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Foreword

Harukuni URABE

Chief of the Study Group for the Therapy of “ Yusho”,
Professor of Dermatology, Faculty of Medicine,
Kyushu University, Fukuoka Japan

Three reports consisting of collected papers on PCB poisoning (Yusho) have been
already published as a special issue of Fukuoka Acta Medica Vol. 60, No. 6, June 1969,
Vol. 62, No. 1, January 1971 and Vol. 63, No. 10, October 1972. This fourth report
gives the results of studies on “Yusho” and PCB from July 1972 to September 1973.

The total number of patients reached 1,200 on September 13, 1973 and 22 of them
are dead. Muco-cutaneous symptoms which were prominent at the time of the onset
of the disease have been decreasing year by year. Whereas, neurological symptom,
respiratory symptom and various complaints such as general fatigue, anorexia, abdominal
pain and headache have been increasing. According to the changing of the symptoms,
new diagnostic criteria and treatment guide have been determined.
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Metabolic Studies on Polychlorinated Biphenyls. IV.

Biotransformation of 3,4, 3/, 4’-Tetrachlorobiphenyl, One of
the Major Components of Kanechlor-400

Hidetoshi YosuiMura and Hiro-aki YaMAMOTO

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

By the cooperative studies in this university, it was found that so-called Yusho
(chlorobiphenyls intoxication), which broke out in the southwest part of Japan in
summer of 1968, was caused by ingestion of a particular brand of rice bran oil (Kanemi
Rice Oil) containing a large amount of Kanechlor-400 (KC-400, a commercial PCB’s
preparation of about 48% chlorine content). In order to understand the toxic nature
of this KC-400 more in detail, a series of metabolic studies on its individual isomers
has been undertaken. The present paper deals with metabolic fate of 3,4, 3, 4/-tetra-
chlorobiphenyl (3,4, 3’,4'-TCB), one of the major components of KC-400, in rats.

It was found that at least three metabolites having phenolic nature were excreted
exclusively into the feces of rats together with a large amount of unchanged 3,4, 3/, 4'-
TCB after oral administration. Among these, a major metabolite (M-2), mp 167-168°,
was isolated and identified to be 2- or 5-hydroxy-3, 4, 3/, 4’-TCB by various spectrometries
and chemical synthesis. When 3, 4, 3/, 4’-TCB was orally administered at a single dose
of 25 mg/body to the rat, about 64 % of dose was excreted as unchanged during 14
days after the administration, most of which were eliminated in the first day. The ex-
cretion of major metabolite (M-2), on the other hand, was accounted only for 3.3 %
of the dose. Both 3,4, 3’,4’-TCB and M-2 were still excreted in a small but significant
amount on the 14th day.
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Fig. 1. A typical gas chromatogram of
trimethylsilylated extract of fecal
sample of rat excreted on the
third day after administration of
3,4,%,4-TCB
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JErRicEEt 3, BENTIKSRINT, ERT
137 =/ =MEEUTRE SN AR S BB LSS
V. ¥ PCB OERERTE T 2= BLOE
Li¥s PCB Thb 4~ mup 7 =012 O
RENWTR LD S 7V ur 4 FOERVHEES
NTnA. L Ligdis KC-400 O X545 2,4, 3,
Y-F LS rupE7 o Vie BT, BE5REY
EUTTIRL, HBHED S-eFruxvfgdlT, 7
o MBI SN TN S T EHSRERS anh T
h, 2®D 3,4 ¥,4-TCB D& N EFARRKEEL
5h 5.

3. EHABMOHEBEE LU

BV v 7 AL =i (fraction A) WD 7 =
J = VRS R BT 3729, £ R 2/ —
VIR TREY 218, BB DA Z/ -V BE
FEEL, BEZPBO oo RV AREBHELT, n-
ANEY VBB TTRBLI ISEED 7T+ (FDLH
EH, 200~300 X v o) WAL,

Z DR, BOOEMBETH S n-~35 OB
H (% 300ml) 25 M—4 25ER &L T HES
L, DT n-~AF¥r—ruukis (1:1) 8
500ml 3BE8 7 wodbai 1000ml BEEH X RT
DLED X &7 =V RIS 500ml 5 REYE
HFomRyEB BLNTz. COEHEYE GLC T
M—1, M—2, M—3 OD3BORAMTHBL &
DI LTC DT, TRk b & Sz iTon.

bbb, LEEBHEY%R o-~Fy BT
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AARFWE mass XY Vi T
m/e 306 B kX308 iczhiEeh M+
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Hl62L, BERTF—HZZAL
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Fig. 2. NMR spectrum of 3,4,3,4-TCB (in CDCl;,

INM-C-60H)

T ATV —FEEE (40 10: 1) OBBBREL2ANT,
Y 5 (Wakogel B5-UA, 0.25mm) HEEic
& A8 TLC it UTz. TRzt b M—1
(Rf 0.53), M—2 (Rf 0.45) ¥Lo®¥ M—3 (Rf
0.40) M2zhZhEBLICDEINT. ThHDAR
v MEEETAHDTDSE M—1, M—2 %1%
— VML, Cho 2R U TRHEET 5 &H35T
72, LHLZD3E M—1 BERIDI, Bk
&k ARBRIIKRETH O, BBIZve by
F74 -1tk b BEELUILDL, mass L UV
DOEARY MVOFER E LTz, sk M—3 ZEMNK
3D BE L TREEHIRI L 2RH ZTO1ZD
HTHA.

4. RFYoBE

FErnw b oo — e &b B ahic M—4
B, A&/ -Vt hEHKT A& mp. 172~173° O
HEgRER E22h, 20 UVQOERE 265my), IR
(VBB 1540, 1462, 1452, 1360, 1128, 890, 875, 817
cm~) NMR (Fig. 2), mass (Fig. 3) DRz
F VR ELEY 3,4, 3,4-TCB D2 & ZLic—
U, BB >THIELERT 289 kdholz.

292 (M+2)

290 (M+)

220 [M-2c17+

— +
150 (n-4c1)+ 185[M-3C1] ” 255 [M-C1]+

_all I Wb
Fig. 3. Mass spectrum of 3,4,3/,4-TCB

M—1 & Folin-Ciocalteu s L8 7 etk
K hZhZhBFEBLORBBEZEL, Jx/ -V

v /

0 (PPM)

TeE2) 727 —VETHBL %R
LTW5., BBID M+2 £
Y23 M* DY — 23R DR 130
BERL, TOLLRZAERIEDTEHN 23 OT
HAHW. Fio UV BNARY bVEBNTE, =4
J = VHTH 51 AR AR (QESE 270 mu) H3iEE:
PRI TIZE UOEEEER 2R U QR0 305mp),
BT =/ — VLAY B ERER/ L.

TR EEL LN D M—2 13, 50 BEIRICTE
ST 5 & mp. 167-168° OREEHREER &0z,
T OREY 3 mass X7 VIO TEEE M—1
LA m/e 306, 308 KEzhZh MY BLUF M+
2044 E-IDVRO LN, B/ T2/ —ELA
LEbbolz., iz Fig. 4 XD LM XS
i, TR 2% bV BT 3500 cm! T 7KEBEED
WL, UV BN TIEKERIEF b Y o A5
ik AHERESR (AESF 265, 292 mu, ARHNNCH
255, 325 myu) PSEW Sz,

M—3 20T, B THEDIY, HREL
Tk BN gbholdd, BEE/ev b5 T
Folin-Ciocalteu HIEICTERBD ARy b EUTH
Hoh, TORBYIRLL 72/ —VEILEY L1
Eahic.

4000 400 {cm~1)

Fig. 4.
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— M-2
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1000

LD 5 B, HEstRERC UTREBah:
TR M—2 OE&EL, T/ EFeFu-3,4%,
4-TCB TH 5L EWPHEARY FASFICL YIS
DT INTZAS, KREDNBEZHSPICT B2 35
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Cl Cl
clcl
HO

5-Hydroxy-3,4,3,4-TCB(I1)

Fig. 5. Possible isomers of monohydroxy-

3,4,3/, 4#-TCB

WERITE A B »inil. COE/ eRoFy-3,
4,3 4-TCB L THEALOLND TNTO BHMEE,
Fig. 5 O3ETH 5.

LG 7x=0T 2/ —VEEEOEREE LT
i, By FEE R OT7 Vo0 AEICE
5, 72/ NVBERE BTV RITDES
Colbert! EBHI LN TN S, EBH O ZEER B,
Fig. 5 wRd 3{tEMm% zh2nhE4 3G (Fig.
6) ZESUNAB TR, ZOWThick b RERII
—HT 5 DN B SN Bh% GLC itk b FHENI
et Uz, ZOfEER, Fig. 6 O (b) IKWRTREMD
—2 (TERIRT) 25 M—2 ORZERE L5~
mUic.

D EOBHEHRaicE b, M—2 1 3,4, %,4-TCB
D 2-eFuoFok (D) FE S-erFaxvfd (D
THAHT EMHEFEINT. ZCTREBRINSDE)
T/ =k (1) £ (1) 28R EUTHETS
Blcy, #BOBEEAS LU THIRRIG2TDII.

it (b) T5bb, 3,4vrunry=) & 2,3
vrunTz/ - VEDRAERIGRTTS &, GLC I

THiEE Fig. 6-(b) Wind (ke EBbh b3 ~2
BEZ, D n-~FHU—HBLF NV XTV—FE
B (40:10: 1) oBERITX % TLC T Rf 0.40,
0.45, 0.55 1z Folin-Ciocalteu i TE K EMH
T A3 ARy MED ShI.

ILEARy N2 & EY X 2 — )V THEH
UTEBRAXRZ MVAR 2175 &, IR m/e
306(M*), 308 (M+-2) IWHEY— 2 %R, Th
5D 3{bEWE LA RS T EiRiicEEe Fig.
6-(b) DILEHTH AL EHTREINIZ. TD3E
M—2 O Rf fHic—&7 5 Rf 0.45 X b B5
NizHBSPRE mp. 167-168° 13 M—2 LERBIL T
AR, UV (QEQE 265, 292mp), IR (Fig.
4), NMR (Fig. 7), mass (Fig. 8) O&ARY b
V&SRB,

FREIST ERTEER L& (1), 1) oEd
(NDD3ETH B, 3,4, 3,4-TCB FHEKICI),
CI) OEZEITT (V) 33,4 3,4-TCB L bhid4E
WUES, ol &hrs M—2 OBEIR 2-F
S-b Fo3x-3,4%,4-TCB ThHAT EbfEmah
7z,

5. ZErhRHEitR

v MCEO®ELUT: 3,4, 3,4-TCB 32/ 7 =
7 — VIR RE IR Lk s iRt s B
CEMHLIRININ, ZOHMERMAI:D, 3
VLoD 5w MiT 1PE¥zh 25mg O 3,4,3,4-TCB
BRROBEL, RENY 3,4, 3,4-TCB s LOFENR
St M—2 OO 2 RICiE Uiz,

BEBREHTHETR1IHC LR, ZREESHX
h 14 HFTRTEEZ2 &b¥ GLC KL hEEL

c1 c1 ¢l c1
(a) cl—©—mz 3 c1©-oa —— c1c1 (1II) + Isomers
HO

cl cL
1 clL (1)
+ OH
cL, HO cL
+
cl cl c1

c
€l cl CH
[o}

Fig. 6.

Synthetic method of possible isomers of monohydroxy-3,4,3/,4-TCB
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7. Z DFER% Table 1 1TRT.
' Table 1 &h H5H7e &k Hic,
; BBHILE T 5 =~ VOXBHAE
' 1 HE OFEAHktsh, Zokd
0
t

A

—_— w2 BT 4 Qi bizoTHtt

~ws--e : 2- or 5-Hydroxy-3,4,3,4~TCB

B, BE58 14 M TR BE
BOKBIEL . EREY
M—2 3585 1 HE» 5 #AR
Rah, 14HEO BRI K

3.3%THhHoIz.
9 8 7 6 1 o‘ (PPM) % 22
Fig. 7. NMR spectra of M-2 and 2- or 5-hydroxy-3,4,3’, 4/~ . . “ ~
TCB (in CDCl;, INM-C-60H) FHOHILE 7 = =— VEORS

WTdh 5 KC-400 HEIC DNTD
RATFRICIIE R DHEDEL LN DD, ZODER

. Wv (M- (CHO, 201 1F DTHB 2,43, #-FrF27vnrr= (24
L 308 (M+2) ¥ #-TCB) ¢itiz, SEFES 20EEEKT &5
N EWQ 3,4, ,4-TCB 1z o\ T RBHIRE 2, 2.4, 3,
4-TCB DEBER & HBIRE LTz, 32bb 3,4,
’ ‘ zis[n-zcu* | ¥,4-TCB 25mg 2 &M 1ml wehl, ik
L Sy MCROBS LSS, 2,4 3,4-TGB 5D
2/07[M-(CHO,201H+ LR EELJART, R 5t 3,4,3,4-TCB § L
17{ 308 (112) LRz OWTh B ERE SN, & dHHbOK
306 01) BHIZDA A HEESIH 3 C &H% TLC, GLC i@
® A\ L hHLITEINI.
I 276[M—2c1]+ ' I LI DFEPRBYOEEIRHER 7 MV
A

L H R EEYIOKBBE 1 EXSEAShIcE/ L ke
FUFRIIuu T2 T HD T EMNERIN
2. ZO3 LERPY LB S M—2 2T

Fig. 8. Mass spectra of M-2 (A) and 2- or
S-hydroxy-3, 4,3/, 4-TCB (B)

Table 1. Excretion rate of unchanged Colbert IBEFHLIERITL Y, 2-HBWVE 5-t
3,4,3,4-TCB and M-2 in the Fuaf-34,3,4-TCB ThHhHT EPEEHINT.
rat feces COC EIR 2,4 Y, 4-TCB ©F v sty 5 RS

Days after Excretion rate (% of dose) Yidt S-e Foxv-2,4,3,4-TCB Tdhh, »ogl

adminjstration Unchanged M-2 R&ED 128 -t FeF-2,43,4-TCB Th
AL L9, Fi2 Hutzinger 5d 2,5,2,5%-TCB ®
) e o REUDT ) 2 = TCh B 2N SRR 75855
3 0.4 0.4 35 &, —fEHIC PCB OZREYIE 7 = 2 — Vi L

4 o1 0.2 AYITHBC EHTRING.
5 0.1 0.1 I HRZFDERE 2RI 5120, RE3,4,3,4/~
6 Trace 0.1 TCB &ERFY M—2) T ErhgitR 25
7 Trace Trace TBUIKEE (Table 1), 14 HETHREEDI 64 %55
8~14 Trace Trace KB L UTHI ST, ChicH UERBIOH
Total a1 33 BAL 14 HECESICR 3.3 BTHD1. 7585 2,
4, ¥ #-TCB DEE1F 12 HETHSED 843 %8

Trace < 0. 04

REAE & VTR 3, EREY O Pt 12 i



PCB o % # 11

TR 10 BTHDI®.

LT EDD KC-400 DXERDTHAT LI m
0T x SVEERBAT, ZORENCE LOEENTR
Ban s L3, HILERICLRYOHEERD S C
EDSHARE Sigotz. TR B RIERLIZ 2,4, 3,4/~
TCB ith~, SHEHEL iUz 3,4,¥,4-TCB T
EALED 5 O RINEKICKIN T 20 BEED [ETHE
»oh, FREYOHMEPLBETH LT 2/ —
VERADRERIT 3,4, 3,4-TCB kBT 1/3 1
BWAUTHB EEZ SN,

REARBEOREIIE 1 HHOHEFICHE s h
THEH, CTREEBLLEMEEL YR INT, 20
FFERIHBEINI- D EEZL SN, L LEZED
iz PR 4-oTiRsH A 2BUE Bl X T
N, 4 ARIKES FTHHEINGEDT, »bEHic
EOoTHMMIN A3 DEMEsNIZ. DT EIF 2,
4, ¥, 4-TCB #5535 v + OBAR Y Rk BHAKHE
HOENTE D, CHREMEKIEL (EEE»LD
TP IN 5 0OA TR EHEEINT. B
I, MHBETHIRFBE U 2,4,3,4-TCB 31 H
Lz Y ER DK 0.6 BOREIALHEILERED 55y
WHHIh T A EBEREIN T Y, REHEE
MEMT S0,

chies LRt oy, BLE» sBah
72 3,4,3,4-TCB 85 TR S THEHF
WHE X, BRNICERCEHINTCEDEEALDL
N3, COBEVRELEOBE LAk, PRI
T d 3V EBIcblc>TH S h, #5114 HE
TENTEbTH TR APHRBIN TS, Thid
2,4,3,4-TCB #50 & & & A sHHEmT, %
ORBEPBAC UDPETLUIDN T ERRLUTN A, &
ST WIS THR T 503, 2,4, 3, 4-TCB #
B3Iy MewnT, 20EREI T REREsh
HLEDPEEE DT Y, RG34, 3,4-TCB
OREY S AR sHHiRE2 L2 D EEbN 5.

i® -

KC-400 OERSTD 103, 4,3 ,4-TCB % Wistar
FHED v Mt 1Lz h 25mg 2RAKSL, b
S RB DRSOV TR, TRV 2150,
DX DHERVB Sh.

1. 3,4,3,4-TCB : X0 % O{UEHImT Rt
£ HHEENh Y, #EhicoABEH I,

2. ERTHR SN RBEYO > bEREY (M—
2) 75 mp. 167~168° DR ESRER L LTHELN,

ZDH DIEBREARY bt (R, UV, NMR &
SO mass) BIOERICK 2AEDP S, 2-F12id 5-
ERax-3,4,3,4-TCB ThsT EHHBFLT.
3. FHuCHit s h REEE, BE14HHT
HEEDOH6M4 % THY, 20550 %HWETIHEH
oERICRE SN, —HTREROHMRRTERE
H%THHEHTRILIBTHDIz.

EWFICH D, Mass Spectrum 2B EL TV
v ilaE, NMR (JNM-C-60H), IR %##@iz L
TWihe Wi HPERS I UHHEBCESH L LET.
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Metabolic Studies on Polychlorinated Biphenyls. V.

Biliary Excretion of 5-Hydroxy-2, 4, 3/, 4’-Tetrachlorobiphenyl,
a Major Metabolite of 2,4, 3/, 4’-Tetrachlorebiphenyl

Hidetoshi Yosuimura, Hiro-aki YaAMAMoOTO
and Haruki KiNosHITA

Department of Higienic and Forensic Chemistry, Faculty
of Pharmaceutical Sciences, Kyushu University

In a previous paper of this series it was reported that after oral administration of
2,4, 3', 4’ -tetrachlorobiphenyl (2,4, 3/, 4’-TCB), about 10 % of the dose was excreted as
a major metabolite, 5-hydroxy-2,4,3’,4’-TCB, exclusively into the feces of rats. The
present investigation was undertaken to confirm the assumption that above metabolite
is biotransformed probably in the liver and excreted through a biliary system into the
feces.

For this purpose, 2,4,3’,4’-TCB was orally administered into rats cannulated in the
bile-duct, and excretion of the metabolite in bile was examined by gas chromatography.
The results indicated undoubtedly biliary excretion of the metabolite, although excretion
percentage was very limited (only about 0.4 % of the dose during 3 days after the
administration). No unchanged compound was detected in the bile.

In mice, when injected intraperitoneally with 2,4, 3’,4’-TCB, the same metabolites
as in rats were also detected in the feces, suggesting the biliary excretion. The amount
of the major metabolite, 5-hydroxy-2,4,3’,4'-TCB, excreted was accounted for about
4 9% of the dose (250 mg/kg) during 7 days after the injection.

243457 F I/ mmE Tz (2,4,3,4- INZHE, ERTEBRICVERT 201, 20REHK

TCB) i, WhH W AHIEDKRRWE 7 % 7 v —v-400
(KC-400) ORFBIIRDTH AD5, D 2,4, 3,4~
TCB % 5 MCRARSLIZHE, EREDEL
T, 5-e Fr&v-2,4,3, 4#-TCB 5L 0 fiE &
LT 3-e Ra%u-2,4,3 4-TCB »5 55 M&ER &
h RIBESN3A &k, T CRERITENT 3R
V2 Irks REEO EREY S-b Ko Fi-2,4,3,4-
TCB Tt BLAYIT TR 5 5 3 AEsitss i
LTWA L E%RY, PCB OZMHZEORKIILN
5 ORBIFEYNCHNET 5 DTS 0D EHEE SN2,

UL LCDE BT 2 /) — ARsihs 3 v B H

(FWwZ7adrA R LARHNT 24 h) T, s
BEVRCER 3, BERTIKRINT, BRI
WIEEEEED 7 = 2 — ViR E U THERICER NI &
ABLEBERETH .

Williams & (Z3EH DRI D BEHHIC O W TR
B2 O 2170, B OEECEROREIcL Y,
ZOHRBICHT Y DEBAHLND L EZH LU
TWAY, 2EZET» PEEYRPEAFIREDE S
ZLHHI T AEYD 1L DTHBH, DIy MNTE
WTERSGEDDIZL &6 5~10% 2L By faH FicHkitt
INBNDHOBE LOZRMEE LTI, oFEH 3001
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ELEOBEOBELE Ty, AT E DEYE &
OFFEIL0UTFTHOTH, TTFE0LEDS
NIuFARBEEDHBLE5R T2~ ETHAL &
BETFLENTV 3,

L ELBE, 2,43, 4-TCRD7 = / — Lk
R#BOITFREIZTNG 306 T, Fvrodire
UCHEF AR S N A TTREIEEETE S0, 3 L
DL S ITHAEBRNTERIND T 2551
HWEEOHFERIXDOD TENEBLONLDT, 7=
7= WEREEROBENEL T, FERICRHE
DB L3R5V THAS. —HFET, BTV«
J = VEREIERS T TV uy — Ay EROIEER
WIBEIT L W ER LIz EEAL LN D, PCB 447
FOEFRETSHELE ROMAEIT X A IR B2 %
¥, 7z /= VERERT ARG ONT H—FT
NETHA.

LS OEEARELMTT AT, HERKT =2
— U REALIT v MRV, B 5 OREOHE
Mg 5 oM iz OFEAITET SO FRCEL TH
Wikt R ats. T oREBWTIE, BERIK
2,43, 4-TCB % E4t §2C &icdk b, RE@HOIHE
Fipe & OPRFIC W THRE L2

=S I

1. EBREME LUESEMRESE

FEHY OFEICT L THES NI KC-400 ©
EFS 2.4, 3,4-TCB % i, % #RA&RE
(= v W REBHE) WHEPL, 2O 1ml HNC 25 mg
(59 A 723 10mg (w9 2[) @ 2,4,3,4-
TCB » &H ¢ % B % A% Ui, EREMWICE
Wistar Ri5 v b (FRER 1502) L8 CEF§1%
e X (FE 16~23g) 2HEALI.

IRy REmOBRRIE, Yr ey (1L.0g/ke)
OREERESICTERUIZS » PSILEERL, BER
PYBEL THIHE A = 2 — VU RBAR, 35 KKER%
BAELTLHEKEL, 2.4,3,4-TCB %2 5y 1L
wo Xk 25mg OFBTEROBS U, BTHEK
B & JEHRER T $C5 B2V 2 — AR ZEEHR
BESRIC gL To. 70 2,4, 3, #-TCB 580 24
BT %2 HRBy v e L, BEHRZENZTN 245
5, 48RS 35 0f T2 RSO JEH 2 ERELL TR~
Pk LT, 2,4, 3, 4-TCB #5 96 BRIH%D 5 » b
BERL, 2OMERRYB L4 AROEZ—#
i, FEFR7av by I 74—k 28D
RIR 2T,

- AT BEBRIE, 2,4,%,4-TCB 250 mg/
kg OFBEICHEST 5 REARRARE EEA RS
U, #E5% 1 EEOE2EH 1 B9 2 HEIERRL
1z, IR ERT 24 O R WY v E L
7z,

2. HAROIAT IS T4— (GLO)

EEIEE GC3AERF A s7uv 757 (v
Zbha vk FF e —HRHEMA) 2EAL, 52
AmmX 2m OF T AR T L. 5% SE-30 #a—
F 4 w4 LIz chromosorb-W (60~80 % w3+ 2)
PRELUTHNZ. ¥ U v—F AL N 2ZHN,
P 60 mi/min (1.5kg/cm?), % J A{EE 200° T
froiz.

3. E, HtERAEY, BLUETRARBEY oMY

BIEOBIEIC L 2 THEL NIz 4 HE DR 2 BiIER
2T pH 2. 02/, B v 250 10mlic
TI1545R9, 3EHEEMH U, MER KIS LHESR
EBELUZDL, Fuir—42— (CaCly) BT 1 KR
FEREZ{To7, L UTHELNIIEBEZTKE Y ¥
L, N, O-bis (trimethylsilyl) acetamide
T trimethylsilyl (TMS) {b®fR, HZxr7nm<h
757 4 =Y FNEUT. BBy ATV
HEOEHE, 1RERBYORRDTY, Bk %
f0Z 4N BRERIAW & U, BRKEBLET 1Rk
WL, EMRcF 7T I5oH 3 ARG %2
T, EREAEE GLC o v2HsiL Tz,

Iy POBEIENEYB J O, #KkEHSg %
A, FeEARTHALU TR E L, BIERAN, I
e EFOE AT C IS/, 3 EREME 2T,
B 5 IR ORBGRER 2 RS U,

T Y AFEF I — 2 — (P0s) RTHRITICHEMEL
720L, HHERTHBEL, Vy 7 AL —HHE2H
VW, 7w w AoV AT 14 BRESRE 2 5o, 8
SN KT 100ml ) EBL, 20 0.2ml »
FHFEEL, WY Y UL ICERE LT TMS kg
GLC ¥t i,

EBRERELUER

1. Sy METFRORSED
ERFHEOFHICERLICE S RLTELNIZT v b
IRAHRHEIE, TMS FEKE LT GLC Itk A48
WO % 1012, 7538 2,4,3,4-TCB #5737 24
BRI DR 2 Sy S VERICILE L, R R
HrFvELT, GLC icfiL7z, BEOL 5L T
BohicHAraw vy a% Fig. 1 R,
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Fig. 1. A typical gas chromatogram of
trimethylsilylated extract of bilia-
ry sample of rat excreted on the
first day after administration of
2,4,3,4-TCB
Fig. 1 L hBLEL 51T 2,43, 4-TCB 55
v N ORI T, SRR I EEL S
W2 DDKRERE - IMED NI, BRI (IR)
DOEVWHE»S M—1, M—2 4T 5E, M—1
WETTIETRY? TRLIZ 2,4, 3,4-TCB #57 v
RERL D BEEsNI REWD1>THS 3-e ko
F1-2,4,%,4-TCB O tr E5EEIC—FHL, 35
M-2 BT ERMYT H5 - Frndi-2,4
3, 4-TCB O tr 5L —B AT, T H ORHE
O 5 L ERGETONTOERERRZ Table 1 i€
Y.

Table 1. Biliary excretion rate of M-2 in
the rat administered with 2,4, 3/,

4-TCB
Excretion rate (% of dose)

Rat No.
24 br \ 48 hr ] 72 hr "Total
1 0.06 0.36 0.09 0.51
2 0.01 0.24 0.17 0. 42
3 0.08 0.12 0.04 0.24
4 0.08 — — —
5 0.01 0.28 — —
Average 0.05 0.25 0.10 0.39

Table 1 [CRINZTEL, 2,43, 4-TCB %5
v MIPEE Y 25 mg S Uiy b Hd, ER
BWYOHMBIZRD TH L, 3 BEOREHE TR
LT E»BEREDN 0.4 BICBE SN, LD
BPRELCL 25mg D 2,4,%,4-TCB » O ELTZ
MEDT v MERX BRI N 2 EREE (3 HE
THEEDXS. 1 %) KH~b e, ZELLELLTH
HLENREDLNIZ, COEESHEIR 2,4,3,4-
TCB DOEERT v b EFHT v b ED RIEDOHEE

X530, $AOETFHT v Mick 2REEHED
BOCETL A OLRBEEDLIATRHTH S, Uk
Lehis CDERICE Y, REYOEH RO DS
MRS D LI, BEDT v M ERIRLNIZEY
DR BOEEDS, Table 1 i R IR HEORS
RS $FS C EDTEI.

DX BRI F VT AT VT B LT B0 EH %2
AN FBRBEE LT, PRKE RIvkogL T ES
Nic o v ieo%, BIREE TMS 1L % 170,
GLC i TREMOBTRZ AT, ZORE, HEy
CFWEHBY I NVEELRABRES A I e ST
ABPEL, TOC &L ETATZEABREYEE
LT Az,

PLEDEREDS, 2,43, 4-TCB 25 v Mz &M
W55 &, RPRCBIR S Iz—E8, #R (&5 <
FEED) TXbHTHRAITT » 2 — VLS YITRE &
N, TNRHERD 20 v n v BIEERSITAL
LTS WO F TR RIEEE X N, g R
HUTERICRBEINSC EWHEL DT,

FTIRIRANIZE 51T = /) — VPSS IE R i
Wick o THERT 2REMED S 505, T OS2
T ANDRUTOEBREPHAA.. T7805 2,4, %,
4-TCB 5% 4 EED 9 bOK BLIO H#E54H
HBOEMBUERNEY 2Bk )L = 27 VTR ERH
L, Bontclifm® TMS 1L Licos GLC T
REGORFER B TT272.

DGR 2,4,3,4-TCB #5# B L OHILERE
YOWHIES E b, @by & HET 5 GLC o
— 732 B SNY, T hEfE M—1 Bk
FM—2 DR E-FHTALIIBE—TIBDLN
T ols. DT &b b R ARt S i M—1,
M- 2 ZIRD DI D 7 = 2 —EREY S, 74
LB ORI LD TR INSN T EHSHIRE S
ieotn. —HRENMEOFIZ, EBLOHVEREY
FRICD A S0, JEPIEEEL 2hoz.

2. TUREREARSCLIERREY

EEFHEOEIGES>TESNT 2,4,3,4-TCB #
S 1 BRCblz vy R#E, 180T %2700
RV ATTY w7 AV —HHL, HMERIIEFREGEL
TE, MEKY Y DU TMS b2, GLC
AV REEIL T, 2OEER Fig. 2 TR,

Fig. 2 X hHEG»R LS, 2,4, 3,4-TCB 5
v ZADEMBEHD Y o< D AR v
DENTELLIZN3 DD =288 D bl 0D
5% R 16.83BX19.43DL — 21k TMS fLL
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Fig. 2, A typical gas chromatogram of
trimethylsilylated extract of fecal
sample of mice excreted on first
day after administration of 2,4,
¥,4-TCB

Table 2. Excretion rate of unchanged
2,4,3,4-TCB and M-2 in the
mouse feces

Excretion rate (% of dose)

Days after

administration Unchanged M-2
1 1.1 0.3

2 1.3 0.3

3 1.6 0.6

4 1.3 0.7

5 1.3 0.7

6 1.1 0.7

7 1.1 0.6

Total 8.8 3.9

TBOY L FINCDHY » =T =7 ELTHED L
N, POREOT v MEHEE I NI T = -V
A 3-v FeF-2,4,3,4-TCB L8 5~
FeFs-2,43,4-TCB O IR & ZNZFNFTEIC—
HUIT, 72 tR 6.290 Y — 23 81L& 2,4,3,
4-TCB @ tR & —FL, KEMED FEE HRL
2. L s DEEMRES Table 2 IT—§ELTRT.

D ED~w 2tk 2ERERMS, 2,4,3,4-TCB
BEBRIIES NS 2057, #EHICREL
W5 S ICRE Y OBES D SN &iIKis b, L
ORBYOFE, FEEEN =2 -V Ty FERAV
TOERBEREGREALD LS, [BHTEHOLODTH
AL EDHRLTFRINS.

I 51T Table 2 5L L 5T, REPYOE
MM ADEHETED 555, HHPZ)—ELIER2RL
TEh, 7 MBI 5 EABERRTOREDRAI
TbNTODC L 2HEESES. 1 HRORERNRR
BEBOWN4A T v NCROWEBLIZESE (6 HT

T%O0 L DN ENMETH 503, BESEVBE—T
RSV OTEEOHBIZ TSV, RSk S
v MR EL B SN2 holods, EERRS
< U ADOERTEDE Y EHBRD, Ui b—iE
U RE(LR OB R I Nc (Table 2). O
BEHERALI RIS Tl d 205, WILEEED b D4 WHk
PRBTL8DTH . BHEEFEELICL D CDHEES
BT AEEPELN TV AYD, T DNTIE
BET 5.

£t Hutzinger 513 2, 3 DE—PCB E5%H
VW, T b, AN RBIT RN T OREIEE B
HLTAY, 2R U AT 2L RV F
DI, Ty NT 4, 4-07un-Lr 2,5,
2,5-F RS rnnrInol R EERRS U5
A WKL RRiC £ 7 e F o oA RES
N, REORE(MEVEFRCHEEINS W05, N b
RN T AP ED STV AE. CORET
BB OKBEONEBEI I INTE ST, T8
BRTHEREREEL RODT, BEBICIZES S DR
FEHBUENS, BEED 2,5,2,5-TCB DORH
phs, RBDADS BHIN TS DIREL WEENT
H5.

5 E

JBEN=2—-VvIy N2ERAL, KC-400 DREN
WAy 24,3, 4-TCB % 10tdich 25 mg ZOHS
U, Jv FHEHD SO REYO BEtic 20T R
72, o RTEWTIR Y % 250 mg/kg 18
BERCEEL, 2OERRJYPOBRET, 2EOD
e fBi.

1. 2,4, ¥, #-TCB 2 H=o—1 5y MCEAR
B35 E2RE S-t Ru$v-2,43,4-TCB) &
SOERBEHD 1D (- RuFku-2,4,3 4-TCB)
129y MEHHRX bERE YN, 205 5 ERBYHO
JEPTERIEIY 3 B THREREDI 0.4 % TohHotz. 72
BREE O B2 B S s ol

2. 2,4,3,4-TCB % v 20D ERHIEELIZ
Bh, #EPLDREMEL L REBOBE D 5
iz, D> bR@FYREBZ L Ty FOBE & FERE
i, BEFFFRABER S NIC S OVBERICREINIZ O
EELBNA.

g
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Polychlorinated Biphenyls in Yusho Patients
and Ordinary Persons

Yoshito Masupa, Rie Kacawa
Daiichi College of Pharmaceutical Sciences, Fukuoka

and Masanori KURATSUNE

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

Fatty tissue, liver, skin etc. of seven Yusho patients and milk from a Yusho patient
were analyzed for PCB and DDE. Eleven samples of fatty tissues and 31 samples of
milk from ordinary persons were also analyzed for the same compounds. Two techni-
ques, gas chromatography of PCB and that of decachlorobiphenyl obtained by chlorina-
tion of PCB, were used for analysis of PCB.

PCB concentrations in fatty tissues of Yusho patients (2.5 ppm) were about 2.5
times higher than those of ordinary persons (0.9 ppm) on average. PCB in the milk
of Yusho patient did not seem to be higher in concentration than that of ordinary
persons.

Gas chromatograms of PCB in tissues and milk of the patients had a peculiar peak

pattern in most cases and were different from those of ordinary persons,

19684E 1T 78 H A —1 TR A U I E S 4 OIRE DS,
ARAMCBALT RV ELE Y 2 =— v (PCB) Td
B ERTTIRBED 3N, ILMLNTHE. LD
PCB OEEHANII $17 2RIV TR EEBOH
BRERES © —OE FIEHOREL N1 pRS
NTO %M, 2 DBORIBZ I LTSN TO.
HUE, PCB »HRERBEIY L TNAC S
OB Y, AEADO PCB B 7 2 ) #2100,
FA VY B IOHAEY THFan 5. Eio, BYS
EHD PCB it & 2BEHBYRORERPN D120, B
Z1cBiT % PCB OfF—EN BEEL D Rah
1200 BRE, OH—STER AV, EEREOF
BRI LR A OISR 2 I L,
MEZED PCB BER LUK ZLE L.

1. # #

(1) HEREER
TN RFEFRREEHE, O RPEFRRES
BER L OEMNERRE TRV Y VU IBIKICRERD
b0, F5 L O FMIREIC B D BT BREERLE R T
viz.
(2) HEBRERL
HE, EZHEITORE X hEERINIZFEL.
(3) —f AfBas AL
P IR IREE CERRHCEL ) B s O— 8 %
A,
(4) —AEH
BRI ORI X OV IRTGIET OERHES T
Wmahizdo.
2. BEBLUHEE
(1) n-~FHrBIF=gs -
— R R T T 2 EEE L.
(2) &
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4 X URBBIIET B UK n-AF YT
2[@EHHE LI O2MHEA.

(3) No¥v

BB IO 7 n VISR TR ULIZDOL ZE U
1.

(4) AT vFEY

BF TR R,

(5) vy HTFw

PCB Hy Y #%5w (9a—=508S—1) #130°°T
3 ERINEEE R LT R AL,

(6) KEE{LF b Y v &, KR NI T A, B
Al LOERT P Y U A

SRR, FHEINCTE 3150 n-~FY 2 THE
Liz.

(7) Z4% PCB

BMILZEO R R 7 0=V B Vi,

(8) 1,1-v7un-2,2-2 (p-Z7B8R72=V)
xr71 > (DDE)

w47 XD I L Radmski g X hi2lt3h
1.

(9) Fhr/uor Ty L=—IV

WE T DTSR OBEE IR L gk,

3. £ E

(V) FRrRZ7avbFI7

B GC-5A 1T Ni O BF BRI S
T8 ORFERLI. #9451k 5% SE-30 $12id5%
OV-17 % Chromosorb W AW DMCS za—7
47U, 2m OFITAHT LA FELUIZEDEH
W2, F v YT —H AL 99.9995 D BRI A B E
/.

(2) Harua<w hNFo 7EEYAARY bIVEEE
(GC-MS)

Hir RMU-6M, Bz LKB 9000, B3I O'HAR
F IMS-01SG-2 2FNT D95 &% HIE, B
BRI BRETO FMICKELI.. 55 2132%
OV-1 1243 2% OV-17 2. ¥ Ao2u< 79
LFEAF TR —, TAARY MVIZESBEI
Xtz

» W OHF &
1. #H &
SHEBBEHEL, VYT —0hy TR
D, MR DK 2 RINT B DT 7 KRB I b

Yo skt 50~100ml O n-~F4¥2ii,
SREEELUT. o-AF Y UBRKIL BT S Y

A (s OoBPBELI.. TLrL-RNoEEITS
LIC n-~FH 50ml T 2~3@EFHLIC. n-~
FHUEE eEY, K-D BRSETRERELI. ol
WMPBET VY — 2 —FT—HEREL, BHYOEERE
ZHIE LIZ.

DY = & 7 — v S0ml 5 L8 KBk b
Yw A 2~58 BiA, BRESESREOIT, 1
REIREL U Tz, B, 7k 20ml %INZ, n-~F9 50
ml C3@EEHLI. n-AFHUEBR AL, 7K 100
ml T2[EEESIDE, MAFERS )Y LADBERE
LT L, K-D BB TEELI.. BREKzY Y
HFEN (2~38) DHT LI T T T 4 —TH
¥, n-~F¥r 100ml THEHUIZ. COBEHK?
K-D EiEscEml, ¥Arux b9 74 -0
BeLi.

2. 8 %

B (20~150g) Z YK v —- MCHLD, TN EHE
EDx%/—, BT NI UL1I~28, =TIV
10~50ml 3B L8 n-~F92 20~80ml 2MA, X
CEBELT, B AREECHEL TELOML. b
BO n-~FHUE2AES NTROBELR. TEIX
EHT n-~FF U 2MATIREL, HHPRIEL
7T -~ FHUBEKEIRA LT, 100~500 ml DK THE
DDL, MKWHERF YT AOBRAL TELEL,
K-D BfmTEREL:. BER2PES VY — 4 T
AL, FElE 2R U, 7 OROBEREROEE
DIENGZr DIIET H &R T2 7.

3. ARLZONINITT4—ILLDEE

LRI E ML TEI o-~F Y VIBR 2 —E
Bizl, 208 ol 2 HFRIu< NI T7IREAL
2. BRCGEEIOF R o< b 79 MR- %
R HF Y u - BEEOBK (0.5~5 zg/ml)
2ED, 2h2hEE cAEEA L. BERIEE
WA I r—DEHLDE—-sD3L DDE &High
E— 7 RN E Y -7 OB S O EBRE TIEDI.
HEDE— 7 D5 LiEEE ) A F o - L RER N —
24T AE— 7 DTNT (DDE 3§D OB IDM%
*o, HEHRI YHEREKRD PCB BE %KD,

DDE 12 PCB EBDHEAE Ay — v F — = LT
50T PCB HIE#E, SRARZEEICHRL, &
BESEic: ) DDE OEERRDI.

4, HEACTIZ—-NERILLDEE

PCB k408 DDE #E& UICEBBR ORI
B—EER, —WPHUIA I 2 (1X30cm) T
A, KB T 70 iR L, BEREFEIRI. Ch
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N VR

BPRELI. DN AER 2200 T1REMALUKR 30 BIEWR, 10 BEAEEL LUK TH2T205, MK
IHERI. BB, T AEO—RUNL, Xv¥y BiEEF b Y U A TRRL, BELIC. X Jav
Table 1. PCB and DDE in tissues of Yusho patients
Case
v . Amount Fat PCB (ppm) | DDE (ppm)
Time of death Tissue sample content Whole basis Whole basis
(Time of (Fat basis) (Fat basis)
operation) (g (%>
Case 1 Skin 0.5 8.9 0.11 (L2 | 0.16 ¢ 1.6
Still-born F“ﬁﬁﬁgwr 3.0 16.3 0.02 CO.1 | 0.02 €01
baby . ¥ 8.8 4.0 0.07 (1.8 | 0.04 (0.9
Oct., 1968 Liver [0.07 ¢ 1.75] :
Fatty tissue
Case 2 (Mesentery) 12.5 34.7 .3 (3D 0.9 (2.7
Male Liver 10.7 1.5 0.14 (9.5 0.1 (7.0
13 Heart 2.7 3.7 0.6 (15.00 0.1 (39
July, 1969 Kidney 10.5 1.1 0.1 (9.6 0.02 (L8
Brain 17.7 4.1 0.02 C0.6) 0.01 (0.3
Skin 2.5 14.3 L2 ¢8&D | 071 c4am
Case 3 Fatty tissue 5.4 18.5 2.8 (5D 0.9 (49
Male (Mesentery) [1.3  (7.00]
: 12.8 2.0 0.2 0.4 0.2 (9.2)
251 Liver [0.2 ¢ 819
July, 1969
’ 4.8 28. 1 5.2 (18.3) 3.1 (0.9
Heart 2.2 ¢80
s 3.0 23.3 .0 (44 0.7 (28
Case 4 Skin 0.7 ¢ 2.9)]
Male Fatty tissue 8.2 45.7 3.8 (84 | 31 (6D
73 (Mesentery) [227  (5.9)]
Nov., 1969 : 6.6 2.3 0.07 (3D 0.07 (2.9
Liver [0.07 ¢ 3.09]
: 3.0 79.3 0.6 (0.8 1.2 (15
Skin (1.3 ¢ L6)]
Case 5 Fatty tissue 3.0 70.0 0.7 (0.9 L3 (1.8
Female (Mesentery) [2.5 (3.5)]
48 Fatty tissue 3.0 86.7 0.7 (0.8 1.2 (L&
(Great omentum) [1.5 (LD}
Dec., 1970 Liver 3.0 5.3 0.07 (L3 | 0.1 (22
Heart 3.0 28.3 0.2 (0.8 | 05 (18
. 3.2 56.3 1.8 (3.2 0.1 C0.2
Case 6 Skin [1.2 (2.1
Male Fatty tissue 8.5 67.1 4.3 (6.5 26 (3.9
(Mesentery) 3.5 (52
46 Liver 5.5 0.9 0.08 (84) | 0.03 (3.2
May, 1972 Heart 1.3 29.6 0.08 (0.3 | 0.16 ¢ 0.5
Kidney 6.7 2.0 0.01 (0.4 0.003 C 0.2)
Case 7 Fatty tissue
Female (S}lbcutaneous) 3.2 66.3 1.9 (2.9 2.7 (40D
33 Fatty tissue 5.5 83. 4 L9 (22 | L4 (LD

(Sept., 1972)

(Great omentum)

Values of PCB are calculated as Kanechlor-500+Kanechlor-600 (1: 1D.

Values in brackets are calculated from the amount of decachlorobiphenyl.
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57 4 R HENEOCRESRG Q30 T, EdRaE
Brkick by, MR c=—VREELIL. TOHE
% PCBEEZDOWHON A 7 v — VEHERODEHREED
PCB B LT, +HEY 7 = =—kiEL kD
7z PCB OBEELI:.

ERLEZ

1. PCB #¥5—4

HEERE THOEL OBIcEEN S PCB I
DDE Q% Table 1 [TRT. Thsd5 b Case
19, Case 3, Case 49 3L oN Case 57 ODFEEH
RIS L h OGN T 5. HEEEORIIC
DT 1FIIZT Th BD5, Bl RE> THITE:
DOTHHFER%Z Table 2 wiRd. *iz, —BADME
AR (BFER) BB (BETL L OHET)
&FN 5 PCB kL8 DDE ODEE 4 Table 3
iTE &9,

2. GC-MS [CL2FEH
BFRERRHSEN NI Ry 0w 5T 7 DE
BT, RO EAEDY - DOFEEERH R,
27— VDENE~HTEZDT, 15 % PCB &
BATIVEEY, I5THERETIDI—BA
DORFFL, PRl X CTRERZ DI 5 D
Keirravw 57574 ~TEEHK, GC-MS TH

NTHI.

GC-MS 0% 4 # v E = & —HBEBTREALDSEE
Ny 2 7S RPEL, PCB 5 LWE—-27ERS
Nighroizhs, EBEA R 70— VDY — 7 TiEYT 5
REFRFE O T~ RARRT MVRHET 5 &, IERR
B5E@EHS THEETD PCB O~ 7R oNz. —
A DRG0 & RERE OIS TRz
NA~TEBLIT S5~ THEOERZET PCB Ow
AT PR SNIIHS, F DIEMITIEITERILKTE
DY—2 3 ZLENI. WEEE (Case 7) DR
e GC-MS THIRUIBED A/ bS5
ABINTAARY MVvD1 2% Fig. 1 T/Rd.

3. PCB BEEICOVWToHKE

C T2 9 R X 5 PCB OENTE 23
FTHID, Sug DHFR Y w—b500 %7k 100 mlic
A, EERIKEEL, Uiz, FEEO A IR
-V 500 % PCB 23 AR U & s &
AT, BRI UL, WENh DA RINE D 90
%® PCB 2MEINUIz. Simic iz B H3E»
SHMED PCBBWRAT AL EBEBEALLNZDT, 8
BERANTICEBRORBE 2T 575 007 2 BT
128, B PCB BRECHERZEA DL 5 ED
PCB i dhisholz. kX b, SEOHELHE
Oy ) — o7 o TERIET PCBILERBNICED b

Table 2. PCB and DDE in milk of a Yusho patient
Amount of PCB (ppm) DDE (ppm)
Milk sample Fat content E Whole basis Whole basis
(g) (%> i (Fat basis) (Fat basis)
0~2 days after delivery 34 2.6 0.06 (2.3 0.12 (4.5
3 days after delivery 70 2.1 0.04 (1.9 0.07 (3.D
4 days after delivery 94 2.1 0.04 (2.0 0.06 (3.0
5 days after delivery 85 1.5 0.03 (1.B 0.04 (2.6)
Table 3. PCB and DDE in human fatty tissue and milk (averagez+standard deviation)
Sample Time of sample Nug%ber PCB (ppm) DDE (ppm)
p collection sampl Whole basis (Fat basis) Whole basis (Fat basis)
ples
Fatty tissue Sept.-Nov. .
(Saga) 1970 11* 0.9 £0.46 (2.6+1.29) 1.3 +0.87 (3.4+1.59)
Milk Jan.-March .
(Fukuoka) 1972 19* 0.03+0.015 (1.040.54) 0.0240.013¢0.8+0.57)
Milk March
(Ishigaki) 1972 12 0.014+0.005C0.4+0.18) 0.06+0.028(1.8+0.99)

* One of the samples contains DDE in the concentration of 7.60 (21.7) ppm.
#*% One of the samples contains DDE in the concentration of 0.59 (19.1) ppm.
Values of PCB are calculated as Kanechlor-500 (Saga and Fukuoka) or Kanechlor-500--

Kanechlor-600 (1: 1) (Saga and Ishigaki).
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BB DRDITED > 5, WMEREOH
iz Tid Table 1 @ AIERPFITRT .

PEDX 5, KFOEEic 0 TIRY
—onRE—-UikE HELET L5 PCB B
RARRXSBAP BNDT R RINTN S
PCB BERKELEIBLZNIDEBZLS
nas.

HERZOEMBII SV Y VIBRIBEELTH DR
DT, 2Ok PCBYELLTHAZ E3EA SR
3. 20T, HERZu—L 5004600 (1: 1) 10 ug
AN Y UK B.5%) WA, 1ERBRELR
DL, PCB 2ENLIzECA, ZOHRIne T
FADE— 2= EAEELSL, 1z, |
MR B0 % ThHolz. Lizhs>T, PCB iRE
I L 2R TN D EBDIL 5.

4. HEBBEBLU—BEADO PCB BEOLE

Case 1 % B HEEE 6 PIDEHHEMA D PCB
BED YL, 2BA—AT 2.5ppm, JEH~—-2
T 6.3ppm Th-otz. THITHL, —ADIEIHE
#rh PCB O EHEEIL, 20200 X—-XT 0.9
BIO 2.6ppm Thotz. NI THESTHIE,
FIERFEIR—RAD 2 5 BEE O PCB AN
FHL D, UL, HrxOBTRET 5 &,
FEEETH A LAEED PCBREDOAS H 5.
KB & DE|ED Ti, —RADEEE#MT PCB BE
B35 13.3ppm (JEEE~N— ) O FiHdH b, PCB BEE
OEVHERZICHATHELH 5.

Fig. 1.

40 50min.

w0o 200 0 ma

Total ion current monitor gas chromatogram
(on 2% OV-17) of the extract of fatty tissue
(Case 7) and Mass spectrum of GC peak 3.
MS peaks with mark X are background
peaks)

GC peaks 1-3: C,,H;Cl;; 4: C,;H;CL,(DDE);
5-7: CpH,Clg; 81 CpHCly4-CogHys 5

9: C,H,Clg+Cy.HsCly 5 10-11: CpH3Cly 5

12 CysHsp; 13: CygHiy; 14: CyHge; 150 25
16 CZQHGO; 17: CgoHez.

5. SHERFEO PCB @ARIOT NI T L/IRZ—
ZDWT

HBIEREOHEBCHERCEEN S PCB D4 X
rua<w sy a3 Fig. 2 RRIN TV AH8, it
L AE, HIEBREVERUCEEHMCEENS PCB
54 A4 MTBALIZ I F 2 1 —L 400 DR
WAMHEELIZ L DTH 52, B 1EBROBEEEFN
@ PCB 1ZEEHD PCB D55, BT (KHARY
DL, AR 7 o—i500 $72id 600 iCHEMT AH
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Fig. 2. Gas chromatogram patterns of PCB.

A. Kanechlor 400, B. Rice oil (Yusho oil),
C. Brain (Case 2) D. Liver (Casc 3), E.
Fatty tissue (Case 4), F. Fatty tissue (Case
5), G. Liver (Case 6), H. Fatty tissue (Case
7, 1. Fatty tissue (Ordinary person), I,
Kanechlor 5004600 (1: 1D.

PR
—

0 10 20 30 40min,

Fig. 3. Gas chromatograms of PCB in stili-
born babies.

A. Liver (Case 1), B. Liver (Control),
C. Kanechlor 5004600 (1: 1),
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HEESERE R L O—RIEER D PCB ODF 2 a<
&5 A% Fig. 3 [TRY. ChiTk 5 &, JHETEE
RO PCB i3 BEih PCB D E— 7,84 — ITHEN
RETH 5. 2h3EPEEMPERETE § 20E
OHEDIZD EBbih 5.
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BEAICE = 2 BHEN TN B, THIEOLICEEE
YR & AR O PCB BRI LI kick 5 &
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HEEE OBRL 1 HIDA LB S shD7205,
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Fig. 4. Gase chromatograms of PCB in
human milk,

A. Yusho patient, B. Ordinary person,
C. Rice oil (Yusho oil).
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Polychlorinated Biphenyls in the Blood of Yusho
Patients and Ordinary Persons

Yoshito Masupa, Rie Kacawa, Kyoko SHIMAMURA
Daiichi College of Pharmaceutical Sciences, Fukuoka

Mayumi TAKADA and Masanori KURATSUNE

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

The blood of Yusho patients (41) and ordinary persons (37) was analyzed for PCB
by gas chromatography. PCB concentrations for respective groups were 7 and 3 ppb

on average.

Gas chromatogram patterns of PCB in the blood of Yusho patients were divided
into three types, namely A: peculiar to Yusho patient, B: resembling to A, and C:
similar to PCB of ordinary person. Average PCB concentrations in the blood for A, B
and C types were 9, 4 and 2 ppb, respectively. Numbers of Yusho patients who had the
PCB patterns of A, B and C were 24, 15 and 2, respectively. The majority of patients

(95 9%) showed the types A or B.
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SNIMAEE 8012 8 D29 B 2HER L.
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B ©& S PCB D AlICRlicg s & 1ot
‘LIz DRERLI.
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Table 1. PCB in the blood of Yusho patients and ordinary persons
Number of persons
- Total Average
Group PCB concentration (ppb) number conc.g
1 2 3 4 5 6 7 9 10 11 12 13 17 18 26 % (ppb)
A 4 3 1 5 2 2 1 2 1 24 ( 59 9
Yusho B 2 6 4 1 1 1 15 ¢ 37 4
patient C 2 2 5 2
A+B-+C 4 10 7 2 1 5§ 2 1 2 1 2 1 41 (101) 7
Ordinary person { 7 12 9 3 4 2 37 3
3. K =B

ETHEIERR Y BE LI BB GC-SA 8L
Ny < GC-72-5 O HAru<wh FI7C 5%
SE-30 2FIEULIZH T AHT L% THEHALE.

-
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HSHER 200 T 1RENE L. B n-~34
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PV BN (Da—FLS—1) 1~28DHT A
raw bS5 T s =PI BT LEEI n-nNF
H 50~100ml THEEIVIZ. D n-~FHE
AUTK-D BESBTEBEL, ¥YRIov hr574
—DHEB E L.

HAZa<w 7574 -1k b PCB ODEEIZELE
MEELTHAZva—v 5004600 (1 : 1) 20,
MY LAY - 2 EORC L AR TiTo0z.

BREEEZR

—BA B L O IHERE® i PCB OEENT %
Table 1 w/RLTz. ¥ PCB BET BT 5 &,
HMEREE Tppb THH, —RAD 3ppb D2 FRE
ETHod, HAOBEETELD L, —WALEL
BEODMmA PCB BEDA L o1,

HEREDOEH S, A PCBOF A7 nv T A
e -0tk b 30D% 4 Fepidtz. 207
oz 4 7DRER Fig. 1 IKRLTH %55, HESR
BREB D2 - %2 A (Fig. 1, C), Zhighk
Wio% B (Fig. 1, D) BLO—BA LR DD
gy o% C (Fig. 1, E) &L

Table 1 iZ, ZNZFNDICE — T2NT [
PCB BEHOABDRLTH B, ANSFE— 08
A3 PCB BEDO BWAEVEZ L Roh, B/t4

£ ==

o

G 4 5
) 0 26 36T,
Fig. 1. Gas chromatograms of PCB

A : Kanechlor 400, B: Rice oil (Yusho oil)
C, D and E: Blood of Yusho patient of
Pattern A, B and C, F: Blood of ordinary
person, G: Kanechlor 500+600 (1: 1)

— VOB EBTRIRE, C/&2—TREN. A,
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Diagnostic Meaning of the Blood PCB

Makoto TakamaTsu, Yoshito INOUE
and Sumiko ABE

Department of Environmental Health, School of
Medicine Kurume University, Kurume, Japan

In order to investigate the degree of human contamination by polychlorinated
biphenyls (PCB), the authors have assayed the blood PCB concentration of 114
persons living in the western Japan, Samples were obtained from 32 patients of PCB
poisoning and 82 normal persons. Results were as follows:

1) PCB was detected in all samples. The level of plasma PCB of the patients
ranged widely from 2 to 15 ppb, and that of the normal ranged from 1 to 7 ppb. The
former was higher than the latter statistically (p < 0.01).

2) The gaschromatographic pattern of PCB in the patient’s blood was very characte-
ristic. The patients were classified into 3 grades according to the gaschromatographic
pattern: i. e. (A) typical (ca. 60%), (B) intermediate (ca. 25%), and (C) normal
(ca. 15%).

3) There was no definite relation between the PCB concentration and age or sex
of patients.

It was considered that the analysis of blood PCB was useful in the diagnosis of

PCB poisoning and the follow-up of the patients and normals.
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Table 1. PCB level of human blood (ppb)

Group 1 No. ‘Range Mean+ S.D.
Pl normal f 82 I~ 7| 3.0+13
WIS patient | 15 | 2~15| 6.3x4.0¢
Whole | normal 11 I~ 6| 2.8+1.5
blood | patient | 25 | I~12 | 4842 9%*

Significant high level compared with normal:

* (p<0.01), ** (p<C0.05).

Table 2. PCB concentration in the whole
blood of PCB poisoned patients
and normal persons

PCB conc., Patient Normal
(ppb) number (%) |number (%)
1~4 14 (56) 10 (83)
5~9 8 32 2 an
10 ~ 3 12 —_— —
1
17
13
4
I3 3 26 35 (min)

Fig. 1, Gaschromatograms of PCB

(1) : A technical sample of Kaneclor-400

(2): An extract of the Rice Oil conta-
minated with Kaneclor-400

(3): An extract of the blood of a PCB
patient

(4): An extract of the blood of a normal
person
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Table 3. The relative height of peak 13
and peak (174-18+419) vs. peak 14
of blood PCB (mean+S.D.)

Peak Peak
Group No. t Pecak 13 14 |(174-184-19)
patient 15 4929, 5% | 100 | 77+30.9*
normal 50 98+23.3 100 | 48+4-14.9

* Significantly high compared with normal

(p<C0.001)

Table 4. PCB patients classified by gas-
chromatographic pattern

Class Number per cent (%)
A 16 64
B 5 Qo
C 4 (16

A : typical PCB pattern, B: intermediate
PCB pattern, C: normal PCB pattern.
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3012, BEBROMELPZL TN ETEELER L
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PCB iz & 2 AMABRZI60TT 1D, BE
%824, WIERE 2 LI onTmERo PCB 0%
PefTuv, mOL 5 il es.

1) PCB @ 3~NTOFRE» LBl ant. fiEh
® PCB BEEIERFETIZ I~Tppb, ¥ 3.0+1.3
ppb TH b, MEEEAETIZ 2~15ppb, ¥ 6.3+
4.0ppb Thotr. HEAERIBEEFICL STHE
BRL, CHRBERBRNCERETHI.

2) HFEAEZOMESR PCB I2BMIC ) FER IR
KTHON. CNEHFAI AT RT T ADNE— T
EOTHET B E, MERBIUSRIICALNS X
—2 (A) 12 64%ThHDH, BEZEL XD
Ra—2 (C) WI6HTHhorz. Bhixchsom
HE (B) Thoiz.

3) Mm% PCB BEOESE, HER2AHIN, &
HETHIMEEE T ERZALNZ»OI.

PLEDREE S R PCB OB S U IERD
ik, PCB HHEOBECPRE LHEEDOSHDE
BHREICRLTED T ERZ REII 253 DEVA
3.
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X 23

1) Jensen, S.: The PCB story. Ambio 1:
123, 1972.

2) Inoue, Y., Abe, S., Esaki, H. and Taka-
matsu, M, : Polychlorinated biphenyls in human
blood. Kurume Med., J. 20: 83, 1937,

3) Holden, A. V. and Marsden, K. : Single-
stage clean-up of organochlorine residue analy-
sis. J. Chromatog, 44: 481, 1969,

4 hEWRIM - BHER - mEEBEL » o
Mk LOHRT O PCB #izE. 28 46 bl 0 AEER
A sdamas 360, 1973,

5 BHEZEA - FNHE - BNET - BHEHE-
BEEMS: MERE BLU—RADMmEHD PCB.
EHEZE 65: 25 1974,

6) EEECE - BANIELE - BHE : PCB 04k
WMEIC DWT. 46 [0 AK EEEE 25 HBEE
352, 1973,

T EHEHNERX - BEARZ - FELAHEE» ¢ R
WTiEeEBEomd PCB. [k 360, 1973,

8) HENEH - KEERTF : AX/u—BTO
v RICBT S BEE®ICONT. EHESE 62: 5,
1971.

9 ERTEE - LASAE - RHEE E 0 H-2
28— 07y FEBY B EATER ZUHEHCD
W fEREE 62: 12, 197L

10) FHEFA - FEHLT - BN CRED

11) HEARE - RLE - BEETE . §3h PCB
BIUOEERREE. EZ0oH 0w EH 82: 519,
1972.

12) REREE - BRES - BEBE @« Hlbev=
= (PCB) BLUEBIERBEDO A NKIEER. EX
DHWwH 8l: 666, 1972,



32 EFEZE 65 (1): 32—40, 1974

ke 72 z=—L (PCB) 5 v b
EERBCRIFIEE
B2l FFEEICDODWT

FUINA S 2 4 Rl P S 2 85
Z SN MEVANE S i
RO kB

The Influence of the Oral Administration of
PCB on the Lipid Metabolism of the Rat

II. Liver Lipids

Junji Nacar*, Yoshiaki YAE and Kaoru HicucHr**

Central Clinical Laboratory of Kyushu University
Hospital, Fukuoka, Japan

The rats of 200 g body weight were fed for 10 days with 20 mg of PCB and [1-“C]
acetate was injected intraperitoneally 2 hours before decapitation. The liver was taken
out and mitochondria and microsome fractions were separated by ultracentrifuge. The
lipids were extracted from the cell particulates respectively and each lipid was quantified
and the radioactivity was measured after analyzing by method of thin-layer chromato-
graphy.

The oral administration of PCB caused liver hypertrophy to rats. Triglyceride in
mitochondria was reduced by PCB administration, but that in microsome remained
unchanged. The incorporation of labeled acetate into mitochondrial and microsomal
triglyceride was enhanced by the administration of PCB.

The presence of considerable quantities of free fatty acids in mitochondria and
microsome of liver was certified, The quantity of free fatty acids was not influenced
by PCB administration, but the incorporation of labeled acetate into it was accelerated.

The content of cholesterol and cholesterol ester in the liver cell particulates was
small and influenced not significantly by the PCB administration, but those had the highest
specific radioactivity among the liver lipids. Inspite of an increise in the specific
radioactivity of triglyceride fatty acids by the PCB administration, fatty acids of liver
cholesterol ester lost the specific radioactivity. The changes of the fatty acid composi-
tion of cholesterol ester, e.g., a decrease of palmitic acid corresponding to an increase
of oleic acid, was different from that of triglyceride and free fatty acids, suggesting the
different metabolic pathway of cholesterol ester fatty acids from other liver fatty acids.

The quantities of liver phospholipids was not changed by PCB administration.
The incorporation of labeled acetate into mitochondrial phospholipids was not influenced
by such treatment, but microsomal phospholipids incorporated labeled acetate exagge-
ratedly.

HphE (Present address)

* hiZEARAEYRESR (Department of Food and Nutrition, Nakamura-Gakuen College,
Fukuoka, Japan)

= B RESLNDS ALY 2 —FiEkaR  (Research and Clinical Laboratory, National Hospital
of Kyushu Cancer Center, Fukuoka, Japan)
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The experimental findings above described might be explained by the fact that
administered PCB enlarges liver microsome and activates the microsomal enzymes, as

found already by some authors.

J v NRREEHYELTHELE 7 2 =—v (PCB)
PEET A EE, FERHOE I BT LR, Ju
RIEFEFIFEIES X U ARMEISER SRR ORI L
T IR TN ATON0 | 5 4 b fUERTRITEN T
PCB DFEREICST 2B 2RFTE L, ZORAR
Bk oT, BEREDS b triglyceride & f5RtIEER
L1z [1-4C] BEERDE D T AHMFA L, sterol ester
DB TR FNSPA>TENL, Y VIEETIIHE
BRI IDNT ERRE L.

iR DEEERBIIFEHE ORI L > TiTbh %
HEHIRND LFRT, 2BRTREREO-RTL b
3. 2 CTCHEEEENIEERB O E IS
e oW T, %@ mitochondria & microsome &
AE L, ZH 5 ORERHD PCB &EROKREGI LD
T, EDX 5 IEBEZIT A%, [1-1C] EROE
BADIY LA BHERL>OFEE L.

b MBI A0 bW AIREEROFELLS, EhidT
@ PCB B#BOBMER L 20 2HET 5 C LIz T
3 2H5, AlEHLY OfFEIcIhE, 3VADMIL
ALEH Smeg BRIETH O EHEEINTNS. b
DO OFIBEE Tk, EHEE 150g Off7 » M
WT, 1H 2mg %30 HEERRST S &5, BhE
OISR T 5 Igh»ol.

U Loy NOIRERE & v - OREER & 2
T5ER, FEERICHSNT PCB ORO#EE 2
L, 20REHEE X S IKEHRET 50505, X hEM
REBREETHD E BNl ZZT4HEDHMAT
X, WEHREN 200g OEET v N 1EHDIZHOD 1H
WE5E» 20mg &L, ZORSHMEIOR &L,
FIoEEIZE TIE PCB & LT Kaneclor 400 % #5
LIzhs, 4 h BFETL b MO Kane-
clor 500 %Az,

£ B 7 &

1. Sy MABEEER

gtk 218 g O Wistar-King R#5 » b 125§
PlEETARE EERE L2 DY, BRI
Kaneclor 500 @ 20mg 2V T £7H 0. 5 ml g
LI D%, SHE Ry M CEAINCGERREL,
Z O B A OSHEAER &K &2 B HICEI S
iz,

W 0.5 ml OH T T BRI
BU, ZOMORERFEERR LECACRLIE.
LDE5UTIOBHAELI Ob, 7HMEBEE
BRI LK LIS TREL, S5 I8BMRAIY
72D5, [1-1C] BEER b U v s B IR
et B, ST EE 49. 3 mCi/mM) 100 £Ci icfE4 9
&% 0.5ml OEBENEEKCE»LT, MEELd
—SH I ORI L.

2. g CO, o

BREES LIS v M2, EHRESOHANEREA
TREN2 L OF T RBEB/ICAN, BFIRE7 AL
— & — D @it 10 % triethanolamine &7k 20 ml
BPANIZ2MAD T » T2EHL, WIIKE2>TT v
NEES A CO, % triethanolamine A¥0ic IBIT X
BIz. S5HTER NS v 7 RB b A, 2RIz
DTRLHO “CO, »HELEL.

2D~ 7 v TORBK 2 G bW T, triethanol-
amine JFK2EML TL2E%240ml LU, 2D 0.25
ml % &2 TCscintillator(toluene-methylcellosolve
2: 1) Isml WAL, BREUTHLTH 1EBRE
#LTEE/Ly®- Db, Beckman Liquid Scintil-
lation Counter (#C wide window) THEER %A
EUiz.

3. T w M mitochondria & microsome & D%

|4

2RO ESHEN &olch L HHIT WML
T, ~%Y -EDTA BEW DL ETE 6B ICHBRE
TERI LTz

ZDH L EHRZHATHEZROELTHEREL,
0.25 M sucrose 7RIE 20 b o> A TEEIFE, Mk,
Mm%, #EMBas 2URL, BRTAIZHESE
D, SRTHD LD TED 5~10g % Teflon-pestol
homogenizer {C AL, 10f5BIC/c5X 51 0.25M
sucrose #J04 T homogenate %2{ED7z.

600X g TIOREERLLT, Mg, WMiEpr,
RECEMIE 2B S ¥ Tl E, % 18.000Xg T
15 40 L, mitochondria % B Iz, O
g% 180 mM (L 4 U U A BRICEES S, &
OF 15 4yf8 18. 000X g TEOILEE 2174y, mitochon-
dria »WHELIC.

HA0ic mitochondria %l 37z LiEK %2, S50
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S
Liz.
il
viz.
4. BF mitochondria & microsome 7% EE O
H

mitochondria ¥ X ¢f microsome T 20 f5&D
chloroform-methanol 2 : 1 B&EE2INALZ, <&
Ay MNEBERTIOSMLEEY, BRITHEBELIZD
LB LT chloroform E2DMEL, Ch%201M
BEAKTREESRL T OL, KB MY VL%
A THMT 1BIKL, BE 40° LU CHEE 2%
U, B % © — 7 VICEL U TREY 28 L TH
&, ASNIHIEE2HRELUIZ. HMiEEE 20ml O
chloroform [TIAME, —20° IWHREL THERISELT
SERITHELTE.

5. BHOMRER

mitochondria #5378 microsome OIEE DY
BHEEsuv T4 (TLC) Tiiot. Z#HE
1Zid Kiesel Gel H (Merck) 7%, EBHEEICEH
WMz —F e n—F0esK (85:15: 2) %2EEAL
T, Yuig®E (PL), cholesterol (Ch), fEEEEES
(FFA), triglyceride (TG) ¥k cholesterol
ester (ChE) 438 LU, &TER v 2755
chloroform THiIH LU TEER & FRATEEDHEE 217
iz,

717U PL IR 7 3 /B Z OO BEME 2
W, T=TIVERPLT v LR DA LTHE
B,

PL # 3 51T lysophosphatidylcholine, sphingo-
myelin, phosphatidylcholine, phosphatidylinosi-
tol, phosphatidylserine,
amine 5 L8 cardiolipin {2483 Az91iL, v U
HTVEB I 0T ST BT, BIEBELL
T chloroform-methanol-H,O (65:35: 4) »H
Wiz,

JER % % DARIFIREIC X > ToBld 52 Diid, 5.
A FNTZATIVCELL, AgNO;-Kiesel Gel G

(1:4) 2XHEEEL, Al z—F e -5
(90: 10) BAWTRALL. COFEIE R
DOAREIDIFIT, 40, 41, ILo¥ 43, 4 wpiah
7.

HRruaw 574 (GLC) 3BE GC-5A 1
HBEZHEBL, BBRIFIST 24 U TlERZ A 7
WMEL, 10% DEGS-Shimalite 55 &, #35 A8

100, 000X g “C#OT 5 & microsome 3L
% 0.25 M sucrose ({CEIE XY, HOS50
100.000X g Tibig &4, microsome % Hif

phosphatidylethanol-

B 185°, N, yii# 30 ml/min CTfFo7z.
i3 1.5% SE 30-Chromosorb #35 4,
235°, N, ¥o#t 30 ml/min CHHTLIz.

6. BHEoEE

TG & Fletcher® OFE, FFA 13 Duncombe?
D, Ch i Zurkowski #!®, PL IZBHEERIK
{k#%, U g% BaumannV OFIETERLIZ. 7277
LWTNOFES, FERPNL SHh BB TEl

27—
75 NEE

L.

=

R

1. PCB 50Ty MFE S LUREECRIZY

B4

HoE

Table 1 wRIh 3% 5, PCB #5% 10 H %
Uz & O HERINGTE 28 ThHY, HERTH

ot 1g Th-oiz.
1%, LOAMOEININ 17g,
¥ 12g THoIz.

iz
ZDH T

UTfET
HEOZHZ

3xbb PCB 1H 20mg O

Bl -oT, BEEMIESL, BLALFIEL, %
DI EREREEDEL &b 7T HRIBME L.

Table 1. The influence of PCB administra-
tion on the body weight of male
rats®

P 10 days
Beginning 2., |7 days after

Experi- of PCB :ggi{n(iisgttll'lg— stopping

mental |administra- tion of PCB ad-

group tion 20 mg PCB ministration
(g) (gD (g)

Control 218+11 235+18 24615

PCB 219413 221412 222117

* All values present the meanzstandard
deviation,

Table 2. The influence of PCB administra-
tion on the liver weight and the
crude liver lipids of male rats

Liver .

Experi- Liver weight/100g Llﬁleirdsc;rude
mental weight of body oIE I egr
group weight v

cg) (g) (mg)

Control 8.7+1.2| 3.6+0.6 19.1+1.7

PCB 13.6+1.4 6.2+0.8 17.04+2.2

FEEIZX Table 2 TtRaN % X5,

SHREE D

8.7g LT, WERTIX 13.6g ITWRLI.. C
NE2EE 100g bz b OFEBWEHET S L, PCB

BEETIX 6.2, WRETIE 3.6g Thh,

PCB
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OEIEREII T, BHLFERSBLIN ST
EDHH S THDI.

T DFFED 5 ORISR E 2 k84 5 &, Table
2IRARINA IS, BNFEEHIZ ) ORITIEH
UTaot. $xbb PCB #HE5iT L AR g
ERII b oTrRNT &, BHFO PCB #5i
SOoTREFRB Lo EBEEINIC.

2. PCB #5m [1-4Cl EFEEMADERTIERZ

BILRFEECHTIHE

PCB 85X > T FBB LB 2T 5 5 D/s
51, TOMERS I RQ KB beE 4 2
HDdH 5T ERBHEL, [1-1C] BRF MY v s 2E
RIS, BB 1S 9T & 28MichizoT
IEsT CO, 285, ZORFBEPHIEL.. UL
35 Table 3 wWRIN B L 5iC, NIHEEEERE &
DRIZE D A T EHST R ILHDI2.

Table 3. The influence of PCB administra-

tion on the radioactivity of ex-

pired “CQ, after intraperitoneal
injection of [1-14C] acetate in rats

Minutes after

injection Control PCB
15 20.7+ 5.5 21,64 8.8
30 18.6+ 7.6 18. 8 5.7
45 15.0+ 3.8 13.2+ 3.5
60 814 1.5 7.0+ 1.7
75 6.1+ 1.0 5.3+ 1.1
90 4.1+ 0.3 3.2+ 0.3
105 3.2+ 0.2 2.0+ 0.3
120 2.6+ 0.2 1.5+ 0.1
Total 78.4+18.7 72.6+16. 5

3. PCB i#55(C LA B mitechendria B LU
microsome @ triglyceride (CH(F4BE
Table 4 iTRIN 3L 51K, PCB #EICI>TH
mitochondria @ TG £ 1/2 K BL LIS,
microsome @ TG B3 Z{LL s 270, Hsdss
W TEETIE, STREE SEBRE S Thicksy

T34, mitochondria @ #h & microsome DZH
L &L, PCB #5ixX>T mitochondria,
microsome & §T% DHAETREDS 2 fHCHEINZRU
7.

LDz EF TG »5 microsome BT ESEKS
L, Z0O TG »% mitochondria Wi INIZ L &%
RTEDTHA. PCB 51t >TH microsome
OERBTEED RS A 813, 0k, HHELH?
WX OEIY SRR D TEEIN, TOBREREDR
H & X iz, microsome Ty 5 TG &RIiC B5d
PEERD FTIERLINIC O LHEAISN B,

Table 5 Rah 3 Loic, TG D JHRMER
mitochondria & microsome SIZBWT, I AL
BUTHH, Lrd PCB BEICE>T, 206D
SRRALARLS 2k L7 T &1k, microsome (T 3317
ZEHED BRGNS E -2 2L T s D JFERO
microsome > 5 mitochondra ~D L/ $% —
%5, PCB B#ER IS TEEMICIEREEINIZE D
LrEpans.

Table 5. The influence of PCB administra-

tion on the fatty acid composition

of mitochondrial and microsomal
triglyceride in rat liver

Microsome

Control PCB

Mitochondria

Control PCB

Fatty
acid

Curao | 3.940.4 | 5.140.5 | 0.8+0.1 | 0.7+0.2
Cueo [27.341.5 24.4+1.7 29.042.0 25.8+1.8
Cuerr | 1.140.07 1.540.11 0.8£0.08| 1.0+0.08
Cuao | 2.450.1 | 5.340.2 | 3.0+0.1 | 5.5+0.1
Cua [17.5+1.6 [19.442.1 [17.941.8 | 19.5+1.5
Gugiz [44.3+3.3 39.14:3.5 [44.2:+4.0 | 41.0+3.8
Couo | 3.5+0.6 | 5.140.9 | 4.3+0.7 | 6.5+1.1

F 7z Table 6 W/RIN AL 51T, mitochondria &
microsome &M TG %, 7'V %V & JEBIC/KIE
LT, ZOEBESORHNEZAELT TG &4

REO% L UTET & &, NREFEEREHCBVTRD

Table 4. The influence of PCB administration on mitochondrial and microsomal triglyceride

of rat liver

Experimental Mitochondria Microsome
Total Specific Total Specific
group triglyceride | ¢M/g liver |radioactivity | triglyceride | x«M/g liver |radioactivity
(M) (dpm/ M) CuM) (dpm/sM)
Control 10.2+0.8 1.2+0.2 1626+324 5.3+0.5 0.6+ 17524457
PCB 6.9+0.5 0.5+£0.1 37174448 7.140.5 37624536




36

K- AR BN

Table 6. The influence of PCB administra- Table 8. The influence of PCB administra-
tion on the incorporation of [1-1¢C] tion on the composition of free
acetate into fatty acid of rat liver fatty acids in rat liver
triglyceride

L Fatt Mitochondria Microsome
dpm of triglyceride fatty acid/ acidy
Experimental dpm of triglyceride (%) Control PCB | Control PCB
group . . :
Mitochondria | Microsome Cuuso | 0.2:£0.01] 0.5:£0.01] 0.7:0.2 | 0.8+0.3
Control 28.4+5.5 21.3+6.8 Chreo 21.441.7 |14.441.5 29.6+1.6 19.9+1. 1
PCB 41.34+6. 1 40,7+5. 8 Cier | 0.640.02) 0.8-40.02) 0.5+0.04] 1.0-+0. 10
Cigo 20.6+1.1 125.6+1.3 [28.8+1.8 |35.4+2.0
% %L, PCB 5 o LarE Ly Cig:r | 8.44+0.518.84+0.584+0.5|7.8+£0.4
PR BUSICL 2BOWME STELDD 0 b5 7423 03,9418 [15.9+1. 1 14.240.9
2l i, EROBBRERPEMTZEETHS . Cap:a [23.14:3.8 [26.0-£4.1 [16. 1£2.5 [20.9+4.0

4. PCB 50O mitochondria 5 &7} micro-

some OWEEEISEEICRIZTHE

bbbt Tk, M, BE, EEESL s
T, BHTELNED FFA BEET A L2 T
5. s FFA 25mik FFA i EHRT 280
%>, KT de novo iERKINT TG, ChE, PL
LEWED TENIDNTEDIZE DTH Bh, HBHN
I EFEDRER = X7 VDKL LD THET T2 § Db,
ZORBERHEETAC EBRHETH 5.

IF mitochondria & microsome T2\ THIES
AEtxdFic, Table 7 RRINBL51k, #h%
TG %ZhE 280 FFA OFEENHHEINGZ. C
5D FFA OElE microsome X b 3 mitochon-
dria OFVRRL L, ZOENE{LIKi2n3 % PCB
BEOHEIT A ERBY 6NT, HilkgisEik mito-
chondria & microsome & 3 i PCB #Eick >
T2 BEBinLiz. Ol &3 i FFA & TG
EN, MDD R LA &R LI DTHB.

UL GLC T k2T mitochondria & micro-
some & O FFA OEFEMMT %2175 & &, Table8iT
Rah 2 X 5, TG OFE LRELDIHERMZ
bz, Tisbb PCB BERX Lo T v F B

(Cu:0) WEADHLT, AF7 Y B (Cu) OHEM
WY LNz,
Tz AgNOs-2 9 #70 TLC iz L »T, FFA %»

Z DARBERER I DTHEL, 202N OREEDHL
ERHiEgd 5L, Table 9 RaNL3&h, PCB
51 L ->C mitochondria & microsome & 3T
SIRIER OB WA LT, REaFfeik & L K 2ERS
B3N UA4EE 2 ODOBIHEINT 5 T WD
Hilz. T DOISEROAAIFIL b F 72 microsome TIT
bhstbhTW3. 37cbb PCBHSickL>
T microsome O BEZRRN HELINIZ & HEIH
1.

5 UIiERE» S, FF mitochondria #5X o8 mi-
crosome IFE7ET 5 FFA I3, —iz TG @ 4R
WED>THELIIERTH Y, Fifho—EiE ChE
PL EMNLHKTHAEDTHA S LR INT:.

5. PCB #5@HF mitochondria # LT} micro-

some O5EEE cholesterol (ZF T4 BE

Table 10 w/RaN AL 5K, PCB #HFicL>T
FF mitochondria 3 X7 microsome DEiTHTH
P UIz, LD &k PCB 51k > TEHE
cholesterol OEMEILLIZC & &, BEEITHET
5H0DTHB EFbhiz.

Ch OHFEHRERHEET 5 & &, Table 10 KRS
N3X 5K, FIFEOHRTEEDE2RLUIZ. ik
[1-4C] Bt & £ < I Ch Oficith 2Eh 5
LERETHIOTHY, Fiz PCBHGIRIDTILD

Table 7. The influence of PCB administration on mitochondrial and microsomal free

fatty acid of rat liver

Experimental Mitochondria Microsome
Total free Specific Total free Specific
group fatty acid #M/g liver |radioactivity | fatty acid #M/g liver |radioactivity
CuVD (dpm/uM) CuMD (dpm/ M)
Control 15.9+3.3 1.84+0.4 236+68 7.5+2.4 0.940.2 225+75
PCB 17.2+4.2 1.34+0.4 504453 10.443.8 0.8+0.3 493+66
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Table 9. The influence of PCB administration on the incorporation of [I-1C] acetate
according to the desaturation grade into free fatty acids of rat liver

Exneri- % Distribution of radioactivity of free fatty acids according
Cell Ir)nental to the desaturation grade
particulate group 4=0 4=1 4=2 4=3,4
. . Control 73.7+10.8 6.6x1.1 5.9+1.3 13.0+3.4
Mitochondria
PCB 59.3+ 8.3 7.742.1 10.0+2.2 23.0+5.5
. Control 64.3+12.6 4.3+0.9 6.2+1.3 25.24+4.9
Microsome
PCBH 40.7+10. 1 13.5+2.5 12.6+3.3 33.2+4.7
Table 10. The influence of PCB administration on free cholesterol in rat liver
Experimental Mitochondria Microsome
Total Specific Total Specific
group cholesterol { u#M/g liver |radioactivity | cholesterol | x#M/g liver | radioactivity
(M) (dpm/sM) CeM) (dpm/xM)
Control 18.942.5 2.2+0.3 2649+653 15.6+2.0 1.8+0.2 24814755
PCB 18.5+3.2 1.440.3 2059+707 17.94+1.8 1.3+0.3 1980 +687
Table 11. The influence of PCB administration on cholesterol ester in rat liver
Cell particulate Cholesterol ester Control PCB
Total («M) 1.1 +£0.12 2.3 +0.24
uM/g liver 0.12+0.02 0.17+0.02
Mitochondria Specific radioactivity (dpm/zM)
Cholesterol 16711368 10034277
Fatty acids 3654109 28172
Total (M) 0.9 +0.1 3.2 +£0.3
#M/g liver 0.10+0.01 0.23--0.03
Microsome Specific radioactivity (dpm/xsM)
Cholesterol 931+282 675+266
Fatty acids 991-+325 468+188

WY ZHMBDULIHIIh AT & @D T,

GLC THEf LIz E %, Ch UADRFa—, &
T squalene 5 Ch FTOHBRT o—id,
Z DEEDRD b ishoiz.

6. PCB 50 mitochondria # LT micro-

some O cholesterol ester (Z (TS EE

EEBS5TRINI X5k, PCB 851 XoTH
mitochondria % J¢* microsome @it Ch i,
WE 555 BA UL, Chikizl LT ChE Tit,
Table 11 iwRIN 3L 5K, PCB BEIL X>T%
DOEVOTH2eB 5L, ChE % Ch tjgEE &
WKIEL, B2 HisaE? JlE L T Rl % &,
Table 11 {WRIN AERVBA SN, Tbb Ch
RSy b HemREry & iz, POB #5ic k> TR

WBETL, Ch 58 & 2HEEdhiE, mitochondria
Tt Ch D ETOHFHEL L, microsome Tit
JEBRE T DIETHS Ch DZzh L hRKEhoiz.

S 512 GLC Itk > T ChE 0 JeBeiim % 474
% &, Table 12 /R 33 k5K, PCB #5ic
Lo TR FUEE (Cu) BEADL, A4 VBB
(Crg:) 3INT 5 C 5D 5Tz,

DXk 51Ty MFTIE ChE JgEE~D [1-1*C]
EEERODEL b 2 AD3, TG ® FFA X b § #EbhiIC KX
¢, PCB #E5RE2>TZOWb ZADWP L, FFA
DHBED X5 AT 7Y VB (Cun) O BINDRD
i, A4 VB (Cua) BEINLIZC &E, ChE ©
SERHS TG el FFA B> REEERH B
CEBRRBRTHEDTHS .
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Table 12, The influence of PCB administ-
ration on the fatty acid compo-
sition of cholesterol ester in rat

B O

Table 14, The influence of PCB administ-
ration on the incorporation of
[1-14C] acetate into fatty acid of

liver rat liver phospholipids
Mitoch i i dpm of phospholipid fatty
Fa(’c(iy itochondria Microsome Fxperimental |acid/dpm of phospholipids (%)
acld | control PCB | Control PCB group Mitochondria } Microsome
Cuso | 17.2£1.2) 9.14+0.8] 5.1+0.4 5.7+0.5 Control 28.445.5 21.346.8
Cis:o | 26.9+1.6 15.5+1.3] 29.742.0; 20.0+1.7 PCB 41.346. 1 40.7+5.8
Cien 3.1+£0.2] 2.2140.2

1.340.1) 1.740.2
Cusso | 5.5+0.1 8.0+0.2| 15.940.8 14.5:-0.8
Cian | 17.841.0) 27.22.2] 10.4+1.3] 16.6+1.5
Crasz | 19.242.2] 25.242.5 22.242.0 22.5+1.7
Caosy | 10.3+1.8 12.942.1] 15.5+2.0/ 17.1+1.7

7. PCB %5 0F mitochondria 5 % 7F micro-

some DY VEHICKIITHE

BEFRODX 51, U VIEBIIEEORTZ OEYE
B 2N DTHA. Table 13 it Rxh s X5,
PCB #5547 X >T mitochondria & microsome
D) VEETADUIEBIMUIZY, Flg 12T
i, BRI EAERD SNsdholz.

&Y VERE D HaTEE % AliEd % & Table 13 i
AINnBL351, PCB #ERI>TZDLFEERD L
BT3B D LN, 20T PL 2708
KLU TZ DIEER % HHEL, Z D% % PL ©
WEEED % TtHFT L, Table 4 WRah 3Lk 5
i€, PCB BB E2TZDHBOWINT 5 L5 BE
Int.

LT &5 PCB #5851 & 5 £ PL HisgD
Hinid, ELUT PL IBEED [1-4C] QW bh ¢ A48
FEINIZCLEE2RTIOTH Y, PL BRI TG g
B FFA EEUEERIIOS DTH>T, ChE §
BRORFIERLLEDTHS 5 T EMHIINT.

-> ¥ ¢ chloroform-methanol EEIAE i« & 2
TLC iz k> T, mitochondria 3 X ¢ microsome
O PLZS5ET % &, R O/ 7cHic, lysophos-
phatidylcholine (lysolecithin), sphingomyelin,

phosphatidylcholine (lecithin), phosphatidyl-

inositol--phosphatidylserine (20—t TLC
TR OFEEIX 1 HICBBEXIN %), phosphatidyl-
ethanolamine (cephalin) 5% ONREIE O IEESLH
#E (mitochondria (DF&icid cardiolipin 54
INB) O6EDAFy NTHEINIZ.

HARy b5 ZREND PL 2HHL, Yo%
FEBLUTH PL VOB TET L, Table 15 iwiRa
NHEBHTHS.

mitochondria T3 phosphatidylcholine 5%
3% <, 2T phosphatidylethanolamine T
Tz Diex L, microsome i phosphatidylcholine
B3 % <, DWW sphingomyelin, X 5TENT
lysophosphatidylcholine & phosphatidylethanol-
amine & ThDolz.

PCB #5® Z#3 mitochondria ¢ PL &icit
B EAEED MY, RIS 2828 4, phos-
phatidylinositol 4 phosphatidylethanolamine
DO# 2.5 f£0D, phosphatidylcholine & phospha-
tidylethanolamine @ b HOEMTHDIz. Th
et UC microsome (0 PL & T, lysophospha-
tidylcholine & sphingomyelin DA, HXHIT
phosphatidylcholine & phosphatidylinositol--
phosphatidylserine OEIIMED 54, T HDH:
e DZ it mitochondria wksiF 2L b §, X
A)TRk 5 <, phosphatidylcholine @ LhistgEDs
WasigEomme i, MO PL EoE T3
B B Eine 5 T EBEBE I,

D ik PCB #5 T L->T microsome T3

Table 13. The influence of PCB administration on phospholipids in rat liver

Experimental Mitochondria Microsome
Total Specific Total Specific
group phospholipids| #M/g liver |radioactivity |phospholipids| «M/g liver |radioactivity
(M) (dpm/uM) (uM) (dpm/uM)
Control 162.2+18.3 18.6+2.0 548+148 107.2+ 9.6 12.3+1. 4 6034192
PCB 212.54+17.6 15.6+2.2 814+205 209.6+15.5 17.5+1.7 9294218
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Table 15. The influence of PCB administration on the phospholipid composition in rat liver

9 of total Specific radioactivity
Cell particulate Phospholipids phospholipids (dpm/xM)
Control | PCB | Control PCB

Lysophosphatidylcholine 2.14+0.2 2.240.2 | 320+ 64 325+ 78

Sphingomyelin 5.9+0.3 4.6+0.2 | 247+ 56 2924+ 59

Mitochondria Phosphatidy}cho1ine1 41.9+3.8 1 48.9+3.5 | 548+115 680+123
Phosphatidylinosito _

-Hmmmmmwmwme} 12,2433 | 114429 | 165+ 44 | 435+ 83

Phosphatidylethanolamine 26.14+5.7 | 24.7+6.6 | 379+ 87 453+102

Solvent-front substances* 11.7+£3.8 8.24+2.5| 197+ 62 347+ 83

Lysophosphatidylcholine 12.5+1.5 5.9+0.8| 267+ 70 1036+227

Sphingomyelin 21.9+1.8 11.6+1.3 | 2664+ 57 790+239

Microsome Phosphatidylcholine1 32.5+3.6 | 41.6+4.1 7554112 1215+384

Phosphatidylinosito

+phmﬂmmhhﬂme} 10.7+1.8 | 17.842.0 | 337+ 95 | 1204454

Phosphatidylethanolamine 12.8+1.6 | 13.240.8 | 414+ 78 12274375

Solvent-front substances** 9.6+1.1 12.241.7 | 545-+107 1729+523

* The majority of this fraction was occupied by cardiolipin.
*# The substances of this fraction were not yet identified.

% PL S@pMEtEah, Fo—HGTEE PL O&
BBREN D)y BB ERRTEDOT HA
5.

X 51T microsome BT, ERDX 51 PCB
#r 5T k> T lysophosphatidylcholine %3k X Zzkh
TR L2 T 21X, lysophosphatidylcholine @
HENEENTBELLTRVSH, SEoFEEEL
THEKDZHDTHA 5.

#® i

t h PCB HEIGADILI: RER 7 v MCHER
T A, SHEO PRI BT, HENEED
PCB &<z Kaneclor 500 2&HEREL, #hdd
FEIsER E DL 5 IKBET 20 2RE L.

FRsE D 5483 0T X T mitochondria & mi-
crosome &%HE L, WHEDLIEEPHE L THIE
B3, PCB #E5XCh 6 FEEHORICKITT
BERERNCHRE LI,

g7z PCB #5575 » M [1-4C] B % BRI
U, BIEENDR Y A %% OHHUERED» SEEL
T, PCB BEPEHIBEOHIRBICE DL 5 s
BRATTHRBE LI,

PCB # 5L > THIEADKS T 3T &k, SREO
W OEBRFHTIRRAIN. Uh UBENERSI
h OFFIEE R PCB itk > TE/LZRI T, Uiz
DTCONEREEEER SO VT 2HER T 53

DT Ighotz.

FReE D> b triglyceride 13, PCB 51k o
T mitochondria {23 TRA L1243, microsome
T g0tz UL [1-13C) BREROD trigly-
ceride ~DEL Y T AL, mitochondria ¥k 7F mi-
crosome & {TWhilL, &< triglyceride Mg
BRERIIIT AW T Z D ISk 0Tz, DT ki
microsome [Zi3!F 5 JRMBE RN REERDS, PCB ik
DTEEILT A2 THA 5 EHEEINT:.

ffmitochondria ¥ X ¢® microsome OHIHEH
FRiTid, triglyceride MEL B #EEIERRD FEIET
BT ENEDID BN, TOFBEEBROE S L O
[1-14C] BEEB(DEL b T A143, mitochondria & micro-
some & }ic PCB {5k >Tikantz. 2c
DOEREIEERIL WL S D BTSN T triglyceride
SERICHELIL, DD B R Tid cholesterol ester &
U UIREDIEBRICBU AHE L ED i,

HEHE cholesterol 2Tk, Tk OB R
PREL [1-4C] B2 I h L T ES SIS
1, PCB #5512 TZDHY CAMIE S,
¥7z PCB #5ick>7T, B mitochondria i51:¢¥
microsome & 3, % DIFEMDEHE cholesterol
EXNED LI,

cholesterol ester {2\ T, mitochondria ¥
L7 microsome & ic PCB #51c k2T 20DE
DPHIES L, EEES AL b LI,
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cholesterol ester g2 [1-“C] EFERODELH LH B
F1z, PCB gEkk>THHI sz, CHEBEUE
BTHhhs, triglyceride FEER WHEIRER/ZLE
L, RELERAECATHDIZ.

Y VEEE R HENCERT AL 5, PCB ##5ick
58 VB EBNZY X, mitochondria & mi-
crosome LW TIE EAERBD sNshoiz. L
Uiy VBB O s tei: PCB B 5tk > TP
L, hizEEUTY VIREEED [1-4C] ErERE
D CADEEIRE AT EDFEHINI.

—XLEE Y a< b5 7 410X >T, mitochon-
dria & microsome &{ZZDEFEENRDLNIZY
f8'& 13, lysophosphatidylcholine, sphingomyelin,
phosphatidylcholine, phosphatidylinositol -+
phosphatidylserine, phosphatidylethanolamine
B X% mitochondria Tif cardiolipin, X5
mitochondria & microsome & 3 ICRERE DL
HPE Thotz. PCB #5ic X > T mitochondria
DINS5D Y UEERE, iy [1-1C] FFERELY
CAILIBWT b, BEERRIT 0h>012)5, microsome
TR HIRIT EAETNT, PCB #H5L>2TZ
DI BES R 2 L IR LTz, Dl Ed
F12 PCB i & A/ Mk OB RO t—3 254
ThaT EWHHEISNT.

bhbhidx 5ic, 7 v b DOMEIEES & O EiH
BT OO TR 2k L, I Z N2 RET 5.
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WO Ak REE

The Influence of the Oral Administration of PCB
on the Lipid Metabolism of the Rat

III. Adipose Tissue and Blood Plasma

Junji Nacar*, Yoshiaki Yar and Kaoru HicucHr**

Central Clinical Laboratory of Kyushu University
Hospital, Fukuoka, Japan

The rats, fed with 20 mg of PCB every day for 10 days, were injected with [1-*C]
acetate intraperitoneally and after sacrifice the blood plasma and the abdomen fat pad
(epididymal and perirenal) were collected. Lipids of the samples were extracted and
determined by colorimetry and gas-chromatography after fractionating and separating by
thin-layer chromatography.

PCB influenced less on the quantity and the specific radioactivity of triglyceride in
the abdomen fat pad.

Although the quantity in the blood plasma of cholesterol, cholesterol ester and
phospholipids was increased by the PCB administration, triglyceride did not receive
any influence. Free fatty acids, also, did not change in the blood plasma. When the
specific radioactivity of these lipids was measured and the fatty acid composition was
analyzed, a close relationship between plasma and liver lipids was found.

In the conclusion, it was discussed that PCB stimulated the microsomal enzyme
system in liver and by that means the lipid metabolism of rat was influenced to enhance
the fatty acid synthesis excepting the depression of the synthesis of cholesterol and its
ester fatty acids.

bihbiud PCB %25 v MG LT, ZORENR Uz, WG WTIERE, &<tz O trigly-

BRI T BRI L, B 1#CENT, KERE ceride ®#Hs, LiEUiFEE N, BLLTE5

CONWTORBRER2HAELIZY. & O PCB HE,

KEBEOIBOBLAD GNH &b, ZORED

VWD BIHAEICIS DT, A OREERY UIE LiIZ 8
ZanithroThAY., S22tk TIHFERIZ>
WTDEBRERPRELY, © OF 3BT TIEE
i & MEEAEE IOV T OIS RERZIR D HIF A &

HArE (Present address)

MEPERZENELIIOTH 5.

b TIRFEELIZL 31, 0WA 05D PCB
BWEHETS v 2B LY, Chick>ThiBiE
BD 5 5 cholesterol & U L IEEDHINT 5 ¢ & 138

* SR ASE AR (Department of Food and Nutrition, Nakamura Gakuen College,

Fukuoka, Japan)

w5 EYIREILN A+ v 2 — FEkER (Research and Clinical Laboratory, National Hospital of

Kyushu Cancer Center, Fukuoka, Japan)
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LKEDTE, EESy FORESEDTAIEED
KED PCB 285U 72 WRY, M triglyceride »3
BIMUENT ERBER LY. SEOEBITHINTD,
7 v POFREHEVEL TEIET AEED PCB #5
B3, e triglyceride 12 #inL N & 2 FHor
WRUIZ, ke b Ty VOERE L A R83E
PEDYBRALNDIITH LD, T v MTBOT,
%z DK, JEMGHEL Lo mEEDIEE »3, PCB #5
LD TR BB P HBHEHLT, Ty Mgk 5
PCB & 22 BNEEARBOE Y2, HABEET
BHEPITHEWTEIZEEbNRS.
ERME L AR

1. Sy EEER

HEFHE X, FEE kI s280L2 A UTH
A, 20mg © PCB % 10 HEEFREL, Z0%
7T HEBERIELTZS Y Mg, [1-UC BB F Y Y
AR EIRNENL, 2RIESICKEERIL

2. mMEASUNCEREGORR

~o%Y -EDTA BABOLEZ ANTIEOIERE
T, HKTHRPLLEDS, BliZHED, BHBOET
BEOU TP LI, BB ICS v FORE
2B T, epididymal 35X ¢F perirenal fat pad
PETRBEOHU, BELUIZOL, EENAEK
T, DX ORI L.

3. [EEOMH, 7EH, EEH LUREHEERE
NG OHER, FIR&ETHR~Izb0s, $NTH
UTChotzio,

z B B R

1. PCB #50Els triglyceride (RT3 &
JEREORFHIAE MY 1313 & AL triglyceride 2>
LED, 48 @ cholesterol X8y VIEHE 2 ST

Jal: I

Table 1. The influence of PCB administra-
tion on the weight of rat abdomen

fat pad
Experimental | Epididymal Perirenal
group (® €9
Control 2.9+0.2 2,240.5
PCB 2.8+0.4 1.94+0.5

D5, B2EFRLHE DITHETH B, SHEENR
HWEETH Y, 4215 triglyceride TSR
BRUTz.

epididymal 3 X¢8 perirenal & ¢z, Table 1
WRINA L5, PCB 5 ik 2 HBEEDOE(
BED SN0z, fIlREGIBNTY, TN bEE
DELVOERBEV#HEINIIDE, PCB #5535 30
Hichlz aBHMTH22lzn EBbhic, HRER
WEALDIs 012124 T 72 {, Table 2iTRANA &
51, Z DM triglyceride Eicd, PCB 50
LR ELTIREY ARAG N fell

UL triglyceride DS sE(RENS trigly-
ceride O B4 it dpm/mM, #1 D HE 3TN T
dpm/uM) 13, PCB #¥5ic L >TAUETT 52
ERRUTL U d ZOETR, iOREOH AL 5
~C, triglyceride @ JEmifa~ D [1-1C] EiggD
Y C aHMETS 5 LT, triglyceride  glycerol
oD [1-4C] Hlg DY CAHMBETF LI &3,
triglyceride DSERD IR EEDBEIEED 5 5 »o3D
nrc.

BETILIESEGR I LT PCB iZ, Z0RERN
BHCHESBHET AL 0 b, EHRBICBT A7 R IE
—>a-7" Y ¥ aBi—triglyceride DFj¥ED %,
S OREIMEMT AT EREINT. PCB HEH8
Mg triglyceride 5ER ICEEER B A 5 L 0L

Table 2. The influence of PCB administration on triglyceride in the abdomen fat pad of

male rat
. dpm/mM of
Experimental Total : dpm/mM of . .
Fat pad mM/g tissue A s triglyceride
group (mM) triglyceride fatty acids
Epididymal Control 2.4+0.2 0.834:0.08 20+ 5 54 1.5
PCB 2.140.2 0.75+0.06 51+12 21+10.6
Perirenal Control 1.9+£0.3 0.87+0. 04 9+ 5 —*
PCB 1.7+0.2 0.8940.05 18410 —

* The radioactivity was too small, to determine the specific radioactivity of triglyceride

fatty acids of perirenal adipose tissue,
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Table 3, The infiuence of PCB administra- Table 6. The influence of PCB administra-
tion on the fatty acid composition tion on the incorporation of [1-14C]
of triglyceride in rat abdomen fat acetate into fatty acids of trigly-
pad ceride in rat plasma

| g . % distribution of radioaciivity in
Fatty Ep1d1dyma1 Perirenal Experi- triglyceride fatty acids according
acid Control PCR Control PCB rgrll_%ril’?l to desaturation grade

4=0 4=1 4=2 4=3,4
Cuw | 3.740.4 4.0+0.2] 1.140.2f 1.640.3
Cirao | 20.940.4] 20.6--0. 6 22.8+2.3| 21.7+1.1 Control [78.34+ 5.1/7.94+2.155.8+2.3] 8.0+ 1.4
Crgn 3.740.1 3.94+0.6/ 2.2+0.4 3.1+0.7 PCB 49.2-+10.7/9. 8+5. 8/8.240. 8|32.8+11. 5
Cigo | 2610.11 2.640.2] 3.440.2] 3.6+0.3
Cigey | 28.6::0.3) 29.4-0.4] 29.3+1.9 31.2+1.0 B (Ciu) OHEPETL, 20O/ 7 IF PR
Cig:z | 40.840.4] 39.540.7) 39.441. 4 37.5+1.4 (Co:e) DHED ERT A EWFD 60z,
Cigis — —_ 0.6+0.3 0.5+0.1 LD &iE Table 6 IR a3 NBL5iC, 4=0JF
Cise | — — 1.320.2) 0.94£0.2  memofigigs, $/sbb [1-4C] DD T &b H

C &1z, Table 31WRaNB L 3, ZDIEBRERIT
BB D SN2z &5, T3 bhsbh
7.

2. PCB #r50nmsg triglyceride (2] (T4 2&

PCB &5t k> Tiig triglyceride OB E%»
BlFigheolor Lk, Table 4 ICHLSHTH 5. L
U % QHHSHE (dpm/aMD) WHEEEI LR, 112
FF triglyceride @2hic& L {, MmiE triglyceride
W& UCHE triglyceride CHISEd 5 ¢ & A5 #EHI X
niz.

MEE triglyceride DIERRHAR 20513 % &, Table
SItRINA L5, PCB HE Tk 2>T/SWVvEFw

U, 4=3, 4 [EBEOZ NN LRI 5 & 2RI ER
RS b ERINI.

Ub L InEE triglyceride JEEED Cyp.y & JF trigly-
ceride DZN & 2LET % &, RIBDFHH % DHFKHS
B0tz T ERRESOMmEE triglyceride 3
FECERSNAINE &, /NS 4R C AR,
ANIEDEEGLLEETRTIDTHSS.

3. PCB ®REOMEEHERICRZIIHE

MEEEEE ey =BRGP EESHERRL TN D
Ly, BHOLBYTHA. Table TITRING
X5, PCB 851k ->T, COEMRE®IRNT
ZAIZRRIT 5 >07h8, % OISt EEIE89 1/2 KET
Uiz,

. . Table 7. The influence of PCB administra-
Table 4. The influence of PCB administra- tion on plasma free fatty acids of
tion on triglyceride of rat plasma rat
d i 1
Group ‘ #M/mi pm/ M Expe‘:gl;lérlxlepnta #M/ml dpm/ M
Control 0.42+0.05 21294388
PCB 0. 404 0. 08 3236507 Control 0.38+0.11 240487
PCB 0.3740.03 125+66
Table 5. The influence of PCB administra- Table 8. The influence of PCB administra-

tion on the fatty acid composi-
tion of triglyceride in rat plasma

ion on the composition of free
fatty acids in rat plasma

Fatty acid Control PCB Fatty acid Control PCB
Cuaso 2.540.5 3.940.2 Cuaso 2.420.1 2.440.2
Cie:o 28.6+1.2 24.6-+0.5 Ciez 36,7+0.5 35.4:40.3
Cue:1 1.5+0.2 1.8+£0.3 Cieit 3.1+0.3 4.4+0.6
Clsso 3.4+0.2 5.54:0.7 Ciaso 8.6+0.5 8.3+0.8
Cign 16.7+0. 4 17.5+1.3 Cusa 19.24+0.5 18.1+1.7
Cig:s 41.1+1.8 36.0+£0.7 Ciasz 25.622.0 22.6+1.8
Cooma 5.8+1.3 10.7x£1.5 Caoia 4,4x+1.2 8.8+1.6
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mELE R, RO triglyceride it &
UTHET 28 0ThHsE, —BRREBDLNATY
5. U UiEHERREE S i8NG triglyceride g@g & O th
BAEED I, D72 h DR O MBI SNz, iz
RGO AR Z L TH, Table 8 {TiR a1
&5, JElE triglyceride fEEED MM & DRIT,
BIU S ECUIRY Shvizholz. PCB #55 b
MEEDHEHHERTRD HE LR T 5 C &1, FREOUH
WWREONETHS S,

4. PCB Z50M%E cholesterol 725 UNMC chole-
sterol ester {Z (T4 EE

ME PCB #5112k >T, [ cholesterol hsigfn
FTAH LN, DUONST TRBELIZEEBNITDHS
O, KPS B LN ESE PCB OGRS
2T 3%, 4 cholesterol 72 5 g¥IT cholesterol ester
D, Table 9 IWRIND & ST, ZNZNRE:
D LS fBTmL iz, UL 215 DHETEEIIT
oG &L Rk, PCB 5L > TR T 2MRUI.
L d Z OIEGERITMEE E P & TSl ne &
5, IME cholesterol /s 5 F itz D= 25 i3, Ff
CHERINIZ D TH A EHEINT.

ZIZZED ATV [ERR O MR % Y 5 & &,

Table 9. The influence of PCB administra-
tion on cholesterol and cholesterol
ester in rat plasma

Quantity and
Cholesterol | specific radio-| Control PCB

activity
Free #M/ml 0.3640.05/0. 52+0. 11
dpm/ M 15184236 1172+187
#M/ml 0.94+40.18)1. 66+0. 15

Esterified | 9Pm/#M
cholesterol | 938+196 | 3724108

fatty acid | 347+ 68 | 190% 53

Table 10. The influence of PCB administ-
ration on the fatty acid composi-
tion of cholesterol ester in rat

plasma
Fatty acid Control PCB
Crao 3.6+1.2 4.3+1.5
Cig:o 26.4+3.3 20.94:0.7
Cien 2.7+£0.5 2.94£0.2
Ciso 1.5+0.4 0.8+0.4
Ciza 12.34+0.8 11.34+0.6
Cig:z 53.5%£2.5 59.5+2.3

Table 10 KRIN2 L 5T, RN TELO
ZENFED 6Nz, g lecithin-choleste-
rol acyltransferase /2 & iT& % 5l R OEIC X
BDTHAS.

5. PCB BEOMEY VEEICEIZTHE

MY L HEBIDWT S, ChpsiE PCB £1If
B E-oTHENT 5 &1, bivbhdsd TitiliiEL
TEBYTH Y. RPFICBHTE T2, Y U IEE
813 Table 11 {wR3N B X 54T, cholesterol & [A
RRiZ, PCB |EIC L2 TREED 1.5 {5 ieigint 1z,
LU %D Hisdte ik PCB 5 itk > T IETL,
cholesterol & HELIOZELRRLIZ.

Y s B skt Table 12 ITRINB EBYT
dbH, TNLORBHELDL, MmEEY L IFES Fiz,
FEUTHROXEL# % 5 & ERHRIT NI,

BRIOL > WFETERINTBE R, 2hsdh—
EOHETHARD 3N, lipoprotein & L CTsgic
Hian s, PCB #5ic k> TiiE cholesterol 7z
50T cholesterol ester &V U iEEIXITITHALIOE
bR RT DTN, M4 triglyceride 12, #idDiE
HEBONERERUT. COBBEORE, M
4% lipoprotein A2RICERT 2HR%Z, I LIREIE
25DTHA5.

Table 11. The influence of PCB administ-

ration on phospholipids in rat
plasma

dpm/xM |% of dpm of
mM/m! |Phospholi-|fatty acids in
pids phospholipids
1.01£0.09 806231 32.0£3.9
1.524-0.25| 574+ 52 34.7+3.2

Experimen-
tal group

Control
PCB

Table 12. The influence of PCB administ-
ration on the fatty acid composi-
ion of phospholipids in rat plasma

Fatty acid Control PCB
Ciszo 0.940.3 0.9+0.2
Cis:o 32.7+1.2 25.3x1.2
Cig:1 1.640.3 0.9+0.2
Ciao 24.4+1.4 38.5+1.9
Cisir 5.8+0.1 5.8+0.3
Cis:z 17.3+0.5 14.8+1.0
Cooua 17.4£0.5 13.8+2.5

= 3

PCB #57 » b OMEBIEETH, BIORIELE~
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O [1-14C] BEEROE Y C AII2nNd b PCB O 7
PEERET AL, PCB itk %7 v MEBRBOE
EDKRERSY S, PCB ik A i/ Nak D BERFEFR
WIRT AL EWTES. LUK, MNakiE2E
#3 % PCB UANDHED, TNTk D PCB HiF

GEfE) & HUEERR, »20ENnZCd L
WERES 72,

A FNEE O EYRERREE 2B D 5
phenobarbital 13, FFR 272U T anabolic 73%f
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A Simple Screening Method of Enzyme-Inducing
Agents of PCB Type

Yasunori ARAKI and Kivoshi TANAKA

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

Since PCBs (polychlorinated biphenyls) were detected in the global echosystem as
widespread pollutants, effects of PCBs on organisms have extensively explored by many
investigators. Consequently, it appears to be generally agreed that the most sensitive
reaction of mammals to PCBs is hepatic enzyme induction (Komatsu & Tanaka, Tanaka
& Komatsu, Bruckner et al., Benthe et al., Litterst et al., Schmoldt et al.), of which
type is chemically analogous to phenobarbital (Fujita et al.). Other environmental con-
taminants, particularly DDT (chlorophenothane) and many organochlorine insecticides,
are also known to have similar enzyme-inducing activities (Fouts, Robinson, Kinoshita
& Kempf, Klinger et al.).

Though the effect of hepatic enzyme induction on the human health is not fully
elucidated, it seems important to know which compounds have inducing activity. The
chemical method to test enzyme induction, however, needs rather complicated techniques
and is not suitable for screening of drugs. The present investigation aims to introduce
a simple screening method for this purpose.

Methods

Mice of CF#1 strain were used as experimental animals. Though female rats had
been known to be sensitive to enzyme induction, mice were chosen because smaller
animals were considered favorable for screening. Factors which might influence the
enzyme activity were carefully kept constant (Fujii et al.).

At least three, usally four or five, groups each consisting of 10-15 mice were sub-
jected to the anesthesia test, in which 100 mg/kg of hexobarbital sodium was injected
intraperitoneally and the duration of anesthesia (socalled sleeping time) was me:zsured.

Kaneclor 400 (KC-400), one of PCBs principally consisting of tetrachlorobiphenyl
and almost identical to Aroclor 1248, was employed as a standard inducing agent, accord-
ing to our former experiments (Komatsu & Tanaka, Tanaka & Komatsu).

The drug, emulsified with 0.5 percent CMC (carboxymethylcellulose sodium), was
applied orally with a metal catheter and the first anesthesia test was performed 48 hours
after drug ingestion. The test was repeated on the 7th, 14th, 21st...days after the drug
administration, which was one shot and not repeated, until the sleeping time recovered
to the control level. Only CMC was given to the mice of one group, which was
taken as control. The average sleeping time of other groups, which received different
doses of an inducing agent, was compared with that of control group on each test day
and expressed as percentage. Shortening of the sleeping time was regarded as the ex-
pression of hepatic enzyme induction (Conney et al., Fouts), and the recovery course
of the shortening was delineated in a graph.

Results

1. Selection of sex and age of mice

KC-400 in the dose of 100mg/kg was given to the following four groups, each
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consisting of 15 mice: (1) adult male (21-30 g in bodyweight), (2) young male (15-20 g),
(3) adult female (21-30g), and young female (15-20 g). Each group had corresponding
control group receiving no medication.

A definite reduction of the sleeping time was induced by the drug only in female
mice. Male mice did not respond to the drug at all in the dose used. Among females
the younger group showed more sensitive reaction (Fig. 1).

From this result, young female mice with lighter bodyweight than 20 g were ex-
clusively used in the subsequent experiments.

0 L 1 1 Iy
2 7 14 21 days

PCB 100 mg/kg p.o. PCB

0 1 L 1 b3
2 7 14 21 days

Fig. 1. Hexobarbital sleeping time after Fig. 2. Dose-dependent reduction of the
PCB ingestion in four different sleeping time and its recovery

groups of mice

Ordinate : Sleeping time expressed
as percentage of each corresponding
control group (with standard error),
abscissa: days after ingestion of 100

course after PCB

A 100 mg/kg, B:50mg/kg, C:20
mg/kg, D: 10 mg/kg of KC-400.

Ordinate and abscissa, as in figure 1.

mg/kg PCB (KC-400).
A : young female, B: adult female,
C: young male, D: adult male,

2. Dose-dependent response to inducing agents

Five different doses (0, 10, 20, 50 and 100mg/kg) of KC-400 were given to five
groups, each consisting of 10 mice. The reduction of sleeping time compared to the
control group and its recovery course were shown in Fig. 2. These responses were
completely dose-dependent and the shortened sleeping time after the largest dose (100
mg/kg) needed three weeks for recovery.

Four different doses (0, 50, 100 and 200 mg/kg) of phenobarbital, another known
inducing agent, were applied to four groups of mice. The reduction of sleeping time
was parallel to the dose applied as shown in Fig. 3. In spite of sharp fall of the sleep-
ing time, a complete recovery was noted within one week in any dose used.

Four different doses (0, 1, 2 and 10 mg/kg) of aldrin (hexachloro-hexahydro-dime-
thanonaphthalene), an organochlorine insecticide, were given to four groups of mice.
The effect of aldrin was extremely strong as shown in Fig. 4. Even with 1 mg/kg, ob-
vious reduction of the sleeping time was remarked. After 10 mg/kg, five weeks were
required for recovery. These responses were also perfectly dose-dependent.
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Fig. 3. Dose-dependent re- Fig. 4. Reduction of the sleeping time and its delayed
duction  of the recovery after aldrin

sleeping time after
phenobarbital

A 200mg/kg, B: 100 mg/

kg, C: 50 mg/kg of pheno-
barbital,

A: 10mg/kg, B: 2mg/kg, C: 1 mg/kg of aldrin.
Ordinate and abscissa, as in figure 1,
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Fig. 5. Linear relationship between log-dose and sleep-
ing time reduction

Ordinate : sleeping time expressed as percentage
of control, abscissa: log-dose (mg/kg). RD 60
can be obtained from the cross point of the
oblique line and the horizontal 60 % line.

Az aldrin, B: PCB, C: phenobarbital,

3. Numerical expression of the intensity of induction

When log-doses and percentage reductions of the sleeping time were plotted on
semilogarithmic chart paper, a linear relationship was obtained as to each drug tested
(Fig. 5).

Since 0 percent of the sleeping time (100 percent reduction) was usually not brought
about by enzyme induction, calculation of ED 50 appeared not adequate., Instead of
ED 50, ED 40 or RD 60 (the dose to reduce the sleeping time to 60 percent of control)
was adopted, because the maximal reduction of sleeping time was empirically known to
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be 20 percent of control in many drugs tested.
RD 60s thus calculated were: aldrin 1.2mg/kg, PCB (KC-400) 50 mg/kg, and pheno-
barbital 90 mg/kg.

Discussion

The duration of hexobarbital sleeping time is a good indicator of hepatic microsomal
enzyme activity hydroxylizing hexobarbital (Fouts), which is regarded as one of the
representative enzymes stimulated by inducing agents. When PCB was employed as in-
ducing agent, the chemical data (Fujita et al., Litterst et al.,, Benthe et al., Bruckner
et al.) coincided well with the pharmacological results of our former (Komatsu &
Tanaka, Tanaka & Komatsu) and present experiments, in which reduction of the sleep-
ing time was parallel to the dose of PCB.

Though the sensitivity of mice to inducing agents has generally been considered in-
ferior to that of rats (Hart & Fouts, Kato et al.), the present experiment clearly demon-
strates that young female mice of CF#1 strain are satisfactorily sensitive and suitable
for screening of inducing drugs.

The feature of this screening method is delineation of a recovery curve of sleeping
time reduction. This graph demonstrates not only the intensity but also the duration
of induction. Thus, phenobarbital is potent but short-acting inducer, whereas PCB and
aldrin have prolonged inducing action. These long-acting organo-chlorine compounds
are assumed to deposit in body fat and to be gradually released (Hart et al.). Accord-
ingly, the retarded recovery curve of the sleeping time may indicate slow elimination
of a drug from the body.

The numerical expression of the inducing activity is based upon the dose-dependent
response of sleeping time reduction. The dose-dependent induction by PCB has also
been chemically substantiated by Schmoldt et al. Breckenridge et al. recommended de-
lineation of dose-response curve to demonstrate dose-dependent enzyme induction. RD 60
proposed in the present study is a trial to express the potency quantitatively.

Another utilization of this method is estimation of the absorption of a known in-
ducing agent. Since the grade of induction represents the amount of drug in the liver,
inhibition or facilitation of the absorption from the intestine of an inducing agent
may be judged by the change of hexobarbital sleeping time. A search for preventing
intestinal absorption of PCB is now proceeding in our laboratory with this method, and
the result will be reported separately.

Summary

1. When PCB was given orally as a hepatic enzyme-inducing agent, the reduction
of hexobarbital sleeping time was most sensitive in young female mice.

2. The reduction of hexobarbital sleeping time and its recovery course were parallel
to the doses of PCB, phenobarbital, or aldrine. The potency and persistency of enzyme
induction were evaluated by delineated recovery curve.

3. RD60 (the dose of an inducing agent to reduce the sleeping time to 60 percent
of control) was proposed for a numerical expression of the inducing activity.
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Inhibitory Effect of Cholestyramine on the
Intestinal Absorption of PCB

Kiyoshi TanakA and Yasunori ARAKI

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

The pollution of fishes with PCB (polychlorinated biphenyls) is now proceeding in
many areas of Japan. Detection of an effective method to protect human health from
PCB pollution is eagerly awaited.

Cholestyramine (CSA), a basic anion exchange resin, is known to combine with
bile acids in the intestinal tract and interfere with fat absorption (Harkins et al.) result-
ing in steatorrhea (Hashim et al.). Since PCB is oily substance not affected by digestive
enzymes, emulsification by bile appears absolutely necessary for its absorption. From
this idea, the possibility that CSA might prevent the intestinal absorption of PCB, was
tested in experimental animals.

Methods

The degree of PCB absorption was indirectly measured by its hepatic enzyme in-
ducing effect, which was considered most sensitive action of PCB in mammals (Komatsu
and Tanaka, Tanaka and Komatsu). The screening method of enzyme inducing agents
in mice, reported by us in a separate paper (Araki and Tanaka), was employed as the
indicator of intestinal absorption of PCB. Briefly, several groups of young female
mice, each consisting of 10 animals, were subjected to hexobarbital sleeping time test,
in which 100 mg/kg of hexobarbital sodium was injected intraperitoneally. PCB (Kane-
clor 400) in the dose of 100mg/kg, emulsified with carboxymethylcellulose sodium
(CMC), was given orally with a metal catheter, and the sleeping time was measured
after 48 hours. This test was repeated on the 7th, 14th, 21st and 28th (if necessary)
day after PCB administration.

The shortening of sleeping time compared to the control group, was regarded as the
expression of enzyme inducing activity and as the indicator of absorbed amount of PCB.

Pure powder of cholestyramine*, suspended in water with CMC, or Questran* con-
taining 75 percent cholestyramine, was given orally at different time before or after
PCB ingestion.

Results

1. Effects of different doses of cholestyramine given 30 minutes after PCB ingestion

Sixty female mice were divided into six groups of 10 animals as follows: —(A) dosed
with PCB (Kaneclor 400) only, (B) with PCB and 20 mg/kg of CSA, (C) with PCB and
50 mg/kg of CSA, (D) with PCB and 100 mg/kg of CSA, (E) with PCB and 500 mg/kg
of CSA, and (F) control group without medication. The mice of A-E groups received
100 mg/kg of Kaneclor 400 orally and the mice of B-E groups received CSA 30 minutes
after PCB ingestion.

* Cholestyramine was kindly presented by Dr. D, L. Schneider, Mead Johnson Research Center,
and Questran was generously supplied by Japan Bristol Laboratories,
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Fig. 1.
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Influences of varied doses of cholesty-
ramine (CSA) given 30 min after PCB
ingestion on hexobarbital sleeping time

Ordinate : sleeping time expressed as
percentage of control, abscissa: days
after PCB (100 mg/kg p.o.).

A: PCB only, B: PCB+20mg/kg of
CSA, C: PCB+50mg/kg of CSA, D:
PCB--100 mg/kg of CSA, E: PCB-500
mg/kg of CSA

1 " N A —_

14 21 28
days

CSA + PCB
Fig. 2. Influences of a moderate dose of chole-

styramine given at varied time before
PCB on hexobarbital sleeping time

Ordinate : sleeping time expressed as
percentage of control, abscissa: days
after PCB (100 mg/kg p.o.)

A: PCB only, B:200mg/kg of CSA,
24h before PCB, C: same dose of CSA
3h before PCB, D: CSA 30 min before
PCB

Each value of hexobarbital sleeping
time in A-E groups was compared to
the value of F group on cach test day,
and was expressed as percentage of con-
trol. Thus, five curves demonstrating the
reduction of sleeping time due to PCB
absorption and its recovery course were
obtained.

As illustrated in Fig. 1., the reduc-
tion of sleeping time 48 hours after PCB
ingestion was more or less alleviated
by small doses of CSA, and almost per-
fect suppression of PCB action was
yielded with 500 mg/kg of CSA. The
recovery of reduced sleeping time was
also facilitated by any dose of CSA,
and only one week was sufficient to
recover in the groups receiving higher
doses than 50mg/kg of CSA, whereas
A group (PCB only) needed three weeks
for recovery.

In other words, these responses to
CSA were perfectly dose-dependent, in-
dicating that CSA effectively inhibited
the intestinal absorption of PCB.

2. Effects of cholestyramine given at
different time before PCB ingestion

A moderate dose of CSA, 200 mg/
kg, was administered at three different
time before PCB ingestion. Fifty mice
were divided into following five groups
of 10 animals: -(A) treated with PCB
only, (B) with CSA and PCB given 24
hours after CSA, (C) with CSA and PCB
after 3 hours, (D) with CSA and PCB
after 30 minutes, and (E) control group
without medication.

Four curves demonstrating the re-
duction of sleeping time and its recovery
in A-D groups were shown in Fig. 2.
The sleeping time 48 hours after PCB
in C and D groups was significantly
shorter than that of A group, and its
recovery was perfect after one week,
whereas the reduction and recovery
course of B group differed not signifi-
cantly from A group.

These results indicated that CSA
administered within 3 hours before PCB
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ingestion was more or less effective %
to prevent PCB absorption. 100

3. Effects of chloestyramine re-
peatedly given from two days after PCB
ingestion

Three groups of mice were treated
as follows: —-(A) with PCB only, (B)
with PCB and from two days there-
after with 500 mg/kg/day of CSA for
five days, and (C) control group with
no medication,

The percentage of reduced sleep-
ing time compared to control group

in each test was illustrated in Fig. 3. L ; 14 21 28
The reduction in B group 48 hours days
after PCB (i.e. before CSA admini- PCB  CSA

stration) perfectly coindided with that Fig. 3. Influence of repeated administrations of
in A group. However, the recovery cholestyramine from 2 days after PCB
from the reduction after repeated CSA on hexobarbital sleeping time
administration in B group was signifi- Ordinate : sleeping time expressed as

percentage of control, abscissa: days

cantly faster than that in A group. after PCB (100 mg/kg p.0.)

This indicated that delayed CSA ad- A PCB only, B: 500 me/kg/day of CSA
ministration showed slight inhibitory given from the 2nd to the 6th day after
effect on PCB action. PCB

Discussion

Since CSA is not absorbed from gastrointestinal tract (Gallo and Sheffner) and there-
fore is considered not to affect hepatic enzymes, its inhibitory influence on the shorten-
ing of hexobarbital sleeping time after PCB is attributable not to the direct action on
the liver but to its inhibitory effect on the intestinal absorption of PCB.

The mechanism of inhibition of PCB absorption is probably based on the bile acid
sequestrant property of CSA, which results from its strong binding activity with acid’
substances and results in suppression of intestinal absorption of oily substances (Hashim
et al.). CSA appears not to combine directly with PCB, because PCB is a chemically
innert and neutral substance.

In the present study, absorption of PCB was most effectively inhibited by CSA when
CSA was given 30 minutes after PCB. Premedication of CSA before PCB was also
effective, provided the time lag between two drugs was shorter than three hours.

The quick recovery of reduced sleeping time after PCB combined with CSA, which
was administered repeatedly from two days after PCB (Fig. 3), is partly explicable by
the inhibitory effect of CSA on the absorption of remained PCB in the intestine. An-
other possibility is the inhibition of reabsorption of excreted PCB in the intestine, since
the route of excretion of PCB is not urinary but almost exclusively fecal (Yoshimura
et al.). Though reabsoption of PCB in the intestine is not evidenced experimentally,
this might be a factor of delayed elimination of PCB from the body.

As will be reported elsewhere (Araki), the potency of CSA to protect PCB absorp-
tion is greater than another anion exchange resin, cellulose ion exchanger type DEAE,
and far greater than charcoal, a nonspecific absorbent.

CSA has been used for the therapy of pruritus in jaundice (Datta, Vanltallie) and
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tried for lowering serum cholesterol (Blacket et al.). Detoxicating effects of CSA were
reported in caces of sporidesmin intoxication in sheep (Peters and Mortimer) and en-
dotoxin toxicity in rats (Nolan and Ali). The present investigation is the first experi-
mental demonstration of the ability of CSA to prevent PCB absorption. This may illu-
minate a new category of medical uses of this drug.

Though the pollution with PCB is now global, it is particularly marked in Japan,
because higher concentration of PCB than provisionally regulated level (3 ppm) is fre-
quently detected in fishes captured around Japan. In order to protect human health
from PCB pollution and also to avoid panic of Japanese people, effective prophylactic
methods have been explored. CSA appears the most promissing drug in this meaning,
Nontoxicity of CSA, excepting malabsorption of fat-soluble vitamins (Longenecker), is
also profitable for its clinical use.

The demonstration of clinical effectiveness of CSA to prevent PCB absorption, how-
ever, seems extremely difficult, because there has been no evidence that PCB pollution
caused actual poisoning. Only possible method for this purpose will be repeated deter-
mination of PCB level in the blood or milk. A normal Japanese has 3 ppb of PCB in
the blood and 0.03 ppm in the milk on the average. These levels of PCB are considered
to come mainly from daily uptake of PCB in the food. Consequently, if the level of
PCB in the blood or in the milk of a volunteer is significantly lowered by daily inges-
tion of CSA, the effectiveness of CSA will be substantiated.

Summary

The degree of PCB absorption was indirectly measured by its hepatic enzyme induc-
ing activity indicated by reduction of hexobarbital sleeping time in young female mice.
When cholestyramine was given orally 30 minutes after PCB ingestion, obvious inhibjtion
of PCB absorption was manifested, and this inhibitory action was completely parallel
to the doses of cholestyramine. When cholestramine was given before PCRB, the inhi-
bition of PCB absorption was also noted, unless the time lag was not longer than three
hours. Furthermore, repeated administration of cholestyramine was censidered to inhibit
reabsorption of PCB excreted in the intestine.

These experimental data suggest clinical usefulness of cholestyramine to protect
human health from unaware and inevitable intake of PCB-polluted foods.
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Influences of Charcoal and Other Drugs on the
Intestional Absorption of PCB

Yasunori ARAKI

Department of Pharmacology (Director: Prof. K. Tanaka),
Faculty of Medicine, Kyushu University, Fukuoka, Japan

The degree of PCB absorption from the intestine was indirectly measured by its
hepatic enzyme inducing activity indicated by reduction of hexobarbital sleeping time

in young female mice.

Charcoal (500mg/kgx1 or x2), anion exchange resin DEAE cellulose (100 mg/kg
and 500 mg/kg), and melinamide (500 mg/kg) given orally 30 minutes after PCB inges-
tion, were more or less effective in inhibiting intestinal absorption of PCB. However,
even DEAE 500 mg/kg, the most effective inhibitor among them, was infetior to chole-
styramine of which potent inhibitory effect had been reported by us (Tanaka and Araki).

Cook & Wilson ¥, o O EPICERLIZEE
DDT OEMNBEE 22T 21z i, HERZ2ARS
WTHHEED FHR 2D, HHikz0BKEL
T, DDT BENCHE sz d EBRN AN D%
TEHRVEES DTHA 5 B A, FLOMRE dieldrin
ARTHEERICHTL 2205, EHRREETEL
Mg 2HEELZOFO—DIET TS, §L%ZH
725 PCB 4 DDT < dieldrin &R 25 EITUHVA
5, EHRRTED» L OREBImH SN 308 Livs
WEEZ, vORTHET AT Lt

PCB 5B o B a5 L ELCFiciT s, BE
FiEA 03D T, hexobarbital BFEEHREVER 2
BUT, MENCRROBER2HAT AL ENTES
(Araki & Tanaka). U 5% ->T cholesty-
ramine > PCB WINHIZIEDZE LT & 2 HIDH
SCCHEHZE UTohi(Tanaka & Araki), cholestyramine
EREUREA 4 oRBBIETH A, hIauw by T
7 EZE diethylaminoethyl cellulose (DEAE) i€
LELDERPIZOHRE ST A U ERS.

¥ 72 cholestyramine 1 JAITREHEALUTZDE
BRI 22 ek b, BHaLvAFa—EEE L
T3, L AT v OERNEIN 2T %
Lk i v 27 o - VEFER ZRY melina-

mide (Fukushima 5) &, ZOREBITIAAZ LT
Uiz,
E R OF E

[RE 15~20g @ CFl R O M 20a% EH
L, Araki & Tanaka D@: itk b, hexobarbital-
Na 100 mg/kg i.p. [&HB% ORRERS E2HAZE L.
PCB (Kaneclor 400) 100 mg/kg % 0.5% CMC
T/ARBEBEEEL, BV oA T1IEROEHET S &,
2 H#, THE2, 14H% (D 1AEBC L) O
HHET, WNE#E (CMC OADENER) iThUE
U BRERE & 2 ~ 3 BIEEOREIE 2 # < HENEL
5 (Araki). O ##RCRL THERZ O
RS BB ATz,

kR (BAERTT © EEK, BT, diethyl-
aminoethy! cellulose (DEAE, Brown Co.) 33
L o melinamide (AC-223, E&{LE O3 EZ2RK
I B BB L2, melinamide 3{b%% N-
(a-methylbenzyl)-linoleamide ©, V) ./ —/Vig7
T NOFHBERTDA.

LS ORI Z Y 0.5% CMC T
ke L, PCBIGAKIOILTEY 5 TROGH
Utz 2hicd b PCB ORRBHERBEIERABENL S0
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s ok >T, RIUNERIRLER L. &
BHETROLIEE, PCB BOME: & BYH RO B

2 " 1 n

2 7 14 21 days

PCB + CHARCOAL X 1
Influence of activated charcoal

given 30 minutes after PCB inges-
tion on hexobarbital sleeping time

Fig. 1,

Ordinate : Sleeping time expressed
as percentage of control, abscissa:
days after PCB and charcoal.

A : PCB (100 mg/kg) only, B: PCB
-+charcoal 500 mg/kg.

%
—
100 -~
/

4

b

50

21 days
PCB + CHARCOAL X 2

Fig. 2. Influence of charcoal given twice,
10 and 30 minutes after PCB in-
gestion on hexobarbital sleeping
time

A: PCB (100 mg/kg) only, B:
PCB+{-charcoal 500 mg/kgx2

Fig. 3.

FREMR Y & Agease (S, B) » 5, tHRET P<0.05
OBEREEED D & Ui, BT OREIIFEY
BB HE L CHSET A DT, BBV Y —X DRI
foohic, WfEEE, PCB BUmE, PCB- YRR
Dipd &3 38 (1EI0LD-YR) Z2ELI.

1. FEHR 1 EEEOHE
PCB &S 30 L TiEER 500 mg/kg %i%
A1 EIZG 542 %S, 2 BEOMEER 12 PCB
BORBHCH U TRl BEEV o (P<0.01).
7B MBOEZEE T (P<0.05), EHEMEIZ
FEMEREESS PCB BB it U TR BB ko
(Fig. 1). 372bbLiEHRO 1 ESTHI /0
5 PCB ORI 213 A ML 5 pdSA T,
2. TEHER 2 W E OB
PCB &MSH LT 104y, 30 481ciEH R S00mg
/kg O 2 OS5 217577, 2 BSOREERIZE
PRI DTS D iTiggs L, PCB B e OFic PL
0.001 OFEEEMHOIZ. 7 HBITIL, EHEREENE
HL, PCB BHEE O 81 HARICHATHE 5 DT EE
IR OEE% » 72 (Fig. 2).
3. DEAE-cellulse & melinamide Dfg4:
T OEET3 PCB BUMERSHEIC 4 B2 E L 12

2 7 14 21 28
days
PCB + Drues of

Influences of DEAE and melinamide given
30 minutes after PCB ingestion on hexo-
barbital sleeping time

A : PCB (100 mg/kg) omnly, B: PCB+

melinamide 500 mg/kg, C: PCB+DEAE
100 mg/kg, D: PCB+DEAE 500 mg/kg.
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%3 (Fig. 3 A), melinamide 500 mg/kg %» PCB ©
30 474510 1 EIRES A UICEETIE, BREMEREDS O 0
BT (P<0.05), [E 3 2 BEZPBELIZIEITHD
7z (Fig. 3B).

DEAE 100 mg/kg @ 1 [E#EETIE, 2 HEDHK
TR E T PCB R E ORIKix P<0.01 & FEE
Pidbotz. 7 RBIE, NWEEE OMICEEENEL
7 p3izEE LT (Fig. 30).

DEAE 500 mg/kg [SREETIE, 2 BHOREEH
BELL5L, PCB BB LD BicREN DD & &
LI, WNRE:OHOEZEELBVAT, Lrd T
B#icidsEsicmE LT (Fig. 3D).
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naka & Araki), R 2iZi AL cholestyramine
DR 1/5 DT EARIND. TOHED fEAEE
%, cholestyramine & [@EE ic HHMTE T XD,
PCB 2SI I L 2B THA 5. L UAE
EASH T A FEEHETHHT, EESENFELN T
oy, EBICHEEMCRAT A LIZT a0,
;£ DEAE-Sephadex 2 ARICSH LU Tl L A7
o — Ve S A LA AN T A0 (Howard), 2
DEKI: 5 X AMRIGADIRETSH A 5.

melinamide OHEIZ/NI L, 500 mg/kg RH
T4, cholestyramine 50 mg/kg & FEEOMmAIC
I X ooz, AROEABERACHTH S, av
25w — VIEIRIE DR, PCB 0k 57k Bistys
L A5 L OBIETRINVESPEINGEDTHAS.

# b

PCB OBERIIR % MW 3 5B T, FEEE, B
4 F HuEfe @  diethylaminoethyl cellulose
(DEAE) 3 & 0 avxse— VIETER 2 4 o
melinamide %, PCB SH# 30 g s L1z,
= % A hexobarbital FREMIHETRR % FIH LT,
PCB OWIE % MBI CHES % &, EER 500 mg
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Comparison of Enzyme-inducing Activities of Chlorinated
Dibenzofuran and Chlorinated Dibenzodioxin

Yasunori ARAKI

Department of Pharmacology (Director : Prof. K. Tanaka),
Faculty of Medicine, Kyushu University, Fukuoka, Japan

Chlorinated dibenzofuran (CDF, principally pentachloro-dibenzofuran) and chlorina-
ted dibenzodioxin (CDD, principally 2, 3,7, 8-tetrachlorodibenzo-p-dioxin) were orally
administered to female mice of CF#1 strain, and their hepatic enzyme-inducing activies
were evaluated by our method, in which the reduction of hexobarbital sleeping time
was used as the indicator.

CDF and particularly CDD were highly active in reducing the sleeping time and
their effects were persistent. Judging from RD60 (the dose to reduce the sleeping time
to 60 % level of control), CDF was 170 times and CDD 1250 times stronger than PCRB

(Kaneclor 400).

Chlorinated dibenzofuran (CDF) &, Chlori-
nated dibenzodioxin (CDD) &k, PCB g1l
AT (Fig. 1), PCB SAICA M L L TEEN S
T EDDAHEND (Vos). CDF & CDD DigJi7g
HlE, CLCPERERT AL CRRBERETS
T ik, PCB OFME I % PFI» LA 60T
Wizhs (Bauer, Jones), ZFOHEMO M ITONT
1%, CDF %»w4¥ic 0.5~ 1mg/kg p.o. 542 5% &
BELFEZER2BCLUTIHCL, CDD & 0.05~0.1
mg/kg p.o. DWEBTHBEEINTHB LD
Bauer O#H 4 &, CDD 2T, = OlE
(Greig &, Buu-Hoi ) »3$% 5 DAT, PCB &D
FID b LOEER B 2.

4@ CDF & CDD OEFDO#EZRITIZOT (L
D2 {LEHIIE—EFRFEEBARDERI L 3),
IFRCEREEA 2IHE L3 AFBEESENIT, s D
YEFERRE % PCB LET A &icLie.

£ B 7 K

L H#
iz CDF & CDD i & 3 K HEMRTH 505,

BEZ Dricd % &, CDF 3 4154 3 Bk,
51 6 BiEdk, 635 L2 Bk, F11EOH
—LEMDRAEDTHY, ZO5 bEBERT EAKLS
N A Dix pentachlorodibenzofuran T hH 3. Fiz
CDD i3ty 11, 4B/ 3E, 5HEI2HE
DF 6 BEE X hRAD5, FERIML 2,3, 7, 8-tetra-
chloro-dibenzo-p-dioxin tA 3N 3. ThsD
REN B HE%, PCB ORFEWN L3 O (Kaneclor
400 D REBINEMEE 2,4, 3, 4/-tetrachlorobiphe-
nyl) &&BIEEEERTRT & Fig. 1 &5,
72120 CoE® CDF @ Cl OfiBizBEINTH
.

c1 c1 cL_ ¢l c1 c c1
[o] [o]

PCB CDF cDD

Fig. 1. Chemical structure of materials

PCB: tetrachlorobiphenyl
CDF : pentachlorodibenzofuran
CDD: tetrachlorodibenzodioxin

2. FRERRSRRRIEE



62 K

Araki & Tanaka OFBAFEE RS Y —=2
Bickor. bt CF¥1%R~v Y ADEE 15~20
g QMDA RHERL, 10T 20 —ic A, ER
FEITHE, REWE LTI, CDF, CDD 0% A
E% 0.5 % carboxymethylcellulose (CMC) T,
AUEEHE & L, (RE 10g H7ch 0.1ml iTiad
SEUT, &RV U FRHACTRAKS L. 123
TENTE 0.5% CMC DA %51,

hexobarbital-Na 100 mg/kg FERENRAHICE D,
37 B b RE OB 5 RS O BREIE % T2 R
MEl, N PEREONEE &L THEOETEL
T BRERICHH 5 e Blik, EBEEX D BRALL,
XHREE & FREMERO EBEO t BECI D, P]
0.05 UTOBEZEBZED D HELI.

1. Chlorinated dibenzofuran (Z k& 5 FRELER

CDF 0.1mg/kg, 1mg/kg & X ¢ 10mg/kg D
3EEIH> ), F1IAROGAL T8 KHEKR, 20
#i EEC &R 2 E Uiz 8% Fig. 2
iR .

0.1mg/kg BT, 2H (48R I BN
I IEEED 70 i ERELTCDS (P<0.01), 7 HERIC
1% 80 % & 2> T REE & ORICHEEN 2L Igoie.

%
100

50

2& days
CDF

Fig. 2. Reduction of hexobarbital sleeping
time after chlorinated dibenzofuran
(CDE)
Ordinate : sleeping time expressed as
percentage of control, abscissa: days
after CDF
A: 10 mg/kg, B: 1 mg/kg, C: 0.1 mg/
kg of CDF

* M

I mg/kg DBETIR, 2 HEDOREEMIZ 50 %ic
FHEL (P<0.001), 7THERTS 642 /s kL
(P<0.01), 14 H&ZITEE L.

10mg/kg HE5TI3 2 HBIw 48 % (P<0.001), 7
BRICZ IS MBETRELI. Tabb ZO%E
DOFEFY—~212, 2H»S THOEITD 5 T L3R
IN5. l4B®IE83pEnh BE=ERL), 21H
THEEicEE L.

Fig. 2 225 {ERY—2 % 2 0% & 7T BEDMICE
DEEXZETRY, Zhd 5 RD 60 (FRERE%
SR D 60 Bicd A8, Araki) »5HET % & 0.3 mg/
kg g0l

2. Chlorinated dibenzodioxin (= & 3 FREMEHE

CDD 0.01 mg/kg, 0.1mg/kg 818 1mg/kg
D3HBRIC D&, % 1EIGHAEORER: FEE DR
% Fig. 3 [WR7.

0

2 7 Y
CDD
Fig. 3.

21 days

Reduction of hexobarbital sleeping
time after chlorinated dibenzo-p-
dioxin (CDD)

A : 1mg/kg, B: 0.1mg/kg, C: 0.0l mg/kg
of CDD

0.01 mg/kg #5TIE, 2 HEDHE THEBEEED 80
% ERRERL (P<0.05), THRST S (FEER
L) EEE Lz, 0.1mg/kg Tid, 2HBIRSS% &
s b ERE (P<0.001), 7HIR61 % EHklL (P
0.01), 14 A%z 95 % LEELIZ.

Img/kg 6 T3, 2HBICY%B K EGE (P<L
0.001), 7 HBIITE HICTRL T 40 9% (P<0.001)
Lot TbbLOHETHE, fEROY—-27132
HETHOMicd AT W EEINS. BIER14H
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BTh 2% L nEmBEREL (P<0.02), 21 HE:
e EEE L.

CDF 04 LAY — 2 2ERI X > TR,
RD 60 %2&t&d 5 & 0.04mg/kg L7307z,

£ =

Vos —Jkiz PCB OTIRHEKI3ER2LL T, W
Rick 28Iy (Vos & Koeman), EIC T
Utz & 5Bty (Vos & Beems), #HX/g NS
HAHEC LA THLLRAU 6RL 2Ty &F
% PCB 8% (GEEAE60%) T, Aroclor 1260
(7 »xYy H»ED, Clophen A60 (K4 V&, Phe-
noclor DP6 (735 28) @ 3FER KT AL,
Aroclor DADHFEENIDL L, BRMNED 28T #iE
RN & 2FEDY, Z OFEEIZME PCB #ANhT
Rty & UTHRMET 5 CDF D ¥l U1z (Vos
et al.).

HADMIEDHE & R OB b Ichs, M
B Kaneclor 400 @ fRjizid CDF 4 CDD %
HaxfnTuwage. 32b b Kaneclor i Aroclor &
EREOFMENED S 3 EABIN TN 5. TIZEEE
LT nE SNz Kaneclor Aduc, CDF 3Bk
IO TEHRICAET ZAHEREEERXTEDNOTH
T (Nelson), 4 AF4Lfd PCB & REM
Kaneclor X b 245 50 &0 54l Gt
H) iZ, »B0ik CDF 2SI toddd Ltz
L,

U U Zshs 5 HIE DR S IEIADS, CDF /g & Ot
P I NEREL DI Tk, PCB BET
Y EFT AR, MiMEERO tetrachlorobiphenyl
BN EERT, TR Kaneclor 400 & ARE
DEEFRE % H10 0 0 DRETHLHTHS. D
Hico 5 Vos & Notenboom-Ram § #lifa®d 6 11t
#) (hexachlorobiphenyl) &, 2R BEWD &9 5%
Aroclor 1260 OEMEEAZLEL, BIZRIUER%
BE AL ERAETNS. 122U SIE Aroclor OF
MEZERE, 2, FEENEN AT, g CDF
DM S AR EEO TN 5.

CDD OB ShOTREL, MFERLLIDI
w4 ¢ 0.1mg/kg (Bauer), E/NEw b 0.01
mg/kg, =7 +Y 0.05mg/kg, T v b 0.2mg/kg
(Greig 5) WS WET HB. 20 HEHEI®R
{ (Neubert), FFEEZBILYPIVEINTNS
(Buu-Hoi 5). HIFEEXSA TEIRDIEH LD
5%, ZRE D k8 2 L TIHIREL BET A

(Norback) 72 D& 5 Thb. CDD iZFFOBER
WELNEERFITL (Buu-Hoi 5), 0.2mg/kg
FBOTEGSHE T2 v b O iR 85 3 1,
zoxazolamine BREEFRFFID MHE% ¥ 2355, hexo-
barbital BEMEERIE DA D TIEET 5 &5 HiEas
&% (Greig). SEIFADEE T hexobarbital ff
TEEIZ, CDD @ 0.01~1mg/kg O BTN
LEMLIZOT, BEFEN v ATRIBCAE
EALNA.

CDF, CDD om##% PCB & gL 1z gz s
7gnhs, Bauer D U EF D BILH > 5 HME LT,
CDF & PCB D500 £, CDD #5000 £z &1
AESR EUIEFEVHINTO S, SHOERT, B
FHED RD 60 (hexobarbital FEEMER % STHED
60 iy AHE) &, CDF 0.3mg/kg, CDD 0.04
mg/kg & b, e PCB (Kaneclor 400) @
50 mg/kg (Araki & Tanaka) &H#sdhiE, PCB
1 2L T CDF 170 f#, CDD 1250 f2 & 7c A, B#
FRHLEERIZ, PCB Lz0HEKTHT 58 b il
ISHERRIGEALINZOT (HP), hoREERE
e 4, COBEDRERLS L >OTHV» EED
ns.

& &

ZHi{l dibenzofuran (FEmSr51ELY) EHiEL
dibenzodioxin (4 4 1ELY) OREE % A, FF
BRI % w9 XD hexobarbital FREMEHEE
FRAALVTHRELVI. WHELBOFEEER2 L5,
PCBCER T 4H¥D 2 1 &9, dibenzofuran
1% 170 £%, dibenzodioxin i 1250 £ DE 2R LT,
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Potentiation of Enzyme-inducting Activity
of PCB by DDT or BHC

Yasunori ARAKI and Kiyoshi TaNaKkA

Department of Pharmacology, Faculty of Medicine,
Kyushu University, Fukuoka, Japan

Hepatic enzyme inducing activity in mice was evaluated by our method, in which
the reduction of hexobarbital sleeping time was used as an indicator. The activities of
DDT and 8-BHC were approximately 1/8 of PCB (Kaneclor-400). When a small dose
of DDT or BHC was combined with a very small dose of PCB (e.g. each 1/4 of mini-
mal effective dose), the inducing activity was obviously potentiated.

PCB, DDT, BHC O 3 #i%, Bifeilt BB S Y

WEELTEL OBk, RRMCERENE. i
LIRS FHEERLEWTBL, IBEETHRE
PN EVIIBEORE 2L OT0A. 2O EE
FIRITSDTh B 8, BB U5 LB RVBETT 5
il (Woodwell, 17, HpETE FOFE
TREFEEE U T2 IS s, ch b {hetns 2~8
ppm BEE TN (FEA), EREILAICE 0.03~0.12
ppm BEAIN WA (HE, L), AROHT
i, YUIOSWRTRRY 3EV AUVEETHIN
(HE), MNETIREAEHLOIARBIRINS
3{LEDIFERIN TS (Price).

F2ebBEEIE, PCB, DDT, BHC 03 £0%
BEIBEFTLTWADTH DT, HMBRIIE
FIELINEWDTE . LIS TEHATER OB
SRS EBSHREE 120 TL B,

PCB T 39 5 HED RKE LT ES Szt 0
1, HFOEDRUBRFERRTHH, ZhiEwD A
DOFFECEER 2182 LT, BEBNICEET 2 &
DT & % (Araki). DDT % BERBEIERAD H 5 C
LI3E L OREHTED B L AT (Robinson, Hart,
Cranmer, Kinoshita), BHC 3 FfEOMWEH 5 &
IN T35 (Kolmodin-Hedman). 22 Toih bk
BOBEFEEERICB T, PCB & DDT, &30
% PCB & BHC O#Ib A5N50:E 5 » 2R

THLERUIL.

£ B F K

A2 15~20g © CF | i 2 10Pi% 1 B &
L, DDT (dichlorodiphenyl trichloroethane),
A-BHC (hexachlorocyclohexane) i5 & &8 PCB

(BFx T o—iv 400) OZBME, PCB & DDT,
PCB & BHC OESGYOEREHAR 2 1 BIGHUI.
TN DEIIKICRETHHDT, 0.5% CMC T
KERER 2ED, £B/ 7 CHE 10g 4D 0.1
ml K2 AL 5 BRICRS LT, 2 B, 1HEMR
75458 1 [H, hexobarbital-Na 100mg/kg % Kz
PIICES U T, BRI ZEEL, SR EEFORE:
B2 100 & LT, RBOREREEZ WIS 5H
FERTHEUTIZ, o DEOMEREOZICOWVTH,
FEIREERE & BEERZE (S.ED) 25 tRET pl
0.05 DHEREEZEDH Y L L.

E R K &

1. DDT BT & 2 RREEHE

DDT % 100, 200, 350 mg/kg 3 FEHE 2
Utz. 500 mg/kg TRITH»BE L EBRRETHD
2. 28 (48EfH) BOMEHSEL, 100 mg/kg T
B EFZEZESL, 200mg/kg Tid Sk OB &
L (BFEZETIZZODY), 7THEHRIEEELTZ. 350
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23 days
DDT

Fig. 1. Reduction of the hexobarbital sle-
eping time after DDT
Ordinate : Sleeping time expressed as
percentage of control, abscissa : days
after DDT ingestion.
A: 350mg/kg, B: 200 mg/kg, C: 100 mg/
kg of DDT

mg/kg HATIE, 2 BEICHED 59 @il (o<
0.01), 7H#Y 4% T Bk, 14 HBICEER
i g, 21 BUSsEAREELT (Fig. 1. Araki
it RD 60 (RREMR ISR D 60 %ic7s % AiE)
»FDHBHE, 370mg/kg Ligotz.

2. BHC QEMIC & 3HREER

A~-BHC % 50, 100, 200, 500 mg/kg @ 4 EAE
ZISAUT.. 2 HEO BB 50 mg/kg TR
L HEEs L, 100mg/kg TR NEBOTT% (p<
0.05) @sEL, 7 B EE LT, 200 mg/kg IS
BT, 20%KEBD70% (p<0.01) &22h, 7
H#88% CEEZEZL), 14 HA#%TERIC BEL.
500 mg/kg O GHE T3, 2HEWED 58% (b
0.001) izfgks, 7H, UHBIEEER L >TEHE
o3 %, 21 BRiCP-H EEE LIz (Fig. 2).

Araki @ RD60 % FHE 9% & 400mg/kg &0
SEELE LN,

3. PCB & DDT O#FBI(C & % HELERE

RUEBHEicY 3 PCB OBFEBMEREIER IcDNT
i, Araki 23 HIOmNXTHRLIZLIIT, 2HED
FRERES RIS BRIC T 10 me/kg T 93% (HEXE
721), 20mg/kg T 82 %, 50mg/kg T 65%, 100
mg/kg T38BTHOIZ. TOLB/NEZEIZ 20
mg/kg ThH%. DDT OF/NEZEIE LFEOKED
5 200mg/kg EATEIND. FLTLUTOERIC

0 7 1a 21 73

T days

BHC

Fig. 2. Reduction of the sleeping time after
£-BHC

A: 500 mg/kg, B: 200 mg/kg, C: 100 mg/
kg, D: 50 mg/kg of BHC

%
100

50

i

21 days _

0, 2 7 14

!
PCB + DDT

Fig. 3. Reduction of the sleeping time after
PCB combined with DDT
A: PCB 20 mg/kg+DDT 200 mg/kg,
B: PCB 10 mg/kg+DDT 100 mg/kg,
C: PCB 35 mg/kg+DDT 50 mg/kg

WE O ENEFED 1/1, 1/2, 1/4 §¥o0 A8%H
EETHEALR.

THEDOF/NEFREZEOMBEY, T7405 PCB
20 mg/kg+DDT 200 mg/kg ORIGHETIL, 2H
HOMBREL RO 4 % (p<0.0D T, ik
PCB 50 mg/kg, DDT 350 mg/kg Do Bl
S Y3 Mo EETHo. THHED 3% (0
0.05) TrRkEMmEIEHL, 14 B% 8 BTHESS
{7z, 21 AgsEicmE Ui (Fig. 3A).
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B/NEFED 1/2 94> 4%, T74bb PCB 10
mg/kg+DDT 100 mg/kg @ SEHTIE, 2 HEDRK
BRI 53 % (p<0.01D), 7H#H% 70% (p<{0.01)
LELUVERERL, 14 BEEE LT (Fig. 3B).

B/NEDRO /45 >0MEE, §74h5 PCB S
mg/kg+DDT 50 mg/kg *FARFICGHTAE, 2H
BO FEEEREIE 81% (p<0.05) wEMEL, THE
90 % (FrmzEiz L), 14 AT L£EE LT (Fig. 30).

4. PCB & BHC &I & 2 RELER

8-BHC Of/NEFIRIT 100 mg/kg (475305
DT, MEORAEZED 1/2, 1/4, 1/8 T0DHA
WCERPITONI.

WHEOR/NEFED 1/2 Dfie®, $/2bbH PCB
10 mg/kg-+-BHC 50 mg/kg O ARGHTI, 2H
ORI 53 % (p<0.001), 7H#%65%, 14
H# 85 % L EZ3Ey->3 5 21 HglcEE L7z (Fig.
4A). T O PCB 100 mg/kg 15HEHCT
WTHDIZ.

BINEHED 1/4 THDOHAE, T7/b5 PCB S
mg/kg+BHC 25 mg/kg OFEATIZ, 2 HHEORRE:
RFEEGRD 65 % (p<0.01> t7zh, THHT0%
(p<0.05) &%, 4BA#92% CEEEZL) &
[ L1z (Fig. 4B). iz PCB 50 mg/kg BioD
TER &S 2 4 DTHH, BHC 200mg/kg BH
L b EMERTH DR

BNERED 1/8 O EeY, d72bb PCB 2.5

1 " 1 1

° 2 7 14

PCB + BHC

Fig. 4. Reduction of the sleeping time after
PCB combined with g-BHC
A: PCB 10 mg/kg-+BHC 50 mg/kg,
B: PCB 5mg/kg+BHC 25 mg/kg,
C: PCB 2.5mg/kg+BHC 12. 5mg/kg

21 days

mg/kg--BHC 12. Smg/kg FRFICGHET 5 &, 2H
PBFFRR ISR D 72 % (p<0.05) &L, 7H
#%85% (BEEiL) tEHELT (Fig.40). d72
DEWRBOFHEZBEDIET S 15 b2 RBYEREY
B otz

& 2

SHOEST, PCB & DDT %54t PCB &
BHC D& BME/EHE 2 EE 12 0A T, 98
BRI R ER L, MMO2ERBPAVIIE LD
WADIGRNMERVENIZ. T bbb =>D8
R IIMEMEEER SO THERZRUIZE WA
3,

DDT & {hDIEFRRAFIOMAET, FEREES
FA7z Street b OEICE A&, £ OEESERIL
HINET, C&nEERREEOHEERT, 328D
YERDSH A ¢ &EM3d % ik, RIECBREFLEGN
ThHIERPSEERET S EWDOTVS. o
OFEWIEY heptachlor & phenobarbital D&
REMAATICL % BRFEEDOE/LE AT Krampl 5
DEBICL 5, HMNGIVALNAEEEALN
AN B B END . FOEBICIIEET L BNS
HBHEOHAFRZENTNBDT, AL T EEI
RobABERBINALNINE DTN A,

FAEOHEE TRMEME (LD 50) 24 12FEBRT
12, DDT Zz O HEEEEER O piE &, FAlE
UTHIMERTH 2T, SNRHEEGRZ2RTHEET
b HB LS5 (Keplinger)., —FH#EER({LEHD
BRFEERDS, M) O K@% B3 /R,
FRICE ST EENTAIEN TgE 5. HlAT
DDT Ol ¢ parathion OFEMEIITH (Bass),
dieldrin & B4 % & DDT OFTEN FHENS
(Mayer).

UEDI > i@ iIRO P —R I ERD T %
EVSEMEL, L EIWAERD BEE 2 OEREDR
VL ECABDRDIVE Y 5 — o DBRIEE W E PCB
PIEET % &, DDT, BHC OBEHEFHEN L, BNk
A HBIGENR NIRRT L &R AL B/, ARKRIT
ADBAFEEHE L L TIE, L5 3FUMTE,
T, B2H, ERLLUTHEEDRZZROER
NaALERN S B (R, BERRE). Zhod
BichEiMER % RETH L LTS, BT IERR
WED L FC BT 5 TREHY BALONS. B L
%<4 O WEH BATHEREA2ET 201, BED
PCB z OfiOBZRE T Tk EERERBA T
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AhbLian. COk S sEARYRICE 5ER DR
i, BICREHICELQEES 8N EBAS.
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< 2D hexobarbital FUSHHIER %2 51 & U
T, FOBEFE 2T 5 &, DDT, §-BHC it
PCB (Hx 7 u—uL 400) D 1/80 fE» o,
DDT %721t BHC &% PCB O #E & BHAT
BE, FNOOEAERE U THEERIIE L b
3, BELLIBIERALRED S,
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Effects of PCB on the EEG of Rats and on the
Maximal Electroshock Seizure in Mice

Takeo Fukupa, Junko Mor:
and Yasunori ARAKI

Department of Pharmacology, Faculty of Medicine,
Kyushu University, Fukuoka, Japan

In order to confirm whether PCB has any action on the central nervous system or
not, the following experiments were performed.
1. EEG experiment

Electrical activities of the sensorimotor cortex, the basal nucleus of amygdaloid
complex and the dorsal hippocampus were recorded in unanesthetized immobilized rats.
Autocorrelation analysis of the electrical activities was carried out with a computer in
order to distinguish the periodic components from the random components. Rats were
divided in two groups: control and pretreated with PCB (Kaneclor 400) 0.3 g/kg p.o.
for 6 days. Autocorrelograms of cortical, amygdaloid and hippocampal activities of
PCB pretreated rats were almost same to those of control rats. Even after pentetrazol
Smg/kg i.v. or hexobarbital 5mg/kg i.v. the correlograms of PCB pretreated rats
behaved samely as those of control rats.
2. Maximal electroshock experiment

Seventy female mice of CF#l1 strain were divided in 7 groups: control, pretreated
with PCB (Kaneclor 400) 0.1 g/kg p.o. or 0.3g/kg p.o. 6, 24 or 48 hours before the
shock. Duration of each component of the seizure of PCB pretreated groups was
almost identical to that of control mice.

Judging from the present and our former results, it was concluded that PCB
manifests no distinct effect on the central nervous system of rats and mice.

PCB ZBREMICalRET 5 &, RRIK—FER

PRTEE B (K, Curley). MWiEBZHIMREIT &M X B 7R
WM Hs D EE S s (38D, Ui LMD 1 BB
WOz, BoshpsBEInEBbn s Dids LB S LT, &E 170~230g @ Wistar Al

, MEERLFHIN TN G, bhvbh Jv b2 BV, EEGEE (60D, #ix o
DOEYERTY, ABTAHALNIERBENOELILER (KC-400) # 58 (505 oW TEEBRE2TOR.

HEg~ORE LA 3N (BH), Mtol=r=2 37 u—VBETIE, KC-400 0.3 g/kg % 0.5% CMC

B D (FE). CHwHTers PCBIR B, EROFMBEETIALE, 6 HMEhkERN
PiCEER ﬁ/@%%n%cair‘;mt@fg@ﬂém BELI.

BESPINTZN2HELD 2 BHERPEE, SEIZS 9 v M decamethonium &b, EEELORES
v PORENDOHEEEL, v AOBEBEITL \ﬂ/p“\@w T Y EEEEICEEL, A7 L0 ABTUREG

BrT s it

%, ~RIORMEEZE (bregma O 2mm, E
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FX {75 3mm), #FEIEE (inter-aural line X
HETT 3. 7mm, EALHES 2.5 mm, FEEREL
higs 2.6mm), BIUCREMEHOREER (inter-
aural line X baTA 5. 5mm, FHL H{E5 4 mm,
REZmE YES Smm) KEABRELL.

NG D IWAUD BEHELE £ 577 (S5
A A2FB0) THERTA&L &b, F—a—-1va—
#— (TEAC-RT0) i iR LTc. HAFEME IO
pentetrazol (PTZ) 5 mg/kg ¥ 72i% hexobarbital
(HB) 5mg/kg O BRIV SICX 22605, IFREE
& KC HTEBHBDE SR, ERKRTH, v
— X —CERR LT 7 — & — % EERIHEER (TEAC.
C110) it AN, EROHCHBNCEN D BDE 5
THEDDTC. RO B OEBEERL, BURICRANEDS
HBWPE S RET HIUIRSEHLFTET, s L—
EORFEE DO Z S BT L, ZOEFRBS I
Z OBFEDE CAIHEEDE — 7 DSHTT 5.

2. BEGVIAEER

fREE 25~30g @ CF 1 i~ v X %2 TEKRE
BIohAKT 2 KC-400 1 [R50 Ba% #R
UTZ, = DR TEEI0RE L, IEEE, KC-4000.1
g/ke BrGfs 6 FRIEIEE, 24 REMEE, 48KGREEE, KC-
400 0.3 g/kg 5% 6 B RIAE, 24 WFRORE, 48FFREL
DEEHTEE LTz, KC-400 13 0.59% CMC c8m
U, WESEBEE 10g M) 0.1ml @555 W
UT, @BV U7 2HONTRONKEE L. R
Tt 0.5% CMC DO Ris L7,

BAFEEIT Woodbury and Davenport (DEEEs%E
BEREV, ABEMREZELD T 50mA, 0.20O@EES
fIotc. B ZWMEEERT A (TF), hE
EREFONA (TE), HRET A (CL) Bk
OBE (CO) o TEERRPEHREL, SHEE:
KC BERBE OHITEND 2L 5 bR LIz,
TR T EER SIS E TE kDT BEE
THEDOWHNDT, do5»UD 1 AOBEPREHL
728 DRV,

1. BB
(1) RAMpz I %L,
EYBEHO AWM ERS, TERTS KC 8
T, (EREOTHRASHE2HOE T HHENEL,
B OB RO RS 7sdoiz. PTZ S5mg/
kg BEEOTS Wit e 3 HOEERICER2ZEL
ERAGIEY i
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Fig. 1. Auto-correlograms based on cortical
EEG of a normal rat

A : Control, no obvious auto-correlation,
B:3 min after intravenous injection of
hexobarbital (HB) 5Smg/kg, peaks on 120-
150 msec and 250-300 msec indicating an
increase of 6-8 ¢/s waves in cortical EEG
after HB, C: 15 min after HB injection,
recovery to the control,
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KRGS R L, HENTRIERERD6 #1d 5§
17, 120~150 msec i L ¥ 250~300 msec D FRicHE
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Bl 4 Flicis T REEEBEO Y — 25 IR L, TBO
Bhizzidzmy sz, HBigk 2 2 0k 5 5284k,
TEHETILS B 3 BIHS 15 55 DAPIT T2k, 28D 2
Bld 30T Litd E07cdd, KC BTI44
LD 15 PR EE L.

(2) ki Dzt

IR B OIS IRIB O/ S Ve, HiEgm
BIEDOR S WREPEAL, licd DT KRR
DN OB EFENICERD S s, HENTH 5
L, EEBO3Fl Lo KC Bo248Ic, 200~300
msec DFHCHEIDY — 7hidoiz.

PTZ #5%, ERBETCREERNIY-70H-o1
3B 280E, ¥ =2 Digho7z 3 HIRO 2 FlH3,
200~300 msec D PRIC ¥'— 2 &R, 300%iIcd %
DOFFEREO TN, KC 8Tk, PTZ 58y
— I DHOT 2T HINT, PTZ %4 —EZEEgy
— 7 OFENED 5NIZ0, MOFITIkY - 72580
TR HDIz.

HB OHETL->T, EBETIE3IflicksnTy —
IR LUIDS, IS D CrridefiEE Lz, KC
BT, 280014155 HB i k>T ¥ — 27 Dl%k%
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ETCUTIHS, 1ISargic3EE L.
(3) ERBERNE O

YR OMEIXER, KCOmM#ts b, KIEED
3~5c¢c/s DEPBENTHOIN, CNB2RBMLUTE
BT 6441, KC BTiL 5 FleEs, EE
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HRO B OB B & 7otz (Fig. 2, 3-A, B).
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Fig. 2. Auto-correlograms based on hippo-
campal EEG of a normal rat
A : Control, a peak of the correlogram
on ca, 200 msec, B: 3 min after intravenous
injection of pentetrazol (PTZ) 35mg/kg,
obvious peaks on ca. 200 msec and 400
msee, C: 15 min after PTZ injection, D:
3 min after injection of HB 5 mg/kg (about
30 min after injection of PTZ), disappear-
ance of the peaks, E: 30 min after HB
injection, reappearance of the peaks.,

B4 60, KC #5FOLHlicEHs T, 3~5¢/s KD
W EIIEENED LN, HERKOY -7 3 2hic
SNTHESFFE I RBEEL (Fig.2,3-C, D). O
HB O3IIEREE, KCHE AR 1425RE, #5
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Fig. 3. Auto-correlograms based on hip-
pocampal EEG of a PCB pretreated
rat (KC-400 0.3 g/kgxX6 p.o.)

A: Control, B: 3 min after intravenous
injection of PTZ 5mg/kg, evident peaks
of the correlogram, C: 15 min after PTZ
injection, D: 3 min after intravenous in-
jection of HB 5mg/kg (about 30 min after
injection of PTZ), flattening of the peaks,
E: 30 min after HB injection.
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Table 1. Average duraton (sec) of each component of maximal electroshock seizure
Time after | No. of Tonic Tonic . .

Group injection | animals flexion extension Clonic [POSUCtal coma
Control ; — | 10 1.0 13.640.3 7.140.6 } 69.442.6
KC400 6h 10 1.1 14.3+0.6 8.3+1.0 89.0+4.5

0.1g/ke 24h 10 1.3 13.3+0.5 6.0:+0.5 73.5+7.0
48h 10 1.1 13.340.5 6.2+0.9 78.5+7.3

6h l 10 1.1 13.5+0.7 7.140.8 87.0+6.2

K o e 24h 10 1.0 13.240.3 6.4£0.6 83.5+4.3
48h 10 i 1.1 13.3+0.5 6.7+0.7 84.0+4.5

EREN 1 WS 5O TEEEOEEFEIEHL Sb
D12 TONABOERIZOWTIE IEEEOLEED
69.4sec Th AT L, KC {HEETIE 73.5~89.0
sec DHFICH Y, EET ABEFTH S 34T, X
faEtE ORICERZE (p<0.05) hs5DiE, 0.1g/
kg 5% 6 RO ATH DI,

£ =
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% Brazier 5 (1952) k2o T #A SN TN,
BFEMOE R LD TREZ L OREVAHLND
&£ Higoiz (Mgller, Meyerson, [EAS). #HHES
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2. PCB 0o9R{ER
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P, 2T REODITRERCHBE 2 82 54 2 h
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WS FRVERDS & AIC BISNZINEW S RAE AW
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PCB it kT HIKEEVRB L 20 E 5 b RHEPY
B9, 7v MEEB IO v O AOEKBEICHT 5
HEx v n—v (KC) OEBREERLI.
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Epidemiological Study on Yusho Babies Born to Mothers
Who Had Consumed Oil Contaminated by PCB

Takesumi YOSHIMURA

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

The study was performed on babies who were born from January 1967 to April
1972, in all 108 families affected by Yusho in Tamanoura-cho, Nagasaki-ken, in order
to find Yusho babies born to mothers who had consumed oil contaminated by PCB. In
this population, 27 babies were born and checked. However 5 babies were not avail-
able for study, due to subsequent migration and other reasons. Therefore 22 babies were
investigated and were divided into the 3 groups mentioned below.

Two out of the 7 babies fed mainly by mother’s milk contaminated by PCB were
diagnosed as Yusho. They are called “trans-milk Yusho babies”. We may safely say
that one of the two can be called “trans-milk Yusho baby” without having to resort to
a chemical analysis of the mother’s milk after considering the time period of the
mother’s consumption of contaminated oil, the time period of the baby’s feeding by
mother’s milk and the time of the baby’s ablactation. But the other one could not be
considered for sure to be a “trans-milk Yusho baby”, because the baby may have been
fed not only with mother’s milk but also with food contaminated by PCB. The other
5 cases were not diagnosed as Yusho.

Among 4 mothers who had taken oil contaminated by PCB during their pregnancies,
2 babies were diagnosed as being Yusho at birth. So we can call them “trans-placental
Yusho babies”. Two other cases have not been diagnosed yet by the doctors.

Finally one out of 11 babies whose mother had taken oil contaminated by PCB
prior to conception, was diagnosed as Yusho. Of the other 10 cases, all except three
had dark gray skin or pigmentation of the gingiva at birth. But they have not been
diagnosed yet.

From the above observations, we could suggest that human milk excreted by
mothers who had taken contaminated oil may contain a high enough PCB dosage to be
able to affect the baby. And as in the case of a trans-placental Yusho baby born to a
mother who had consumed contaminated oil during pregnancy, a mother who had con-
ceived even after the period in which she had consumed contaminated oil, gave birth
to a (probably trans-placental) Yusho baby.

Considering from the view-point of excretory passage way, compared to other
females, mothers have extra excretory passage ways, namely one is the mammary gland,
and the other one is the placenta.

We should follow these patients in order to take care of them and to clarify what
their late effects are.
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Dermatological Findings of the Patients with Yusho
(PCB Poisoning) in General Examination in 1972

Hiromu Koupa, Shoichi Asafi

Department of Dermatology (Director : Prof. Harukuni Urabe),
Faculty of Medicine, Kyushu University, Fnkuoka, Japan

Shoji TOSHITANI

Department of Dermatology (Director: Prof. Shoji Toshitani),
Faculty of Medicine, Fukuoka University, Fukuoka, Japan

One hundred and thirty patients, who were suspected of Yusho, were studied as
general yearly examination for Yusho in 1972. One hundred and twenty patients were
diagnosed as true Yusho which was composed of 89 patients diagnosed before 1972 and
31 newly diagnosed patients,

It was noticed that almost all patients had hyperpigmentation of gingiva and
hypersecretion of Meibom glands in the mild group which was composed of grade 0, 1
and 2. But gradual improvement of the cutaneous lesions was observed in this group.
The serious group consisted of grade 3 and 4 showed no spontaneous improvement of
cutaneous manifestations and surgical treatment was inavoidable.

Since 70 percent of the newly diagnosed patients as Yusho belonged to grade 0 or
1, it was difficult to decide the diagnosis from the cutaneous manifestation. Therefore,
examinations of internal organs were employed for the final diagnosis.
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Table 1. Distribution of the patients with
Yusho classified by the grading
according to severity of the skin
lesion in the general examination
in 1972.

Grading of
skin lesion

Grade 0 2 3
} 63

) No. of cases ; %

1 41

20

2
A ERIEE

Total ] 89

Table 2. Distribution of the new patients
with Yusho classified by the grad-
ing according to severity of the
skin lesion in the general exami-

nation in 1972,

Grading of
skin lesion

Grade 0 ’ 5 16

1 17 55
9 29
0 0
0 0

; No. of cases %

AW

Total 31 100

EEEEEOEFEL

F1 47T EEZZBEIRD 5 b, MM 46FED
RZLILEDIZ62% (67%) ThHh, 125284 (45
%), WEL6H (26%), #IL18% (29%) &Lish,
BRI —EYER IR, B THBEBOESWENT
EfBE s % (Table 3). T DT & iXHEF 44 7>

Table

4. Distribution of Yusho patients by
the grading of skin lesion in the
general examination from 1969 to

1972.

1969 ‘ 1970 ‘ 1971

1972

Grade 0
1

2
3
4

41(11%>
86(25%>
90(26%>
87(25%)>
47(13%)

320179
77¢37%)
592995
27(13%)
10C 4%

4C 3%>
49(38%)
3202596
3102495
13¢10%%)

2C 3%)
41¢46%)
200229
16¢18%)
10¢1198)

Total | 352 205 129 89

SIBfATEESTO MEREDC BEEESTE»H 8 5
M54 % (Table 4).

» A N A

BUDILH OTce &L, SREIOBE TIIHER
BECMAT, ChETEELINTHIZIAD, &5
WVITTHIEREEREEE EFA—FKKETH H ZHB L MBS
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DICIELD 2 E~HEBLUIKRE L 2-o2h, H B
R TS T S BUAD TSN EIB L TunTzionic2
Eb b 3 EAE L RO EEREB . TRDLER

Table 3. Change of the grading of skin lesion in the general examination from 1971 to 1972.
Change Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Total
Improved — 1 (8% 6 (50%> 3 25%) 2 7% 16 (26%)
No change 1 G%) 21 (58%) 5 (149 3 (8% 6 (17%) 28 (45%)
Worse 1 %) 6 (43%) 6 (43%) 1 C7%) — 18 (29%>
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Correlation between Blood PCB and Serum Triglyceride
Levels in Patients with PCB Poisoning

Makoto OKUMURA

First Department of Internal Medicine,
Fukuoka University Medical School

Yoshito MAsuDA

Analytical Chemistry, Dai-ichi College
of Pharmaceutical Sciences, Fukuoka

Sumiko NAKAMUTA

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

Blood PCB and serum triglyceride (TG) levels in 42 patients (18 males and 24
females, average age of 26.7) with PCB poisoning, diagnosed in late 1968, were studied
during April to August in 1973. Blood PCB was analyzed with gas chromatography
and TG was determined under supervision cooperative triglyceride standardization pro-
gram, Atlanta, Georgia, U.S. A,

Significant positive correlation (r=0.485) between blood PCB concentration and
serum TG level was obtained in 42 patients. According to the peak pattern of PCB
on gas chromatogram, patients were classified into 26 cases in type “A”, 14 cases in
type “B”, and 2 cases in type “C”. Type “A” pattern was considered to be specific
for PCB poisoning.

In patients with type “A”, striking high concentration of PCB (8.6+5.2 ppb) con-
trasted to those with type “B” and “C” (3.84+2.2 ppb) or normal controls (2.8+1.6
ppb). The highest level of serum TG (134+60.0 mg/100 ml) was also observed in
patients with type “A”.
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Table 1. Blood PCB concentration and triglyceride level in 42 patients with PCB poisoning,
classified into two groups by gas chromatography pattern
. Number of PCB concentration TG level
Subjects PCB pattern cases Age (ppb) ‘ (mg/100 ml)
A 26 31.9 8.645. 2% 134:60. 0%
PCB B 14
poisoning
s 2} 21.4 3.842.2 91+39.8
Controls C 37 ‘ 34.5 | 2.8+1.6 ‘
Mean values+SD are presented. ** indicate p<(0.005 and * p<0.05.
TG level of normal controls in this series was omitted.
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PCB Concentration (ppb)

Fig. 1. Correlation between blood PCB
concentration and serum trigly-
ceride level in 42 patients with
PCB poisoning

@ : Patients of “A” pattern on gas chro-
matogram, (O: “B” and “C” pattern.
(r=0. 485)
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H-KC-400) 2V EERY H 5 OILEERED
B, e iasng PCB OBEMIIREIED &
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PHEIR 3Ntz PCB ORIkt an, HRRERR
WIEDELEOTNABDEELLNS. ZNIKE N
»h 59, SENRE UEERE RS To PCB
FFOER, WBEOFE2~3 oM PCB RE
MEE SN E TR INL 5.

T THANRE—2 %2232 265D PCB BEDS,
BEWE C &=V 287 3 16 fiRosdilgic T
B THERICECREERRMEL L S .

ANRE— I H AT B —VITHBLTNAE EELD
NaAVY, Fbh AXE— L 2ET AEENCIKNT
&, AR 0 —VOEFEEO—HH 5 ERRIS
HT3ESTWARDEEL NS, N0 IER
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B, JUMNREMERRIFAIORM 50 1T A/NS
— VB EBRC/SF — VEOBEERPHIL, W
THEMERICZZED A SN0, MBEREIRTZ &
AR, BIEOGBRIE, WE, mia, {LEeeds
ARE —VERCEBNZ N ERIERLTVWS. L
D Eix, A PCB BENSHEDMENETROERE
FTEDLEEDEREE 2D AEELSRTFTHHL &
N R

s TG fEik A /<& — L BEHS 134460, 0 mg/100
ml, BZWLCse&— S 9139, 8 mg/100ml T
»b, EEEZOEET 24429 mg/100ml” TH 5D
T, HERZCBOTESE LBEKELD Y, &
WEHED overlap FANENWS T ENTES. T
NicR L Tilid PCB BEICOWTIHA/SZ — VBT
BED TECD, AUHEDS»H TS Z20MOBSN
LC/s&— B RS & ORIZds b D overlap
VBAHLENE. T8DL, BE~HEREDOHEIINT
i PCB B IIHHEE ICEVIRRBIC D A 5%, MiF
TG BITBAL TR E UTEWKERE O TN D &
EALNA.

HIEREORY» S AR 2 n— Btk >T, 4
% TG REEBO L Chit, BBIKIZ S E~RED
REDELT TZENHELEL TV A HREED D55RL.
FimiRets X D i B, C BTSSR O
EFliCksT 5 PCB & TG & O Hid/s B D=L,
PCB 3EEARICES>TRHL ET NRBOEYTH 5
DXL, mE TG OLFIZ PCB FFEIL->TH
PH SN RNSRIEERTH A2 LIX 56 DT
HA5.

JHAEIC ) B M7 PCB DX, AL Z DN
PSRN T X708, EBITONI DR ERNZD
DHTThHY, CORBERIDOTEL 2R AT EIH
L, SEOBHII DTS Sf@Han s 2058
#mahs.

B B

HE (PCB HiE) OFELRS E2ZEBLIZD,
SHL 5L AR PCB O@IFBHREL /5 b, ERE
HINTENMBIN42 €548 (TG) HED
BAfRZIRAT LI,

NSRBI 5 424) (B 18, X
24) TH5. MEP PCBEdF A n<w I 7 4 —
v dh, TG B3 TRIRE SN HETER
Uiz,

i PCBid/s4—-> X hA, B, CD3 %147
SEEIN, ArZ— B0, Boog— B 1445,
BIOCE—-VE2HTHDIZ. ABO PCB BE
BB THEBRIMEEL b B2t miE TG {HiZA
BRI EL, MOMEIINT S gk d 1.

20T, PCB BEE TG HE D HTZE
OFEE (r=0.485) »3F@p ohiz. UaL PCB EBE
& TG e D BEIIHED BREICL>TELD
EWH LN, i PCB @gAEE0EYTH D, TG
BRI E A ERTH AL LR DBRTH S
EELLNIC.
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Clinical and Experimental Studies on Respiratory
Involvement in PCB Poisoning (IT)

Nobuaki SaigeMaTsy, Shuzo IsHiIMARU, Takahito HIROSE,
Togo IkEDA, Kozo EMORI and Nobuyoshi MIvazAKI

Research Institute for Diseases of the Chest (Director : Prof.
K. Sugiyama) Faculty of Medicine, Kyushu University

The first report of clinical and experimental studies on respiratory involvent of the
patients with PCB poisoning was published in 1971. Since then observation of the
patients status and experiments to find the pathophysiological exact features of PCB
poisoning have been repeated up to date.

I. Clinical manifestations were improved in some patients, but exacerbated in some
others (Table 1). In 8 patients checked up for 2 years or more, two of them have
been shown to be involved in the same bacteria more than 1 year and three of them
within 1 year (Table 2). It seemed that they have been involved in chronic airway
infections. X-ray findings were almost unchanged (Table 3). In pulmonary function
test mild small airway obstructive data were detected in 3 of 6 patients examined and
those were unchanged even in 1973 (Table 4).

II. The experimental studies on oral administration of PCB with oil have been
done following to the plan in Table 5. Morphological changes were detected predo-
minantly in alveolar type II cells as packed lamellae of inclusion bodies, dilated endo-
plasmic reticulum and large lipid droplets (Photo 1) and also in alveolar phagocytes as
increase in lysosomes and large vacuoles (Photo 2). Acid phosphatase activity in
alveolar macrophages was determined in alveolar cells with the lavage via a tracheal
tube. It was decreased in rats treated with PCB (Fig. 2).

FURHSERTF AR 2 21T, PCB OIFRER
L MRkeSEEERAT R oEins £ 0t

RICEZ AHBEEZDOE 1 FED 2170, HEERR
& Z DIRREEII D12 DEFED T AT DNTERN,
EI3LIImBERFT b bLEE KB 55& S 0
T UEB L0V F OEBNCOWTOHIE? 2701,
S AN AN 44 FITRET 2 IR ThH 5 I 48 FE TD
BRGORE &, RIEEIEOID OEBRNPIRCKT
% % DB OFRITD FiRT20,

BR4SET HZTOmETR, B, EB2EOER
HIZBED 40 % THOIH, #ODB—FRBIC
LRI AL 5 1e0C, MR 45 ERE TO FER
DFEE # BRSO BRI 56 % T, ERIEIROBEE
WEBHDOBNEIEBALLONS, Z L TRBOHE
EUTIE, BRFI 44 LI SRS L THHEBE LS
AT ERCHOWT BE2IMAT.. F1 DX 5 It—Hic
BHRDED bN AN, FHEEIUEESNL S,
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Table 1. Clinical course of respiratory
symptom (cough and sputa) in
47 cases, which were followed
up for 3 years
Symptom 1969~1970}1970~1971 1971~1973
g Exacerbated | 1021%) 5119 | 10Q21%)
E |Unchanged | 15(32%) | 20(42%) | 18(38%)
& [Improved 4C9%) | 4C 9% | 1159
Negative 18(38%) [ 18(38%) | 12(26%)

BEBROBEPET ZRETH 5.

B virus R —AVMERYLck 5 & Bbh B
SHEEEZC DLATHS D s, EEMTIRH
B 2 VR BEROFEREES #5105,

TSR PRI 2 SRR I 2 R D BT UVBTE 8 Bl
DNTADE, 20X 5IC1ELEHESEL TH—H
DB INIZE D280 (55 1 HliiZigrbd S o
E0D, 1EDINE-—ERL 3FIT, #EEL TRE
B GERPELDERE LA & 20BN, 17
NI UPREEBBH N, chb SEHOL S BT
1B R ERIYEOREENS B O THTER Y, BRI
By b b3 BB s> TETV R EEZL LN
3.

M X RICoN TR, 818D IO TR 44
BET|BINTT T 4 VARDNTORSEERHS
Utzhs, SERBFREV—-FERZIIBNT 5L 51t
DT IR 45 LD 7 4 0V LD O TIHRE 2T,

3 D& 5 KRB ERER, DEEITiN
RBERED 2V ESIRERE (00 AEDORRIBIR
HO—EIHEE) 2R, ESTINROHICER
REPEBANMENTH 5. BRENELE L CIZBEED
— IR e AT DHTH 5.

HEIER & WX GERTR E O—BE2HHT 5
&, BI3OFEFR 104 FIECE, K2 EDEROD S
bDT3%, Mo TRONED2T%T, RISRERE
XBBEDFEDTD § OME L, XBBICEER
HOBELHTENEYOBEDS L, EEERDD
1255%, BoTRVDIE 45 BIILH>TNT, X
BFHROHBELU S OEEOREDOELVEEL T
AU DA ERRLTNAEZALLNS.

FEBEEI T AREE IR DBE 5 1278 9 it o T ML
1293, 205 LRERMONEEEEEREL s, 2EE
MBUBIZ6 e TA R E, 4D 5 ICHERR
WITIERT, 1RBEBCSNTCEEET, 3
%1z Flow-volume curve 2k -> TR EE/L%
check 975 &, EEE 1, 2 »3EciE» shiz.
CO3FD S B 2HIi3E A3 1 HOBEMMEICEK
WTR IR SRICEE S 2T 5 6 DT, EEE
FUTELERREY OR2ITHEREE LIz 5 HlhmoD 2
BITE H5. FNEBEDOR 4 WTHFPRITR L THER
BROBEINZ A 72 2 GliC YT 5.

BhRMBR R IE & T BUCE T A S NITH, =
N LR ROFED b RBKREDELicL 23D &
ZALNG.

Table 2. Serial bacteriological examination of sputa for more than 2 years

Bacteria E. coli Pseudomonas ’ Hemophilis
Same bacteria detected more than 1 yr. 2%
Same bacteria detected within 1 yr. 2 1
Different bacteria 3

* Proteus combined with E. coli was detected twice in one of them,

Table 3. Chest X-ray findings
: Findings
Grading of . .
. Age : : Negative findings
dermal eruption pagihgtélrgzlt’:‘taigve linear and reticular
05 <15 6 40 (63%> 24
’ >16 2 27 (259D 83
3 4 <15 1 7 (39%) 11
>16 i 30 (28%> 79
Total 10 104 (53%) 197
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Table 4. Pulmonary function test
(6 cases, age: 30~49 yrs.)

Test 1970 1973
% VC >100 5 4
> 90 1 1
> 80 3 4
FEVi,
LOE s 2
0* 3
F.-V. Curve 2
2 1
> 85 3 2
Po, > 70 4
> 60 1

* 0: normal, 1, 2: abnormal

II. PCB oMEECRITIEEOERIITIR

PCB HFEEICESIT 2 RBERECONTE, §7T
ICHREE & R VBRSO TEBEREZKEIRD
ALNAHCEY, BEOEEHRL D PCBHEEIN,
s PCB HiHRBERD 1> Th AT &V¥, X, Lid
D& 5 ICEEDOHERICEEELA SN, ZDOHITE
FEROEE OB E—RESRE INE &Y X DA
DOHBEBBOEE (K1) 2BAAELS N LR
g,

ZO5LBREONE BIPBREORE nd ) L2
T Tid, BT IgA DIETOHAZ EVTED LN
7288, 2L OFITCIREB & RIIFRECELIZ? 1)
b 53, SBIERSRRT 20T, ZhUNDHE

PCB

_-~intestine
-
-
e

- . s
.~ "thoracic duct liver

Ir/ vein ‘\\‘
1

)

! disturbance of «-~
self-clearance
| mechanism el . Plad
infectionz
~~<a bronchial
& tracheal lumen

Ig A lung ~——————— gystemic

|~ststem circ.
\

P l
: \\ type II alv. epith. cell Clara cell
1 \ (large alveolar cell)
i \ l
| \
{

_alveolar «——— alveolar space
phagocytes i

P
P

expectoration

Fig. 1. Respiratory involvement in chlori-

nated hyprocarbons poisoning

B 5D b e A, MESEX LRI 5
BEORNPET A EELLNS.

S D IR MR 1 B R DI 0 B
»HAhY, PCB BERXRLIEBAUTERIN,
U b KB TR BT H 2 E0 5, T DOHEE~
OEEIZALNS (K1).

F 12 LEORICEE DRPER ORI L R & U TR
R —HHRBMED 2 VIZESHBEENA LN
3%, BEHY [T VEBBIC—ET 513 EDZL
ZEMWNTIED BIs 0T DT 2 DEDBE 7072,

1. EEBAH

EBEIE SD RT v MEE (KE 2008 31D B
For =R (15g gith) T, B, BEEBWERO
I IHEAMLOMEERE § fTo7203, MEEEIA

Table 5. Pathological broncho-pulmonary findings in PCB-treated rats
Light microscope Electron microscope
G Drug Obsgr- Trach, & Alveoli
roup administration | _ o d bronch., veol alveol. cell alveol.
perio epith. | cell alveol, | pneu- (type B) phagocyte
prolif. | infilt, jphagocyte| monia
KC-400 25 mg packed IB lyso. %
PCB -“+tempura oil | 1-12w -+ + + — dilated large
1 0.5mlXx1 ER vac, 1}
Control terg'psulrslglll 1-12w + b * — n, f. lyso. (P
KC-400 25 mg packed IB lyso. 1
PCB -~tempura oil |30 days, 4 -+ + -+ large fat large
2 0.5 mg/wx4 droplet vac. 1
tempura oil small fat
Control | """  7sa |30 days =& + * + droplet lyso. 1

KC: Kaneclor, IB: inclusion body, ER : endoplastic reticulum, lyso, : lysosome,
vacuole,

vac, :
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FRBEETOLE LAY AN TDHFTNET.
PCB #5iZv o A3 1HY L AU HET, I
T v MTEES D& 5 S EBFTEICU 2D TRRN
#E2ITo12. PCB HERET v F1EbIch 25mg
EWVWH DI, BE1AD PCB ERENTYE 2g 2
L 2hTHBDT, 7y MO BREICHET S
200 g BifICL 8~ 10mg 78 ADT, 72024
FBEELT 25mg 2BATNS.

1) Mm@, e, BHEPHEAL, BHHA
BWESLIT IS ARFD, TEAFNIERE ICERR/s { Bl R
BL, MEREEEDEOHEEIER & 3N % Dermer
@ tricomplex 1 (F6)% ZEiICHN.

2) KEEESR L DB R ER o n
Tid, HIREPICL DR 7 + X7 7 & —¥ (Ac-Pase)
Yutn B froiz.

3) JfpREE i OEEEZ L DA LEIRE DTo DI
, REX-MRER X b B iEEEEES o
T, lysosomal enzyme O Ac-Pase OEE #1701z,

FTORITLUTEREEDS 554 VY — LETIC
i, REEWWETH S triton X-100 204, I 4
V) KR L, EGEERT T 410 me DR
HETHEEZRYD, CN2HEHEL TSI 4 VY
— &P Ac-Pase f (L) &L, LEROWTOH
SEME % WEEL Tz Ac-Pase {H (S) &L, #
DOFID (8) + (L) i3 total activity Zfi¥d 5.

4) WiRERORREICIZ, MoKl icgiad
AR, Bik#EH, mincing UBEOIMHEK 2 /EH
Utz &fizEAL, chic 30 ml OEHEAEEKS
MATHEL.

2. ®% R

1) PCB (KC-400) 25mg 1 [\’ U 4 [HiE O
BU, 1 7EB#OMEABORENEN (T Lk
Mlads X O B IAmA MR T 0N T OB B BEIE)

J v b KC-400 25mg % 1 EREAHESLTL A
A#ola T B, MNaEOZBHEET RS &
O IEEARENCEIRT 5 & SN AR AL BEIREE
Y C B0 iR e Y, PCB 4 S (1 HH
T L) ORBETE, 5E 1 ORChREXRIZISH
e Bbh s EEREN 2R, HAKEHEAL,
EREEEEICEIELL TS,

PCB 25mg 4 E#45 (1 BT L) BT Bkl
BT, BE20DX 51T, BIELI4 VY — L
B3 L oF IR & b 2 BEREY » BRI
phagosome %2 HEERD, M7 + A7 7 X —~FRET
MG RO ERERES A S, EIEENICESEE

Table 6. The fixation of pulmonary sur-
factant for electron microscopy
by Dermer’s method

1. Prefixation with 2% glutaraldehyde solu-

tion in cacodylate buffer (PH 7.2) for 1
hr,

2. Rinsing briefly in buffer.

3. Incubation in a solution made 0.05N in

Pb(NOy),; and K;Fe(CN)g for 30 min.

4. Postfixation with 19 OsO, for 1 hr,

5. Dehydration with graded aceton.

6. Embedding.

Table 7. Ac-Pase activity determination of
the pulmonary alveolar macro-
phage

Rat lung lavage
(cell count 108/¢cc)

Homogenize
(Potter-Elvehjem homogenizer)

1000 rpm 10 min.

Sediment Supernatant
] 15000 G 20 min.
Sediment Supernatant
(Bound activity) (Free activity)
L (8)

EEPED . EEEEGEICOWTIE, RR8m
% 5 B0 RRNZA LI 5 D> TleipoTs (BHE3).

T I 0.5ml BI1EC & 4 EREONER
DOffifa I BICiE, BEARORINZED T8, A
FIs WIS b B e R LEZ»oT. filEa
MR BED lysosome OEIN%E 21z LIALITIE
B 5 e b R S s boiz.

2) PCB (KC-400) 25 mg 1 [IEHSHDMFEE
W OB7+ 27 72—+ (Ac-Pase) JEi:EHEN
i

[ AR O MBER E 2 T 2HA L LT, KE
LY BRU K E S gD 5, #OmEiE S
£y, FTIHEST Ac-Pase JEM:»HIFEL .

X2 i3 MDD Ac-Pase BIEIEMED @ISHZ
{b@FRUIc S ©T, PCB 25mg 1 E@O#REH8DE
3, 4BBIIETHED D, MisNBMEOMEEET2
AT BIDEELLNDS. 361 Ac-Pase D54V
V= A ANDHERELG 100S/(SH-1) Tk, #1 L84
HBEIT peak 3b b, BITHAWHTRNBREOF
BENEBLLN, 74V~ ABEOREER 2T
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00[ A total activity/cell
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,
50+ /. Pca
.

100S

B release ratio
StL

80

p
t

4l8hrs 1lw éw éw 4.w 8w 12w

Fig. 2. Alteration of Ac-Pase activity in
rat alveolar macrophages

A total activity/cell, B: release ratio
(100 S)/(S+LD

@
£

@
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Fig. 3. Tension-area hysteresis loop of
minced mouce lung

PCB: 25 mg, after 1 month

DEEbn 5. NBEORNZELTIIMEY H OB
FREHEOETEA SN,

3) MZEEEEYEOEERICONT

PCB 25mg 1 [BEEH#¥54% 4 BEHOMEREIT
3, TR S L TR, B/MEE L ItRevEEY
AU (K3).

4) PCB #58D% L HEHRED:ER

ERROL 5T, EEDS v MELEO PCBHEE
b, BE1 AYHED PCB BIRERTY 2g1© L#E

Z, ZD7 v FRERBEEON 2 Bt 5, KEL
NTE IR X G 25T 5138 ORI, <
DADERTLEETHOIZ. Ty NOE2EIIZD
4 ERFST, BEL VT EE T MEET DR
R, BEOEES 2PMBEEEVED SN (B
E4), BRI Y R SRS,
WHIRZEST 5608 H b, HEERNOMRES AiiEe
—EOPITIBIFHFERDS L, FRERIEL GRS OF R
LELLNG.

oL = =

BRI 2 BB 1%, Mak, T -5
KENTY R — 2O T AEHEEALTY XE
HEEDIZh, IV EEALTY VIEEE Y, JF
faREEESE (B2 dipalmitoyl lecithini®)
EUTHlBEIC R S0, SO B D RICE
BE ANV, COBEPFEEIND L/NAEKRITH
PERRES DS BB L, MRlmEss HEBL T 3 & Z2 56N
5. JRE MBI & b A e T B, &
BRI b T JERERT R AR D pack 4, /NEKOD
BERIRER B, MHOMRE MM OREE 2Rl % 4
DTH5H. WRHY 1L, WEICKT 2 SR
fEIZ, PHERRISOEBTTEL b A U ARBITE 5
WEREEETH A & LT 5303, HEETABETH A1
BEMEDSD 5.

Il mEEEEIC LTI, PCB 25mg 1
&4 BTN TRREINE A 555, ML
ZAGZIES T2, PCB 151 #ABTHH
KEETO LT A B4, surfactant AL DZ
16 (BHRTOED) 3 EZBAONS. SBEHRETR
BV UEBRBENMRMBETH S 5.

3T PCB itk 2 AMfaEEDORE SV, EEED
&9 W SHBPIICEEE, DUV TCIERENICRE 3N
72 PCB 2&te EEA 5 2 BEAHISE 3 Aia
HAEINAY, PCB2Smg 1@#H51 »HEBICL A&
RPN IR SN B HISESE & A0 3 B)
ITi3 Ac-Pase Juta T WG GEDS B SN, Akl
X 5 IREAH— B BB B o NS,

s AREED B Ac-Pase TEH MIET B5H
72 S (D Ac-Pased D S+ L (GBS 1 V) —
AP Ac-Pase) i3 AEE BRI, SV — 4
[Bicxdd 5 PCB O REE{LERA%2 BT 3DOTHA
5. de Duve® itk 3 &, JBIGREH BB E 1L,
I 4V — LD labilizer Th b, PCB pSigE
KERICRELY, BEFEXRCTCE2ELED
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¥ 2% &, PCB 25 lysosome labilizer Tdh % & Eb
1%, PCB 3 lysosome D RNEEALER 2 B
¥4 57251, lysosomal enzyme Tdh 5 Ac-Pase
O MRFEEEYE TS 5 v F 2 R0 g
515 bR AgE b H 5. ILICHEEHD
Ac-Pase [HMEHEIEIAONIZE 3, 4 BEHOEKT
i3, Hurst 5 %35 Oy WAEBRTATICNGBERAD
hydrolytic activity O{ET & fii~O B Ak
S & OB 2L TBAIRHIEDTH 5.

PCB itk 25&% MO OEEE: PCB %58
& DEERIC DWT K, AAEIHCHFIC adenoma 12
B AIBED BHHH, BFRCHERED, I5LH
i DRERECEBICIERIRERR»ELIRD
phagocyte &, Y i/SER% EE UFRERRPES 54
jaRE»A LN, EROZELE Ly (BELREILED
ALNA). ZOBRBHSHIEIZES e bbb
NOE2LBDIVETH 503, BEOHI X TR
L DEEREL A, B1HORBIZHLMTDLT
¥AL, NREFRZEZTELLO>T, H1EORD
HaliE & o7 BEBI PCB BOHEMEMETE S
T ERBHRTADY, HHVIZEME AN EOERZE
BEWT 200, BBSHIVZORFNEPET S L
bbb,

v, = & o)

1) HERZFONIEIT, RS S NI X R
CBWT, BEKELRENR, —BICHERRs5
BN, 5ERBEREGL HAPBFALHLNS.

2) BRI ZRIVBHFIRL H 0, L EEE2NE
TAY, 1EUEE—EHEE2ED 2400550, BY
Sl EISEODREBIVZ D TN B R DEEZ LGNS,

3) [HESEERE I T, BEOKRIBSEDHERN
BE Po, ET2BDI DdHA.

4) PCB #MA#EIL 2FEEBET v b (—Hv9R)
HiOREEZIT, IRERABIEMIETH 3 Mifm 1 5
MR O TERT, MOBARBIEEORENHE
Iz, FFEEEEDEICOONTIE, ZOREBHNEL

WD 2oz, PCB 4@E#ES (1:@8ECE) T
ZEOBINPHEIE AR 2RDI.

5) Fil-aiEiz PCB 258 BFEEABEZRL,
FDMT 4 A7 7 E—¥inHEECL D, PCB OF
AV — NERTEMER 2T S AR 2HT.
F 7o 7 QM b OIEHET 2578, BIUCHs 5%
PG 2 HE ST,

WETZLHLD, FRBCEOUELEHER
Ho¥E 252 bR AEZTMBESRKBHZPIL
KEFHFELDABS LUCEEEOREFIK, i
Flow-volume curve RIT 0¥ L% 52 b EHILE
ERREEFERRECLOADBRH VL LET.
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Explanation of Photographs

Photos 1~3 are electron microscopic findings of the lung tissue fixed in Dermer’s floccula-
tion method in rats, which received 25 mg of PCB once a week for 4 weeks.

Photo 1. A large lipid vacuole situates centrally in a Type II alveolar cell and the lamellar
bodies have packed lamellae. Dilated spaces are present in the cytoplasmic reticulums.
(X 5000)
(AS) Alveolar space, (LIB) Lamellar inclusion body, (L) Large lipid vacuole,
(BM) Basement membrane

Photo 2. Alveolar macrophage containing numerous dark bodies (lysosomes) and phagocyting
lipids. Collagen fibres are seen beneath the basement membrane. Note the dense
inclusion and irregular surface. (X 15000)

(AS) Alveolar space, (LY) Lysosome, (L) Lipid, (Co) Collagen fibre,
(N) Nucleus.

Photo 3. Electron dense material is a continuous lining layer and seems to be increased on
the alveolar epitheliums. (X 50000)
(AS) Alveolar space, (BM) Basement membrane, (End) Endothelial cell,
(Cap) Capillary lumen.

Photo 4. Lung of a rat administered PCB once a week for 4 weeks., The cell infiltrations are
more intense in bronchial and peribronchial areas and less in alveolar spaces.
(X 59
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