § % Z & T PenCDF O
W EIET 2 EE 2z oND, —A, BERY -
PenCDF iz L THEHENICHEWRER I 2 HET 3
EnzZ A,

TVAFT I OETBRESR I, EFUWE
IoTETT 22 eNRBENTWS, #H21E, 0.1
ME/F bV T LARFRES MY v A, 1%7 vINE
FAT Iy (BSA) #a—nABr b v A LHESR
¥hHE, IVAFTIVORERITIING0 BITET
42 (Table 7)., & S ICBBEOMHERKIZTW 0.15M
BT MY T LAEREOIIOMREBEHR
(pH8.3~8.5) T, hEHO MY AV A v
W 1%BSADEET, 2-VEBEF M)V L2BLUT
FFa—NVEF M) TARRETDRENIEIVAF
Iy, BREER, EERC-ATHRLE 3,

7
WTNOEFHES, BEHERE—ARFIVAFII LD
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Table 7 Effects of various substances on the binding of cholale in water at 37°C*®

% of adsorbed?®

Additive :
Charcoal beads Cholestyramine

Charcoal powder A mesh 28/48 preparation
0.1 M Nacl 54+4 54%6 93*1
0.1 M Nacl 78+1 73+1 49+1
0.1 M Na:Sos 79+2 75%1 39+1
2 mM salicylate 59+1 57%1 89+3
1% BSA 73%1 74+3 59%1
2 mM theophylline 50x3 48*3 94=*1
2.4 mM triolein 204 52+3 82+t8

¥ When an amount of preparation equivalent to 20 mg of adsorbent was equilibrated with 10 ml of
2 mM cholate in the presence and absence of an additive in water, pH 7.0—7.5.

Mean£S.D. (of 2 or 3 determinations).

100 @)

50

7 of adsorbed

—
<
(]

50

Fig. 7

Effects of triolein and BSA on the adsorp-
tion of (a) cholate and (b) deoxycholate at
37°C in bicarbonate buffer, pH 8.3-8.5%%

The percent adsorbed was determined for

an amount equivalent to 20 mg of adsor-
bent equilibrated with 10 ml of the buffer
containing 20 gmol of bile salt.

(1) control ; (2) in the presence of 2.4 mM
triolein ; (3) in the presence of 1% BSA.
B charcoal powder A ; beads A (mesh
28/48); cholestyramine preparation.
The vertical bar represents the standard
deviation of the mean of 2 or 3 determina-
tions.
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To7:299, ZhoDEVRBRICHT 288, 20
FHIEHIEE I EBFEaNL D, REBERK
L BBROFFM L EYFHROLTREORE S LE L
E1»6ThH5B, B, Richter 51, ¥ T
EHMERI P2V EEHEDL 4,5 2, 4, 5-
hexachlorobiphenyl # #5175 v N2 8%R 7 7
S UREHTITEMMEL, ZoBEExERHEHE
EHR 2 HE L T 0%, EFESIEIELED X i,
FOEMERMELZLHLLICTNL, TOERE
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538850 % v b iz PenCDF # 0.1mg/kg T 2 B
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Fig. 8 Treatment with PenCDF, squalane and
activated charcoal beads

e THZ 7,

Fig. SWRs £ 21, WMEMTHEEYMRS »HA
LE®E» S, M %8 L Ti3E—E 0 PenCDF
HREIEII0SEE D &, WREBR O BT 8 I3 WY -

Table 8 Effect of squalane®® and activated

charcoal beads*®’ on fecal excretion
of PenCDF

PenCDF in feces

Dietary treatment 13—97 days

(% of dose)

4.592+0.08
Basal (1.0)

+ *
1% squalane 10'3522*'2)'30

+0.53%8
5% squalane 21. 6?54— g) 53

+ *
1% charcoal 9'1%5.8)'45

~+ * 1
5% charcoal 17'4%?:2%’60

Each value represents the meantS.E. of 3
(basal group) or 4 rats, and relative ratio to
basal group.

*Significantly different from basal group
(p<0.05)

§ Significantly different from 1% squalane
group (p<0.05)

*Significantly different from 1% charcoal
group (p<0.05).

0.5¢ squalane diet

T

—

0.1

T

Fecal excretion of PenCDF (% of dose/day)

\E/Z \{/{\1\£/1\}
: x
A
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~——

\\\15"“43“-~11

In L L f
il 20 30 40

60 70 80 90

Time after the first dosing (days)

Fig. 9 Effect of squalane on fecal excretion of PenCDF

O——=0 basal diet
A——aA 1% squalane diet

A— 57 squalane diet

(9 )
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Table 9 Effect of squalane and activated charcoal beads on distribution of PenCDF in rats?®"4%

At day 97
At day 12
Basal diet 1% squalane 5% squalane 1% A.C. 5% A.C.

Liver 66.0612.06 48.5611.72 36.16+0.96" 27.19£3.67*% 40.28+1.12*  28.85+1.35**
Blood 0.441+0.04 0.33£0.07 0.16%0.01* 0.12£0.01*8 0.29£0.04 0.15%0.01**

(7.96x0.71) (2.80%0.57) (1.33£0.1D*  (0.94£0.03)*8 (2.39£0.42)  (1.23£0.09)*F
Spleen N.D. N.D. N.D. N.D. N.D. N.D.
Thymus N.D. 0.01£0.00 0.01+0.00 0.0110.00 0.01£0.00 N.D.
Lung N.D. 0.02£0.01 0.01£0.00 N.D. N.D. N.D.
Kidney N.D. 0.01%£0.00 N.D. N.D. 0.01£0.00 N.D.
Adipose tissue 0.0510.01 0.21%0.05 0.11+0.02 0.10%0.03 0.09£0.01* 0.09+0.01*
Small intestine 0.05%0.01 0.691+0.22 0.27+0.04 0.3110.05 0.59+0.16 0.4310.06
Skin 1.01+0.15 2.0010.53 1.35%0.41 1.32£0.24 1.35%0.33 0.77%0.06*

Each value represents the mean of perecent of dose = S.E. of 3 (basal diet group at day 97) or

4 (other groups) rats, and parts per billion in parenthesis.

* Significantly different from basal diet group (p <0.05)

§ Significantly different from 1% squalane diet group {p <0.05).

' Significantly different from 1% A.C. diet group (p <0.05).
Abbreviation used is; A.C., aetivated charcoal. N.D., not detectable.

Relative weight to control (1.0)

Relative activity to control (1.0}

1.5 1.0 0.5 0 0 5.0 10.0 15.0
T I T

. E

T T
A cyt. P-450 (448)

E Benzo [al pyrene 3-hydroxylase
D DT-diaphorase

L Ee=——r——==9 at day 12

at da
PenCDE

97

basal diet

v

% squalane

+ diet
V4 Liver ;
B Thymus + 5% squrf\lane
[ vipias e diet
{ salad oil
5% squalane
. diet
. i . |
1.5 1.0 0.5 0
Fig. 10 Effect of squalane on liver enzyme activities (right), tissue weight and liver lipid content (left) in rats

The activities in control (mean+S. D.) were : Cytochrome P-450 (cyt. P-450) 0.09940.030 nmole/mg
protein, Benzo (a) pyrene 3-hydroxylase 0.035+0.004 nmole metabolite formed/min./mg protein, DT
-diaphorase 0.1104-0.086 zmole DCPIP formed/min. /mg protein.

The weight of tissues (g/100 b. w.) and liver lipid (mg/g liver) in control were: liver 5.107+0.428 (at
day 12), 2.957+0.300 (at day 97), thymus 0.272+0.022 (at day 12), 0.126+0.022 (at day 97), liver lipid
45.42+4.61 (at day 12), 46.74+4.30 (at day 97).

* Significantly different from control (p<<0.05)

+ Significantly different from PenCDF-basal diet group (p<0.05)

b, 1%RSEHTHREBHRBON LA, SUBRERT
1 %EHD, X622 ThH -7 (Table 8).,
MEYOHEEEZ R IT, BIBEHO T PenC-
DF gk Lz (Table 9), 2% 9, Fd PenC-
DF i3, MEYWORECHEEL TETLTEY,

-
[

(96 )

OB 531%, BEOPEMEING i —%] L, 20
e, MEYLERS M CIZIZES L T PenC-
DF 0kt # £ L, PenCDF 286 - & & %< BYET
BB RV L EBETS®L I ERENT, &
7z, PenCDF oM L~V b THEYOAEITKREL
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TIETL (Table 9), T2 & ZEHNOFBEERY
BaE 2 5 ETHEREN,

A7 vHOBRBRER - EYRMEBEREE .
Fig. 10 R 7, EEBBEMO RHBHICE VT,
P RREEOH 1.2 FERL, VEFELL.2ME
ML, S5 R 40 RDEE/HLED S h
7o, COEME 12EMBL 2BEFEN, —7,
A7 TS CETE, WTNOBEORED, 1RIFTL
ZEANT, i, IEEETE, 1EERS,S
7T HBEIZBWTY, F b7 u—LP-450 EE T
HOW2E, AHHEHRH 131, DT-Y 7 K7 —
CHERIBRH6EE, KR L TEHEEDED Sl
DXL, RZT7IUBTE, IhoDFEERIZET
THEEERLI, bokd, RITIVEHEOINS
OEERFEE, WMEHERPR 777 CEMERERRIC A
THEBECE»>7. ZNRITHBEBWT, A77
5 VEEOCI B 5 ED 27~36 %D PenCDF #3517
LizZeickdr#zon, Lo THERME S
SREETHE, Zhs0FEER, IO LY
SNVETT 28D EHIFE NS, kB, BERE—

Table 10 Fecal excretion of squalane

Weeks 1% diet 5% diet
% of intake
2 103.50%2.50 100.18+0.85
6 106.13+3.33 99.45+0.82
11 97.60+0.97 97.33+£1.77

Each value represents the mean+S.E. of
4 rats.

Table 11 Distribution of squalane in rat tissues.

ABOBRFMOERL, X775 vHozhk, &
BRERTH - 12,

MO A ERINE S, MR IBaEEE O D
%=L, PenCDF iz & 2 HEMHIH L TH, =
NoOEYIBEOMER E R L7z,

INS DEBEMROWETIZAETLT, R275>0
ZeMERETAENT, R 77T v EEOEDHH
FEEBRAMEERBEEL 2, Table 1012573 & 512,
W2, 6, 11IBEBVT, ZOEICERL: &
EZoNDBRA7T7 I, BRERCE,SEIREN
Jo. /- Table 11 WRT £, A2 75 i/
BLUFroAERENBHEALZ OO, Z20ER
BIREICHANT, EbOTHMETH 72, DD, X
275 VINERIEEEALIC <, FEA SRS
NN EDRENT,

Fig. 0 TRL7EE5 W@, A7 85I E DT
BEBOFERETHASND (EEEC—XDERS5
KEoTbE{AREDETMALNT), ZhbdD
FABIR O X FEMER I & 2 REBHBENREOKBR T
2, A7 7R, EHERE-XFL ORI
Dohehots, 851, AZT Iy, HERE—X
DR SHOFEERIEHEEDO Z 1 L IERT, f]
Sk e h o T,

—7, BAs I PCDOFREME/E LIV 1T,
ATy RMATEL V2 1KRIBY 0 R 77
Fr8gthA kO LTNAIBEZ, ZDEES
REBEL w3, ZOFER, REOREERS A 5
nprkedbic, MENY 7Y ) NE, AFEPCDFs
ERBUETOUESALNIZEWSY & 5/

PenCDF
basal diet

PenCDF
1% squalane

PenCDF
5 % squalane

salad oil
5.% squalane

Total amount of squalane ingested with the diet (g)

0 19.61£1.12 98.86+5.54 109.71£6.13
Amount of squalane in the tissues (mg/tissue)

Liver N.D. 0.51%£0.10 0.80+0.09 0.68+0.04
Blood N.D. N.D. N.D. N.D.
Spleen N.D. N.D. N.D. 0.02+0.00
Thymus N.D. N.D. 0.01%£0.00 0.04%+0.02
Lung N.D. 0.01£0.00 0.03+0.01 0.07+0.03
Kidney N.D. N.D. 0.01+0.00 0.01%0.00
Adipose tissue N.D. N.D. N.D. N.D.
Small intestine N.D. 0.95%0.10 1.70£0.24 1.871+0.16
Skin N.D. 0.17+0.06 0.74%0.39 -

Each value represents the meantS.E. of 3 (PenCDF-basal diet group) or 4 (other groups) rats.

N.D., not detectable.

(97)
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Studies on Therapeutic Effect of Squalane on Symptoms of PCDFs
Poisoning in Monkeys

Shinjiro Hori, Hirotaka OBANA

Osaka Prefectural Institute of Public Health,
Higashinari-ku, Osaka, Japan

Takashi KasHIMOTO

Faculty of Pharmaceutical Sciences, Setsunan University,
Nagao-togecho, Hivakata 573-01, Japan

Monkeys were administered polychlorinated dibenzofurans (PCDFs), 20 #g/monkey/day, 3
times a week for 3 weeks, observed for Yusho symptoms for the following 2 weeks and then
treated with squalane, 8 g/monkey/day, for up to 20 weeks for observation of its therapeutic

effect.

1) The PCDFs levels in blood on the monkeys treated with PCDFs were dicreased by

squalane-treatment.

2) The amount of PCDFs in liver, kidney and heart on the monkeys treated with squalane
were 80 9%, 70 % and 62 9, respectively, of those of the monkeys treated with PCDFs alone.

3) The increase in drug-metabolizing enzyme activities of hepatic microsome and histopath-
ological alterations (the formation of cytoplasmic vacuoles, atrophy and transformation of
nuclear) caused by PCDFs were suppressed by squalane treatment.
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Fig. 1 Changes in PCDFs levels in the blood of treated monkeys.
Initial PCDFs levels ——5Cl: 28.4 ppt, 6Cl: 44.8 ppt.
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Fig. 2 Accumulations of PCDFs in the tissues of
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Fig. 3 Gas chromatograms of PCDFs in the liver of treated monkeys.
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Fig. 5 Hepatic microsomes enzymes activities in treated monkeys.
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Yusho is complicated polychlorinated bi-
phenyl (PCB) poisoning, since PCB, which has
been regarded as a principal causative substan-
ce of this poisoning, is composed of a number of
isomers of different nature, and since toxic oil
causing Yusho contains polychlorinated quater-
phenyl (PCQ)®'® and highly toxic polychlor-
inated dibenzofuran (PCDF)'V.
been clarified that PCB isomers vary greatly in
Moreover, PCQ” and PCDF'?
have been detected from blood and some organs

Recently, it has
toxicity®17,
of patients with Yusho. Therefore, to under-
stand what Yusho is, it has come to be more and
more important to consider the composition of
PCB and the presence of PCQ and PCDF.

Then, as part of studies on Yusho, a compar-
ative investigation was carried out with mon-
keys which have only a small species difference
from human beings. In it, KC-400 was distilled
under reduced pressure to prepare a PCB sam-
ple which had a similar composition to that of
PCB contained in the toxic oil. Experimental
monkeys were administered with this sample
and examined for distribution of isomers of
PCB, KC-400, and PCQ in the body.

MATERIALS AND METHODS

1. Animals and treatments.
Six female Cynomolugs monkey (Macaca

(106)

fascicularis), approximately 2.5kg were
obtained from Malaya, and were reared for 3
months in individual cage in an air-conditioned
animal room befor starting experiments. Dur-
ing the experimental period for 20 weeks,
monkeys were fed daily with bread (30g),
monkey chow (100 g, Oriental Yeast Co. Japan)
and banana (50 g), and were given water ad
libitum.

For oral administration of the PCB or PCQ
which were disolved in olive oil, the daily dose
as each sample of PCB or PCQ listed in table 1
was injected into a piece of banana (50 g), and
was given to the respective monkeys, once a
day except Sunday for 20 weeks.

The monkeys were weighed and bled at 4
weeks-interval throughout the experimental
feeding period, finally they were sacrified, and
the tissues and organs were removed and
weighed for determination of PCB and PCQ
content.

2. Chemicals.

KC-400 and PCQ were offered from
Kanegafuchi Chemical Ind. Co.. Alumina (Art.
No. 1077) was obtained from Merck Co. (Darm-
stadt, Germany). Florisil (60-100 mesh) was
activated overnight at 130°C. Ethanol, diethyl
ether, methylene dichloride, antimony pentach-
loride and anhydrous sodium sulfate of reagent
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Table 1 Experimental groups
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. Daily dose in the diet Feeding period
Animal Compound (mg/monkey*'/day) (Weeks)
No. 1 P-KC-400*? 5 mg 20
No. 2 Y-PCB*® 5 mg 20
No. 5 PY-PCB** 5 mg 20
No. 6 PCQ*s 5 mg 20
No. 7 PCQ*® 0.5 mg 20
No. 8 None (Control) Olive oil 20

*1
*2 -

* Female Cynomolgus monkeys (Macaca fascicularis) weighing approximately 2.5kg.
. P-KC-400 was prepared by removing PCDF fraction from KC-400 by Florisil colum

chromatography. The composition of PCB in the P-KC-400 was identical to

that in the KC-400 (Fig. 1-B).

*3

> Y-PCB was prepared from KC-400 by distillation under reduce pressure (1 mHg)

for 2 hr. The Y-PCB contains PCDF of approximately 400 ppm, and its chromatographic
pattern (Fi. 1-D) is similar to that of the PCB-contaminated Kanemi rice oil sample

(Fig. 1-A) which caused Yusho.

*4

. PY-PCB was prepared by removing PCDF fraction from Y-PCB through Florisil

column. The composition of PCB in the PY-PCB was identical to that in the

Y-PCB (Fig. 1-C).

*5

rice oil sample which caused Yusho.

KANEMI RICE OIL
CA)

28

P-KC-400 ( B )

25
2829 32

47 43 50

16
25
g
2,
32
9

. Mass chromatogram of PCQ is similar to that of the PCQ-contaminated Kanemi

, 16 5 PY-PCB ( C )
2
32
9
49
47 50

Y-PCB ( D)

49

47 50

Fig. 1 Gas chromatograms of PCB residues in Kanemi rice oil, P-KC-400, Y-PCB and PY-PCB preparations.
GC, Shimadzu 6AM equipped with ©®Ni-ECD; condition: column, 5mXx2mm glass column packed
with 2% Apiezon L on Gas Chrom Q (100/120) ; injector and detector temp., 270°C ; column temp.,

235°C ; carrier gas, N, (20 ml/min)

The numbering system of peak conforms to the method of Jansen'? and Nakamura®.

grade for PCB analysis were obtained from
Wako Pure Chemical Co. (Osaka, Japan).

3. Preparation of PCB and PCQ samples
used for oral administration.

P-KC-400, Y-PCB and PY-PCB were pre-
pared from KC-400 as described in the legend to
Table 1, their respective ECD-gas chromato-
grams were shown in Fig. 1.

For elimination of PCDF from KC-400, Y

(107)

-PCB and PCQ, KC-400, Y-PCB or PCQ was
placed on Florisil (40 g) packed in a column (2.5
cm 1. D.), and eluted successively with n-hexane
(260 ml), with 2 9% diethyl ether in n-hexane (80
ml) and with 5 9% diethyl ether in n-hexane (180
ml) at an avarage flow rate of 3ml/min. The
first and second eluates containing PCB were
concentrated, and was used for experiment of
PCB. The third eluate containing PCQ was
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concentrated and used for experiment of PCQ.

4. Analytical procedures.

A piece of tissue (1g) or blood (2 ml) were
saponified with 1.5 N KOH-ethanol solution (15
ml) for 1 hr in a water bath equipped with reflux
apparatus. The saponified sample was mixed
with water (15ml), and the resulting aqueous
sample was extracted with n-hexane (30 ml),
washed twice with 20 ml of water and dried
Each of 25ml n-
hexane extract was placed on Florisil (7 g)

over anhydrous sodium.

packed in a column (1 cm I. D.), then chromato-
graphed as described below.

PCB: The extract sample placed a Florisil
column was eluted successively with n-hexane
(80 ml) at a flow rate of about 2 ml/min. The
eluate was concentrated and analysed for in-
dividual PCB isomer by gas chromatography
(GC). The quantitation of PCB isomers was
made by the method described by Nakamura et
al.’®,

PCQ: The extract sample placed on Florisil
column was eluted successively with 3 % dieth-
yl ether in n-hexane (90 ml) at an avarage flow
rate of about 2ml/min. The elute was con-
centrated, perchlorinated with antimony penta-
chloride and cleaned up on an alumina column
as described Kashimoto et al.”. The elute was
concentrated and analyzed for PCQ by GC. The
quantitation of PCQ was made by comparision
of total areas of the three peaks given by the
standerd PCQ with those given by the samples
analysed under the same GC condition.

RESULTS

1. PCB concentrations in blood and organs.

PCB concentrations in blood : Figs. 2 and 3
show the PCB concentrations in blood at 4
weeks interval and its gas chromatograms.

The blood PCB concentrations in the mon-
keys on Y-PCB (No. 2), PY-PCB (No.5) and P
~KC-400 (No.1) increased with the days of
feeding. Especially, the blood PCB concentra-
tions of No.2 and No.5 monkeys were con-
stantly higher than those of No. 1, and the PCB

(108)
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O = NN

Fig. 2
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PCB levels in the blood samples from
monkeys,

The No.l, No.2 and No.5 represent
animal groups listed in Table 1.

25

47 L9 50

P-KC-400

32

47 49 50

Gas chromatograms of accumulated PCB
in blood of three monkeys on day 140 of
feeding.

GC, Shimadzu 6AM equipped with 5Ni
-ECD; condition: column, 5mX2 mm
glass column packed with 2 9% Apiezon L
on Gas chrom Q (100/120) ; injector and
detector temp., 270°C; column temp.,
235°C ; carrier gas, N, (20 ml/min).
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Fig. 4 Individual PCB isomer level in the blood samples from monkeys.
Peak 9: 2, 4-3', 4 -tetrachlorobiphenyl, peak 25: 3, 4-2', 4’, 5’-pentachlorobiphenyl, peak 28 : 3, 4-2", 3,

4’-pentachlorobiphenyl.
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Fig. 5 Individual PCB isomer level in the blood samples from monkeys.

Peak 29: 2, 4, 5-2', 4, 5-hexachlorobiphenyl, peak 32: 2, 3, 4-2', 4, 5-hexachlorobiphenyl, peak 47 :
3, 4-2, 3, 4, 5 -hexachlorobipheny!, peak 49: 2, 4, 5-2', 3', 4, 5-heptachlorobiphenyl, peak 50: 2, 3, 4
-2', ¥, 4, 5 -heptachlorobiphenyl, peak k: 2, 4-4'-trichlorobiphenyl.

Ome0 No.1 (P-KC-400)

concentrations (No. 2, 3.0 ppm ; No. 5, 2.4 ppm)
of the former monkeys were about 2.5 times
higher than the PCB concentration (1.1 ppm) of
No.1 on Day 140 (the last day of feeding),
despite the administration at the equal daily
dose (5 mg).

The gas chromatograms (Fig. 3) of the ac-
cumulated PCB in the three blood samples
taken on Day 140 show the quantitative

e No.2 (Y-PCB)

(109)

x——x No.5 (PY-PCB)

differences in the major PCB components.
Figs. 4 and 5 show the concentration of in-
dividual PCB isomer (peak) in the blood. In-
dividual peak increased in concentration with
the day of feeding. Especially, peaks 9 (2, 4-3,
4’-tetrachlorobiphenyl), 25 (3, 4-2',4’,
5 -pentachlorobiphenyl), and 28 (3, 4-2, 3%,
4’-pentachlorobiphenyl) in Nos. 5 and 2 did
remarkably, (2, 4

as well as peaks k
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Table 2 Chlorobiphenyl contents (CB%) of polychlorobiphenyl isomers with same number of chlorine
atoms in P-KC-400, Y-PCB and Kanemi toxic oil, and tissues of monkeys fed P-KC-400, Y~

PCB and PY-PCB.

Feeding No. of

Chiorobiphenyl contents (CB%)

PCB concentration (PPB)

Tissue period monkey 3CI  4Cl  5C1  6Cl  7CI  Peak 25 Peak 28 Peak 47

No 1 9.7 53.5 29.2 6.1 1.5 12 6 1

Blood 4w No 2 23.7 49.0  19.0 8.3 71 41 11

No5 21.3 50.1 21.4 7.0 75 47 10

Nel 10.7 53.8 28.3 4.6 1-7 73 36 10

Blood 20W  Na2 28.6 48.8  15.3 7-3 744 380 132

No 5 20.0 52.3  20.0 71 609 347 105

Nol 10.5 52.7 30.8 5.0 1-1 3060 1469 204

Liver 20W  No2 28.3 499 16.2 5-6 24892 13816 2156

Ne5 21.9  50.5 20.9 67 17010 10290 2590

Ne 1 9.9 51.4 30.9 6.2 1-6 42745 18540 4120

Adipose tissue No 2 26.5 49.3  16.6 77 403519 192081 59560

No5 182 525 21.3 7-9 232900 125800 40800
P-KC-400 8.9 57.8 28.1 3.8 1-5 - - -
Y-PCB (=PY-PCB) 27.7  46.1 16.3 9-0 - - -
Kanemi toxic oil 26.7 49.4 15.8 8-4 - - -

The No.1, No.2 and No.5 represent animal groups listed in Table 1.

Peak 25:3, 4-2', 4, 5-penta-CB

-4’-trichlorobipheny), and 9 in No. 1. No other
peaks exhibited an outstanding increase in
concentration,

The chlorobiphenyl contents (CB %) of PCB
isomer classified by the number of chlorine
atoms to toatl PCB isomers showed Table 2. In
the blood samples from No. 2 and No. 5 mon-
keys on Day 140, the main PCB components
were the pentachlorobiphenyls {(about 50 % of
the total) mainly at the peak 25 and 28, and the
hexachlorobiphenyls (about 20 % of the total)
chiefly at the peak 29 (2, 4, 5-2", 4,
5 -hexachlorobiphenyl) and 32 (2, 3, 4-2/, 3,
4'-hexachlorobiphenyl). In these blood sam-
ples, the tetrachlorobiphenyl shown by the peak
9 was relatively less (about 25 % of the total),
and no peak k was seen. In contrast to the No.
2, and No. 5, the major PCB components in No.
1 were the peaks k and 9 (64.5 % of the total).

PCB concentration in organs: Table 3
presents the PCB concentration of each organ.
In Nos. 1, 2 and 5, a relatively high concentra-
tion of accumulated PCB was found in adipose
tissue, adrenal gland, liver and skin, the con-
centration being the highest in adipode tissue.

Fig. 6 exhibits the gas chromatograms of
accumulated PCB in adipose tissue and liver.

Peak 28:3, 4-2', 3, 4-penta-CB

Peak 47 :3,4-2, 3, 4, 5-hexa-CB.

Table 3 PCB levels in tissues of monkeys

PCB levels (ppm)

Tissues
Nol No 2 No 5
Kidney 16.83 30.18 24.14
Heart 1.17 28.82 23.06
Ovaries 8.21 30.05 24.05
Spleen 2.77 12.16 9.73
Adrenal 66.24 124.80 99.84
Liver 40.82 98.38 70.00
Lungs 3.30 8.27 6.61
Muscle 4.91 6.24 4.99
Pancreas 9.12 53.79 43.03
Skin 66.03 58.64 47.61
Hair 6.96 10.01 9.13
Fat 515.36 1489.04 1009.23
Bile 12.12 - 8.37

The No.l, No.2 and No.5 represent animal
groups listed in Table 1.

There was a difference in the composition of
PCB accumulated in each organ, as well as in
blood, between No.1 and No. 2 or No.5. The
main component of PCB in adipose tissue was 5
Cl-PCB chiefly at peaks 25 and 28 in Nos. 2 and
5 (49. 3 and 52. 5 % respectively), and 4 C1-PCB
chiefly at peak 9 in No.1 (61. 4 %) (Table 2).
There was no large difference in the composi-
tion of accumulated PCB between adipose tis-
sue and liver in any group of administration.
PCQ concentration in blood : The PCQ con-

(110)
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Fig. 6 Gas chromatograms of accumulated PCB in tissues of three monkeys on day 140 of feeding.

GC condition is described in legend of Fig. 3.
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Fig. 7 PCQ levels in the blood samples from
monkeys.

The No.6 and No.7 represent animal
groups listed in Table 1.

centrations show Fig. 7. Feeding with PCQ at
the daily dose of 5 mg (No. 6) induced a rapid
increase in the blood PCQ concentration, which
reached the plataeu (0.9 ppm) in the week of 12.
The blood PCQ concentration in the No. 7
monkey fed at the 0.5mg was low and its

(111)

maximam concentration was 0.13 ppm in the
week of 4, and remained thereafter without
change.

Fig. 8 shows the gas chromatogram of ac-
cumulated PCQ in blood. In the blood ac-
cumulated PCQ consisted mostly of PCQ of
high boiling point, which remained in the GC
column for a longer time than PCQ used for
administration. This tendency was more con-
spicuous on Day 140 than on Day 28.

Fig. 8 also presents the gas chromatogram of
18-Cl PCQ which was prepared from the sample
by perchlorination. As is clear from it, the PCQ
used for administration was separated into
three peaks, 1 to 3, which were arranged in the
decreasing order of height as follows : peak 2>
peak 3>peak 1. In the blood this order was as
follows : peak 3>peak 2>peak 1. The longer
the period of administration, the more distinct
this tendency.
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BLoop 3
(20 Weeks) -

Broop
(4 Weeks)

STANDARD

Fig. 8 Gas chromatograms of standard PCQ and
accumulated PCQ in monkey blood.
*: Gas chromatograms after perchlorina-
tion.
GC, Shimadzu 6AM equipped with ®Ni
-ECD, condition: column, 40cmXx2mm
glass column packed with 29 OV-210 on
Gas Chrom Q (80/100): injector and
detector temp., 280°C ; column temp., 255°C
(chromatograms after perchlorination :
280°C) ; carrier gas, N, (60 ml/min).

PCQ concentrations in organs: The con-
centration of accumulated PCQ was the highest
in the adrenal gland of all the organs and tis-
sues in the monkey. It was considerably high in
liver, adipose tissue, and hair (table 4).

Fig. 9 exhibits the GC chromatogram of PCQ
accumulated in each organ. A tendency was
shown that PCQ accumulated in liver, kidney,
and adrenal gland consisted mostly of PCQ of
high boiling point (high chlorinated PCQ) than
PCQ used for administration. On the contrary,
PCQ accumulated in adipose tissue consisted

(112)

Table 4 PCQ levels in tissues of monkeys

PCQ levels (ppm)

Tissues
No 6 Na 7
Kidney 1.57 0.50
Heart 1.73 0.38
Ovaries 11.03 1.12
Spleen 1.34 0.47
Adrenal 32.46 16.07
Liver 11.44 1.64
Lungs 0.31 0.21
Muscle 0.43 0.14
Pancreas 3.33 0.79
Skin 7.97 1.09
Hair 11.00 1.34
Fat 10.21 1.35
Bile 2.32 0.40

The No.6 and No.7 represent animal groups
listed in Table 1.

mostly of PCQ of low boiling point (low chlor-
inated PCQ) than PCQ used for administration.
As is clear from the GC chromatogram of the
sample which had undergone perchlorination,
18-Cl PCQ in the organ was separated into
three peaks, as well as PCQ used for adminis-
tration. In every organ, especially the liver,
peak 3 was higher in 18-Cl PCQ than in PCQ
used for administration. The GC pattern of the
heart was quite similar to that of PCQ used for
administration.

DISCUSSION

Three groups of monkeys were administered
with Y-PCB, PY-PCB, and P-KC-400, re-
spectively. Y-PCB was a compound which had
a composition similar to that of PCB ingested
by patients with Yusho. PY-PCB and P-KC
-400 were Y-PCB and KC-400, respectively,
from both of which PCDF contained as impur-
ities had be removed. The PCB concentration
in the blood was compared among the three
groups. It was higher in the group administered
with Y-PCB or PY-PCB than in the group
administered with P-KC-400, although the
three compounds had been administered in an
equal dose. The difference in it was derived
from that in the composition of PCB in the
blood, which had been originated from the
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Fig. 9 Gas chromatograms of accumulated PCQ in tissues of three monkeys on day 140 of feeding.

*: Gas chromatograms after perchlorination.
GC condition is described in legend of Fig. 8.

difference in the PCB composition between Y
-PCB or PY-PCB and P-KC-400. That is, 3-Cl
and 4-Cl PCB presented at peaks k and 9
occupied about 64 % of all in the P-KC-400
group. They had a short biclogical half-life (B.
H.L.)» and remained to a relatively small
extent in the body®'¥, as compared with the
other isomers of PCB. On the other hand, the Y
-PCB and the PY-PCB groups contained as
much as 50 % of 5-Cl PCB presented chiefly at
peaks 25 and 28 and remaining in the body to a
larger extent than the PCB isomers presented
at peaks k» and 9. This fact may explain the
results obtained.

Recently, it has been elucidated that there is
a great variation in biochemical effect among
the isomers of PCB, and that those isomers
presented at peaks 25, 28, and 47 and contained
in human milk!¥ and blood were mixed-type
inducers of PB and 3-MC types.
been mentioned that the intensity of ability to

It has also

induce the 3-MC type is related to the severity
Then, it
is presumed that the toxicity of PCB may be

of toxicity in the PCB isomers!®'®17,

greatly dependent on the residual amounts of
those isomers presented at peaks 25, 28, and 47.
In the present experiments with monkeys® and
rats'”, there was no remarkable difference in
toxicity between PY-PCB and P-KC-400, alth-

(113)

ough there was a large difference in the residual
amounts of isomers at peaks 25, 28, and 47
between the two substances. While these sub-
stances had a mild toxicity, Y-PCB was found
to be highly toxic. Its toxicity was derived
from a minute amount of PCDF contained in it
when examined in an experiment with rats®.
These results suggest that it may be necessary
to pay great attention to the minute amount of
PCDF contained in PCB when the toxicity of
this substance is evaluated, although it is natur-
al to take the difference in the composition of
PCB into consideration. This suggestion is
particularly important in the study of Yusho.
The authors have already reported that PCQ
differs from PCB, since it is accumulated more
abundantly in the liver than in adipose tissue,
and that PCQ isomers with a relatively large
number of chlorine atoms are contained more
abundantly in the liver than in adipose tissue®.
The present experiment revealed that the
adrenal gland presented the highest concentra-
tion of PCQ of all the organs of the monkey.
When the concentration of residual PCQ was
compared, it was about twice as high in the
liver as in adipose tissue. This result indicates

*1: Proseedings of the 41th J. Food Hyg. Soc.
Japan, May, 14, 15, 1981, Yokohama, Japan, p.
13.
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that the concentration of PCQ in adipose tissue
It is
interpreted that this result was obtained,

was higher in the monkey than in rats.

because the fat of the whole body is much less
in the monkey as a wild animal than in the rat,
rather than because of the difference in species
between these two animals.

There was a qualitative difference in ac-
cumutated PCQ between any two organs. That
is, PCQ isomers with a relatively larger number
of chlorine atoms (7-Cl and 8-Cl isomers) was
accumulated more abundantly in the liver and
blood than in the heart, muscle, and adipose
tissue. It was also clarified that in addition to
the number of chlorine atoms, the difference in
basic skeletons (quaterphenyl isomer) of PCQ
was an important factor for the accumulation
of PCQ. The results obtained from monkeys
and mentioned above agreed quite well with
those obtained from rats and reported previous-
ly by the authers". Furthermore, the composi-
tion of residual PCQ in the liver of patients with
Kanemi Yusho was essentially identical with
that in the liver of monkeys determined in the
present investigation. These findings seen to be
useful for further studies on the rise and fall of
PCQ in the body of patients.

SUMMARY

Female Cynomolgus monkeys (Macaca fas-
cicularis) were daily fed (6 days per week) for 20
1
Kanechlor 400, PCB from which contaminating
PCDF have been removed (P-KC-400, 5mg/
monky/day), 2) PCB with constituents similar
to PCB ingested by Yusho patients (Y-PCB,
containing ca, 400 ppm PCDF ; 5 mg/monkey/
day), 3) PCB obtained from Y-PCB removing
PCDF (PY-PCB, 5mg/monkey/day); and 4)
PCQ (5 mg/monkey/day or 0.5mg/monkey/
day).

Groups fed Y-PCB and PY-PCB were found
to have blood PCB concentrations (3.0 ppm and

weeks one of the following regimens :

2.4 ppm on Day 140) about 2.5 times higher than
that of the group fed P-KC-400 (1.1 ppm on Day
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140), although all the groups were fed the same
quantity (b mg/monkey/day). There were also
distinctive differences between the above two
groups in respect of PCB composition in the
blood: e.g. about 64 % of PCB found in the
blood of P-KC-400 group was 3 and 4-Cl PCB
chiefly at peaks k (2, 4-4'-trichlorobiphenyl)
and 9 (2, 4-3’, 4'-tetrachlorobiphenyl), whereas
in the blood of Y-PCB group and PY-PCB
group, about 25 % was 3 and 4-Cl PCB, about
50 9% 5-Cl PCB chiefly peaks 25 (3, 4-2/, 4,
5 -pentachlorobiphenyl) and 28 (3, 4-2, 3,
4’-pentachlorobiphenyl) and 209% 6-Cl PCB
chiefly peak 29 (2, 4, 5-27, 47,
5 -hexachlorobiphenyl) and 32 (2, 3, 4-2', 4,
5 -hexachlorobiphenyl). The similar results
were observed in other organs. The PCB con-
centration in organs were the highest in adipose
tissue, and was lower, in order, in the adrenal
gland, skin and liver.

Group fed PCQ (5 mg/monkey/day) induced a
rapid increase in the blood PCQ concentration
which reached the plateau (0.9 ppm) in the week
of 12. The blood PCQ concentration in group
fed PCQ (0.5 mg/monkey/day) was low and its
maximal concentration was 0.1ppm in the
week of 4, and remained thereafter without
change. The PCQ concentration in organs was
the highest in the adrenal glands, and lower in
order in the liver and adipose tissue.

The compositions of the accumulative PCQ in
blood differed from that of the PCQ used for
administration. That is to say, more highly
chlorinated PCQ was observed in the blood
compared with PCQ administered. Moreover,
the composition of PCQ skelton (quaterphenyl
isomer) differed between blood and PCQ used
for administration. There was also qualitative
difference in accumulated PCQ between every
organs. That is, PCQ isomers with a relatively
large number of chlorine atoms (7-Cl and 8 Cl
-PCQ) was accumulated more abundantly in the
liver than in the heart, muscle, and adipose
tissue. It was also clarified that in addition to
the number of chlorine atoms, the difference in
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basic skeletons of PCQ was an important factor
for the accumulation of PCQ.
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In 1968, a mass food poisoning occurred in western Japan involving more than 1,800 people, the

majority of whom was residents of Fukuoka and Nagasaki prefectures. The poisoning was named

“Yusho” and is now understood to have been caused by ingestion of a commercial brand of rice oil

contaminated with polychlorinated biphenyls, dibenzofurans, and quaterphenyls. Analysis of deaths seen

among them during the past 15 years is without doubt important not only for understanding of the

possible human effects of prolonged exposure to these man-made chlorinated hydrocarbons, but also for

providing the victims with a better health care. A cohort analysis was therefore made on their mortality

and this paper reports its preliminary results.

Methods

The total number of patients officially regis-
tered as Yusho by the end of 1983 was 1,821,
Information on name, date of birth, sex, ad-
dress, date of registration, and place where they
were registered was obtained from the Ministry
of Health and Welfare and their vital status at
the end of 1983 was confirmed by health depart-
ments of municipalities where patients lived or
still live, and copies of the death certificates for
decedents were also collected by these depart-
ments. Underlying causes of deaths seen before
1979 were assigned according to the 8th revision
of ICD and those of deaths seen in 1979 and
thereafter according to the 9th revision of ICD.
Excluding 9 patients who had been officially
registered as Yusho after death and 51 patients
who were lost to follow-up, 1,761 patients (887
males and 874 females) were followed from the
date of official registration to the end of 1983,
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average duration of follow-up being about 11
years. The deaths seen among them during the
observation period were compared with the
expected number of deaths which was calculat-
ed by applying the national age, sex, and cause
specific death rates in 1970, 1975, and 1980 to the
person-years at risk.

Results

The total number of deaths observed were
120, consisting of 79 males and 41 females, as
shown in Table 1. Male deaths were slightly
more than expected but the difference was not
statistically significant, while female ones less
than expected, again with no statistical
significauce. Neither significantly elevated nor
lowered mortality was seen for tuberculosis,
diabetes, heat diseases, hypertensive diseases,
pneumonia and bronchitis, gastric and duodenal
ulcer, kidney diseases, and accidents. Deaths
from cerebrovascular diseases were considera-
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Table 1 Observed and Expected Number of Death and SMR (O/E) by Cause of Death
Male Female
Cause of death
Observed  Expected O/E  Observed Expected O/E
Total 79 66.13 1.19 41 48.90 0.84
Tuberculosis 1 1.26 0.79 0 0.50 0.00
Malignant neoplasms 33 15.51 2.13** 8 10.55 0.76
Esophagus 1 0.77 1.30 1 0.18 5.45
Stomach 8 5.69 1.40 0 3.26 0.00
Retum, sigmoid colon, and anus 1 0.63 1.60 0 0.46 0.00
Liver 9 1.61 5.59** 2 0.66 3.04
Pancreas 1 0.71 1.41 1 0.46 2.18
Lung, trachea, and bronchus 8 2.45 3.26*" 0 0.85 0.00
Breast 0 0.01 0.00 1 0.66 1.46
Uterus 1 0.58 1.71
Leukaemia 1 0.45 2.23 0 0.32 0.00
Diabetes 1 0.75 1.34 0 0.69 0.00
Heart diseases 10 9.46 1.06 9 7.65 1.18
Hypertensive diseases 0 1.20 0.00 0 1.39 0.00
Cerebrovascular diseases 8 14.61 0.55 5 12.03 0.42*
Pneumonia and bronchitis 3 3.17 0.95 0 2.33 0.00
Gastric and duodenal ulcer 0 0.73 0.00 1 0.34 2.96
Chronic liver diseases and cirrhosis 6 2.26 2.65 2 0.73 2.74
Nez%tfépﬁ%};ose syndrome 0 0.79 0.0 2 0.71  2.81
Accidents 5 4.66 1.07 2 1.32 1.52
*: P<0.05 **. P<001

bly less frequent than expected in both males

and females, but significantly so only in
females.
For deaths from cancer at all sites, a

significantly increased mortality was seen in
Neither
significantly increased nor decreased mortality

males while no such in females.
was seen for cancer of the esophagus, stomach,
rectum and colon, pancreas, breast, and uterus,
and for leukemia. However, a significantly
increased mortality was observed for cancer of
the respiratory system in males but not in
females.

For cancer of the liver, an increased mor-
tality was noted in males, 9 ohserved deaths
against 1.61 expected (SMR=5.59)
females, 2 observed deaths against 0.66 expect-
ed (SMR=3.04), but the excess was statistically
significant only in males. Since about 45% and
40% of the patients are residents of Fukuoka

and in

and Nagasaki prefectures, respectively, where
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liver cancer is known to be prevalent, an ad-
ditional analysis was by calculating expected
number of deaths on the basis of liver cancer
death rates in these prefectures instead of using
the national average death rates. Again a
significantly increased mortality was observed
in males (Observed=9, Expected=2.34, SMR=
3.85, p<0.01) but not in females (Observed=2,
Expected=0.79, SMR=2.53). In view of a long
latent period commonly needed for the develop-
ment of cancer, early liver cancer cases which
occurred soon after poisoning can hardly be
regarded as caused by the poisoning alone.
Excluding such cases, four male deaths from
liver cancer which occurred in Fukuoka
prefecture more than 9 years after poisoning
were compared with the corresponding expect-
ed number of deaths which was calculated by
the male death rates in Fukuoka prefecture.
Again a statistically significant excess mor-
tality was seen (Observed—4, Expected=1.04,
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SMR =3.85, p<0.05).

In connection with liver cancer, it might be
notable that deaths from chronic liver diseases
and cirrhosis were also slightly increased in
both males and females, although the increase
was not statistically significant.

Discussion

The above findings suggest that the poisoning
might have caused liver cancer at least in male
patients. However, it seems still too early to
draw any conclusion on this issue, because
contrary to Fukuoka prefecture, in Nagasaki
prefecture where patients as many as 550 live,
only one death from liver cancer was seen
among males and no death among females.
Such a remarkably uneven geographical dis-
tribution of livear cancer deaths makes it hard
to consider the observed increased risk of liver
cancer as simply due to the poisoning. Besides,
we have not yet examined whether there might
be any dose-response relationship between the
mortality from liver cancer and the intake of

(F0 3 # 839)

the toxic rice oil. Needless to say, however, we
must be particularly cautious about the possible
high risk of liver cancer in Yusho patients,
because the tumorigenicity of polychlorinated
biphenyls to the liver of animals has been repor-
ted (1, 2).
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We examined aryl hydrocaron hydroxylase (AHH) activity in 42 Yusho patients in 1985 and
in 128 healthy non-smokers in 1985-1986. Basal and 3-methylcholanthrene (MC)-induced AHH
activities in the patients were significantly higher than those in the healthy non-smokers. This
result may indicate that causative chemicals (mainly polychlorinated dibenzofurans, PCDFs) of
Yusho have been exerting influence on the health status of the patients and the AHH activity
reflected one of the present effects of the causative agents. We also studied the relationship of
the enzyme activity, consumption of causative rice oil of Yusho and concentration of polychlor-
inated biphenyls (PCBs) in the blood to severity of skin symptoms of Yusho. Concentration of
PCBs in the blood showed the highest correlation with dermatological severity. Induction ratio
(MC-induced/basal) was significantly correlated with dermatological severity in those examined
in 1969 and’not correlated with those examined in 1973-1977 and in 1983-1985. This result
suggests that in man, as well as in mice, individual susceptibility to PCDFs is influenced by the
degree of AHH activity.

< 7 X T 3-Methylcholanthrene (MC) #LF =
I OFBOFEEBERRMAKTZARBEMESE (Aryl
Hydrocarbon Hydroxylase, AHH) &M F & ¢
R AHHIGZE M RM ¢ LH L 2w R
(AHH IR EER ) CBEMNICKIZ 27,
AHH JSE MR 1L B R & ELB L T Polych-
lorinated Dibenzo-p-dioxins (PCDDs) < Polych-
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lorinated Dibenzofurans (PCDFs) 123t T &%
BWTHEIEBBEEINTNE, AOHBITY
AHH {EESEABATHEET 2 2L PEHES L TW
%9 0T, AHH HmEOEE W & b PCDFs ® PCDDs
W 2 BREENEDITFREELH B,

B A SHEERE L PCDFs 2 S L - THER AN
T AMEEBRLUIZ LI DEELIZAXTHY,
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PCDFs H#HEETH L EEZO0N TS, HERH
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miEREO AHHESR2RIE L, EVEROEEE
CREMEIRE, AHHEEZ E BRI DWTHE
WLDTHRET 2.

M % F &

1. HWERE

(1) WEEE  EERENOEBHMX S & UHI#
RICEET 2 MERE CHAERE 465 (850 44 £,
1969 4F) O 7EROERFE & KR MIERE» HH
LT RHERZCHIL Twiziviz, Table 1
WRLTHE LI, BEHITR2E (B 164,
L 264) T, THERITATER 29~69%) ThH
%, BRMZERFD 60 £ 11~12 Biz{T > 7z,

(2) BEEZ GHWBLUZOEMCEET 2
BLRWBEET, BEILABETHS, HEERL
12844 C, FHEEHIZIOK 20~60F%) TH 3
(Table 1), RIMIZEM60E§~10 5 & BEAI61E
8 HiiT> 7,

2, BRI7EROEEES LU NS PCBs iBE

THEFE LI 7 iR BiEE & REHERE X
PENCHAEL T/ T, ZOERCL -7z, Tl
BOE 7IEROBER IBE BT T 2 ME—F

L OWRPISEB L CTNKFEFEI K 7 Bl O miEs
RRELHIC LD, ABLEOOZIERY cHEow

THEL ., MHAPCBsiEE & & Ufd PCBs /¢
¥ — YR EHEME R ORETRICL o7,

2 &

16 A

3. AHH &M OBT

2lH» 5 Y /8B E SRR Mitogen 2RI L@
DEMHFICLOERT S, ) v SROBEFERS I AHH
FEXTHLMCUE L BEOEREN % In-
duced AHH EMH & L, MCALE L 2 Wi OBERE
4% Basal AHHEM & 3%, AHHZEE i In-
duced AHH &% & Basal AHH EMoLh, 20
Induced AHH &, Basal AHHEM®TH 5.
AHH #1132 3-OH-Benzo(a)pyrene O 45 & % $54E
ELTEFRICEDBRELIz, Vo SBkD 5B - 558k
B LU AHH EHERIEEOFEMIC DWW TIE ik (4)
FEBEIhZ,

4, HREWIFE

HERE L EEEO AHH ESEOE S L UK
RO EEE L O ER L OBMERGERC B 2E
EHEOMIER Student O { REZ X - 72,

L ES

WERE rEEE0 AHHEE B L 0 AHH 58
% Table 1127773, WiE &% O Basal ¥ & U In-
duced AHH EMOFHE I %0 #1 0.067 pmol/
min/10° # f4, 0.317 pmol/min/10¢ i@ TH », #
HHEWBT D EZNZNOFEED FHIHE0.046 pmol/
min/10° #H A4, 0.229 pmol/min/10° #fffa & b 4 A E
KBETH-7: (P<0.01), UL, AHHFEE L
RoOLWTRWMEOM THEEREE S har o/,

iz 0 48~52 5 (1973~1977 4£), BB 1 58~60 £
(1983~1985 ££) BT 2 MIEBRED K 7 ERD EIE
Erit PCBsEE DWW THENLS, +okER
WEsNEnoTz, B WBR4S~52FEWL BT S1E
WOITEL T2, ZOLIERS T TH D L
EZrohE s, MEREEROSEHRIC B 5 MiE
BEDOE 7EROEEE & FRRMERE, m+ PCBs
mE, AHH &L e oBERE D0 THENL. %
D#EFR % Table 2 2nd, BRIMEOE 7FEROE

Table 1 Aryl hydrocarbon hydroxylase activity and induction ratio in Yusho patients and healthy

subjects (non-smokers)

Specific AHH Activity

. Age Sex (pmol/min/10° cells) Induction?
Subjects No. Mean/Range M:F Ratio (I/B)
Basal® Induced®
Yusho Patients 42 47/29—69 16 : 26 0.067%=0.009** 0.317£0.031** 6.2+0.7
Healthy People 128 39/20—60 1280 0 0.046=*=0.003 0.229%0.013 5.91£0.3
2 Mean*S.E.
**p <0.01

(122)
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EEFEREED, FLRERBERES J LT
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BoE, CORBFOERFE I AHHFEE L 3 Fo
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FHFETH- 10, FIERPLRY, RUETH->
7z,

% =

WERED AHH EHIC BT 2 51 EOWE T,
WESBED AHH ESHEREL T WEEEORE
EREL B TEEESBERS N2 o720, L
L, SEOMESED AHH EEMEIEBEL 2w
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Table 2 Simple correlation coefficients between
dermatological gradings and specified
variables in Yusho patients.

Dermatological Grading

Variable 1960 19731977 1983—1985

(40,41  (15—17) (32,34)

Age —0.36° 013 0.13

Sex 021 —0.12  —0.%

éiﬁi;;;ggon) 0320 0.53 0.35

PCBs Concentration

1973—1977 0.45 0.61* 0.69%*
(16) (i6)

19831985 0.48%* 067" 0.43**
(31

AHH Activity

Basal 0.6 —0.16  —0.18

Induced 0.16 —-0.12 —0.06

Ratio 0.34*  0.05 0.15

Number in parenthesis indicates number of the
patients.
*p<0.05 **p<0.01

(123)

72, BIEIOMEBREIC DL TR 48~52 FicB 1
BEVEROEFEESHEBHAL CHE MADE»HTE
EE2 LU EOBER EE) 3114 J32% Th
D, BBRI56~60 BB LEE LIFIERILCTH 3,
IO LRSEIOMERERE VEROEEEDHD
BEGHHIEOMERE LD LBV I LERL TS,

HESREDMHP PCBs ¢ —>13A, B, CD 3
OO type KKBIFEETH %%, A type FHERE
BHEONY—>ThHb, BAIS6~60FICBT 20T
PCBs /€% — > ASER L T\ 3 J0IE R F I ATE 5 29
#, SEEUELETHE, ThoOMERBFIZDOWT
A type DBREH (FlIE) kxhzh 154 #52%),
2% #H94%) THD, AtypeDBEEN D 2 E|
AL SEOHEREDIE> BB v, k7, B
56~60 % @ M+ PCBs & & 2 B @ (27 4) ;4.5
0.6 ppb, & E (344);6.8+0.7ppbTH b, M
PCBs IBEIC DWW T H SRIDIMEREDIE > HET
Holz.

D& RBENS, SEIOMERE I FEHER
EHE L, K7EREECEL ORERLHTE OHER
BN TEETH 2R RBEE NS, &7,
EOFEAYWE TH %5 PCDFs OEENBETLHF L
TEH, #2022 AHHEHIc b R s o b &
ZABIENTELS, ZOEIKSEADBERED
Basal # & U Induced AHH H 1 ZaIEIOHESRE D
HMAHHEM L BENCLHEL TwEEE LN
%, HIEIOWERE IC DWW TEHE S iz Basal AHH
EM R 7 EROEER & OBEE S E O MERE
TREBINE» 27D IOLIRERICEL 2 LB
bhz, LaL, SEOMEREO AHH FE
RIELIFO K 7RO EERE LB 2R L2 &
5, BHEORROEEE W AHH EE2EEL Tw
LEBEHIEH B EEZ Twa (Table 2),

BEBREFEOE VEROBEEZ L b o & bEWEERE
ZRLIT:OIZMFT PCBsBE TH -7 (Table 2),
mF PCBs BEOE RAEIRRME2LEERL,
F 7-[EiF12 PCDFs $ Z 218l L Tw5b & 2 g,
ZOEWEEEZMA TS S S, FEE, SEOMmER
FETEMFPCBs BEOF AT CERBHERE
b%&vs (P<0.01).

R i}

MERBEOR 7EROEEE L V >/ VIR AHH F
e QBRI T 2 RIRIOR T, BEVHOKR 7
FERDSEAETH 2 B¥$ & Basal AHH {EiENE W &
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WA ZEEREELR, UL, IO TIIMERE
b ok bEEFEND D EE LS NS FEHERESY
BEL oz, % 2 CHENGIMERENIAO K 7 FR
DEEES L VERBENENHEL TH5E 250
MEBZIC > VLT Y ERAHH ESE 2 BIEL, K
TEROERFERE & FRBERE, AHHEEZS 0
BEf i DWTR L, 2OBREUTOLI R L
BEREs iz,

1) AE O ME S I ATE O E B R T E
ROBEZEDED 2EEHNEL, MHPPCBsBE L
Ehot, LT, SEIOMEERHE O Basal B LU
Induced AHH M I3BE L 2 WHAEOZNZFNDE
HIDHBHETH-7 (P<0.01), 2OZ LiIF5HE
OWERE CIIMERRYE (£ PCDFs) OE#
DERETHE TV RIS H L I L 2RBL T
%,

2) DTEULLEXIii, $aomERED AHH
FEME SRR O HIE B OBERENE & X EHY - BENICHE
BLTWAEZZ5NA0NEYL, MEREVHOK
TERNEEOREZIZL AHH FEENF B Z & 88
HEmank (P<0.05). MEREB L URERD
Bx OEEFHLE - AHH B4 L 0 BRE D v THRE
PHRULLERDS D,

3) EUVEROEEE: b - bEVEOREN S
RUZzDME PCBs IEETH - 7.

HEREOFMCBL, BrO I8, JTEERVE
WHERARFARGEROERE—BE, NEBEMRARME
%, SRRERER & U HIRGAF (IR 0o S BEhy»
feLET.

X 73

HEFELR, MOFKES ME BE 7=
BEERE 60:

D
Z— VHhEE) O RERIEIERR.

E &

(124)

E5 6 A

409-431, 1969,

2)  Kouri, R.E. and Nebert, D. W.: Genetic
regulation of susceptibility to polycyclic-
hydrocarbon-induced tumors in the mouse. In
Origins of Human Cancer (Book B). Hiatt, H. H.,
Watson, J.D. and Winsten, J. A., eds. 811-835, Cold
Spring Harbor Laboratory, U. S, A., 1977.

3) EHEA, F/ZYe, BNRTF, SHESZE,
BEER  WEREL L U—BRAOMIBEFO R EL
BT rz—n, BREER 65:25-27, 1974,

4) Nagayama, J., Kiyohara, C., Kuratsune, M.
and Masuda Y.: Induction of aryl hydrocarbon
hydroxylase activity in human lymphoblastoid cells
by chlorinated dibenzofuran isomers and 2, 3, 7, 8
-tetrachlorodibenzo-p-dioxin. In Chlorinated Diox-
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Keith, L. H., Rappe, C. and Choudhary, C. eds. 285
-295, Stoneham, MA, Butterworth Publishers 1985.
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7)  Nagayama, J., Kiyohara, C., Nishizumi, M.,
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Polychlorinated Quaterphenyls Concentration
in the Blood of Normal Persons

Takao Iba, Shigeyuki TAKENAKA, Reiko NAKAGAWA
Kazumi FurkamMacHI and Katsumi TAKAHASHI

Fukuoka Envivonmental Research Center, 39, Mukaida, Mukaizano, Dazaifu-shi,
Fukuoka, 818-01, Japan

Masakazu ASAHI

Department of Dermatology, Faculty of Medicine, Kyushu University,
Fukuoka, 812, Japan

In 1986, levels of six skeletal types of polychlorinated quaterphenyl! congeners (PCQs) in the
blood were determined individually for 30 normal persons of contrast to Yusho patients, by
capillary gas chromatography that was accurate and highly sensitive analytical method.

Results were as follows;;

PCQs were detected in 23 samples and others were below to the quantitative limits (<0.001
ppb). One of the samples was abandoned statistically (P<0.01). The levels of six skeletal PCQs
were 2, 2-PCQ (0.0020 ppb=+0.0014), 2, 3-PCQ (0.0031 ppb+0.0024), 2, 4-PCQ (0.0024 ppb+
0.0018), 4. 4-PCQ (0.0021 ppb+0.0014), 3, 3’'~-PCQ (0.0028 ppb+0.0021), and 3. 4'-PCQ (0.0061 ppb+
0.0049), as mean=S. D., respectively. And the level of total PCQs was 0.018 ppb+0.013 as mean+
S.D.

Compositions of six skeletal types of PCQ congeners were 2, 2'-PCQ (10.9 96 +2.7), 2, ¥-PCQ
(16.0 9% +4.1), 2, 4-PCQ (12.7 % +2.5), 4, 4-PCQ (11.9 % +3.6), 3, 3-PCQ (15.3 % +3.4) and 3,
4'-PCQ (33.8 % £6.1), as mean=*S. D, respectively, for 22 samples in which were detected PCQs.

HEBRESBRL LFEFRRBORICRYELE
Z7xz=h (PCB) bbb WHEBORVIEIIZ 7T
7xz (PCQ) BEET S ENEHEI LY, &
S5, BARCIIBEENCL PCQAEET LI L%
oL, £/, EEEZEOEKEED S PCQ %2
B L 7S IEEE O+ PCQ I RHIERE (0.02
ppb) AT ThH B EHEL LY, BH 51, 1980 HiC
EXFEOMPFEFT PCQEEIZO.Ippb UTTH 2 Z &
FHOPI LAY, —RERZR, Mt PCQ &

(125)

ENHERZ IR E LD, FRBREER
i (0.02pph) AT CThH 20T, Mkt PCQEED
HEEHEZREEDO—D L LTHAINEY, Ly
L, ZOMEZWEEOBE»S T TIC6FELREAL,
ZOM, WMEREL L UCEEHEOMES PCQBE
EEFLTWw2EEFz o053, HRESTOEEZEOME
FPCQEE ERMICEBIET AL RERLBbis,
EELRFYEI )-S5 L AN PCQOIERET
ERE SRR LY, SE, Z0FEkE
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o TEEBOMEF PCQERE VL%
THET 5,

AELLOD

MEt s L URBRFE

1. Mg

1986 EiCHIEREONBE E LTEEE 0 LI DL
T, LERERER» 5~/ YA D EERME R I
10~20 ml #2EL L, 3479 % £ T 4°C D\ EEF IR
FAPNAR

2. HE

(1) KV 7717 2= (PCQ) fEHERK .
HTER®Y 0 H ik TE& R L 72 polychlorinated o-quater-
phenyl (2, 2-PCQ), 2, 3% -diphenylbiphenyl (2,
3-PCQ), 2, #4-diphenylbiphenyl (2, 4-PCQ), p
4, 4-PCQ), wm-quaterphenyl (3,
3'-PCQ), 3, 4'-diphenylbiphenyl (3, 4-PCQ) @ 6 f&D
PCQ BEEME L FNF L7 00k AT 1mg/ml
iR XD WIS TR L.

(2) +AE/W7 7T 7= (ODCQ) HEH
¥ PCQ 2522 R{EL T PCQIBE T 10 pg/ml i
FHY T 2 ODCQ FHEFER 2 ML /2. T OEHERK
EAFYUTHRL TPCQEE T 0.005~0.0005
ug/ml O ODCQ R R FRLL 72,

1. BESIURE

(1) #RZu<w 757 SN OEFHERR T
25 (ECD) f1B# GC-TAGPrFE 2B 7z,

(2) HPEAEE: AV r 7 7L h 5 2REH
BAEE (B®SPL-T) #Hwik, Vv A7 4y
TR L RE Y =L REED T D EB W,

3) F¥EZYU—hF 2  QUADREX #H & {L¥
BEEMBMAOEN T L, AFNV0%7 =y a
> (OV-17#% ; NZ0.32mm, EF 0.254m, £
& 25m) RV,

4, Hik

(1) BHE OB ATRY L BEROSETHREL 72,
Thbb, MPL0~20g 27 V00 SR, ~FY
vTHIEL, 7oy Yudk s A TPCBES E PCQ
BB L 7., PCQESICDWTHET v F %
veEERERLL, TLVIFATLTIYV =Ty 7
Ly, "FHVTEFE LTI AZOS N57 4 —H
Wl E L.

(2) HRza<w I 7~ODRBOEAFES &
Ao 2BEORBEME 4. OTHBELL-RE
10~25ul 27V 5 5 AZEAL, 0.5 23EHETH
BEFEELLE, FvhIarFEAOGCBESE,

-quaterphenyl

R oH B M

(126)

E5 5 A

# 5 LEREIEE 80°C T2 045 4 by FICHB %
RES S, a7 LEFIET, 1272512 280°C ¥
TH I LEREEBEL L, 280°C»5 315°C £ TH
SICOEETHREL, 315°C T 60 HMEIEHIEERE
PRRELI.

BB, REFBIIEEEXZNZN 10 DDFAY
o NI TIEAL, FREFADE -7 B SIERK
L7, 670D PCQEEEMKORER I ZAZTNS
~50pg DEITHA R B2 BIF L EfERER L. E
BIRAMEIZX, —AT4 VEBO S5 EOEECHYT
2 PCQELLT, WwThoPCQEMEIZDVLTH S5
pg THo7:, MIWEHAF 10g 2MTCHBI A A7 0
TN T4 —ORBEEELOul L, D254l %
FRrZOw 2T 7 EALLEE, MEF PCQ ®
EEBREFMEIWTHLOPCQBBAEMEIZODVTY
0.001 ppb TH -7z,

I e DEK PCQEMEOBER % H v TR
AREEWEFRDERF S BEED S BB L
PCQEMER R PIET 5 & 1.25 S {EERL T,

BREIUEE

Table 1IC EEZENLOMBHPCQEEDEER
HRERLZ, Table 1 253,53 & 51 304423
% (76.7%) » 5 PCQAKRH I NI2EZY 7T HD
PCQBEREERFMELUT TH 7. PCQ s &
NEBRECOBTRVLTRY 6 B PCQ BREE A
PRy Yar R ¥ A

Table 128> 7, No. 1z PCQIEE »0.119
ppb EHID T — 5 L ANFERICEHEER L, Zh
22w T Grubbs DEHEEORE£To7: & I 2EHR
L1 TEHTELZ ep80mo7z, BB, Nol
RO 29 IZ DB TR 29T o 72,

1. mik$ PCQ DEE

Table LBV I ND2EEZBRRED 1/2 L L1
LEG6REOEPCQEREMLKBE O FHMER
0.002~0.06 ppb TH o7z, MPCQEE O FHEL
TZEHERZZ 0.018ppb+0.013 TH o7, T DR
5 —RIEEFZEO MBI PCQ BEDFHES L UTF
HEHEIZ, FhZFn0.012~0.025ppb (99 %D (E%E
K £ X 70.000~0.055ppb (P <0.01) TH 3
CHFE SN, MRGHR PCQEEICEL THEDS
H¥ET,

@ 0.1ppb ALk BEICEWERE,

@ 0.03~0.09 ppb : DL @D HEFRFEBEE,

® 0.02ppb (RHRAME MUT: EEREs>h 2
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Table 1 Leveles of PCQs in the blood of normal persons

No Sex Age 2, 2-PCQ 2 3-PCQ 2 4-PCQ 4 4-PCQ 3, 3-PCQ 3, 4-PCQ Total PCQ
1 M 28 0.015 0.024 0.014 0.011 0.019 0.036 0.119
2 M 61 0.006 0.010 0.008 0.004 0.007 0.013 0.048
3 M 68  0.003 0.005 0.004 0.006 0.006 0.023 0.047
4 M 71 0.004 0.005 0.005 0.002 0.008 0.007 0.031
5 M 43 0.002 0.004 0.004 0.004 0.003 0.010 0.027
6 M 56  0.002 0.003 0.003 0.004 0.004 0.010 0.026
7 M 75 0.003 0.005 0.004 0.002 0.004 0.006 0.024
8 M 73 0.002 0.003 0.002 0.004 0.003 0.010 0.024
9 M 78  0.002 0.002 0.002 0.003 0.004 0.008 0.021
10 M 47 0.002 0.003 0.002 0.003 0.003 0.007 0.020
11 M 29 0.002 0.004 0.002 0.002 0.002 0.007 0.019
12 M 40 0.002 0.002 0.002 0.002 0.002 0.005 0.015
13 M 58 0.001 0.001 0.001 0.002 0.001 0.003 0.009
14 M 46 0.001 0.001 0.001 0.001 0.001 0.003 0.008
15 M 61 0.001 0.001 0.001 0.001 0.001 0.003 0.008
6 M 57 ND? ND® ND? ND? ND® ND? NDY
17 M 48 ND® ND® ND? ND? ND? ND? NDY
18 M 8 ND? ND® ND? ND? ND” ND? NDY
9 M 6 ND? ND® ND? ND? ND? ND? ND

20 M 2 ND¥ ND? ND# ND? ND? ND? ND¥
21 F 45  0.004 0.009 0.005 0.002 0.006 0.010 0.036

22 F 42 0.004 0.006 0.004 0.003 0.004 0.008 0.029

23 F 61 0.004 0.005 0.004 0.003 0.003 0.008 0.027

24 F 53 0.003 0.004 0.004 0.003 0.004 0.009 0.027

25 F 2 0.001 0.004 0.003 0.002 0.004 0.009 0.023

2% F 24 0.003 0.003 0.003 0.002 0.003 0.006 0.020
27 F 73 0.002 0.003 0.002 0.002 0.002 0.004 0.015
26 F 20  0.001 0.002 0.001 0.001 0.002 0.004 0.011
29 F 17 ND? ND? ND? ND® ND? ND? ND?
30 F 13 ND? ND? ND# ND? ND® ND? ND¥
Means 0.0025°  0.00389  0.0028°  0.0024°  0.0033°  0.0071°  0.02179
S.D. 0.00279  0.0045°  0.0027°  0.0021°  0.0036°  0.0072°  0.02209

M and F designate male and female, respectively.

a) ND <0.00lppb b) <0.006ppb c) Calculated as ND=0.0005ppb d) Calculated as ND=0.003pph

BrEDLBNTVS,

Z DR R IL R ARG RS2 AR 3 A 35 4 2
R & SEIRER L - PCQ 218# r L THIE S iz
WR»rLEDONTWVWS, SHOHEMBIZERL
PCQ #E# X LTWADTHERZ TCHERAL WS
PCQ BB ICHE § 2 L EEFEMBE R PCQ 13 VH1E
0.009~0.020 ppb (99 %D EFEX M), EHE&HEH T
0.000~0.044 ppb (P <0.01) TH2 LHFEINT,
INSDERPSHITORMBEIREIZ L2 LD
ThHdeEzZ ol

2, WM&+ PCQ BiEUADERLL

PCQ #tH s iz 22 40 6 O BAR B L
DWHES L UERREZET 3,4-PCQ (33.8%+6.1),

(127)

2,3-PCQ (16.0 %+4.1), 3,3-PCQ (15.3 %+
3.4), 2,4-PCQ (12.7 %+2.5), 4,4-PCQ
(11.9%+3.6), 2,2-PCQ (10.9%=+2.7) TH-7a.
LA-PCQBHb oL b B 2EOW/I2EDTHY
o PCQ 3 &ED 1/6~1/10 TH - 72,

¥ &

BEABKCEET A EEENGC OV TMEF O
PCQBHEEFBOBE »£%0.001 ppb £ THIE L
7o, FOFE, /R ZOME»S 6 BED
PCQ BRER R s, REBLZ DS
1E2BWAEES 2920 METHR PCQEEDF
PE R 0.018 ppb+0.013 TH o7, S E
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DETEE % WMERZ THEAL T 3 PCQAZHE i
THE—MEEZFMBEFHRPCQERE O T E I
0.009~0.020 ppb (99 %@ {558 X ), IE & &5 2
0.000~0.044ppb (P <0.01) :t#EFEIH, BREFEH
SNTVIHEBHERRIZ Y TH2 LE 2 5nT:,
PCQE R EMEEE R IL O FHE 3 3,4-PCQ
(33.8%+6.1), 2,3-PCQ (16.0 %+4.1), 3,
3-PCQ (15.3 %+3.4), 2,4'-PCQ (12.7 %+
2.5), 4,4-PCQ (11.9 %+3.6), 2,2"-PCQ
(10.9%+2.7) THoie,

AHRCEBLUEERABFREL T s LAx
WL THCBRE L 4. o8, KRB £EE
ELREMRERYSCEI LOTHD, T I WL TR
HHoOBERLET.

X [
1) skEEM, FELE, SH 8, FRE=S,

E5 5 A

TR, BEBEA L FOMBTET 3R L
E7 22 BLUORIE I T T L7 220D,
BRIESE 720 185-191, 1981,

2) ERHMERE, rdEs, S)lLF, EEFIE,
EERE Fr IV —ARA7uR NS T T 410 L
BRIV T TV T7 s 2 VDER., S | &S
H

3 BE K EHFEH BEKE, BEEE:
MWERE Lt PCB ERFOBRFERILEMDOIHEE,
BRESE 72 :198-204, 1981,

4) Miyata, H., Kashimoto, T. and Kunita, N. :
Study on the compounds related to PCB (V). Detec-
tion and determination of unknown organochlor-
inated compounds in Kanemi rice oil caused
the "Yusho”. J, Food Hyg. Soc. 19: 364-371, 1978.

5 mH &, BRlEx, WEEE HHNE=,
EERD, BHSBA XKVELE7F L7208k
UMb 7507 2 2 V&, BRESE 75
193-201, 1983,

6) HNEW:FS. BREZRE 75:193-201,
1983,
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PCBs in Human Blood and Adipose Tissue : Levels and
Similarities on Gas Chromatogram

Reiko Nakacawa, Takao Iipa, Shigeyuki TAKENAKA,
Kazumi FukaMacHI, Akira Mor1 and Katsumi TAKAHASHI

Fukuoka Environmental Reseach Center Mukaizano Dazaifu-shi,
Fukuoka, 818-01, Japan

Masakazu AsaHI

Department of Dermatology, Faculty of Medicine,
Kyushu University, Fukuoka, 812, Japan

The concentrations of PCBs in the blood and subcutaneous adipose tissue were measured for
48 persons among whom 7 persons had been classified as type A, 2 as type BC, and 39 as type C.
The investigation was carried out on the relationship between the PCB concentration of the blood
and that in the adipose tissue and also on the relationship between the gas chromatogram pattern
of PCBs in the blood and that in the adipose tissue. The results are as follows :

1) It was found that the PCB concentration of the blood and that of the adipose tissue were
significantly correlative (p<0.01). The mean values were 7.9 ppb in the blood and 1901 ppb in the
adipose tissue of type A and BC persons and were 3.9 ppb in the blood and 925 ppb in the adipose
tissue of type C persons.

2) The similarity coefficients between blood and adipose tissue on the PCB peaks of gas
chromatogram were higher than 0.97 for most persons.

3) There were significant correlations between the first to second PCB peak heights ratios
(1/2 values) in the blood and those in the adipose tissue, and also between the fifth to second PCB
peak heights ratios in the blood and those in the adipose tissue. (The orders of peaks are counted
after the p, p’-DDE peak.)

4) For both blood and adipose tissue the differences between type A and type C were
significant on the distribution of 1/2 values and 5/2 values.

B3 L HTEEAE LSS PCB O AKSB L URE
BYRDHE &I 8 NTH 5 THEHMSRBE L 7003, 1HE
BEOMBE+H PCB BEORNE T ERMOBAIIIEE I
BIETH 2D, WMEWITIERAPCB L & H
&3N3 PCDF OB NERICR D DD H 54

’

(129)

WEDHEFEE LTI, aB8bZ0BME»DFH
5 PCB ESFH S T3,

PCB O ANEHEBERREOSAAEY W LD, §E
WA~ O BT, BRI D 1MW 10ESuEY
wEsh, BEWEBRIPCBOE2EREZTH S
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LEEEARTYRS, BARBMEEE2 S0 B A40I0
Wk X URTRESEHEMD PCBEES L U5y —v %
FEEL, A sHWTPCBEES LU R 70w
NP5 AN = DB D WTEE L O TRE
35,

HREHE

1. X%

BI6LELI s 8 Anid T, 8L4hemis
ETFEBOHES %22, PCBAHOXEE Lz, W
FizmE PCB /Y —> A% A 72374, BCy 47
2%, CH¥ATNBINATHE-T, St d s
TiniE 4°C, ETRERIZ—20C TREL /2.

2, REBLUEERR

(1) PCB#E# 52 : » 2 7 u—n (KC-500, KC
-600) %Rz,

(2) YA N 73— S-1 (FIeEEE) &6
AL, 100 2y ¥ a A TFERE-T, R 130CT
4 BEREMIL U7,

(3) ~F¥y, mFLTLI-N . RERERBA
iz,

Z OO EEIZ T N TRRELEE By,

(4) 42 ¥ %5 %5 KC600+KC500 (1:1) 100 pg”
ml ~F B EHERL, YA ST T 4~
SHTERZ 0.01~0.1 pg/ mliZFHR L TRV K.

3. SAEE

BHSOREY WR U TTok, bbb, MK
¥110g, HTRERIZNO0.1g 2D, 1.5N KBS
Yo TFUT N — R 20 ml AANZ CHIEE
RLTTVAh ) SEETS, ~FH o THELRE, 2
ORHERE Y VDA LH T L THEEE BHELT
PCB #IE BRI & L7z,

4, DIREBS SUBERSG

#iBi3 ECD (®Ni) &2 8& GC-TAGRDOF R 7
o NS T7ERG. BT AR, 1.5%Y Y 3
SE-30 (Gaschrom Q 80/100 Ay ¥ 2) 2mX2.6
mmi.d. #FAA T LERG, 5T ABEG200C K
Foe,

5, HR2OT b3 L85 —DEMEE

PCB oD #ER, BonrHEO XA 7a< b
SuhETH p-DDErSBZ T THEEHETODE -7
DGR REPLERT -5 L, ThbbXIAT
o PCB 8 & UK TR+ PCB O 7~ 3 #E
Bt Ax(a,,a2,23,24,a5,86,a7 ), Bx(bi,bz,bs,b4,bs,be,br)
TERINBNINEMENY P OAx, OBx DS

FBREEZLBE, Ax & Bx O EDELE S(Ax, Bx)
BTk oM B,

S(Ax, Bx) = cos 8 = (OA, OB)/|OA] |OB|

= 3 ab/(3 at 3 by
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Fig. 1 The distribution of the concentration of
PCBs in the blood and the adipose tissue of
48 persons

O :type A, &: type BC, @: type C

Table 1 The concentration of PCBs in the blood and adipose tissue.

sample No. mean (ppb) s.d. max. (ppb) min. (ppb)
total (blood) 48 4.6 3.8 20.6 1.0
(adipose tissue) 48 1094 829 5710 178
types A and BC (blood) 9 7.9 6.4 20.6 1.7
(adipose tissue) 9 1901 1523 5710 820
type C (blood) 39 3.9 2.4 12.0 1.0
(adiopse tissue) 39 925 432 2217 178

Table 2 The similarity coefficients (s.c.) on gas chromatograms of PCBs between blood and adipose

tissue.
sample No. s.C. sample No. s.C. sample No. s.C.
type A 1 0.9974 type C 8 0.9931 type C 24 0.9770
2 0.9718 9 0.9964 25 0.9860
3 0.9966 10 0.9964 26 0.9935
4 0.9931 11 0.9981 27 0.9875
5 0.9948 12 0.9970 28 0.9879
6 0.9978 13 0.9917 29 0.9568
7 0.9966 14 0.9992 30 0.9796
type BC 1 0.9938 15 0.9965 31 0.9879
2 0.9862 16 0.9584 32 0.9987
type C 1 0.9961 17 0.9862 33 0.9935
2 0.9967 18 0.9967 34 0.9875
3 0.9936 19 0.9939 35 0.9879
4 0.9970 20 0.9916 36 0.9568
5 0.9946 21 0.9760 37 0.9796
6 0.9978 22 0.9879 38 0.9987
7 0.9986 23 0.9876 39 0.9959
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Relation Between the Gas chromatogram Patterns of PCB
in Human Blood and Six Skeletal Congeners
of PCQ in Human Adipose Tissue

Shigeyuki TAKENAKA, Takao IipaA, Reiko NAKAGAWA,
Kazumi FukamacHi, Akira Morl and Katsumi TAKAHASHI

Fukuoka Environmental Reseavch Center, Mukaizano,
Dazaifu-shi, Fukuoka, 818-01, Japan

Masakazu AsaHI

Department of Dermatology, Faculty of Medicine,
Kyushu University, Fukuoka, 812, Japan

The human subcutaneous adipose tissue were analyzed for six skeletal congeners of polych-
lorinated quaterphenyls (PCQs) by gas chromatography with fused silica capillary column. Inthe
A pattern group of polychlorinated biphenyls (PCBs) gas chromatogram patterns in blood, the
concentrations of 2, 2’-PCQ, 2, 3-PCQ, 2, 4-PCQ), 4, 4£-PCQ, 3, 3’-PCQ and 3, 4-PCQ were 220,
204, 123, 121, 87.6 and 217 ppb, respectively. In the BC pattern group of PCBs gas chromatogram
patterns in blood, those were 10.6, 10.7, 6.30, 3.48, 3.88 and 7.98 ppb, respectively. In the C pattern
group of PCBs gas chromatogram patterns in blood, those were 0.81, 1.00, 0.66, 0.68, 0.45 and 1.17
ppb, respectively. The gas chromatogram pattern of PCQs in adipose tissue were estimated
among the three pattern groups of PCBs gas chromatogram patterns in blood. The gas chromato-
gram pattern of PCQs and among the A pattern group and BC pattern group of PCBs gas
chromatogram pattern in blood were similar, but others were not similar.
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1. MERUVKETIEN

ML 46 L DHERE O _EBEEEIR L D~y o~
ADEZERMACERL, 932 2 THEES K
4 CTRELT.

ETIEFL 6L0EREOKERYIFEL, KTHE
BABREL, H47T 2 & THEBEF I -20C TRE
L.

2. HE

AFA ISR R A R RSB T 1000 R EF L
72o

KRR EAFFOTHRIELLLDERFERL.

AT 5% MR PCB SH £
L7,

B8EFE 77 F L7220 (ODCQ) : EHS DN
EV L o TER LS PCQEREMAE L HELT
vFEVTREEREL, FEREGLTARLLZLO
BERAL .

YU RSNV IRIEMERY a5V S- 10 100
Ay allT 2 130°C T4 BFEEMEA Lz b D2 HH
L.

VA= RISV = R RS S & ¥ AN/ = B g
7 4 —H, 60~100 X v ¥ 2% Hall @ FEY THLHE
L:b D% FEALL.

TAIF i ANVIHESS L0257 40—,
i, EHEE L, 10~130 A v v a2 2% KkI T
EARL.

ZOMORFESEREREFARS, o1, AEER
PEERAL .

3. PCB %

HWHSOHE ICELCTROD EB DT, Ti4b

Table 1 Gas chromatographic Conditions

B, MM 1081 1.5 N KEELA Y by /-
10ml 20z, 1EFMISRTL, 7o b HEL:,
W, ~NFH UL 10ml T IEME L, ~FH
BrEEE, K&ES0ml TIEMRE L. 208K, X
B> U 7 A TCHAL, NZE10mm, £ 30cm
DHTE o MR ATV 2g 5 ~F V5 H
WTEATIEL, Ze~FH PR EEALRE,
~FF 2 100ml TEHES €, BHEEZZ TR
=yyvaBl (KD) BHESRTH5S5ml L, €4 R
S 1ml & TEMELL. THICIEREE Iml 20z,
B, 1597, 2,000 rpm TELOBEL, FEE
BED, ¥R7aw NS 7 4 —FEBKEE LT,

4, PCQihdi%

BIESDAEY WU TRD BV ITo72, K TAE
5200 mg % PCBHEB MU 7 A4 U 3L,
Bonfondy ot E KD EBHERE T 5ml 12
L7z 2%, WELImm, £ 30cm O 75!
7uxR bPEZT7a)INIgEAFY U EROLTER
FHEUT2A T LWCEA LR, ~F9 > 50ml, ®iZ,
5% L F N To—F )b« NFH 2 100 ml TEHEH S &7z,
5% T F I —TF e ~FV BT KDighEk, 2%
SRR TH ImlCBEL, 10%%EREE 1ml 202,
BRIL, EUSEEITOR, ZOLEEEEY, X5
W, BERBEEZ~FY & 1ml T2 EFEN, BE
FEBRCER, KIGE (WZE10mmXE S 100
mm) WEALR, Z0%, ERIRFTTAFF %
BEL, BETF o —%—hT30 98, 22 lB5E
EEEL. ChicHERT v F €y, 0.5ml 210
2, bWEHEL, 200C, 3ERIMMEAL 72, Wi,
HE L TR S 7 oofi b 2mlicEL L, 20%
BEE2ml TIEBEL, KiZ, K2ml, 5%HEL
AR 2ml, S%IEEAKEF MU Y ABK 2ml, k2

@ Operating Conditions of PCB Analysis
Column : 2% Silicone OV-1 Gaschrom Q (80—
100 mesh) 2.6 mmI.D. X 1.5m Glass
Column.
Injector and Detector Temp. . 250°
Column Temp. : 220°
Carrier Gas (N2) : 30 ml/min.

@ Operating Conditions of PCQ Analysis.

Column : Methyl 50 % Phenyl Silicone (OV-17)
0.32 mmILD. X 25 m Fused Silica Capillary
Column Film Thickness 25 #m
(QUADREX Corp.)

Sample Injector . Moving Precolumn (Shimadzu

SPL-7)
Precolumn : Glass Column (3 mml.D. X 10 cm)
packing with glass wool.

Injector and Detector Temp : 340°

Column Temp. : 280°—314°, 1°/min.

Carrier Gas (He) : 20 ml/min.

Make-up Gas (N2) : 100 m]/min.
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Fig. 1 Gas Chromatograms of Octadecachloro-

quaterphenyls (ODCQs)

1) Packed column; 1.5% OV-210
A; 2,2-PCQ, B; 2,3-PCQ+2,4-PCQ,
C; 4,4-PCQ+3,3-PCQ+3,4-PCQ

2} Fused silica capillary column ; Methyl 50%
phenyl Silicone
A; 2,2-PCQ, B; 2,3-PCQ, C; 2,4-PCQ,
D; 4,4-PCQ, E; 3,3-PCQ, F; 34-PCQ
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Table 2 Concentrations of Six Skeletal PCQ Congeners in Adipose Tissue (ppb)®

Types of PCB Pattern in Blood

Compounds
A (N=8) BC (N=5)? C (N=33y
2, 2-PCQ 220 *£119 10.6 £13.4 0.81£0.97
2, 3-PCQ 204 =+ 88.7 10.7 £11.7 1.00+1.25
2, 4-PCQ 123 £ 66.6 6.30% 7.19 0.66+0.61
4, 4-PCQ 121 £ 72.9 3.48+ 3.29 0.68+0.39
3, 3-PCQ 87.6t 48.8 3.88% 4.26 0.45%0.33
3, 4-PCQ 217 *114 7.98+ 8.15 1.17+0.76
Total 973 £500 42.92+47.83 4.76+4.07

a) Each value represented the mean+S. D..
b}  Significantly difference, p<0.01.

oy wE
0.3 8 9. 12 15 182 20 (B o
: *¥%

Fig. 2 Population of 6 Skeletal PCQ Congeners
in Adipose Tissue on PCB Patterns
N : A Pattern
&3 . BC Pattern
g8 : C Pattern
Significantly difference, **p<0.01, *<0.05.

0.05) #32» s NI-DiE2,2-PCQ, 2,3-PCQ Kk Uf
4,4-PCQOEERETH-7., LrL, 3,4-PCQD
etk T, MHPPCBO /Ny —> A & BCERU
BCeCoOIN—T7HENRD SN » 572205, A
ECO N7 p<0.0l THEELERAD O
7z,

PCB D& BATORE - HEllt & D& 0 25 M #E
PCB /3y Y iz BT 5 2 EHFFEbN TV 57,
517 v Pz PCDF 2851, Zh2BHRLY, 2
D PCDF 33 PCB /Ny — i BHICEb D H 2T 5
LT hk, MHPPCBNNY—2BANRY =D N—
TR HTEMRO®RE PCQ b PCDF B
EOBEMSATREINID TR RN EEZLNS,

W, 2037 NV—7D%PCQEHREMAHEEL
OFHEEREMEE LT, MFPCB /vy —> D&
&0 ETEEH PCQ B R EHER LDy —

BEDEEMTHLDR, £/71F, ZoT030h%
BENEKEDLT OISy —vEUERLHEL,
Table3 R L7z, ARy —> ¥k BC /8y — > DFEM
(3 0.9968, A/$¥—> & Cr88 — 243 0.9720, BC
F =2 CNF =1 0.9782 Thoiz, AT —
Y& BC/vy — RN 0.990 LETHD, A
F—v b CF—VRUBC/HY =2 2 Cr8y— Y
OBEMEL) S IPUTHDBEESI I EMTES,
F7e, T —VHELIEN S f=arccos § REE L
T8y — MRS RS, EUEORLE,L5ZAN
F—r e C/Ry—> oty — R, 0.2373 %
A=A LT, EEIZ 100 L7 23.73cm &R %

Table 3 Similarity of the Patterns of 6 Skeletal
PCQ Congeners in Adipose Tissue

PCB Patterns A Pattern BC Pattern C Pattern

A Pattern 0.9968 0.9720
BC Pattern 0.9968 0.9782
C Pattern 0.9720 0.9782
2
o
3
o
1
®
—
0.05

Fig. 3 Distance of the Patterns of PCQ
Skeletal Congeners in Adipose Tissue
1: C Pattern Group of PCB in Blood
2: BC Pattern Group of PCB in Blood
3: A Pattern Group of PCB in Blood
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Table 4 Evaluation of Constituent Factors on Distance of the Patterns of PCQ Skeletal Congeners.

a) Removed the Factor of 2,2-PCQ

PCB Patterns A Pattern BC Patterns C Pattern
A Pattern 0.0370 0.1783
BC Pattern  0.0370 0.2006
C Pattern 0.1783 0.2006
c) Removed the Factor of 2,4'-PCQ
PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0826 0.2462
BC Pattern 0.0826 0.2192
C Pattern 0.2462 0.2192
e) Removed the Factor of 3,3-PCQ
PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0815 0.2413
BC Pattern 0.0815 0.2139
C Pattern 0.2413 0.2139
g) Not Removed any Factor
PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0804 0.2373
BC Pattern 0.0804 0.2092
C Pattern 0.2373 0.2092

(138)

b) Removed the Factor of 2,3°-PCQ

PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0864 0.2452
BC Pattern 0.0864 0.1876
C Pattern 0.2452 0.1876
d) Removed the Factor of 4,4-PCQ
PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0807 0.2209
BC Pattern 0.0807 0.1700
C Pattern 0.2209 0.1700
f} Removed the Factor of 3,4'-PCQ
PCB Patterns A Pattern BC Pattern C Pattern
A Pattern 0.0856 0.2469
BC Pattern 0.0856 0.2329
C Pattern 0.2469 0.2329
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Quantitative Analysis of Polychlorobiphenyl (PCB) and
Polychlorodibenzofuran (PCDF)
Isomers in the Comedo and Subcutaneous Abscess of Yusho Patients

Hiroaki Kuroxi, Miwa OHmA, Koichi HarAGUCHI
and Yoshito Masupa

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

Takao SARUTA

Medical Institute of Biovegulation, Kyushu University
Tsurumi, Beppu 874, Japan

The comedo sampled in 1982 and 1983, subcutaneous abscess (mamma, groin) sampled
between 1977 and 1985, of Yusho patients were analyzed for 7 polychlorobiphenyl (PCB) and
polychlorodibenzofuran (PCDF) isomers by capillary gas chromatography and capillary gas
chromatography-mass spectrometry in negative chemical ionization mode. The concentrations of
PCB in comedo and subcutaneous abscess (9-15 years after the onset) were similar to those in lung
and liver (9 years after the onset) except subcutaneous abscess (mamma). The level of PCB in
mamma was significantly higher than other samples. PCDF were detected in the comedo and
mamma investigated (9-14 years after exposure). The level of PCDF were much higher than that

of control fat.

HIEDFAE 49, BEOBEHHEBL L L & b KiE
5 BB O polychlorobiphenyl (PCB) #3888 &
nT3Y, Fi, EBWPCBHEYLVE L UEFE
OWREED o I & N AEY PCBBHFEET 5 2
EMBEEPICERTWAEYY, Z0k5i, KESE
WARONEYE PCB OHEER O 1 DEeE2 61D
», BEDEIET e LD PCB & 447 L - 3EHIZ R
sy, S, ENSREOMEREOKREFD
PCB 1 X tf polychlorodibenzofuran (PCDEF) @ 43
WaiTo7, £, WERFME S TMESEORT
BEIZOWT ST ET o7z, 2o DHERRICD
WTHET 3,
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(1) Fhe

1982 4F36 & U 1983 FE IR — B H X Y FE L 72 KA
0.01~0.59g 2 7z,

(2) KTEE

NRAERH R ZEBIZERTIC 51> T 1977 4~1985 4
CH—BELORERsALETRE (ELES, 58
Jifz E) 0.025~0.33g # vz,

(3) DR

BE OIS & RS UREFRRERERE X
nigfta e,
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3. HEnEFE
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(2) KeHe, KTRR%E (PCDF 5347)
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Bel7al)dAna7 L5640, 20ml¥ronx
Fgr+n-~FHr (1199 BLU50mlyY27uno
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TCRATZTA NI I7 4 —DFFE Lz,

(3) fTEE, Ft (PCB 8 X f PCDF 4347
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(IS) ¥ LT C-2, 3,7, 8-TCDF ®#f\:7:. % PCDF
BEUEDOEBR VA TSI TAL NI T AICEBIT K
PCDF ¢ IS ¥ — 7 &t 51T o 72,
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1. PCB 47

Table 1 WIHEFEFEDORER I~ITERIBIT S
REB L UMLK TRETOEZ 7T DO PCBE
HEERCODWTEELIERETRT. HBOLOBED
Wi, FEROPCBIc W IEELEER ST
Table 1iZ7RL 72, RFEEE DO KIEH» 5 30~50 ppm
® PCB ps#&ian®, FEigik PCB o#titEio 1 o
ThdIEPHONTVWE, SRDMMTICELT LK
fEH & 60~200 ppb @ PCB Mt & #u7z, Z#id 9
FEHOBEDOITE, Mickid2 PCBEELRRBET
Holz., “BAOKEESHL Tk, BED
B O PCBBE S —MADBE LW T 2 Z 24
TEYT, U~ EB BT L BREDOFIE~D PCB
OHHEBFRE N T EH Y S B CE 2 h - 7.
BETEE B2 PCBEE L EFAEI 2Kk E Kigh
DRFELERETCH /. AAEMETEE (95
#%) OPCBEEEZ2.4ppm &, DDLU BEBET
Botzh, ThABESVWIBERLDODH, H2WIE

B2 K K

i

iZind A

SREHERR OBMCREIBEA T 3 % ¥ DT Lo R
BT 2 DS TR,

2. PCDF 4347

Table 222, 3, 7, 8-fii i F % H ¥ % PCDF
EUECOVWTERLIBRETRT., S LI 2460
FhE (1982 %) B L UEAFMETEE (1977 %)
wihh s b PCOF sted a3 iz, 2 0EIE—BA
JERF#E#B O PCDF B (7 -5 RER) OHE~H
+ETHD, L EWPCBEELRLILELES
ETEETCEPCOFEE b EL o/, KERS L UL
ILEHETRED PCOF BER, Th#h PCBEE
D1/230 8B £ F1/510 TH o7z, Table 2R L 72
PCDF @7z mCix 2, 3, 4, 7, 8-pentachlorodiben-
zofuran (PenCDF) B X U1, 2, 3, 4, 7, 8-hexachlor-
odibenzofuran (HCDF) MERKSITHY, 2,3, 7, 8
-tetrachlorodibenzofuran (TCDF) & X Uf octach-
lorodibenzofuran (OCDF) @#H &hi»oic, b
O PCDF BEEDOMIIZ, YA 757 AV NT 5
74 =AWV 2DODESY —A 4 VIZERICED S
NaE—rmE{EDON, LrbZDI3HDNLD
HO Y — 7 ORFERE I PCOF 25 O R L —
FH L7 (Fig. 1), zo k> E=ZL 7 PCDF Listiz
#7110 > TCDF~HCDF EWEDOHFEREE S pdib

Table 1 Concentrations of PCB isomers in the tissues of Yusho patients (ppb).

YM subcutaneous abscess (SI) GK

PCB isomer Comedo Comedo Mamma Groin Unknown Lung Liver
(1982)  (1983) (1977) (1979 (1985) (977)  (1977)

0.02¢g 0.01g 0.07g¢  0.025g  0.03g 24.1g 18.2¢g

2,4,5,3 4'-Penta-CB 5 7 60 8 4 1 1
2,4,5,2',4',5-Hexa-CB 60 30 980 160 50 90 10
2,3,4,2 4,5 -Hexa-CB 30 9 660 90 10 40 10
2,3,4,5,3 ,4-Hexa-CB 10 6 240 30 6 10 5
2,3,4,5,2',4',5-Hepta-CB 10 3 200 40 10 20 2
2,3,4,5,2",3,4-Hepta-CB 80 7 300 30 8 10 20
Total 195 62 2440 358 88 171 48

Table 2 Concentration of PCDF isomers in the tissues of Yusho patients (ppt)
2,3,7,8- 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- 1,2,3,4,6,7,8-
TCDF  PenCDF  HCDF HCDF HepCDF ~ OCDF  Total
YM comedo
(1982) ND 360 350 42 100 ND 852
0.59g
SI mamma
(1977) ND 2760 1640 220 170 ND 4790
0.33g

(142)
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Fig. 1 Mass fragmentograms of the PCDF fraction obtained from the subcutaneous abscess (mamma) of
Yusho patient and of PCDF standards. The numbers of chlorine atoms substituted on the dibenzofuran

ring are indicated.

Peaks A-S correspond to 1, 3, 6, 8-TCDF, 1, 3, 6, 7-TCDF, 2, 3, 6, 8-TCDF, 2, 3, 7, 8- TCDF, 2, 3, 6, 7

7-PenCDF, 1, 2, 6, 7, 8-PenCDF, 2, 3, 4, 7, 8-PenCDF, 2, 3, 4, 6, 7-PenCDF, 1, 3, 4, 6, 7, 8-HCDF, 1, 2, 3,

4,7, 8-HCDF, 1, 2, 3, 6, 8, 9-HCDF, 1, 2, 3, 4, 6, 7,
respectively.

B, COHAIEDOWTEESRENVLETH 3,
m/z389 #HVWI VAT I TAL NI FT T 4 — 2B
T, 1,23 4,6, 7, 8-HCDF O h L 2D &N 2 2
~3pEY—7 (Fig. 1) &, m/z408 TRTED T
WixnZ s, HCDF Tk < HCDF o » 3
EEHESNDY, £/, OCDF 3Kk HTH o722,
TNA D SR & > TR L CERE S B B, B
L, SHEA 7 PCDF S EOMEE b W Dn#F
Zehiz,

¥ &

HEFREH 9 ~15 ERZE L 72 1977 F£~1985 F i
BT, MERELOVERLLEES I UETEESD
TDODFEZPCBEAMAEL L 72, 3, 7, 8-fLITHEK
5835 PCDF EMAiconT, ¥Ro7u< b s/
T4—iEDPCB%, P2V TAT7SF X b
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8-HepCDF, 1, 2, 3, 4, 6, 8, 9-HepCDF and OCDF,

74— &Y PCDF 2437 1L 7.
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HExBRE, 60~370ppb TH o7, I DEIRBEOHE
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HOBRFHZ 6RT E O TE» 2,

3. UEBROEEBLIUVIEBROLELERE FiE
B 5 — I NEBISHEH# D B~ 1% o PCDF »84%
Hant., FZABRETRBCSV TEENE» - 72,
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Levels of PCDDs, Coplanar PCBs and PCDFs in Patients with
Yusho and the Causal Oil by HR-GC-HR-MS

Takashi KasHIMOTO, Hideaki MiYATA, Koji TAKAYAMA
and Junji OGAKI

Faculty of Pharmaceutical Sciences, Setsunan University,
45-1, Nagaotoge-cho, Hivakata, Osaka 573-01, Japan

We established a micro-analytical method for coplanar PCBs, PCDDs and PCDFs, consisting
of alkaline decomposition for 2 hr at a room temperature, AgNQ;+Silica/H,SO, -Silica/KOH -
silica multi-layer column chromatography, activated charcoal silica column chromatography and
alumina column chromatography. This method was adapted for Yusho causal oil samples and the
tissues of Yusho patients. The final PCDDs/PCDFs fraction was analysed in a SIM technique by
using high resolution gas chromatography+high resolution mass spectrometer (resolution 8000 or
9000). Obtained results are as follows.

1) Tentative Coplanar PCBs were detected at the almost same levels in two samples of
Yusho causal oil with production date of Febuary 9th and 10th in 1968. The average levels of 3,
4,3, 4'-tetra-, 3,4,5,3, 4 -penta- and 3, 4, 5, 3, 4, 5~hexachlorinated biphenyls were 1.3, 0.19
and 0.01 ppm, respectively. The total was 0.94 % of PCBs in the oil.

2) Two patients with Yusho had coplanar PCBs at average levels of 2400 ppt in their small
intestine and 800 ppt in their liver, equivalent to 19 and 5.6 times of their corresponding levels in
unexposed persons. 3, 4, 5, 3, 4-Pentachlorinated biphenyl residued as a main component in
unexposed individuals whereas more toxic 3, 4, 5, 3’, 4, 5’-hexachlorinated one residued mainly
in Yusho patients.

3) Penta- through octachlorinated dibenzo-p-dioxins were newly detected in the Yusho oil
specimens. The total concentration was 0.13 ppm, equivalent to 0.068 times of the PCDF level in
the oil. The congener ratios of penta-, hexa-, hepta- and octachlorinated dibenzo-p-dioxins were-
10.0, 39.2, 7.1 and 7.1, respectively.

4) Yusho patients had larger tissue levels of PCDDs than did unexposed persons. The main
residual component in Yusho patients, as well as in unexposed person, had 2, 3, 7, 8 chlorine
substitution in their molecule.

5) Renalysis of the causal oils revealed the present of hepta- and octachlorinated dibenzofur-
ans, which had been never reported in previous papers. In addition, heptachlorinated one was
present as a main component with a component ratio of 42.1 %. This gave a fairly different result
from the previous data.

6) The levels of PCDFs in the tissue of Yusho patients were two to three digits higher than
that of unexposed persons. Heptachlorinated dibenzofuran in the Yusho patient as well as in the
causal oil was present as a major constituent.

(145)



326 ® oK

INE TOWBEIC L > T, WERRMmF & PCBs,
PCQs B L UPCDFs M BEETE T AL T WS T
paoamean - x g z 0 PCQs, PCDFs i —fgfa %
PREZER PCB ERF LT, MESRE TIEZ 0K
ABREEENEDLO TEVI LM ERTY
50710 IR TE O AR & o PCQs, PCDFs 23
WERFEICKEES L Twa Z e il s i,
[Efk7e 2 & i3 1979 EEE TFH A L7 Yu-Cheng B
WWBLWITLRDENTWARY, 2Dtk KERFMLY
NEROIHRC L - T, MERED T 2 RRWE
12 PCDFs T#$ 2 Z £ SEIL & 72912,

LED—EDOBEEIC B TEE YO SRR DT
BREB7LAUSEETOTALEALTHS, Ly
L, IO T @ L PCDFs % PCDDs #3285
WY B I Lt BIFRE BT B PCDD S
DOWSERETHs »IZR > Tw3, —f, kBT
YLK LD, PCBs 5 PCDFs, PCDDs 25#k
RISICEoTHEKT 52 &%, EPCBEM Pz
PCDFs » A& O PCDDs OFET 27 & & 2 HEER
SNTw5, Fh, BWHEMED?2 3,7, 8-TCDD % 2, 3,
7, 8-TCDF Lt HfEnE£yEE2HL, Lrdb, PCB
B {0 EE %<7 Coplanar PCBs (Co
-PCBs) #PCB&EEOAAX 70— N7 ara—)
ok s h, —REEECSESDENCLEZL
T2 2 EMRESN T 15202,

FHE TR EEROFMRA2ZEEL T, MERRHES
SJUBEEBTPCOFs 0BT XTS5 & & b2
PCDDs B & Uf Co-PCBs & D \» TIEED TG & % M 5t
L7z,

X B F &

1. HE

(1) n-~F¥r, EhxFry, Ny, =¥
S VB X UK Y v A R TR,
HEBESNTA | HBE, KEBEH U v A AR
THARIFER | BB | FEME T AT SR

(2) #S2s7u~<bETNIF Ao 48
(Art. No.1077), %, WEHE 1

3 HITL7u0 b PBYVATFIL AN RE
Kiesel gel 60 (70~230 X vy ¥ a) ObDHE RS /—
GEER 130°C T—RiEEL L 72 O,

(4) 1EMR . Atlas Powder Co. & Darco G-60 %
BDBWEFL VAT NIC2% (w/w) ODHETRE
L, K<HE#HELIHOD.

(5) 10 %MEEEIR> VU AX L I (DY Y AHF L
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74

5 3 A

40 BTHB BB EMZ Db —F ) — T N R L —
F—TKGEREL, HWEBENY ) IS VIHLT
10% (w/w) iigd &k Lizbo.

(6) 22%BLUV 44 BHEES YV ATV () Dk
BYUATSNVCRBE2%H 25 0:1344% (w/w)
Wi BT ERLBMLIDb 3R ) LK
Rz Lizdbo,

(7Y 1.8 %KOH > U 40 3)DikigEs v
ZniZ 1IN KOH £z o 0B a—2 Y —x 0K
V=5 —TRGEREL, BRRZLZbDT, v
AT LU TKOH % 1.98 %k 2 X S5 icHBEL
Iad XOR

(8) PCBE # & : 3, 4, 3,
4’-tetrachlorinated biphenyl (3, 4, 3, 4-T,CB) &
103, 4,5, 3, 4-pentachlorinated biphenyl (3, 4, 5,
3, 4-PsCB) i Analab# &3, 4, 5, 3, 4,
5-hexachlorinated biphenyl (3, 4, 5, 3, 4,
5-HsCB) EFBREIFEREL»SEBEs RO,

(9) PCDD#Z#SH : 2C-2, 3, 7, 8-T,CDD, »C
-0,CDD, 1, 2, 3, 4-T,CDD, 2, 3, 7, 8-T,CDD, 1, 2, 3,
4, 7-P;CDD, 1, 2, 3, 7, 8-P,CDD, 1, 2, 3, 4, 7, 8
-H.CDD, 1, 2, 3, 6,7, 8-H,CDD, 1, 2, 3, 7, 8, 9-H,CDD
BLUL23,4,6,7 8-H,CDD % Cambridge Isotope
Lab. &I, OsCDD % Analab Inc. &3 X *1, 3, 6, 8
-T,CDD i HABHEETEd L oFE SN LD,

(10) PCDF#Z¥H : 2, 3, 6, 8-T,CDF, 2, 3, 7, 8
-T,CDF, 1, 2, 4,7, 8-P;CDF, 2, 3, 4, 7, 8-P;CDF, 1, 2,
3.4,7,8-H:CDF, 1, 2, 3,4, 7, 8-H,CDF 13 55— # R}k
FEHBABLIDEEsLZLD, 1, 2, 3, 7, 8
-P;CDF, 1, 2, 3, 6,7, 8-H,CDF, 1, 2, 3, 7, 8, 9-H,CDF,
2,3,4,6,7,8H.CDF 5 X011, 2, 3,4, 6,7, 8-H,CDF
{Z Cambridge Isotope Lab. #), ¥ X ¥ O,CDF |3f0
AR TEH B,

(1) WESERS  WERELIFEH: SEHCRK
TU7 280 BHEE (case 1 IFILKIREE S L7 No.
15868, 257%, 19694 7 F 9 HIE1S, case 213 LK
R BE 4 v 7 No. 16634, 46 5%, 19724 5 F 16 H3E
) DiEsB X OB,

(2) GEEZEEE 1987 FICEHGEL 2 A SR
U7 LT HRRA 8 & VSRR,

(3) WMAEFRKM:1968F 28908 L 10 F&
BADHAIZA A4 A LTEZREZRO Ty b No.
i 8-29-15520 ¥ L UF 8-210-16793 TH 5%,

Coplanar
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3. Ak

B 10g 24K o— Mz e b, HMERERER
E#F o *C-3, 4, 3, 4-T,CB, *C-2, 3, 7, 8-T,CDD
B L UBC-0,CDD # 1~2ng, & 517, 0.5 NKOH
LY/ — VW 150 ml ZEEINL 720 B 2 BRI =R
TIRED T2, 7oA USMRE, Kk75ml %202, n
—ANFH 2 75ml T2 B E{TS. n-~F
WEEL, KR50ml T2 EA%E, MARES Y YL
THik, K.DIBHERTHI0mI @ @ET2, 20
HEbE Fig. LR B REY U & - Filgs U 4 - kB
AV T LYY LEEY T ACHEAL, n-~F 2
ml T2EEBREBLUN S LEELZER LD
-~ F 2 100ml % 5 L, PCBs, PCDFs & &
PCDDs 5 & € %, ZOBHEEFHI2ml cEmHEL,
EHR VA VEGW058 GEERELTI0
mg), ZDLIHEARES MY VA28 2FIE L
Z4 (0.7cm ¢ AL, n-~FH% > 1ml T 2 BHER
EBLUN T LEREEHEVIAA, $T2%~_VE
n-~F 4% EWK200ml TPCBs 5 L ' DDE # ¥ F
Rz, DTV, 8CIKHME L7z vz 100 ml
T Co-PCBs, PCDFs, PCDDs »#H X% 3,

51 ES R EYEICENE%, ECD (®Ni)-GC i &
Da#rL, FEEHSOHREME® 2L PCBs 2 €&
L7,

B2ESCn-TA>0.2ml 2EMNLiz0b0—¥
J—T/NRL—F —%2HWT50°C Thrxr&8EE,
SHOERAMCLIVEL MLy 2BRELE. 0
SAFY U TCHEER 2mIEHRL 2O T LIS 5g
BLUZD LB N YA 2g 2FEL
AT 45 (leme) CHAL, FEBEYVERES LU
BT LEER - A~NFH Y THIEL 2O B HIE 1 ml/
53T, 2.5 %FALAF LY on-AFH LRI 200 ml &

Na2504(2.0g)

silica(0.6g) EZZZZ

10%(w/w)AgN03—silica(29)

22%(w/w)ﬂ2504—silica (4g)

44%(w/w)HZSO4-silica(3.Og)
silica(0.6qg)

. 1.98% (w/w)KOH-silica(2g)
silica(0.6g)

®SGlass filter

Fig. 1 AgNO;-silica-H,S0,-silica-KOH-silica
multi-layer column.
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L, Co-PCBs #EH & ¥ 5. DT T 50 %1k
AFVren-~F 4 R 120 ml ¢ PCDDs, PCDFs
EWRT 87,

TWEFAZLPSDOE 1 Esri: K. D. BiER B
WTERHE, BbAF Ly EnAFy o cBRLED
H ECD ®Ni)-GC B X UGC-MS itk 2[EE, &
{7z,

B2ESLBME, WA FLr s~y TE
WL 72D H GC-MS S %175 7.

4. DB

(1) PCBEEFR

“Ni-ECD %% BB 8UEFRB GCTAG ¥ A v a~
b5 712 2%0V-1 2 a—F 4 > 2 L 7> Gaschrom
Q (100~120 X v 2) 2FHEL 724 5 4 (21mX
26mme) BFL, 77 LBE194C, FrU -
AA (Ny) W& 30ml THHFL T,

(2) Co-PCBs #47H

a )ECD-GC 4347

Hewlett-Packard Ultrabond # 2 (5% phenylmeth-
yl silicone, 25 mx0.31 mm, 0.17 um) # X ¥ Supel-
co SPB-20 (Carbowax 20, 30 mx0.32 mm, 0.25 zm)
FrEFTU—F T AEROTHAET>7. HiEOD
TLREBTBHNEEFR 2V —> ECD (BNi) 3%
BELILEBEGCA YR 7o~ 273 7% Hwn, 1200C
R 1 4, 120~180°C % 20°C/43, 180~260°C %
10°C/%3, 260~310°C % 20°C/3 D A THIE L,
310°C T 10 s7FREF L 72, A A 1T splitless F
THa, REOBESEIFAEO A 70~ 277 %8
vy, cold oncolumn AR XD IFEALK, # T 48
B 13 60°C~200°C % 20°C/%3, 200~260°C % 6°C/4>
THIEL, 260°C T 20 EHREFL 72,

b)GC-MS 43477

Hewlett » Packard 5790 A F# A7 ua< 75 7 .
JEOL DX 3008 & 43 #7 & ¢ Hewlett - Packard
Ultrabond #2 % 5 2 %3&E L, (M) & (M+2)*
(T,CB), (M+2)* & (M+4)* (P;CB &
HiCB) 0BEHICB W T SIMBETHIFL 2. o4
FHRLUTOBY THS, H 5 LRE 1T0°C THRE2
53, 170~295°C % 10°C/STHIB, 295°C T 5 SR+,
FEADRE 270°C, v —% — B 250°C, 4 4 >
{LERET70eV, IHHEEEIKV, 14 1LEF 300 4A,
4 & ALE— ¥ El, 5#RRES00 TH 5,

(3) PCDDs 3 & t* PCDFs 5347

Hewlett-Packard 5890 A # X v o=k 75 7.VG
0-T0SEESME %MV, BHBEESIMZEIC LD
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S EIfTo%. 4EA~6 B EoHEE LD
Supelco # 8 SP-2331 (30 mx0.25 mm, 0.20 ym) %
F, %7 A%MH13170C 2 & &, 170~240°C %
4°C/rHE\, 240°C T20 3 REFTH 2, THEIEB L
U 8 ALY D 434712 13 Quadrex #:%¢ “007” bonded
methyl 50 % phenyl silicone (25 mx0.25 mm, 0.10
pm) & v, 100°C 2 4R %F:, 100~260°C 16°C/57 &
BT EIT o7, ZOMOIHEFERZUTOEDY TH
5, HAORE260°C, &/ —% —JE & 290°C,
+ VALEBEET0eV, MEEE 8 kV, 4 4 LER
200 uA, 14 & > 1€ —F El, ##8§E 9000 (SP-2331
BT LD B X U800 ( “007” bonded # T LD
%), PCDD, PCDF #RIBEHR & b A 4 VR
COCI MR LI 7 2 7 AV M4 4 VBB
J2borbiMnAgd 02 D0EEHTSIM S
2T o7z,

BREIUVEE

1. SFE

BiT¥# 513 PCDD, PCDF ES#ik 2L,
HE, ARB L UAGBEBEOSTEIT> T 3199,
ZOK, FMEELT0.5N KOH =4/ — iRk
EDLEEOT A ) SERERERALTVS, 20
FEREROMEWNETHER ST 1~1.5N
KOH =% ) — VBFRAHE I TR 2 2 5%
HTHY, SHE, & THELR 8RR
LaWHEE2ET A, S5k, ZOMNBEERIITHEE
Uy REEEY Y A -KOH v U # B4 2 258
BOYE, RILKES I URECEYR L OSTHE
MrEbdTERIBRETEE, UEOFlE» S
D 2EEOFINER RF AL TWw 3,

PCDDs, PCDFs o & » 7% Coplanar {b &% &M
BRIz L QKB AN D D bEY» & DSB8
HBELTRIT L S FIH ST 509202020 o),

e

E» 3 A

EHRIREESE OO THI MR TH 272D Z D
BAENME»D, 4T L NOFTELESH L TERT
Ho, TITEHELOEE, XML LTRY VY
VL HFTRAT 7 AN PR ENT WS,
Larl, IN6DLDRITEWEEATYY, Y
MEWETLIENH IO FOERCELTHS
DU DEEEEE L TELEND S, EERPE
BEER U 2BE2, 45 ADFEHEIC 125 mg DiEM
REVLETHS, Lizh->T, kEMEDELY PCDDs,
PCDFs, & <2 OsCDD % O,CDF A b v x>
H80ml LIy LEERSZ, KETHINSDRE
Zi S 72 Coplanar {EE#C L TIE & A ETRE
HERIZOLY I FAMOEER YRS, BET2H
EERAL, 205G, BERIOmgEEL Y
B VEEWIZ0.5g12% YD, 0.7cmd DA T AWK
BHCRET 2008 TH S, &5, Co-
planar (L& DBEHE BB T 27 HI280°C D b L
IVEFRLTWS, ZOAETEOLT 2 100ml o
bz 2T Coplanar (b EW R BEH T2 LN TE S,
Co-PCBs & PCDDs ® PCDFs D { o D £ %
#* (1,3, 6,8T,CDD B X U1, 3, 6, 8-T,CDF) D
HESHELL T2 dREE TR EHIER S
Tolk#ligsizn, Lal, 7V 3+ (Merck
Art1077, EHE 1) 2HEWiSEOFEIZ LY Co
-PCBs & PCDDs, PCDFs 0 43 B 23 % & T ] §E i
tolz,

2. Co-PCBs

2EHEOBHDOE L BAREF v T V= T 4
(5% phenylmethyl silicone % & Carbowax 20M
BR) KKk 2ECD-GCHOMERTRERE, WERH
B L UOEREM#MO Co-PCBESDWTFRIZBWTH Co
-PCBs T# % 3, 4,3, 4-tetra-(3, 4, 3, 4-T.CB), 3,
4,5,3, 4'-penta-(3,4, 5,3, 4-P;CB) ¥ £ 1/ 3,4,5, 3,
4’, 5-hexachlorinated biphenyl (3, 4, 5, 3, ¢,

Table 1 Levels (ppm) of tentative coplanar PCBs in Yusho oils and Kanechlor 400

Coplanar PCBs

Sample PCBs
3,4,3 4 -T«CB 3,4,5,3,4-PsCB 3,4,5,3,4'5-HeCB total
Yusho oil
K-3 1.3 0.17 0.0098 1.48 150
K4 1.2 0.20 0.01 1.41 160
PCB preparation
Kanechlor 400 2% 8000 68 0.44 8100 1000000

* Yusho oil K-3 and K-4 have production date of Feb. 9 and Feb. 10 in 1968, respectively
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5-HeCB) & Bl — D {RFFRFH 2 FE D 535520 %D &
ZHENTEMLUERR LU, 72, 5% phenyl-
methyl silicone ¥ v & 7 V—# 5 A %2 w7 GC
“MS G THEMULfEERT L2, ZOES
WIREHORBERTBEDONDD, Tho IHTE
Co-PCBs L#EEL, EEL .

Table 1WWRT &3 W1968E2H9H K-3) &
FU2A10H (K-4) BEHOFEEAMFIIEEMUL
72BED Co-PCBs & g Twiz, K-3 8L VK4

o total Co-PCBsiEE i3 1.48 B & UF1.51 ppm
THY, total PCBEEDOH1.0%TH -7, total
PCBsBEWR X T 2 & Co-PCBRSEBEEDH &I
Table 2 127;7% £ 3 & Kanechlor 400 iZ b~ T HIE
BRI 3, 4,3, 4-T,CBIZIZIZRRBRETH 5,

3,4,5,3,4-PsCB Tl 70212720, &856122,3,7,
8-TCDD ®#91/200 DFMH™ %2 RT £ wbird 3, 4,
5,3,4,5-HCBixa s x|, #1650 Fixiz-
Twb, ZARFEMICRETT 2 720 Table 312 3 3¢

Table 2 Rations of each tentative coplanar PCB versus PCBs in Yusho victims, unexposed individuals,

Yusho oils and Kanechlor 400

Coplanar PCBs/PCBs (X107%)

Sample Age Sex
34,34 T«.CB 3453,4-PsCB 3,453,4,5-HsCB Total coplanar PCBs
Yusho victim
Case 1 intestine 25 M 11 9.2 50 69
liver 10 240 360 640
Case 2 intestine 46 M 10 11 39 61
liver 57 44 100 210
Unexposed individual
Case 1 adipose tissue 54 F 2.3 37 8.0 47
liver 18 50 10 79
Case 2 adipose tissue 54 M 4.1 11 14 29
liver 3.3 21 13 37
Yusho oil
K-3 870 110 6.5 990
K-4 750 125 6.3 880
PCB preparation
Kanechlor 400 800 6.8 0.044 810

Table 3 Component ratios (%) of tentative coplanar PCBs in Yusho victims, unexposed

individuals, Yusho oils and Kanechlor 400

Coplanar PCBs (%)

Sample
3,4,3,4-T.CB 3,4,5,3,4-PsCB 3,4,5,3,4,5-HsCB
Yusho victim
Case 1 intestine 16.1 13.0 70.9
liver 1.6 39.2 59.2
Case 2 intestine 16.6 17.9 65.5
liver 28.0 21.5 50.5
Unexposed individual
Case 1 adipose tissue 4.8 78.2 17.0
liver 23.0 63.7 13.3
Case 2 adipose tissue 14.0 39.3 46.7
liver 8.9 56.9 34.2
Yusho oil
K-3 87.8 11.5 0.7
K-4 85.1 14.2 0.7
PCB preparation
Kanechlor 400 99.2 0.8 <0.1
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SO %E R L 7., Kanechlor 400 Ti& 3, 4, 3,
4-T,CB #$99.2 %2 % L T HEH T3 86.5 %2
LU, Wi23,4,5 3, 4-PsCB20.8%»5 12.9%,
3,4,5 3, 4,5-HCB 2 <0.1 %45 0.7 %icHEmML
Tw3, 08 2ERIOESHHEMNT 2HRIZ
LBTOWERES 28 L2 LTEZ2 5 &, PCBEGE
AHOREIZBE L7205 Co-PCB K AFOESRE
DER FEHELXLTS, 4, 3, 4-T,LCB>3, 4, 5, 3,
4-P,CB>3, 4,5 %, 4, 5-H,CB) 1Tk 2&H LR
OHEDHERTH S LiEHEND,

fti> PCBs & F##1z Co-PCBs i3 BE=0 B M5#R# THT
ot TE O BBEETH -z (Table 4), LaL,
BEEINTIHEREOREL 2 HET 5 L,
total PCBs 3 ATl T 2.11%, BECT3.1ETHZ D
Wt LT, total Co-PCBsic W TR 19fE8 & U
5.6 THD, HeriBHWEELZRL K. total
Co-PCBs 1o nt ¢ 5 & Co-PCB K TR E L (X
107%) 2 # % & (Table 2), PCB&IRICHLNT, #
EHEDMEREL S 4, Y, ¢-T.CBOEEEL L,

M 1EH,3A

3,4,5 3, 4-H,CB%3,4,5 3, 4,5-H,CB »381L
Twb, EECMERZEOSA, 3, 4, 5 3, 4,
5-HiCB DEMSEEZBICHATELLEN I L ZE
Haxh3, ZhiZBERRHETFO Co-PCBs # % K
L Tw3boriEflan b, Co-PCBMALL
(Table 3) »oBETFRSIBEETIES, 4, 5, 3,
4-Ps,CBTHHDIH LT, WESREILS 4,53, 4,
5-HeCB TH -7z, LAEDOFERD S Co-PCBs b i
PCBEA L A EEREMEIEFERCERIAL ST
<, MEBZIEEDO®EN3, 4,5, 3, 4, Y-HLBD
BREFRERTTVSL LD,

3. PCDDs

HERE R0 PCDDs s ic B 2 i id iz <,
I ECERMEICIE PCDDs & EH TR H D
rEZENTw, Lal, S0, HMikirREL,
AR (S EEBES000H B Wik 9000) KB W T
SIM 5347 %47 - 7248, Table 51I2R/T & S 538
b~ 8 Bt O TFEENIERTE . FEE (K-4)
WIS HRERE & LT 130 ppb (0.13 ppm) ¢ PCDDs %

Table 4 Levels tentative coplanar PCBs and PCBs in the tissues of Yusho victims and unexposed

individuals
S Coplanar PCBs (ppt) PCBs
ample — — — (opb)

3,4,34-T.CB 3,4,5,3,4-PsCB 3,4,5,3,4,5-HsCB total pp
Yusho victim

Case 1 intestine 410 330 1800 2500 3600
liver 22 530 800 1400 220
Case 2 intestine 380 410 1500 2300 3800
liver 52 40 94 190 91

Unexposed individual
Case 1 adipose tissue 21 340 74 440 930
liver 13 36 7.5 57 72
Case 2 adipose tissue 57 160 190 410 1400
liver 2.5 16 9.6 28 75

Table 5 Levels (ppt) of PCDD congeners in a Yusho victim, unexposed individuals and a Yusho oil

Sample T4CDDs PsCDDs HeCDDs H-CDDs 0sCDD Total

Yusho victim (case 1)

Intestine NA 110 910 130 2200 3400

Liver NA 1300 670 22000 24000
Unexposed individual 22

Adipose tissue* 13 130 190 2000 2300

Liver** 3.4 5.0 27 95 1100 1300
Yusho oil

K-4 NA 13000 51000 57000 9200 130000

NA ! not analysed

* - Average of 9 samples, *

* . Average of 6 samples.
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SihTtwi, BUERBELRE*H O PCDFEE
1.0 ¥ L7354, PCDDEELE 5B TD 0.032,
6 W T0.12, 7THAHTO.07, 8K LM T
0.94, ¥EE1Z20.068 ThH 2 (Table 6), 8 HFY
DBEIZIZIFSL VY, MORBERTRELI -5 —
B2 & DSEBR L 7z,

MIERE (case 1) BT OEREHRPCDD BER
FFE& T 24,000 ppt, B&C 3,400ppt TH Y, FFEEEEE
EV 1A= —Fhotz, HEHOBETREHIEE
# (1985 EFWH 2 WIHFR THED) O 18.5 F W H

BRI W EE A R L T3, Table 7W2RTHE
AR E 28 &, BEOBTIRTEE »i DiEE
L-iEk 2 =L, HCDDs O L E b TH
<, PEXTA9 1 0,COD DML L WA L T 3,

PCDF i (Table 8) kit& ¥ % &, % PCDD &
R TO0.11E, BTIELAD 0.01245L%5 5T
w23 (Table 6), W —EFHK %2 FH T 2 PCDF &
PCDD %ttt ¥ % & 5 $i{b~ 7 A BEREOHE &
wih by PCOF BEEESERMICE L, L,

QAL CIHAFI T 10515, BT 7305 L ¥

LT ENETH 7. —7, BOBRRIEBEEDOR PCDD 0 B#HBErE BoTwike, IThodi®

Table 6 Ratios of PCDD versus PCDF congener with a same number of chlorine.

Sample T4+CDDs PsCDDs HeCDDs H-CDDs 0sCDD Total

Yusho victim (case 1)

intestine - 0.021 0.13 0.009 >730 0.012

liver - 0.003 0.018 0.005 105 0.10
Unexposed individual??’

adipose tissue 0.59 0.56 4.2 7.3 110 16
Yusho oil

K-4 - 0.032 0.12 0.071 0.94 0.068

Table 7 Congener ratios (%) of PCDD congeners in a Yusho victim, unexposed individuals and a

Yusho oil
Sample T4+CDDs PsCDDs HsCDDs H,CDDs 0:CDD

Yusho victim (case 1)

intestin - 3.3 27.2 3.9 65.7

liver - 0.3 5.4 2.8 91.5
Unexposed individual

adipose 0.6 0.9 5.5 8.1 84.9

liver 0.3 0.4 2.2 7.7 89.4
Yusho oil

K-4 - 10.0 39.2 43.8 7.1

Table 8 Levels (ppb) of PCDF congeners in a Yusho victim, unexposed individuals and a Yusho oil

Sample T,CDFs PsCDFs HeCDFs H,CDFs 0OsCDF Total
Yusho victim (case 1)
intestine 0.13 0.13 5.2 15 TR 28
liver 0.11 0.11 25 140 0.21 240
Unexposed individual®?
milk fat* 0.022 0.022 0.039 0.026 0.018 0.14
Yusho oil
K-4 290 290 410 800 9.8 1900
(1200) (850) (190 (=) (=) (2200)

TR : 0.001~0.005pph

* . Average of 504 samples from residents in Osaka.
Figures in parenthesis show the PCDF concentration in our previous analysis'”.
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T4CDDs PsCDDs HsCDDs
188
liver
X10
12378 X 8 123678 X 1
123789
9! 123478
LR . , } T ‘ ik
5:08 8:88 18:88 12:88 14:88 16:88 18:89 28:80
intestine
X 5 X1
12378
[ . . — . . . =
6:88 8:88 1600 12:98 14:88 16:80 18:88 28:88
12479 124679
188 {12468 {124689
K-4 123468 X 1
{123679
123689
N 123467
6:88 8:88 18-80 12:90 14:88 16:88 16:68 28:88

Fig. 2 SIM chromatograms by using HR-GC + HR-MS of T,CDDs, P;CDDs and H,CDDs in a Yusho victim

and the causal oil.

BESBRUCFEEBMPOL D LEET 3 L, 58k
~7THEEDOLE B 6EAAEEZR) BuIFndE
DU T2, #Iz 8 TE 100 5L L b gL
Twiz, 2 s M ki PCDDs & PCDFs O A KR
ZEPOROERT LI E2ERL TS,

Fig. 25X U3 wwEREMH (K-4) F1PCDD 0 &4
EEESIM 7 o~w b 75 A% 5= ¥., P.CDDs @ E K4
131, 2,4,7,9-+1,2,4,6,8-), 1,2 3,6,8, 1,2 3,
7,9-8&0°1,2,3,7, 8-BATH S, HCDDs DI
& (1,2,4,6,7,9-41,2,4,6,8 9-+1, 2, 3, 4, 6, 8-),
(1,2,3,6,7,9-+1,2,3,6,89) 8X11,23,6,7,8
SBEAERERSTHY, 1,2,3,4,7, 8, 1,2,3,7,8,
9-, 1,2,3,4,6 7-P;CDD BEIF S L LTEEZA T
% (Fig. 2). H,CDDs 044, 1,2,3,4,6,7,9-% 1,
2,3,4,6, 7, SSERAEMIZIZFFCEETEINATVLS
(Fig. 3), 20 &> RS HEBITEANSERKE
PCDDs @ #01™ & X CHELL Tw b, BEERNICE
B T2 PCDD KA HEEEDHE?D » FiE,
WITNOREED 2, 3, 7, 8- EEBREYET LR
WA TH -7 (Fig. 2, 3).

4. PCDFs

ME R F @ PCDFs 0 #4713 Z & &7,
Nagayama et al.?” & & ¢f Buser et al® iz & - 7

H7CDDs 0sCDD
108
} liver N X 30 X1
g . . | . —
16:08 16:88 23:88 22:88
108,
1 intestine x15 X1
8 = : .
16:88 18:88 28:88 22:88
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K-4 X1 X5
1234679 1234678 0sCDD
LR , - } . —
16:88 18:88 28:08 22:68

Fig. 3 SIM chromatograms by using HR-GC+ HR
-MS of H,CDDs and O¢CDD in a Yusho
victim and the causal oil.

b, »Wihb 6 \ILYWELT © PCDF 55 D fEE 43
HERENTE, LarL, Table 8CRT LV i1z4
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Table 9 Congener ratios (%) of PCDF congeners in a Yusho victim, unexposed individuals and a

Yusho oil
Sample TsCDFs PsCDFs He¢CDFs H-CDFs QOsCDF

Yusho victim (case 1)

Intestine 0.5 18.6 25.7 53.8 <<0.1

Liver <0.1 10.4 30.0 58.3 <0.1
Unexposed individual?*

Milk fat 15.7 27.8 22.1 18.6 12.9
Yusho oil

K-4 15.3 21.6 22.1 42.1 0.5

(54.5) (38.6) ( 8.6) (=) (=)

Figures in parenthesis are values calculated on the basis of the PCDF concentration in our

previous analysis 7.

" T,CDFs PsCDFs HeCDFs
liver X100 x1.5 X 1

)
S
98

2368
" 2378 l\i23678
§ b anihe ke |

8:98 18:98 12-88 14:88 19:88 12:98 14:68 16-88 18:98 14:88 16 98 1988 28:88 2280
188
8] intestine x30 X1 x1.5
]
2378
R 2368
»
§ )
538 1888 1288 14768 1888 12:8 e 1588 1888 1478 588 1868 28788 ]
188.
) s

9] K-4 X1 X1 123479 X1,

1239} s

2347 12479
2] 2378 13467} {12378 123467

12348

u 23478 | 93467

2368
ga 246@ 12478 234678
‘ A M A

8:88 18:89 12:88 14:98 18:68 12:98 14:08

16:06 16:98 14:88 16:98 18:69 29:99 22-98

Fig. 4 SIM chromatograms by using HR-GC » HR-MS of T,CDFs, P;CDFs and H,CDFs in a Yusho victim

and the causal oil.
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H7CDFS OaCDF
168
liver 1234678 X300
Lg 1234789
8 ,
16:86 16:88 2798 280
168
intestine X100
L . ’l
16:88 18:98 28760 22700
198 % 30
K4 -
OsCDF
1234679
. 1234689
' 16:08 16:80 28-88 22:98

Fig. 5 SIM chromatograms by using HR-GC+ HR
-MS of H,CDFs and OsCDF in a Yusho
victim and the causal oil.

WELT 2 DEEZLNS, Lizni>T, B#kO5

4

HES, EREB/ETILENDHL D EEZ LN,

LRI A7 B, REMF ik H,.CDFs 42.1 %
Fbor b EWERRL 7 (Table 9), — 7,
T.CDF~HCDF {338 L 75 R L T 3,

HERFE (case 1) DB B & VIS ©#% PCDF
BEREEERIIED 20088 X V1,700 FiEL,
BEIELODTHBEDOERY® 51T x3 (Table
8)., ZDEREE BEMBIC OV TE#E s L,
T,CDF ©5.01%, P;CDF T 640 %, H,CDF T
2,300 f%, H,CDF T 54,000 f% 8 & 18 O;CDF T 12
e, &< HCDF 8 & ¢f H,CDF #3& iE gL fE
EiRLTWwiz,

—EE E i3 P,CDF OB b o & &<
21.8%TH 3 H, MORBEEOMERLIEGEML /218
Th-olz, Lrl, WEREDESG, T.COF B LU
OsCDF 0 & & 48 % b & TI& {, Mz, H,CDF 8
50 %A LIC>THD, BEIZ/ SF - DS
nr.

FRH+ PCDOF O@ESEESIM 7 u~ + 7' J 4%
Fig. 48X U5 md. TERERS - LT T.CDF
T 2,368, (1,2,3,9-4+2,3,4,7) BXU2,3
7, 8-E#ufk, PsCDF mBA&R (2,3, 4,6, 9-+1, 2, 3,
4,7, (1,2,3,7,8+1,2,3,4,8) BLU2 3, 4,
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7, 8-Bifatk, H,CDF iz (1,2,3,4,7,8-+1,2,3,4,
7,9-), 1,2, 3, 4,6 7-B#us, H,CDF TiX1,2 3,4,
6, 7, S-BIAESHETR S 1T,

BEANCEE T2 Fig. 2~5 1R TL 5
2,3, 7, 8- ERERED L OMEETHZ, T.CDF T
% 2,3,6,8, 2,3, 7, 8Bk, P,CDF Tix2,3,4,7,
8-Fiuik, H,CDF 11,2, 3, 4, 7, 8-B#af%k, H,CDF
TW1,2,3,4,6,7, 8-BEETHZ, DL RBR
3 PCDDs O#B& L A —BEEZE LD LN T
wa,

SH LI D OFMRACE T, RRES
FUBEENIZE TN TR {LEICOWTHESRM
FHEORES 21T LENH LD EEZ 6N D,
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1. ECD-GC # & tf GC-MS 34712 & > T 1968 £
2 A9 88 &0 BELYS B o MERRHM$IZIZ Co-
planar PCBs (Co-PCBs) » #il & 11 2 {L-&¥HSIT
MU BETEET L ENHREsAR. 3,4, 3,
4-T,CB, 3,4,5 %, 4-P.CBBXU3, 4,5 3, 4,
5-HCBOFEHEF R ZNLFNL1.3, 0.198 L U
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DBB L U O Co-PCBs 13 2,400 B X
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Holz,
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P,CDFs (38.6 %) »EHITH 2 & s T BE
DEL E-1L B - EESB LN,

6. fEEEICHATHEREMBETDOEYE PCDFs
BER2~34—F -5, RkEshToldr-o
7z H,CDFs 3 Epl4r & L THER I Ll

# 3

B ERITT 514D, BESTMCETROKYEIES
ELRHABRESM LY ¥ —, WEHEREIHE, B8R
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SHAE B EDME S & UK T HER5#E#i% @ polychlorinated
biphenyls (PCB), polychlorinated quaterphenyls (PCQ)
DBREEHERIZDOWT

RIGAFEFHEERFEHE (SE | FHEAHE)

A f oK BE-BF o W OM-EF H O EXRS
ERIER RS R (R | FAREML)
oo o' R
R ERBE R R (BeR © LGS E)

W v M &
RIRGEAEFRIMELCER (TR | BRAELD
= H ' 5k

PCB, PCQ Concentration of Blood and Subcutaneous Tissue in
Patients with PCB Poisoning (Yusho)

Taro OncaMmi, Shigeo NoNaka and Hikotaro YosHIDA

Department of Dermatology (Divector : Prof. H. Yoshida),
Nagasaki University School of Medicine,
Nagasaki, 852, Japan
Fumio MURAYAMA
Division of Dermatology, Nagasaki-Chuo National Hospital, Nagasaki, 856,
Japan (Dirvector : Dr. S. Teramoto)
Kazunori YAMASHITA
Division of Dermatology, Sasebo General Hospital, Nagasaki, 857, Japan
(Dirvector : Dy. H. Suyama)
Nobuhiro M Asupa

Nagasaki Prefectual Institute of Public Health and Environmental Science,
Nagasaki, 852, Japan (Divector : Dr. S. Yuasa)

Polychlorinated biphenyls (PCB) and polychlorinated quaterphenyls (PCQ) concentrations in
the blood and subcutaneous fat tissue of 11 patients with PCB poisoning (Yusho) and 10 controls
were analyzed using electron captured gaschromatography. Furthermore, a correlationship
between cutaneous changes, PCB and PCQ concentration was investigated. The mean blood level
of PCB was 1.20 ppb in the control group, but PCQ was not detected. The mean concentration
of blood PCB was 6.45 ppb, and that of PCQ was 1.39 ppb in patients with Yusho. The mean
concentration of PCB in subcutaneous fat tissue was 1579.45 ppb in Yusho group, this value is 3.9
times higher than that in the control group. The mean concentration level of PCQ was 206.65 ppb,
which is 120 times higher than that in the control group. These results show that PCB and PCQ
accumulate in the subcutaneous fat tissue of patients with PCB poisoning (Yusho), even 17 years
after the occurrence of this disease. There was no correlation among cutaneous changes, PCB
and PCQ concentration in the blood and subcutaneous tissues of patients with Yusho.

(157)



338 AR I N

AFIA34E, P4 ST A4 AL A NVBERFEEL TR
RIOEORABEBL 7208, 2BEBOBEIER
OHEERCELD SN TWBEY, F7:LAFTH S K
F1 ¢» PCB (polychlorinated biphenyls), PCQ
(polychlorinated quaterphenyls) &4 & »3HIE X
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MEREOEbNLLNLENEE2HMEDO—2 Lk >T
Wa, TRbEEEBERORES 2 HIZEBEO,
HA L ERE BT A E053EF D {209, »D
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EREHB7:0THB, IRsDI ks, XDIEHE
RN PCB 8 & ' % OREYE O S AREOINIE L
EENROSNTETWE, 20zdbhbilg, I
noDYEBREEYTHEL Z Ems, BTIEHHA
PCB, PCQ&EH =&, PCB ¢y —>, CB®%LL%z &%
HEL, FRCEEERE: OBEI DWW T LT 2R
Az, ATZDRE®RET 5.
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4. PCB, PCQ @EIZE

PCB, PCQ O BIEREBALY 0 FECET SHE
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Fig 1 Analytical procedure for PCB, PCQ and PCDF in human blood and tissues.
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Saponification

Extraction with n-hexane after addition of water
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Concentration

Florisil column chromatography for separation of PCB, PCQ and PCDF

r I
PCB fraction
(1st fraction) 1
ECD-GC analysis
Reactant

PCQ fraction (2nd fraction)
Concentration and dryness
Perchlorination with antimony pentachloride

| Extraction with n-hexane

Extract

! Concentration

Alumina column chromatography to remove impurities
Perchlorinated PCQ fraction
| ECD-GC and GC-MS analysis

(158)



339

o PCB, PCQ@E

m®, KT

0€°0 1270 [€9°082 | L2°0 €970 19270 as=+
9970 VLT |0L7607 | 2970 02'T |S2°0 NVIN
L0 q L1 756 L0 d 20°0> 1 G0 0 0 0 0 0 60 N | 18 |01
770 q 91 214 L0 d 20" 0> 1 0 0 0 0 0 0 0 W 2916
670 d 67 060T| T°T q 200> tH 0 0 0 0 0 0 0 W |2 |8
11 d Lo 76 80 d 070> I S0 0 0 0 0 0 G0 d €Ll
"1 g 6z 012 L0 d 200> ! S0 0 0 0 0 G0 0 W€ |9
€0 d 1'2 10% €0 d 070> T 0 0 0 0 0 0 0 d 8¢
70 d 970 682 870 d 070> 1 0 0 0 0 0 0 0 4179 |7
70 J 11 10€ €0 d 200> I S0 0 0 0 0 0 S0 d L)€
S0 d 61 89¢ 0 2 20°0> 1 0 0 0 0 0 0 0 d 109 ¢
80 g L0 0€S 9°0 d 200> ! 60 0 0 0 0 0 S0 YN | 8|1

Mﬁmu ureyed | (qddy | (qdd) oner |ureped| (qdd) | (qdd) |2109s| sedueyd onejuewSty | sxeog uor309Jul uondnis  |Sopowod

%°dD | 90d | ©0d | d90d | %90 | 9dd | 00d | 90d |Iewol| ['BN ’ ’ jo fouspua], | oYl AUDY | ORI

X9G 198y | ON
anssr) jey snosueINONANS poorg [eotur)

STOJUOD JO 9NSSI} JeJ SNOdUBINIANS Pue POO[q Ul S[EAJ] HDJ Pue g)Hd ‘sSurpurj [edwur]) | I[qe],

(159)



1En 5 A

N

P

340

1971 OL°TIT |0¥°2S9 | II'T ¥9°0 8¢'¢ | 1972 ‘asF

e G9°90T | S¥6.LST| GS°¢ 671 Sv'9 | 2L°e NVAN
vy | (V) d 262 00ve| €6 v 6670 6 1 0 0 G0 0 0 G0 W |61t
9 | (V)4 0ee 0€LT] 672 v 8¢°¢ 01 1 1 1 0 0 0 0 W | 0S8 ]0T
€¢ v €cl 089 0°2 v 6870 6 6'¢ 0 0 [4 g0 0 0 W |65]6
'€ v €le 021t §°2 v ¥9'1 4 i2 0 0 [4 0 0 4 W\ 098
8y A 44 0911y L°C v 81°¢ g S 0 0 [4 G0 G0 4 W |25 L
ey d ST¢ £v6 9°¢ d 981 S S0 0 0 G0 0 0 0 W 659
L€ d 24! 102 L'e d 8Vl i4 T 0 0 G0 0 0 G0 g 12616
€1 d €el ¥06 V1 d 9L70 € 6T 0 0 0 G0 G0 G0 CRRIAN
1°¢ d Ba 0¢tz| 1°¢€ d €81 L G 0 0 ¢ ! 0 4 W |8y |¢€
9°¢ d 248 0881 6L | (V)d | 821 8 g8 S0 ¢ T ! ! € W |29|¢
L0 d 9% 0€LT] 0T | (V)d | 0270 L 0 0 0 0 0 0 0 W I |1

wﬁmp ureped | (qdd) (qdd) oner |umeped | (qdd) (qddy |9100s|sa3ueyd wonejuewSL | SIE0G uonrIJUI uonydnio | SOpPAWIOD

%40 | d0d 00d ad0d | %490 | 90d 00d g0d |[B0L| 1BN Jo AoudpuR L, 91| Suoy | ¥or[g xag|08y| ON

aNSSI} 8] SnosUBINONANG pooig s3urpury [eoTuI))

sjuaryed OUSNZ JO ONSSI} JBJ SNOSURINOQNS PuUB POO[] Y} Ul S[AAJ] DD Pue gnd ‘sSumpulj [eorur)) g dqel,

(160)



mE, K TE#TO PCB, PCQEE 341
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PCQ B 13 F15 1.39 ppb & MEEEEIZ L~ TH & 5 iz
EEERL, £ PCQERIIMEBEBEFRICIEL 70
BRI EBE LTz, PCB/SY — v iZ Ay —
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CBY% i3 7 2.55 EHEBEIC LR TAFIC AL T
RN

3. ETEEmmME#PnPCBERE, PCQiE&E,
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STHRRED K2 T ReRAfEB H PCB BB @ Fiy1d 409.70
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Fo. ZHCHART, WERENO PCBEE X ¥y
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WEEERL, &< IRHBRAN PCQEE IO
120EDBBBETHL e85 ERoT, ZOK
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(161)

LEZond, —7%, BB PCBIEE TR
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L, ETEHEADO PCBEEIREEDIETH-
7eh8, PCQUEH 102w L 100E0ESEsE R L%
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PCQOFELVEREAEHL THW3DTH 3,

I ERSD DgHE#N PCB, PCQEE LD
NORBRIDBELFRL TV, ZREESORIE
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borreohEZLNS., ULy LUIBIHEBAICIEE L
PCB, PCQ#RZIZ T H->T b HRHEMEn B
DEPETETH B0 MROEEH 2 DTk,
DUARRMOEREDZEI X 2 AgEERE O TIE
TR ELEZLNG,

2, SEIOKETICE W TIE, KEEREDF, g
BN PCB, PCQE & DI TAD shih o
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7208, KERERO b - & 3 LWERI 2 T3, ETHE
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ERASY I, KB PCBEE & oI 3B E
BIEEAERWE LH, BRBERE6ELZFBL
FREEE T, AY — v ERTHICEEERSE LV
EEANTW A, BBREITIRIMT D B I3 T IETERRN
PCBANRY -2k mIHTHRERITLAERD
oL HY, BB RA s, DL
%, BEEEDuilbhrdrbsd, &l TIEl#E
A PCQEELRTFINGFEET 2 I LHEETH2 I,

v OEFHBEEERTFEEON L%, BEX
FO#H2%%EhED 2 Lubhs?, PCQ T 200
PP DEETH LT L&, ERICIEB L% 2mg B
Lo PCQMBEETL O LEBRENSE, Cho0E
fEahz PCB, PCQ & % \»ix PCDF 7 ¥ #3 i i,
FOMDBRICED LD 2B E 5250, HiHWwiT
BRI NS DYE RT3 S AR
ET2H00EI ik L 3SRET SN T EHER
EThs2,
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BEZAEL:. ABCHZEEILVTORBEHREY
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D, WEEICEA3IZB ERE LT, PCQE
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Hi33.22 24,981 FH LT,

4. PCQESLBETRERIEBITIZRZCERE SN
TwbeFEzoN5,

5. EEEREMdE & U E T IEN#&T O PCB,
PCQBE L OMICHERMEIE A s o7,

6. KETHEWH#HSYO PCQEBERIZERR, HWEDZW
HEAEL L TMEEEAR-T5L0 8L 0BENTHD,
BB E e DB I ERB RN,
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Liver Damage and Hepatocellular Carcinoma
in Patients with Yusho

Hiroshi TsuJi, Kimihiro AKAGI, Koichiro MURALI,
Eiji KajlwArA and Masatoshi FujisHIMA

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

To evaluate chronic effect of PCB on liver damage and hapatocellular carcinoma, liver
function tests and tumor marker were examined in 157 patients with Yusho of age 16 years or
older (average 49 years) in 1985. Mean values of serum glutamic-oxalacetic transaminase
(SGOT), serum glutamic-pyruvic transaminase (SGPT), alkaline phosphatase and y-glutamyl
transpeptidase of Yusho patients did not differ from those of 36 controls (average 49 years). Liver
damage (SGOT >38 K. Units and/or SGPT >30 K. Units) was found in 13 (8.3 %) of the patients
and in 8 (22.2 %) of the controls. Between Yusho patients with and without liver damage, serum
concentrations of PCB and the prevalences of positive HBs-Ag and drinker were similar, but a
significant increase of body mass index (Quetelet Index) was noticed in the patients with liver
damage (p<0.05). On the other hand, elevation of serum alpfa fetoprotein level was observed in
only a patient, 55-year-old male, who showed serum PCB concentration of 7 ppb and gas
chromatogram of C pattern. He had already been diagnosed as hepatocellular carcinoma
associated with liver cirrhosis. We conclude that liver damage in patients with Yusho is not
frequent and it may be associated with obesity. Whether PCB would promote hepatocellular
carcinoma could not be demonstrated, because the patient with hepatocellular carcinoma
revealed gas chromatogram of C pattern, that is, the pattern of healthy persons, and also had liver
cirrhosis known as the high risk group.

1968 4= 4 At & © polychlorinated biphenyls
(PCB) IBA T A A4 A WEBEUIZ & D ALERILN & Fol
WEEAE U SIRE T, FSAE UV EESI OMERT R
BOTIET LI Y 74+ AF—¥ & BSPEEROE
ELEE, PHEHORNG CAMES T A,
GOT, GPT 0 ERfFIb # 57z, £DELE T
NLBRETREHOBRECRIEERBETH > 2. HiE
REDXKITESF®EL, TP PCBEEIETL
fEx OEAMERTERL TwE, LoL, ZOMHEK
KIEWV ER B Ry — s S 0D, BREKD
PCBIz L 2B FBIIBITL T B LFEES NS,
S, A IEHEREICA S N FFEE I DL CORE
L, FFEEREORBEEMIFE L gD LE
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BIEREERL 7D THRE T 5,
MHRLHVICHE

1985 EE R R MfE —FKRZOZBE 203 LD S
B, 16 XD 193 ZE[HFEE L, 205 157
HPHREBRE T, BERD 1986 £ 3 AREOMESR
HT65 2D 20.5%TH-o7, WBREREZELSOM
AR F36&Ze L, BEIEE6SL, o
R TEESIZA04FTHY, MNEFHITHEMIS
f, LH2ZTEYFERF 8.6 FTHTC.

MPAFIE, BHE, BERE REROHRE, FE,
FEORE, MKE(FHE, AFP, HBs-Ag, Il
FPCBEEOHIES L VEROBETH 5., EHD

EV N
[
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BEICIEAHE BE/FEYD 12X % Quetelet
Index (Q.1) %\, BHAWIC LY 25.4 DL EA I
U7, BmRgmhEEORE T bh, MKRE
fb2 iz TBA-80 Super RZHE) 2H VT,
AFP, HBs-Ag id RIA &2 & b AREZERFEF—
BB THES Nz, £z, MK PCB A4k mEiE
BEENEL >y —, dLUNTIREE AR, &
BT, B—ERREWESTFHRETHELT
Trrbh, H—FEHC & 2 cross test 10k D BHIRMED
FRES Bz 0,

154 i#

HERFEHECENERCE LM PCBEEEIEE
B ot (Tablel), UL, ZOR{ELZHED
HTED BN, BUETIEAS ML -T2, MEELE
M#E T, GOT, GPT, ALP, »-GTP O w3 iz
BT b HEMICELTD o T,

HRE SR 157 444, GOT 31 Karmen Unit DL E
#H 53 GPT 39 Karmen Unit DL EDIFEE 259
rbDIEEM G R, L THDE134E 8.3%) T
Hot: (Table2)., —7F, XEHGHAT, HEER
Hlzb D 8% (BHLL, LE44) THo%, B
FHTHEZELZRD 2L OOFHENIL52.4 F TR
FEEEBEALCAD. QL w254 L LD BRE
37 &AL, FEM4E HBs-Ag B TH o7z, iE
#1534 7 0 — CIEREE, fEF 5 SRR & S IEE
fER 12 13 Graves' f§ L @IIEFE L2 SHFL Tz, &
HEONEES L FEFEEFCOLWTHET S &,
EEEDMmt PCB &2 6.3+5.7ppb (Fy+SD,
124, ) LIEAFEEE4.84+3.8ppb (1274) Ik
LEOWERIZA NI HNEEZE Tk Ao/, R
DIEETH2 QL IZHEEE25.624.6 (135) &
JERFEEE 22.4+3.0 (144 8) CHLEBZE?-
72 (p<0.05)., HEEH L FFESEORBEEHE,
HBs-Ag BHFRCEZA SN 72,

1985 EE OKRPZ CIMERH 157 &P, AFP7335.8
ng/ml £ IEH ERE 20 ng/ml A LD ER AR D 78
DB E 1 E T, GOT 37 KU, GPT 25 KU
y-GTP 45U/L, HBs-Ag (—), i+ PCB & 7
ppb TC /8 —> ThHotz, REFIL LSRN THFIE
ZRE D RRE S I RO FIE WD I MEEE T
bote, LT, EFAEERT 5,

REG] L 52 1%, B, SHE

FiR L 25ERR

BAER C BE~3A/H, 10 M, BMlEE 2w,

(164)

BiEe 4 A

RIERE | KR T 4T 4 B HERE.
BRE A ASEIA RFTANVERKRTELT3.61/

BRWE B L CIREO@R WP HE L /2. 1977 &,
L2 IRERO I DEERZZ U FESSEH I s
HMEL Tz, 19795 12 BEB O -0 U EER %
22 UM LA, FFEERED 0 1980 &

6 84 LBl ABEL 72,

1 OB ARRTR

HE | H% 168 cm, {RE 64 kg, BRIA 72/5, %,
Mm/E 112/68 mmHg, Ei#EH. REEERICEMmS <,
BRI - BB £ W o - 72, BRI B,
R, WES, TRRICEEIREE, aRREEES,
FEAM, 7 BRNEEL A7, FRS, LFCEY
%<, BEHTIEHE TR EMS T ICAES 2 #igth
L, s, REATE, MEETHo7, HE, B
A E, KSR <, TRICEEERD 2, iz,
THRFNEE 2RO T o7,

WERAE (Table3) | RSB E TIIEMY <,
M/NMEDED %3807, BRCERE 2 <, ERE
HThHol. MIWENF®AE TIEGOT, GPT,
y-GTP 0&EED FHE % 4, MERED L 7.2¢g/dl,
y-ra7 Y ik l.5g/dl TH o7z, 1CG 15 HEHE
W 135% L EE FEL, Fuboyrt R, Aot
TIAF T AMIETL T, MEENRE TR
HBs-Ag i3t AFP {3 12.3ng/ml & IEH TH -
7o, EESEAEEETERARE, B, FTEBCEYE L
<, FFyrrTidR, B RIOEEL»7:, B
BE A, CTHE CHNERE2R o7, B
HESHR A T O S 38, RE MR E CRETTY
A&, EXEOEARRD I, FERMEZ TP
UL E U BRI IR I L R OB A I & D B
B R RO THEE Sl L7,

ERPRAEE [ 1980 4F 6 HaRIRR, 3 ABCEEHE
REZT2VEBEREL Twih, 19834 1 Al
HECEZcnDED-JEE 1E2R0 2 A
SHEBARL L.

32 B H ABERAT R
BE | 8 1 OB ARATR Rk TH D, RER
G EE R <, FRLEZER» o7, BREMRE, &
BB ICEIMERSERD S5,

WAL (Tabled) | REMBHRETEM % <,
M4 fbFEmdE b MO ARETR EEE 2 hoT,
AFP i3 11.7ng/ml E E® Tho7z. LEEE S
]/, v 5 THRIBABRRERTR & 2k b - /228,
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Table 1 Changes of PCB concentration and biochemical paramaters in patients with Yusho
PCB conc GOT GPT ALP v-GTP
Sex  No. Age ppb KU KU KAU U/L
YUSHO
Male 61 50.2%x14.5 4.8£3.6 23.0x12.9 20.0+£18.9 6.621+1.50 36.7£29.9
(54)
Female 96 48.91£14.2 5.0%+4,28 20.2+t 8.6 14.7+ 9.5 6.56£2.00 18.2%£12.5
(85)
Total 157 49.4%14.3 5.0+4.0° 21.3+£10.6 16.7+14.1 6.591+1.82 25.4+22.8
(139)
Control
Male 15 51.3+14.9 4.0x1.4 27.2420.2 23.5%22.6 6.431+1.45 32.8+47.7
(7
Female 21 46.6*15.6 2.56%£1.3% 21.8+10.9 15.6%£13.2 6.98%2.42 30.6+52.4
(14)
Total 36 48.6%15.3 3.0+1.5° 24.1+£15.5 18.9+17.9 6.75%£2.06 31.5+49.8
(21)
Normal range 7—38 1—30 2.8—10.5 <50
&b <0.001
Table 2 Cases of Yusho associated with liver damage
- Alcohol GOT GPT ~-GTP PCB PCB .
No. Case Age Sex ml/day QL KU KU U/L HBs-Ag opb  pattern Notice
1 Y.N. 46 M 71 23.3 80 77 125 - 3 A
2 N.Y. 61 M - 21.3 37 36 32 - 6 A
3 Y.J. 25 M 71 27.4 36 65 75 -
4 H.T. 47 M 24 21.4 86 125 55 + 6 A Chronic hepatitis
5 S.M. 53 M 48 22.8 40 44 82 — 4 A Nephrotic syndrome
6 K.K. 41 M — 26.9 31 50 29 - 5 C
7 U.T. 53 F — 32.4 55 56 27 — 2 C
8 H.E. 50 F — 30.8 42 29 46 — 2 B
9 M.T. 57 F - 31.4 42 50 60 - 21 A Hashimoto’s disease
10 M.H. 75 F - 17.8 61 42 41 - 8 A
11 S.T. 52 F - 25.9 31 31 16 - 2 C
12 H.H. 68 F - 21.7 43 39 28 - 14 A Graves' disease
13 K.Y. 40 F - 30.3 26 37 26 - 3 C

CTHEBECTHAECEARORBER 2T/, &
MBS B B R CILE AT EIIR FTEME B2 R,
BIRETREAERKBEICE 2cm OEBERE RO
7z (Fig. 1), %7, LIBERESREEHIRME T
A ORH X BEFCEBBIROER R, HEilite
TERED, FHEOEGHIEZ SN, 3HA4H
WEEEE 1 SHRh TAPAER TEO ERIBYIR 2 177% -
Jo. TR, BERGEEERSTEL, ) oovEIIcEBRE
HBlehrot, HERTHROB®IE, 2X1.5cm OES
TEOEHEERIEOBE I & 0 BRFER 2 EHTEOE
BTH D, HEBAFNICI RSO BB R
BIEREIR, RERCHEL, —IcEMERIEEE

e, FEFMEAE, FHEE L2l ni (Fi
2).

BERRRE | BB R T, Bk, sk TEM
FCEFRBRERTEWEBEEZE L Twizs, 1984
5 I FAERNREICE lom O o7 —fER 1{E
RO, TARBFAERRKBC ERERD,
AFP 73 267.3ng/ml & ER U/ uBhc Ak LI
BB CHMEEOBER 2 ani, 1985 F 4
A1H, 7TH1H, 10521 HFHIRERRE*
fTU, 1987 4 3 AL, SRR L 255 b &E
BLTWn5,

(165)
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Table 3 Laboratory data of a Yusho patient with hepatocellular carcinoma

Normal range

First admission Second admission

5, Jun, 80 10, Feb, ’83
Peripheral blood
RBC X 10* 440 527
Hb g/dl 15.2 15.5
Ht % 46 46
WBC 6200 6700
Thrombo x10* 8.8 26
ESR mm/hr 8
Urine n.p. n.p.
Feces
Occult blood — — -
Blood Chemistry
GOT U/L 0—40 52 55
GPT U/L 0—40 81 93
LDH u/L 120—250 198 207
T. Bil  mg/dl 0.2—1.2 0.7 0.6
D. Bil mg/dl 0—0.4 0.2 0.2
ALP U/L 30—110 108 79
v-GTP U/L 0—60 68 43
T. Chol mg/dl 130—250 166 132
TG mg/dl 50—150 77 59
FBS mg/dl 65—110 82 87
T.P. g/dl 6.5—8.5 7.2 6.9
Alb g/dl 3.9—5.0 3.7 3.9
v-gl g/dl 1.5 1.1
RisICG % 0—10 13.5 10.8
PT % 80~—100 52 90
HPT % 60—120 50 67
BUN mg/dl 7—20 19 15
Creat mg/dl 0.6—1.2 0.8 0.9
Serology
CRP — - -
RA — - -
HBs-Ag - — —
HBs-Ab — +
AFP ng/ml 20 12.3 11.7
= FEYRHBRESEOFE L5 2R ITIEBHONT

Iz PCB R 2R bBBaERTHD, vV
AW PCB 2R O%5 72 LIFER3ES, RETR
NSRRI s R Cw 55, B CIEE/NIE
O A SN B, 21T, FHEOEE/NIED
BniE, £ v Ev b 2 PCB (Kanechlor-400) 100
mg/kg # 1 EREOES T2 2 BRI AHLNLY
Zr eV REMcb2ELEEZOND, £,
PCB i Atrfifa o E/ N NadEOBR K s TH 2 2 7
oV — LB EHE, cytochrome P450 & o #E1,

W5,

WEZBLTE e DERMLIFED 1, Filis?
IXHEBE O EMET v, BECHEROEE/)
FalEoBEZD - LIREL TV 3, UL, BKRE
EFRCHEERECEELHREEIA N T, FHE
%] “chloracne” #E5EEFRTOLHFEELZ L LE
fERRICIL L ALP, BSP O®RE LR 2RDH LD AT,
GOT, GPTOE% % 1B8FIH 1 FlicH 125, ZOE
{BRRBEETH - EHEIN T B, —F, FAR
SV IIMERE S ERD I3 EFORBZICB W TH

(166 )
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Fig. 1 Celiac angiogram demonstrates a tumor
stain in the venous phase {(arrow).

Pama

e

7

Fig. 2 Microscopic findings of tumor. The tumor
cells resembling hepatocytes grow in
compact pattern. (H. E. stain, x180).

ERED »-GTP BEERAOHN 2EO LR 2R LI
hPCBEE - tHE 2o - ®mEL, PCBIz kY
y-GTP OEERBENF | S I NDAEEE A IRNRT
Vw3,

HEREITEZEEL, HEEZECBY 20F
PCBEEIZETL T3, RIEBHNL/ Yy —>
BRHHNDY, SEORZ TITHEREEDOLMEICE
WTRBEO L LI PCBRED R %R0
72D &, GOT, GPT, ALP, y-GTP T MiaLfs
WEERHZDPoT, S5, HERBFCBOTIFEE
WD 2ETIE, ForuE LT PCBEE W
EELQLBEECE o, REL D, WEFR
A 17T FROFEERERR» 513, PCBHEL R
EPMFEAERT S 2 LR TE Y, HEREOHES
IRIEEAES L Twh EEZ e N,

1985 £ E Otgze

e

BWTAFP O EF% 1 A 123D,

FFEEZRE O R @ FRARBERE 2 FHE L 7ERI TH - 7z,
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PCB L EFTHEE OB F I 2w T, Kimura 57 &
Donryu %= » bic 1 €L E PCB (Kanechlor
-400) BB 1.2~1.5gROKRE T2 LI IF
WREEBICEY A REFREH SR WAL
T3, %72, Kimbrough 5% |3 Sherman ZMff
Z w iz PCB (Aroclor 1260) % 21 »# AERO#%S
L, ISR OEREREEE IR LS 2o 725,
FF AR R O FEAE I HREE 173 Toh 1 ITic 3 L 58T
B 1EHF 2 M BECAD EHEL T3, &
512, Preston 5'¥ {3 diethylnitrosamine Hj4L&
Sprague-Dawley #HEME S v b T 23 W8 FFHR IS
DFHAE% 16% 147223, PCB (Aroclor 1254) %3&h0
BELLODTIIMB EBEBEEEEA EREL
T %, 51 PCB (Aroclor 1254) #&50 & TI3AT
MIFBEOFE %2 Z o ¢, diethylnitrosamine Fi4LE
7 v MZBWT PCB »3fF#ED promoter & L TIE
ALTw2 EARNTNHS,

L L%asns, & o PCBHREICEBT S MHFHERE
O|wEIZ DA, 1979 ESERIICB LT, R
ELTHEASNZPCBAEREALL T 1 A4 1 VIBE
W& DFEEULIETIE 2,061 BOEENHERE 1,
3SFEMTEELODHELLHERN LT 8LB L
¥, ZOMIZ24BZOTTBWES N T EY, FL
T, ERIRER, MEMR LD 24 HOETEDEH
AiE, FEZER & UFEA RS FFRETIET LR
EREESNT WS, AFETIE Kikuchi 59 »3ilESR
HHIE 124 5 LB &Ry, FONRITAE
EIE L, B2 6, FFHBE2BITh o7, ok
A 2 60 2 5 1 FICAFEZ OS2, o
1B CEFREOEHsa kT b FRELTED,
PCBoOMERIE 2l b BEAELRUCC/8y—> T
Holal e EVWELOEFREREZ LTy
5.

B OFFHEZAE DB T - FFI R O RIE % &4 1o
FITH PCBOMRIZC Ny —>Thotoh, BRIE
1 B EHARR X BEaEM, BEFLSZS C “chlor-
acne” %Ry, WHEEFHCZ LTI LELoN05,
% 7o, THREFEAE ] 0 & iE BE I E I e TR
Fwohui: O RNEFOIFEZ X PCB UADFK
WWEBLDEMEIND, KEFI B 2RO
FAE L PCB OBFRIITEETH 25, FFMIEHED
EREBREETH 2 BHIFER, BUFELFCEVT
PCB #»3fF3E 0 promoter ¥ /-7 T IIEE T
E0,

BAT S (3 1984 EEOMHIERZICB O T 124 £
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EF WA %172 WIHRIZE % &0 - 7208, R
FEOSEREC ST 2BERREOEEMHIC D Tk
NT G, BEFNIC B W T S TN BERREIC L
DUNHERERR L. 5%, WE & TR O BIR L
Bs T 3 hicy, MERY, FCBHFEEREELS
BFL T2 E THBEERRE 2T VIERET 2 4
EpnbbeEZOND,

H

& B

1. 1985 FERMEWHE—FRZOZZEH 16 Y
EDOMEBRZE ITZIZOWT, BEUNADZES
36 Z a8 & U cinth PCB B, FHReEm A
RETL 72, M PCBEE I WRICL L BE TERR
i olds, OB LZEDATHED SNBEM T
Bt GOT, GPT, PAA U7 5xRA 77
y—%, y-GTPRw¥hn s HHEMIELED Lo
At

2. WEBREBTEPIESE (GOT>38KU, &
213 GPT>30KU) #3072 b Dk 134 (8.3%)
THBs-AglBME % 1 LA, HFEE2TD 2 H
MEEELFEER A2 WEFEORERSEE, HBs-Ag
BHEFRCEI RS, FEEFCHEBOEETH S
Quetelet Index OEFEED LR 23D -, M PCBiE
EIFEEZRCEVERSASNLRNEE TR 2>
7z,

3. HESE 157TLFAFP O LR 2B £icR
D7z, AEFNIEYUENT TS O ARSI AT feE

DREZFDZHERE TH-o 7, REF @ MmF
PCBEEIZ Tppb TC /Sy =2 Th -7z,
X (58

D) FRARAHE, SFHFE—ER, WWHRIER, ERIRE,
BHBEA BESRE (BEEY x=— L hEE) B
7 2 M1iE y-Glutamyl Transpeptidase i22oW T, &
MESE 67 0 297-300, 1976,

2) BEHENE, i 7z, MUERARRR, EEER
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Dermatological Findings in the General
Examination of Yusho in 1985-1986

Shoji TOSHITANI

Department of Devmatology (Dirvector : Prof. S. Toshitani),
School of Medicine, Fukuoka University,
Fukuoka 814-01, Japan
Masakazu AsaHl and Harukuni URABE

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

Dermatological findings in the general follow-up examination of Yusho in 1985-1986 at Fukuoka

Prefecture were reported and analyzed statistically.
1) In 1985, comeing patients with Yusho showed the largest numbers, one hundred fiftysix, from 1975

to 1986.
2) The skin grading indexes showed much improvement.
3) The relationship of PCB pattern in blood and PCB concentration were changed and we could not

find out a definite tendency.
4) 11 cases of Yusho observed in long term showed regulary beautiful improvement of skin

symptomes in several cases and in other cases an individual differences.
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In Vivo Transillumination of Meibomian Gland
in Yusho Patients

Toshihiko KoHNO and Yoshitaka OHNISHI

Department of Ophthalmology, Faculty of Medicine,
Kyushu University, Fukuoka 812, Japan

Meibomian gland transillumination and infrared photography were performed on 52 patients
with Yusho (polychlorinated biphenyls poisoning) and 18 unaffected individuals who served as
controls. Infrared photography documented rod-like light-transmitted figures of Meibomian
gland structure. More than half of the examined eyes with Yusho demonstrated loss of their
Meibomian glands, suggesting Meibomian cyst formation. Only 10 9% of unaffected eyes in
control showed such abnormalities. These data suggest that Meibomian gland abnormalities still
remain in Yusho patients 18 years after PCB intoxication and that transillumination and infrared
photography have the ability to identify a spectrum of morphologic alterations of the Meibomian

glands in Yusho patients.
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Concentration Levels of the PCB and PCQ, Pattern of the PCB
and Ratio of CB% in Buccal Mucosa of Patients
with the PCB Poisoning (Kanemi-Yusho)
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Still now after 19 years of the Kanemi-yusho trouble, patients showed the PCB poisoning-
symptoms are sometimes found out and many clinical reports of these symptoms in oral region
have been performed in our previous investigations.

The PCB and PCQ were detected in buccal mucosa and blood of all of 27 patients with the
PCB poisoning in present study. There was higher significant difference in concentration levels
of the PCB and PCQ and ratio of CB% in patients from in general population, and levels of the
PCQ and PCB in buccal mucosa were respectively 91 and 36 times as large as in blood with strong
correlation of those in mucosa with those in blood. These matters suggest that the Kanemi
contaminated oil give some disturbances to the oral area including the buccal mucosa, and
moreover, this examination is useful for the diagnosis of this poisoning. In addition, the PCQ was
not found in buccal mucosa and blood of general population.
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No. | ## | #l | %) pcp | pcQ [P CB| opo | PCB | PCQ | PCB | (po

(ppb) (ppb) | VT =¥ (ppb) (ppb) | NF =¥
1 |k-M| 46 | F| 210 140 6.1 5 1.4 B(A) | 8.0
2 |K-T| 25 | M| 2 14 3.1 - - - -
3 |D-A| 18 |F| 28 34 | BA) | 2.7 1 0.29 A 2.3
4 |D-K| 20 M| 37 30 - - 5 1.1 A 45
5 |F-T| 57 M| 80 180 A 1.9 14 2.5 A 2.3
6 |N-H| 58 |M| 860 210 A 4.2 16 1.4 A 4.0
7 IN-Y| 20 M| 160 33 A 1.2 6 0.48 A 2.6
8 N-E| 25 M| 120 83 A 3.8 4 0.79 A 4.2
9 |N-M| 41 M| 260 40 B 1.6 8 0.57 | B(A) | 2.6
10 |H-K| 48 M| 620 260 B 3.2 9 2.7 B(A) | 2.4
11 |M-H| 61 | M| 370 120 B 1.4 7 1.2 B(A) | 1.7
12 |H-M| 68 | M| 480 39 A 1.9 3 0.52 A 1.6
13 |M-B| 49 | M| 300 100 A 4.3 9 1.5 A 4.7
14 |0-T| 49 | M| 330 75 A 2.4 - - - -
15 |E-T| 51 M| 260 150 A 6.4 7 0.92 A 4.5
16 |M-T| 49 | M| 460 22 | B(A) | 1.1 15 0.49 A 1.0
17 17T 49 | M| 140 29 A 1.8 6 0.15 A 1.3
18 |K-M| 39 |M| 170 18 B 0.8 7 0.75 | B(A) | 1.0
19 |v-H| 31 |M| 100 50 B 9.1 2 0.50 A 2.2
20 |S-M| 20 | F| 190 6 B 0.4 1 0.3t | B(A) | 2.1
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(ppb) (ppb) | T —¥ (ppb) (ppb) | /8T —>
1 [Tey| 55 | M| 280 2 A 2.2 12 0.09 A 1.5
2 |v-M| 52 | M| 350 4 B(A) | 0.7 8 0.3 | B(A) | 0.9
3 |T-H| 32 |M| 110 15 B(A) | 2.3 8 0.62 A 1.5
4 |Y-s| 46 | M| 250 8 A 1.9 5 0.12 A 1.7
5 |A-K| 51 M| o4 16 B 0.9 3 0.26 | B(A) | 1.4
6 |O-T| 68 M| 310 84 A 1.7 6 0.63 A 2.9
7 |N-F| 49 M| 160 22 B 2.0 13 0.48 | B(A) | 1.5
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