ERHEIY 5 B RS Yol. 74 No. 5 CODEN: FKIZA4
MR I AMNE (WAXERE ISSN  0018-254X
w740 May 1983

FUKUOKA ACTA MEDICA

B T4E  HBES5E (740)

M FI684 5 A25H

R OB & W9 K

The Ninth Reports of the Study on Yusho and PCB

i B E B
| Fukuoka Acta med,




HMEELPCBICE I 2HMA
w®EE BIE

(BREZEE H£T74% H£5%5 HEMOBESLS H)

= x
B e s At
ITFNT ==, BRIEIZTFLT 2= BIOH B TFvT7 =00
YA BE O Of-EBF BE-HH BE-DN B=-58 FE-BE
1C-2, 3, 4,7, 8-Pentachlorodibenzofuran AR « - wrrererresees we B BRI
BAR KH-¥E BA-HE G358
2,5,2%, 5'-Tetrachloro-4-Methylthiobiphenyl @& Rg-------ereveres IAERB - G2
3-Methylcholanthrene Z PCB iz k2 JFEER FEEBEAFIC DT e HH

XHE  BHe-flE WERe-HE ELEHH
3-Methylcholanthrene %Y PCB Bl 7 » b i B2 4-Nitroquinoline N-oxide

DOBICTEME F BT DT =R O 58 5%« f11
ARHZETF - 2R

PCB %55 v P FBiIcB T 2 BB{L BEERNOEGRBHRRBLITRa
ty@@gg%‘_ (’é@;‘() ..................... §% %EK . (@_}: i[{: . @LLI ﬁ_ . Eﬂ%

PCB th# v v Fiics 75 PCOF BRI BRFEEH 1= NI N I
HE FE e HH
SZEARY PCB thi VO MIRBIERIC LS w4 B AJ5ED BB oo 7
mE FE- LB ZH-EE
EEHIPCB gy Aic B 1 3 A ER OMMBREIC DT s BO B Rig
T8 WA - B ES-EU

&% PCB hZREME S L2 oRE—~HHo PCBs, PCQs & k1 PCDFs

JRA oo BR K-=@0 FH-BE kECEH RN X-H
HEBRZEOBRLT 4 ) VRBIEE O FEIIRRE - yay.N
e (PCB vhig) BEFCHT51M1H PCB EELIMEE OBRR oo DI

--------------- i BeRBRE X NHEZ-EB-FF B-BEN %@
BRI 55 ERE~ST B OFE IR B 2 HEERIEIER DL - revvremerrersmrinenn 1

5ER BRI - FIA

THIEBE IR DORE « TIRMEBFETR v 7N b= W
HE R H 1T 2 OENERLE ORFHIE e g WX-FO BeR
AL i+ 53

HAE B LR PCB BRrEollik PCB-PCQ & BEREIC DT e [T
o OEEET - BIH OB ML AL AB-HR BT W

BRI H 1 5 WEMRD T — & OFEEHRET e FRAS—BD « RAREA - BE

wfe RE . e

i

EA
®
i

VEN

%ﬁ,“

EIES

B

=z

HA

S

%{ﬁ

B

M

- (189)

-+ (193)

- (202)
(206)

(209)

217

(222)

(234)

(240)

- (246)

- (255)
-+ (269)

- (272)

-+ (276)
---(280)

- (284)

-+ (289)

-+ (296)



10.

11.

12.

13.

14.

15.

16.

17.

The Ninth Reports of the Study on Yusho and PCB

(FUKUOKA ACTA MEDICA Vol. 74, No. 5, 1983)

CONTENTS

FOreword r-cceeremmiee i i it i i e e eae H. Yoshimura ---

Synthesis of Quaterphenyls, Polychlorinated Quaterphenyls and Octade-
Cachloroquaterphenyls .......................................... S. Takata,

T. Mohri, T. Iida, S. Nakamura, K. Takahashi and Y. Masuda ---

Synthesis of **C-2, 3,4, 7, 8-Pentachlorodibenzofuran --.---- N. Fukasaku,

M. Hasegawa, H. Kuroki, Y. Masuda, N. Koga and H. Yoshimura ---

The synthesis of 2, 5,2/, 5/~Tetrachloro-4-Methylthiobiphenyl-.ccoevoeeenians

.................................................................. S. Saeki and Y. Ishiguro

Studies on Induction of Liver Enzymes and Toxicity Caused by Pre-
treatment with 3-Methylcholanthrene-type PCBs--v-cereerieieiinineins

S. Yoshihara, K. Nagata, I. Wada, N. Koga and H. Yoshimura ---

Enhancement of Reduction Activity of 4-Nitroquinoline N-oxide in
Rats Pretreated with 3-Methylcholanthrene-Type PCB-c---ceoveevnvnennns

~~~~~~~~~ H. Yoshimura, N. Koga, I. Wada, Y. Hokama and J. Kuroki ---

Relevances of Mixed Function Oxidase System and Ascorbic Acid to
the Lipid Peroxide Formation in the Liver of Rats Given Polychlo-
rinated Biphenyls (PCB) ...............................................................

-------------------- M. Saito, S. Ikegami, E. Nishiide and S. Innami ---

Accumulation of PCDFs and Enzyme Induction in the Liver of Mon-
keys which were Poisoned by PCOBS tere sttt s

----------------- H. Kuroki, Y. Masuda, N. Koga and H. Yoshimura ---

Macroscopic Observation of Monkey Meibomian Glands Treated with
Polychlorinated Blphenyls ...............................................................

------------------ Y. Ohnishi, T. Kohno, T. Ishibashi and Y. Shinoda ---

Ultrastructural Changes in the Gingival Epithelium on the Experimental
PCB Poisoning in the Crab Eating Monkeys:----- I. Hashiguchi, ------

----------------- A. Akamine, T. Nakano, M. Aono and H. Fukuyama ---

Study on PCBs, PCQs and PCDFs in the Blood of Taiwanese Patients
with PCB Poisoning and in the Causal Cooking Rice Bran OQil-...--
.............................................................................. T. Kashimoto,

H. Miyata, S. Fukushima, N. Kunita, G. Ohi and T.-C. Tung ---

Preliminary Studies on Porphyrin Metabolism of Patients with Yusho

(PCB Poisoning) ............................................................ S. Ishimoto ---

Association of Blood Pressure and PCB Levels in Patients with Poly-
chlorinated Biphenyl (PCB) Poisoning::-+---e-vveeee K. Akagi, H. Tsuji,

E. Kajiwara, K. Murai, T. Shikata, M. Okumura and Y. Masuda ---

Dermatological Findings in the General Examination of Yusho in 1980-

TO82 ereeetaateriiinniaiiioiiniienancnansen M. Asahi’ H. Urabe and S. Toshitani :--

The Growth and Sexual Maturation of Patients with PCB Poisoning ---

...................................................... M. Hayashi and F. Yamashita ---

Alteration in Oral Pigmentations of Patients with Yusho::ooooveeeeienns

A. Akamine, I. Hashiguchi, T. Kishi, T. Furukawa and M. Aono -

PCBs and PCQs in the Blood of Yusho Patients and Workers Occupa-

29

(189)

(193)
(202)

(206)

(209)

(217)

(222)

(234)

(240)

(246 )

(255)

(269)

(272)
(276)
(280)

(284)



tionally Exposed to PCBs and their Health Status --cooerreeeevnenneeenn.
.................................................................. M. Takamatsu, M. Oki,
K. Maeda, Y. Inoue, H. Hirayama, K. Yoshizuka and M. Kanda
18. Statistical Analysis of the Annual Examination Data for Yusho in Fu-

K.Kataoka, A. Ohkubo, S. Shinohara, K. Takahashi and Y. Masuda

39

- (289)

(296 )



EHEsE 74(5): 189—192, 1983

FF

M BRI, SN KSR
i OON & #

T

Foreward

Hidetoshi YOSHIMURA

Chief, Study Group for the Therapy of Yusho, and Professor,
Faculty of Pharmaceutical Sciences, Kyushu University,
Fukuoka 812, Japan

This is the 9th report consisting of collected papers on PCB poisoning (Yusho)
written by the members of the Study Group for the Therapy of Yusho. This re-
port deals with the results obtained within a period from April 1981 to February
1983, in succession to the 8th report published in April 1981 (Fukuoka Acta Medi-
ca, Vol. 72, No. 4).

In this foreward, newly added diagnosis standard for Yusho by the Study
Group in 1981 and the total numbers of the Yusho patients at the end of 1980,
1981 and 1982, were described. Comments on causal agents for Yusho were also
reviewed shortly.

The work published in this issue has been supported mainly by the grant from
the Ministry of Welfare and partly by the grant from the City of Kitakyushu.
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Synthesis of Quaterphenyls, Polychlorinated Quaterphenyls
and Octadecachloroquaterphenyls

Satoshi Takara, Takami MouRri, Takao I1pa,
Shuzo NAkKAMURA and Katsumi TAKAHASHI

Fukuoka Environmental Research Center, 39, Mukaeda,
Mukaizano, Dazaifu-shi, Fukuoka, 818-01, Japan

Yoshito Masupa

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

Six skeletal structures of polychlorinated quaterphenyls (PCQs) are theoreti-
cally formed by dimerization of polychlorinated biphenyls. They are polychlori-
nated o-quaterphenyl, 2,3’-diphenylbiphenyl, 2,4’-diphenylbiphenyl, m-quater-
phenyl, 3,4’-diphenylbiphenyl and p-quaterphenyl. We synthesized six quaterphenyl
isomers, six skeletal different PCQs and six octadecachloroquaterphenyl (ODCQ)
isomers by the following methods. (1) o-Quaterphenyl, 2,4’-diphenylbiphenyl, m-
quaterphenyl and p-quaterphenyl were prepared by Ullmann reaction. 2,3’-Diphenyl-
biphenyl and 3,4’-diphenylbiphenyl were by the method of Woods et al. (2)
PCQs were respectively prepared by introducing chlorine gas into the chloroform
solutions of six quaterphenyls in the presence of iodine catalyst. (3) ODCQs
were prepared by perchlorination of quaterphenyls or PCQs. ODC-o-quaterphenyl,
-2, 3’-diphenylbiphenyl and -2, 4'-diphenylbiphenyl were from corresponding PCQs.
The other ODCQs were from corresponding quaterphenyls.

PCQs in the rice oil of Yusho incident showed three peaks on the gas chro-
matogram after they were perchlorinated to ODCQs. In comparison with retention
times of the synthesized ODCQs, the three peaks on the gas chromatogram were
assigned to ODC-o-quaterphenyl for the first peak, ODC-2, 3’-diphenylbiphenyl and
-2, 4’~diphenylbiphenyl for the second peak and ODC-m-quaterphenyl,-3, 4~diphenyl-
biphenyl and -p-quaterphenyl for the third peak in order of retention time.
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kLA & v{bkgg FID) ff GC cHh =z n~=
PS5 ADNE— v DEAEAT, —~ERETEICH
Rz a= b5 7-HEaE (GC-MS) Ik & T
R, /7707 2= 0OEEERENG THEHE
SNl ERISERKRT L. 28, RINAED s
ook VARRRPICERLUcoT, TEBEIEIE,
suwks 10220ml 2z, K64 L& 1
BECEicaoRreDES oA, T, Kibhic
T AEAKESNR B REIED 7 213 30
BKBBALF P U Y AKIICHE L .

BT, 7aokvaEE % INKBLA Y
v AR THREL, snuk v ABEED, KGR
F Uy LATHRL, BETEER, 72) Va5
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ImT 5T 4RO, SH%T—F
~E G VBRI SR E R . COMRYEE
HERVZTRECL, BEEZL2CHELT, BFE
AT N

) 6EoD PCQ &k

a) BYEAL-0-2 757 2= (XV): (D) 0.8
g Zyundvs 150ml 2 hl, 20 (1D oFEk
TITHHE RIGL, BFEOBEK 2.1g 285k, GC-
MS i k2 HEHREKL S-10HTH O

b) RYEN-2,3-YV 7 =7 2= (XVD):
(VD 1.0g % soohkrn 150ml jcEml, 2
D oFET2BREFEEL, REEHEK 2.2 25
7z. GC-MS [ X 2 HZ BT 5—10fHTH 7.

c) BVIEMN-2,4-YVT7 2= 0T 2= (XVID:
(VIID 0.5g 27 wwskova 100ml jicigmL, 2. (D
OHHET 0BMRIGL, BEEhE L2g 28«
GC-MS [t L2 HBUL S—10HTH o/

d) RYEf-m-2 T Fr7 =0 (XVID: X0
LO0g Zyowoka 150ml wizml, 2. () o
HHETIORERIGL, AR 248 21872, GC-
MS ic k2 ERFUT 69 TH Dz,

e) B3, 4-Yy =7z (XIX):
XIIL) 0.3g 2/ mokova 80ml i ZEnL, 2.
(1) ot I0RMEGL, AEbk0.7g 2874,
GC-MS Ic X2 R BT 6—9IBTH D72

£ #YEfp-2 7707220 XX): (XIV)
0.9g icsomkna 1S0ml 2z, BEL, 2. (D
OHETEGT S &, RISHKR®E 20 53T BRI
ot HEBMRISL, Aafkk 1.8g %E/.
GC-MS iz X 23R B 6—-IWMTH D%

3. BRL7z PCO nReBERILEFOBRTICA:
ok

PCQ o lpg/ml o~+4 A2 HEHL, o
Iml 2RISEICED, BEF Y7y —% —~doEgs
HEEWREIL, K&LEMS A7 vFEy 0.5ml
A, FHEL, MAKSEL, BH%, REE2HEY
L, zaakias 2ml 2z, B, KELEHES
6N-1E#E 2.5 ml 2B EELTHA, BRI,
AL 7. WBEERT, BB 2ml AR
Lic. ZOBEZDI—EROURLIE, ook
Lfg7EK, 10 BIEARER, 10 BREBAKEF F )Y A
I, KONRIC 2ml O THY, MKRBS Y
5 L5 ZODH S XAERBL 10ml 2y v
#EL, FONMEZE Iml 23 mEky, Rl T
Ay BB L. BREEBEF vy —2 —hTE

REEL, ~v€r2nicERIC Sml L, BF
WEKEE (ECD) f GC T — /s BELZHEL
7z,

4. ODCQ D&k

(XV), {(XV1}, (XVI])

©Oa®)
OO

(X),(X111), (X1V)

(XX1)—(XV1)

(D FAb-0-2 7F 7 = = (XX
RISEIC (XV) 60mg AN, HELGTvFer
10ml Zinz, #HEL, 200°C <3 EBRME, B4
%, BIEL, KBLAHML 20 iRk 20ml 2/D0gd
DA, BR, FTHLUERE 8, BREPERSL
KT, BBE, YIVAXrvhsasowbds
T ATk DTHEEL, ~FHUBREER Y .
JZudg vhSBEREELT, mp 323°C 2R EER
& 30 mg 25

2 +AE-2,3-V7 2 =07 2= XXID
ERE (XVD 60mg 2Ah, 4. (1) EE#iI
FUSHEEL, Y afvexs/)—hoBFERL
T, mp 288-289°C ZR7 EEMES 44mg &7,
3 +AE-2,4-Y 7 2 =0 7 = = L (XXIID
FEEic (XVID 60mg 2 Ah, 4. (1) EFkkic
FISMIEEL, Y7 ud vy -~y rhbFERLT,
mp 357°C ZR4EESY) X458 15mg 287k,

@ +/dE-m-s TF 7 2= (XXIY)
BB (X) 100mg £ AN, 4. () ERERBICK
B L, RvErexni/ - ERELT,
mp>360°C Z/RITHMETY X458 70mg (23 %) »
=z

) FIEA-3 -V T 2= E T 2= (XXV)
RIeEiC (XIII) 100mg AN, 4. (1) LR
FISQEEL, "yvEryex2/—hoHEELT,
mp 325-326°C Zond eSS 22mg (7% %2E
fe.

6) +/Efb-p-2 TFT 2= (XXVD)
FIREiIC (XIV) 100mg 2Ah, 4. (1) [k
FUGHER, YU AFXAHRSLsaw 5T 4 —3fT

&)
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O, HRENVE U2 OERERLTmp>360°C (X
BREP 1 362-364°C) Zond AR 188mg (63%)
2B

5. RERES LUE#

) GC

a) 7757 2= FID E& GC-6A Zff
HU. #528132%0V-17 245227 asn Q (60-80
Awva) Ka—5F4 7L, #53AH74H Gmm
XLSm) WHRELEZOEEY, #7sB8LU0HBH
BORERZTNEN 280°C, 350°C THoi. Fio,
Fo) - AR EAEEREAY, EER 70ml/
min T, KEBLOEZOEHZ lkg/em? THD
7z.
b) PCQ ApBEfBEoELE: 5. (1) a) LEUEE
EEHL7. A543 1L5%80V-210 270y
W AW DMCS (60-80 » w ¥ 2) g a—54 v
L, #7245 4 Gmmxim) KHELZSDEH
v, 7 AEE 180-260°C CREL, BREBERE
it 300°C THO Frl v~ HRARIBHEERL
BEL, g 60ml/min <, KEBLOEZOE
i3 lkg/em? THo7e.

¢) PCQ: ©Ni-ECD {f & GC-6A % # i L
too A5 LZLSHBOV-1 ZH x4/ as Q(60-80 »
w¥a)yla—F4 7L, H35AH45 4 Gmmx2
m) KHRELZ OERAY, #35sBLUBREREOER
EizzhEh 275°C, 300°C Tho/ F+ Y v —
HRCEMEERERY, EAE 2kg/om? T &>
7.

d) ODCQ: 5. (1) ¢) LEUCEBEZFEALK. &
S a3 1 90V-210 2427 o Q (00-120 % o &
2 Wa—F4 7L, 732 H45 4 Gmmxlm)
CHRELIbDZHY, 715 4BRUREEDRER
ZhEh 265°C, 80°C TH 27 F+ U »—HRIZ
EHEERERL, EHE L75kg/om? THDk.

(2 GC-MS

GC B HABETE JGC-20K, MS |2 gfETFH
IMS-01 SG-2 ZER L. MS o4 & bz iz ¥
—i3 75eV, 1% LEFIZ 200 kA THo 7.

a) 2750 72=0:GC O #5ai31% OV~
17 %suvevyr7 W AW DMCS j[ca—5 41 v/
L, #i72#54 Qmmx2m) CHEAELZbDEHA
Wiz, AR, #56B8XTzVY v F »—DRER
ZhEFN 260°C, 220°C, 290°C ©tH 2. F+ U +
—HRE~NY T LBFERL L.

b) PCQ: GC K3 5. (1) b) & [@KTH>

fo. Fiz, TV o Fe—BER 290°C THD, *
v U e —=FRENY T LERBO.

c) ODCQ: GC ZEHES HEMEL . A¥
nEvaEIT 180°C Th o7

3) IR

Bgl IR-420 Z9EEH L .

BERBELUER

1. 27PTLITzZLOER

A, (VD), (VIID), X), (XIID HXor XIV)
DOBDI TFNT 2=2ME T~ THEILAYTH
191)2)3)13)14), Cﬂ%@ﬁ‘é (II)’ (X) 3*0(){[\/)
RAREN T2, FEEFOSIZ OBOEMKE AR
2R AT
U4 Ibuki 52 BZhoD6EDI TFMT o=
WETaERVEVERTT AV ADLENLT 2=
v SRV LEERL, chEva—Fra=nk%E
FISEETHRTVW3. CoFERENOASRITENE
Wicw, EBFHE1. Tl BT,

An, (VID, X) Bxor XIV) da—FvY 7=
=&k & o Ulmann IRk >CE77. 2id
o35 (VIII) oglic>0TidERAFE 1. 3) T
WARFz &S IBIERME LT D 2 Llg Q5%
"/oh, (VIII) © 0.9g (20%) kb dbFuicy,
@M kbd VID % o2& JIGKERT3 C
LizkoT (VI o ES EHT2 2 ENFEEN
5. 18k, X) Ly XIV) EHRGEZHBAL,
RAEBEZTOER, BABETERE G, .

VD B XID |2 Woods 5191 sk
BEICLTEL. 2055 XD K20 TiEX
B i MR H SN TR0, EEOSHEE
LR THE, BUERMSE NER LS B L BEhrD
7.

Fig. | Pl L&l 6BOsTF 72200
BEPOH A v+ 5 L8R, JT5FNT ==
rofRFEEREE AD, (VD, VI, X, XD,
XIV) DBICE2>TH3E.

2. PCQ &R

6D PCQ o bR YVEM,-P-27TFNT 2=
R Ticiffe™ 8 XIV) %27 ook aicEis
U, 29 RBLOEBEMBE L TERYF R EEAL
T, EREI—6HEo AW EARLTVNE. ok
BEEBECLTavROAZME L LT, MEHKT
Ho PCQ o&mAER A, BERILOETRNOER
i3 GC-MS k2 TiTo7. BERBHREIGICEL
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(11) (VIIT)

0 10 20
Retention Time

Fig. 1. Gas chromatogram of synthesized

quaterphenyl isomers

(ID) : 0o-Quaterphenyl.

(VD : 2, 3’~-Diphenylbiphenyl.
(VII): 2, 4’~-Diphenylbiphenyl.

(X): m-Quaterphenyl.
(XIID) : 3, 4’-Diphenylbiphenyl.
(X1V) : p-Quaterphenyl.

BRI (XVD—(XVID) A5 17—22 808, (XVID—
XX) 10— ERiTH b, i/ GC-MS DEEED
SEBRAEET S &, XY)—XVID) % 5—104,
(XVIHD—(XX) 12 6—9@ThH 27 RKILEH o
B7T7707 2= VDOREROBEDENCLE D
LEZON, T, EEEOHEMOZRIKIGKES X
CEMGEOBEORNMCEE BDTHEIEEZ LN
3.

Fig. 2 it L7 68D PCQ, 2o nBEUS
F 0¥ 1968 42 10 AKIAT SHIX L 7o 3 3 BEE O B
o PCQofzsa<t /5 6887 TTARK
Lz PCQ kot —2 0 REAZ L, XVD
& (XVID, XVIID & XIX) @FEWCEBEDT
Wa. iz GC AL TH» S PCQ v — 7 »E
bh, "—R54 VICRIEEESZ &L, (XV): 13
4y, (XVD), (XVID: 194y, (XVID—(XX): 30 4%
ThB. XA XV)—XVID) 13 XVID—
(XX) wwh~THEprok. £, AL PCQ %
ZRFNEBRALE (A) B & U HERESEEK
(C) oFrz7a<2 75 60E—-7 OFRITONT
52 E, ADEEIE REGHHE ILEERLTHS
», COBARSISEICL-270bD, 20%kELE
ELBDOTNSE. COLSICALCELETE L, A
13 CIc AT BEBEEO BOEAN L bh
%, HIER—RX 54 VITEHHHIT2>0TAHB &, A
BRUCHEE bW HTHD. 1k, Fig. 2 0
B2 CciREBL T 5.

Fig. 3 i Fig. 2 o%Hics 5 GC-MS ofFR
BET. XV) T2 Tdd &, mle 544 ZIERK
THEoEEl-0-7 TF VT 2= VDHTFET MT I

#HiEzhS A

(Xv)

(XvI)

(XVI1)

(XVI1I)

(X1X)

(XX)

CoL

[¢] 10 20

Retention Time

min

Gas chromatograms of PCQs pre-
pared from quaterphenyls and iso-
lated from the used thermotransfer
medium

(XV): From o-quaterphenyl.
(XVD : From 2, 3’-diphenylbiphenyl.
(XVII) : From 2, 4’~diphenylbiphenyl.
(XVIID) : From m-quaterphenyl.
(XIX): From 3, 4’-diphenylbiphenyl.
(XX) : From p-quaterphenyl.
A : Mixed PCQs (XV : XVI: XVII:
XVHI: XIX : XX=1:1:1:1:1).
B: Mixed PCQs (XV : XVI: XVIl:
XVIIL: XIX : XX=1:4.2:4.2:

0.7:0.7:0.7).
C: From the used thermotransfer me-
dium.

—H% L, $hzoERORMEEELD S bLEME
ThHHENLME. i, mle 474 (M*-2Cl) i
IS IA YN~ BB, Foft, m/e 578 IR
H8Mo M*, mje 614 ZHEFEF IO MH+2 %
Aohb. oo PCQ o=xx~xy bard B
XV) LBLTHE. XVD, (XVID [Tk m/e
646 ICHEFK10HD M* 235 3.

)
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Fig. 4.

Mass spectra of synthesized ODCQs

(XXD) :
(XXID :
(XXHD :
(XXIV):
(XXV):
(XXVD) :

Qctadecachloro-o-quaterphenyl.
Octadecachloro-2, 3'~-diphenylbiphenyl.
Octadecachloro-2, 4’'-diphenylbiphenyl.
Octadecachloro-m-quaterphenyl.
Octadecachloro-3, 4’-diphenylbiphenyl.
Octadecachloro-p-quaterphenyl.

PCQ ML s EBbN 3 RENFUSERE 200°C

TRY, RbHEoRS e Tk, RSHEE 15
e L, |KMAMRBTIRELO. Z2oBR, 6

3. PCQ noR2iERLoRS
AL 7 PCQ 0 ARRLORISSRM OMRA 21T
S TF, RIS 2 BRICEEL 160-240°C

FTH 20°C RTSBEE D, NRE DRI 21T
Dl A, (XV) 1Z 240°C 3, #oko PCQ T
2200C E b EMLOH. T, ELREHR/LISNE

o PCQ &b 3IMMMESRILD.
U LokR»5, ARl PCQ oRBAERIBE
BALT vFEEMAT 2000C TIRMRIGT S C

(1)
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EWBEBETHDI.

4. ODCQ O&ERk

97 TFT == EENC LT ODCQ D46
RS ZOWR, 7 TFAT7 2 = AMICEENT Vv
FEVEMAERET, BRO®RE, XUD 88X
(XIV) ofs, ThEnBes LIU0HD, Tofo
JTTNT =D B, BHREEELTHR
7z, 200°C ¢33 RHIMAGOBKoRIZ, XIV) ©
LEBET, ToMOBEEBRTHEO . ChbE
HBMIEL, HEREER XIV) 2B0T, ol
MRICODVTEE/ a~v 574 —2T5 8,
T ODCQ L EbnzdREy Madsh, MMOBIER
PR Ay b, fic (D, (VD) & kot (VIID
COWTRFEECNERBEEbDN. 20k
XXD—XXID) pARIRcR~EREERICL
TERLEN PCQ oo/, HEDX3iKI 770
T 2= SRENT VFE vICED ODCQ AR
i XIV) 20T, B OXRENSB LEbLNE.
1ads, (XXVD [3Babarcd 312,

Fig. 4 cAB L7 6D ODCQ m<wRA <Y b
WERT. WFROR 7 Fd mfe 918 ([ MY,
iz m/e 920 ic M* 2 o — 285 b, Fiomle
926 (M*+8) IcHEEL - BE 5N, BICEADE
BSLEREALD S T/ ER s h T3 2 &%
RLTVE. (XXIV), (XXV) Xt (XXVD 11
2CIL, 4CL 6Cl BB 7275 2 v hE— 2 Hd
shay, XXD, XXID) sior XXID zch
sofuic Cl, 3C1 Bl 75742 v b E—2 &
HoNB. T, XXIV) B XXVD o0t
{2 mje 888, m/e 890 i — s BEHELNB T &I
DTEEBDERBEL TR ZEERLTNS.
XXV) oW T BLIERLEN T E D &%
25,

oKL 7z ODCQ s X U RTR O % 4 5
Bifktho ODCQ oXxy o= 25 4% Fig. 5
AT TEER L7 ODCQ o (XX :
1004y, (XXI) : 12.34y, (XXID : 12,143,
(XXIV): 18,143, (XXV): 18.04}, (XXVD:
17.0 5T, —JIERBES»EEETED ODCQ (A) o
ZREEIC—2:1004, B2 —4: 1224
HIL—2: 18308 TH3. DULEOEENS bbb
DMLBZ LI, ADFR/7a= 56081 v—y
2 (XXD, #2r -3 (XXID Brot (XX,
EIC—217 (XXIV), (XXV) Bxut (XXVD o
WAEZENEFNEATVAS. THFELY ZChoD

{(XX1}

(XXT1)

(XX111)

(XX1V)

g

(XXV)

{XXV1)

A

N

L i

0 10 20

min
Retention Time

Fig. 5. Gas chromatograms of synthesized

ODCQs
(XXD—(XXVID) : Refer to Fig. 4.
A : From the used thermotransfer medium.

BT (XXIV) BLtY XXVD R@#3r—sic—
BT LERELTHY, EFOOBBRLALTHED
7.

—05, PRI R AR A2 sodium dihydro-
bis-(2-methoxyethoxy) aluminate TRiEHL T,
BUEARICEIRD 6D 7 TF V7 = = VHEET S
&% GC-MS THEHLIELTNE,

LDEHETLhb, B rolM#Edho PCQ 254
BRLLTBONE Ry a2+ 5 a3 2y
— 7 BHIBOEAEZNENEATNE LEDbhA.

AEAH S0 ODCQoHFRI/nw b 7'5 4 L0 3
DOY— OEELELD, B2HLUEI0E—2
iZEhEhiiio ODCQ 2%EA L LRELT,
SR L7 PCQ DRARZEBL, GC %7k
B3 Fig. 2 oBT#H%. Fig. 2 0B tadgsktho
PCQ oClltd 2L, Cib&BREBEOE

(12)
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WERSDIE. T OBIDWNTIE, S8BIRET O RED
bbELEDNS.

BIERNICETET 2 6O TF V7 = = VSR
L. ¥8bb o-2 757 =i, 2,4/-97 2=
WNET 2=, M= TFNT 2= BRY p-2 77
w7 = =n3 Ulmann KIS &2TC, 2,3~V 7=
ZE T 2= BEY 3,4-V 727 2 =3
Woods & ptklc k> TEhEFRSEKL 2.

£, TNSDI TFNT == DEEERTIICE
I3 PCQoEFZHEBERL THOEETEBRS
iz PCQ #ApkL7. &Lz PCQ olER¥%E
GC-MS po#fEd s &, RYB-o0-/TFNVT =
=, BYE-2,3-BIFRVENS2,4-V7 ==
weE 7 =03 510, #yEl-m-s 75707
HYHE-3, 4-V7 =07 2=20BL
CRYVE-P- 7 TF T 2= FZ6—IHTH DI

Hic, 275707 2=0XiE PCQ »5 ODCQ
ZEBELI. Fibb, +AEL0-2TFNT =
w, A2, 3-8 KO L -, 4 -V T e =0
7 z=0i3 PCQ »o, +NE-m-2 T 7
==, +AEN-3J -V = T = uvBRY
FNENP- 2 TTNT == ME I TTUT 2 =0
5, ZREIERKL .

ZhosAR LT ODCQ o GC oftREm s, #Hik
B XU FEF O PCQ oZ&ER/LEOH A
su= b5 a3 o0 — 212, REEEOIEL,
Fle—siK3RVElo-s7FvT =0, &2
E— 223 RYEA-2,3-BLU-2,4~-YV 7 ==l
T2, BIC-Z KRR VE-m-2 TFNVT =
=, BYEL-3,4-V 72T 22 BLUTR
YW(-p-0 TFNT7 = =D BRIEREE 20T
NEATVBRCERZH LML .

=,

AMAEZEWETBICHD, REBUWILZHEEN
VEREROBEEZEATTIVELLERRBHLELE
Y -HEEBERRCLPSBLRALLET Y.

AFRCH LECEBRLZED o Y ARBHEH P
HEBERCLIOBRBOEELZRLET.

T, AMRCBAINLUFRERFER, 7
EEHEN, HREABEFLRCLOOBRHLETT.

ik, FPRIEEEMERBRVRAEOBRYHLRZY
THbhhdbDThHD, CCRELTHEEZELE
ER
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“c-2 ,3,4,7 8-Pentachlorodibenzofuran (D&Y
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Synthesis of *C-2, 3, 4, 7, 8-Pentachlorodibenzofuran

Noboru Fukasaku and Masaru HASEGawa

Daiichi Pure Chemical Co., Ltd,
Nihonbashi, Chuo-ku, Tokyo 103, Japan

Hiroaki Kuroxki and Yoshito Masupa
Daiichi College of Pharmaceutical Sciences
Minami-ku, Fukuoka 815, Japan

Nobuyuki Koca and Hidetoshi YOSHIMURA

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

2,3,4,7, 8-Pentachlorodibenzofuran-1, 2, 3, 4, 10, 11-**C was synthesized from ben-
zene-*C(u) via 2,3, 4-trichlorophenol-**C(u), 2-nitro-4,5,2’, 3/, 4—pentachlorodiphe-
nyl ether-1/,2/, 3’ 4/ /5 6’-*C and 2-amino-4,5,2’, 3, 4-pentachlorodipheny! ether-
1/,2,3,4,5,6/'-1*C. Radiochemical purity of the synthesized compound was de-
termined to be higher than 99 % by radio thin layer chromatography.

Polychlorinated dibenzofuran (PCDF) 23—
i polychlorinated biphenyl (PCB) & polych-
lorinated dibenzo-p-dioxin DI b1 E Y 2 &
WLEYT, ERNOBERENGON TS, £L
AN £ PCB 85 &3 it B % pentachloro-
pheol ®Gth, & 503 T AEENFICE T3 REIKK
EHh o bRHE VY, 4PUARNRELEME S L
TEESHTWE®R., Fi, MEREVERLS A
ZFANBIUOFRCLICEZERAP S SO PCDF
MHRENY, WEC REYE LT PCB kot
L% PCDF pBEu#E%i RLlcboLELON3
IKE2. FThbbd, TRLHW HERKE BHRA
BRerhsnERs 1380 PCDF BiEic>& &

HFE 2T, 2055, 2, 3, 7, 8AIoDis &
bIooMEICERERELEE TS PCDF 235 4 |
wwstl, Whwa 3-methylcholanthrene H i
FEROFELRT EHIC, RAERD, RWEERsE
OHRNEWZHERTCEEZWE LI L. BT, 2,
3,7, 8-tetra~CDF & &) 2, 3,4, 7, 8-penta-CDF |3
BREOBEFEEABIUOCFEERLI. —F, B
5P 43z 250 PCDF ZEEEEAEL THE
LB BRI ORE L, #IK, 2, 3,4,7,8-pen-
ta-CDF fFICHEE TER SN TV 3 L &2E&L
fz. o 2,3,4,7 8-penta-CDF o~ ~&
BERBERY L, 79 MEBOLTOAEDSN T Y,
Do ks, SEELOFEERHEOEODTEN

(1)
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2,3,4,7,8-penta~-CDF 3 iiE 0 HRIC R bF 5058
WYIETH DS EEZLND. DR &R,
BRSO ZH L vIE o0 TOERPBBIEICSE T3 H
R &» 5 PCDF ofEIcE 35 2IEHL T
3. 227, AWFETIE, PCDF (ck 3R
WA S GICEIERT A 20, MELKED “C
# 2,3,4,7,8-penta-CDF @ &mEE A7z, T TiT,
ZORBHRICOVTHET .
E B HF OE

1. 2,3, 4-Trichlorphenol-1*C (u) (I) OERR

benzene-1*C (u) % m-dinitrobenzene-1*C (u)
& L 7%, Hodgson & oFEE® ik m-nitroani-
line-4C (v), W S5% Pd-C Zfhifitd L k&
# R &Ex LT m-chlorophenol-#C (u) 2#E7.
fik b Hodgson 541k © (D RARKL .

2. 2-Nitro-4, 5, 2/, 3’, 4-pentachlorodiphenyl
ether-1/,2%,3", 4,5’ 6’-4C (II) D&

(1) 6mCi (593mg, 3.0mmole) i 1.0N » %
/=t KOH 3.2ml 2nx THEBELIE, 4 &
— e BIEEEL, BREEZ EEZEREL. Bohik
(1) o KiEic 2,4, 5-trichloronitrobenzene (1700
mg, 7.5mmole) ZiNiT, 120°C T 10 BRGMRE L
7z. RIS, BUGESY% 20ml o 2N NaOH i:
&, T—-FuHE G0mix3) L. =—7 bk
ZIRPEk, Na,SO, TRgL, BWEEFELT (ID
DM AR TR, ChEYY ATV S L u=
NS T 4=, NyE Y TEEEERE, 20
BEYE n-~F YT HEE L SE (D 3.96mCi
(767 mg) %7, YR 66 %.

3. 2-Amimo-4, 5,2’, 3’, 4’-pentachlorodipheny!
ether-1/,2’, 3", 4%, 5, 6'-14C (II[) OARL

() 3.96mCi (767 mg, 2.0mmole) \[cIEEHD

"C(U)

cl 1) KOH
- >
c1 on 2 wo, o1
¢t c1©[':l
W

c(u)

Fe/AcOH cl
>

cl
(I11)

Scheme 1.

Cl 0 cl

() 623mg (1.62mmole) Zfnz -, 25ml OFE
BICEREL, & L.2g 2keicni, =HRicT10
R L. BUSE, RREAWE 80ml okic
EX, chrz—5 A THHE G0mlx3) Lk =—
F AR FIRID REBKZEF + ) o LRI T B B
%, JKEkL, Na,SO, ciigs ¥, BEEHETE &
& () 3.56mCi (1,180 mg) %87, N2 %

4. 2,3,4,7, 8-Pentachlorodibenzofuran-1, 2, 3,
4,10, 11-4C AV) 0O&R

(m) 3.56mCi (1,180mg, 3.3mmole) % 15
ml OF Sz FL U RKIERL, SETEREL
SRR, VT v 660mg (5.6 mmole) i
Z, lEfBeiitir7~. k07T, 80°C iinslL—
BREHEL. RIGRT P 72urzFLrovedElL,
BEAME VIS NDH S Ly a= 057 4 — T
U, n=~FE v FRIF L (7:1) THESE:.
BHEAZEFZEL, BonlEREE n-~3v
YERkE LT (AV) 130.Ci (40.5mg) HE7. ¥
#3.6%

Vo BEHMLENHER, V2 EBs v+ (E.
Merck #El>y A4 7515/0100) x4 b L,
SEEOBERO n-~F4 v, @NE/LKE ®n-
~FG Y o FFRIF (7:1) TEhAERERML, 3
VA¥Es v b5 7 (Aloka & Model 102)
HEL. CoBEEYo BEHEEMER 99 %
PIETHdo. F ik, co(hAMo Lk 11
mCi/mmole i 3.21 uCi/mg THD7z.

g R & E R

Scheme 1 iz (IV) OARREEERT. D4
FERic®d 2 (1) 13 benzene-“C (u) #HIFER &
L. FERE DARBEZRTAR SN 212
NOBREORIGIL2VTRR, ERshThBa—n

e (uy

NOy cl
L

[e23

(17)

is0AmMNO, cL cr
R
cl 0} Cl

(1v)

Synthetic procedures of 2, 3,4, 7, 8-penta-CDF-1+C
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FoleERRWT, EFERETEYL, AREN
1AM EBRELL. BRI EBEI o574
—, HR7uv 57 4 —CXBHHRUERR
7 b, FABBRIR 7 by BEKEBR RS b
WMUER ENTbI. cTEMNza - Foql
AMoF -4 CARIERS hicBBikeamozn s
OF -2 EHEL, ZERTARSNERLaD T
WL 7.

ERIGBEOABRRRIIEVILCEITTHE0, &
BOBRED (IV) 28T 354 OIENIEFICES
36 BTHOIONHETHL. ZORBIEZI—NVEF
OEBICBOT P DINENMEP DI, ZOBRED
AENERBEL BHE, T OARRISEEHSZIRINC
FATE20T, 4B IORIBNEE LY S ¢ L&k
N ALEND 5.

Gray 5% |3 dibenzofuran-14C (u) omif#/{kic
X0 2,37 8% 1,27, 8tetra-CDF-14C (u) %
AELTV3. #0EEo dibenzofuran-14C (u) %
LT Az, diphenyl ether [cFelp 5 v a%
fl & UCHER S ETCHBEZRAKY, 3 -V FOE
£13EAB LT dibenzofuran 2489 2 48, Z#HLE
BIDES: B4 T& T dibenzofuran-1C (u)
BERISNTPOLLEERELTVE. RYOER
B BEBERICICIIERR/ S Yy a2@EAL THIR
VWOT, 0L BMERESSh o, BRLT
dibenzofuran B EMES KIGSONEIPITVEMLD

Fig. 1. Radio thin layer chromatogram of
synthesized 2, 3, 4, 7, 8-penta-CDF-14C
Solvent: n-hexane

7.

GREnic (V) OBSMEEIMER S YABE/
o2 b5 74 —ICKDEANONL. IBEHOBER
onFhERVESICBWT S Fig. | JURT XS
womw 3 a0B 60, | KOoR&ERY -7 offt
Ao -2 B BD LN LOT, (V)
OIEMEEHIHERZ 9 L ER 2 b BEXon
3. Lo, (V) REYFHURU(LEHERD
Fr——,UTTAIFIHATE 5.

#® &

MECTRERNPED —2&EEZXL5NTND 2,3,
4,7,8-penta-CDF o “C EH(LE&¥WE4 L 2.
benzene-4C (u) ZHFEEFEE &L, 2,3, 4-trichloro-
phenol-1C (u), 2-nitro-4, 5, 2/, 3/, 4’-pentachloro-
diphenyl ether-1*C, 2-amino-4,5,2’, 3/, 4’~penta~
chlorodiphenyl ether-#C ZJERE&EKL 2%, 2,3
4,7, 8-penta-CDF-14C %7, BB OSHEIGOIN
BIE DT, B o NI LAY O BE LIRS
BOOT, - -ERIMEATE3.
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2,5,2’, 5-Tetrachloro-4-Methylthiobiphenyl D&

TIPS L oaE &
T A BARMeA RO¥W AT

The Synthesis of 2,5,2’, 5-Tetrachloro-4-Methylthiobiphenyl

Seitaro SAEKI and Yasuhisa ISHIGURO

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

The work reported here described the synthesis of 2,5,2/, 5'-tetrachloro-4-me-
thylthiobiphenyl(VI) by the coupling of p-dichlorobenzene with 2, 5-dichloro-4-me-

thylthioaniline (V).

The latter compound was prepared from 2, S-dichloroacetanilide(I) through se-
veral steps in the good yield. At first, chlorosulfonation of (I) gave the chlorosul-
fonyl compound(II) and successive reduction with red phosphorus afforded sulfuhy-

dril compound(IIT).
2, 5-dichloro-4-methylthioaniline (V).

1976 48, KABY ickh~=v=zxth PCB ofR#H
& L7 methylthiobiphenyl % 7- methanesulfony-
Ibiphenyl 2z 540, Z0%OSHRBABILE
BREYLSIC & T 7 ORI h? © PCB BUikE
ORAPY hd bl shis, FA8ES » PEAL
FERTENABESESTC S oBoREIBLIEL
HWRIBENZ CEBREINTVEY., HEHSY L&D
HHEEE OAETIC b £ OFESHER S hiELMEL
LTkTns.

Methylthiobiphenyl # X7¥ methanesulfonylbi-
phenyl O&RRICE L T KA S {Z 2. 5-dichloro-4-
methylthioaniline 3 X 112, 5-dichloro-4-methane-
sulfonylaniline & p-dichlorobenzene o pseudo-
Gomberg FIGIC L D AKL TWa. F7: Bergman
50 43, 4-b3WE 4-ics nufFEET S poly-
chlorobiphenyl jz sodium methylthiolate Z/Ef
X, 4- H BT 4~z methylthio HABA LT
methylthio PCB, methanesulfonyl PCB %45
LT3,

EFEOI, BEoEYESRICARTZEHNT
p-dichlorobenzene & pseudo-Gomberg 5% 1T 5
2, 5~-dichloro-4-methylthioaniline (V) 0f&4mK
BERRL, ThrHOT® 2,52, 5-tetrachloro-

*EHEARRERFT BER®EELFEVZ-—

Then, methylation and hydrolysis led to the final product

4-methylthiobiphenyl O &RICEKIIL 2D TEHET
5.

154 |

2, 5-Dichloroacetanilide (1) % chlorosulfonic
acid thizinz, #BRERIGE 2, 5-dichloro-4-chloro-
sulfonylaniline (I) H@EfRE mp 142-143°C %
54.9 FDIRETH 3. (1) ZHBHh, RV ERE
TR LL BT 5 & 2, 5-dichloro-4-sulfuhy-
drilacetanilide () HEZFRB mp 165°C ZE&
Fic5 2. 20w (D % 10 % NaOH I & L
dimethylsulfate {Cx F /L L mp 198°C, & st
RE, 2,5-dichloro-4-methylthio-acetanilide (IV)
ESOBORETH 3. So5ic (V) BwihA ) AEK
Tk L 2, 5-dichloro-4-methylthioaniline
(V), mp 98°C, {EaiERE, = 68 BONETA:.
it Zohic (V) % tetrachloroethylene rfz
iscamylitrite ¢ pseudo-Gomberg K54 fT1>, &
VHFNAT T S5 T —THEETEE L
BOWRT 2,5, 2%, 5'~tetrachloro-4-methylthiobi-
phenyl (VI) #»3gfgtiRE, mp 80-81°C T oh
7.

1)



NHCOCH3

Methylthio-TCB o &%

NH

cl ClSO3H c1
—_————>

Cl

Me2504

c1
c1
+ mH @ scy, . 2My1-ONO
2 3
c1 cl
(V)

Cl
SOZCI

(I1)

NHCOCH3

2
@cl KOH-EtOH - C1
—_—
cr

SCH

(IV)

NRCOCH,

SH

(I11)

NH

SCH3

)

207

Cl Cl
Cl Ccl

(vi)

Chart 1.
Table 1. Some Properties of Compounds (II-VI)
Analysis (%)
Compounds. Mass. m/e IR Julolem™t Formula Caled. (Found)
C H N
259(M+, 100) 3400, 3500 (NH) C:H,CI,NO,S 27. 64 1.54 5.37
11 261(M*+2, 99) 1620 (phenyl) (28.15 1.59 5.24)
263(M*-+4, 32)
235(M+, 100) 3300 (NH) C:H,;CI;NOS 40. 67 2.97 5.93
HI 237(M*+2, 68) 1675 (amide) (40, 67 2.97 5.93)
239(M*+4, 17) 1570 (phenyl)
249(M+, 100) 3300 (NH) C,H,CI,NOS 43,20 3.60 5.60
v 251(M*+2, 67) 1680 (amide) (43.61 3.73 5.45)
253(M*+4, 12) 1570 (phenyl)
207(M*, 100) 3300, 3400 (NH) C;H;CI,NS 40. 38 3.36 6.73
\% 209(M+*+2, 64) 1630 (phenyl) (40. 33 3.42 6. 68)
211 (M*+4, 1D
336(M*, 100) C;H;CLS
VI 338(M*++2, 108)
340(M*+4, 63)

E B o X

2, 5-Dichloro-4-chlorosulfonylaniline (1)

8ml @ chlorosulfonic acid [z # F, 2g @
2, 5~dichloroacetanilide Zjpx 120°C = 1h &
0D E. RISHIIOKICES, #Rird (), 1.4
g (54.9 %), mp 142-143°C, (benzene).

2, 5-Dichloro-4-sulfuhydrilacetanilide (II)

4.26g Ky v, 640mg FEFEE 130 ml oFeEthic
A, B 16g © () ZRAKMWAZS. BLOK
IEAS T 5. 2-3h JmEk, BETL % KkE
Z30min BRI 2. KEBETEEL, _"v¥r7
W l6g o (D %2 5 3, WEIYH mp 165°C
(MeOH) .

195
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2, 5-Dichloro-4-methylthioacetanilide (Iy)

400mg o () % 6ml ©10% NaOH KEKic
EML, HBET 240mg o dimethylsulfate 2f1z
th kg LT, BUG#, #AF v ool K
THROILRE, BEEHET 5.

B AV) 200mg (50 %) =&/ AFx/—-ndHB0
EAdEy v X OEE. mp 198°C.

2. 5-Dichloro-4-methylthioaniline (V)

lg sk v % 2.5ml okicenl, Thic 25
ml oz %/ —n%nz, KOH-EtOH &k - <
3. chiclg o (V) ZMA, 1.5h EBHLUEG
%, BECEEEL, A F v T, R B
BrEEdslatERE Y 5. ~: VU OHE
(V) % 600mg (68.1%) ©45. mp 98°C.

2, 5,2, 5-Tetrachloro-4-methylthiobiphenyl

(D

(V) lg & X ¢t p-dichlorobenzene 7.5g (10
mole eq) % tetrachloroethylene 50ml ic?A &L,
KB isoamylnitritel. 2 g (2mole eq.) D8
SOMAK 10min Sk@iEREE 7.5h BREBHER
3. RISt BETREZ®EEL, BEEZYYVAS
NAS LRSS T 4~ ENFY RS
b (VD) 200mg (12%) MBAo50hz. A%/ —n
SOEEL, AmsHRE 140mg X 53, mp
80-81°C.

2, 5,2, 5-tetrachloro-4-methylthiobiphenyl o
VYTV EBHRLTREZT LA L REZRERE

HEBRICHE IRV LET,

X 73
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3-Methylcholanthrene # PCB (2 k%
FEBREFELEMRRICONT

FUNAZRSZE RIS
N T S B R it S B S
HHEES-FHNER

Studies on Induction of Liver Enzymes and Toxicity Caused
by Pretreatment with 3-Methylcholanthrene-type PCBs

Shin’ichi Yosurmmara*!, Kiyoshi NAGATA,
Tkuo Wapa, Nobuyuki Koca
and Hidetoshi YOSHIMURA

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

Our previous studies have shown that the toxic potency of PCBs and PCDFs
in rats was well correlated with their 3-methylcholanthrene(MC)-type inducing
ability for the hepatic microsomal mixed function oxidase(MFQ) system and cyto-
solic DT-diaphorase. To test the hypothesis that the MC-type induction produced
by PCBs is inseparable from their toxic effects, firstly we compared the inductive
effect and the toxicity caused by 3,4,5, 3/, 4'~pentachlorobiphenyl(PenCB), a most
potent MC-type PCB congener, in the AHH nonresponsive DBA/2 mice with those
in the responsive C57BL/6 mice. DBA mice exhibited not only a lower responsive-
ness to the induction of MFO and DT-diaphorase by PenCB but also a lesser sen-
sitivity to the toxicity. On the contrary, C57BL mice showed a higher sensitivity
to the induction and toxicity by PenCB. These evidence clearly indicate a close
correlation between the toxicity of PenCB and the responsiveness to its MC-type
induction.

Secondly, we examined the effects of suppression of the MC-type induction by
certain tilorone analogs, an interferon inducer, and 1, 3-diamino-2-propanol(DAP),
an ornithine decarboxylase inhibitor, on the toxicity of PenCB. The treatments of
rats with tilorone analogs, R11002DA and RI11567DA, suppressed the induction of
MFO but significantly enhanced the induction of DT-diaphorase by PenCB. In
these animals, the thymus atrophy produced by PenCB was reinforced. The sup-
pression of the DT-diaphorase induction by the administration of DAP somewhat
decreased the spleen atrophy caused by PenCB while the thymus atrophy was not
influenced. However, the inhibition of DT-diaphorase by dicoumarol in vivo did
not affect the toxicity of PenCB at all.

These data suggest that the toxicity of PenCB is possibly associated with the
induction process of DT-diaphorase but not with the induced activity of this en-
Zyme per se.

OBRRAFERSRAEEH
*1 Present address: Hiroshima University School of Medicine, Institute of
Pharmaceutical Sciences, Hiroshima 734, Japan
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3,4, 3, 4'-Tetrachlorobiphenyl, 2,3,7,8-tetra-
chlorodibenzofuran, # % % 2, 3,7, 8-tetrachlo-
rodibenzo-p-dioxin 73 K2R 42 —HEOFELL

CEEIREERT SEELIEER AT, Ah-
locus ItFMENTIBE &P 5 3-methylcho-
lanthrene (MC) HEEFBIMERT—F, FE
DOEINIEIE X RIEPERB OB CoBHERT
CEPHMoNTNEG. MEBILBLTE, FTILh
5 OFWFHIZE(, BICHROEHBLEFI 70y -4
tho benzofa)pyrene 3 fr/kE{biEME: (AHH) o
FEE, B2 VIAEVAEES RO DT-diaphorase 0O
BESOMBIEIZ DO THSAICL TE&WD, Lk
Liaxsoeins MC # PCB 5 L8 PCDF 73 228
ANTEEOZMSREREE IO MC MiRFEERE
EEERE AR U CREARY S 2%, WBREA SR
REVIERIESE 2 OPBEPITONTHE, FIMCILH
SPICENTVRN. Lichi-T, ThdofbEic
L2 EHRBEBBOBELT I B LTRoERE
A AT,

7, MC HEEEFERS SR EORERGRE
Mohicd 2 HIUT, MC BHREFRICH L TEEZIIC
REEMHERT v 2 (C5STBL/6 Cr Slo) &, (&%
ZWERT w2 (DBA/2Cr Slo) %45 - ¢, HEIC
B2 MC 40 PCB K X2 BERFERE L IERR &
DO BIEE A RET L 7.

wiz MC B 7* phenobarbital (PB) &tk -
THEBINZBREEEZNE T2 2B oNhTHE
L&t BIBIFL 2 vy — 2o mixed function oxi-
dase (MFO) @& A #4142 tilorone analog &
L ¢F ornithine decarboxylase (ODC) FHZEH], &
% i3 DT-diaphorase {Hi: 424 5 dicoumarol
DOC) 25 v bBELT, 2hs0BRBEEOIH
HBNZIEEN, MC T PCB k- TRET LS
P72 3 BBERET LI DOV THRE L /2.

E B F &

EERUCER L 233, 3NTES% 4 B4 oifEE:
M7z, C5TBL/6 Cr Sle, DBA/2 Cr Sle 32
Feo 3, BRERSVER®S, 5y iR
Wistar &5 v bEfLE) (B X DA LERTEHY
FWCTH EMEE L g ERICAV, BRIELT
PRAEEL, SRBICIINRT 3 ZIEE D 52 HRE
Lie. BREHEOREB L UEEFOBREIC DO TR
BRI TE D CIT 18 » 7239,

) EixRxFB vz zH0ic®EEk: DBA (AHH

nonresponsive) % k7 C 57 BL (AHH responsive)
OMERFR 7 ACE s MC # PCB %% 3,
4,5, 3’, 4’-pentachlorobiphenyl (PenCB) (corn oil
B 2 oRS RN L ERS L, B5%S
HEBlzgE#EEM, b AHH, benzphetamine (BZ)
N-demethylase, # k& ¢¥ DT-diaphorase miEitk,
M ric cytochrome P-450 (P-450) o&84EmAIEL
7o BYEOIEEEL T, KEOHEM, »30IEF
gk, BREE, MIROBREEXSICE, Folech 5o hE
DICk S THRIBEEERAE L. 5 v FOERICH
F#kDFHEEZRO.. $FhiEY PenCB &I
DT, MU R ERENA R E TR R H 28
4 (BCD) #z s a= b 75 JICEAL, TOEY—7
BickoEBLL. BHF I LR Immx2lm D
ASAHF61C 1.5% SE-30 2a—54v2 L i
Chromosorb W 2F# L7 DEHEHL, #5 4K
B 230°C, &+ U ¥ —H 2 Ny(¥ig 60 ml/min) <fF
o7,

2) Tilorone analog yLEEZER: PenCB 0.5mg/
kg ZEkic 1 E#8 5L 75 » g tilorone ana-
log ©% 5% R11002DA (3,6-bis (diethyl amino
acetyD) fluorene) x k¥ R 11567 DA (2, 8-bis (di-
acetyl)dibenzofuran] (Aldrich
chem. Co.) % PenCB #E4 gLy 2HEIKK &
66.7mg /kg (saline ¥X&) *HEHERNHEE L7z, Pen
CB #5% 5 HHIBRLERICH W .

3) ODC [RZEAILIEZEE : PenCB #5 12 hr §j
P OERPMZBUTHRY 32 a -2 (2HEHT
WED» L 750 mM 1. 3-diamino-2-propanol (DAP)
ZHAEELT v MIT 2) B E FERkic PenCB
0. 5mg/kg 251, SHERBRLUERICHALC.

4) DC jLEER: PenCB | mg/kg #HEERNIC |
E#5 L7725 » ric 10mg/kg o DC (corn oil &
W) % PenCB#5MABX02, 3AHDEH3IEHE
RS L, PenCB £5% 5 HEICERL, BERE
HoMEIC L2 BERBE~OEEIC OV TRET 2T

> 7.

methyl amino

ERELUER

1. ERRTTALHITS PenCB OBEFEER
EHFECOWT

TAEYIC s MC HERFRORAR, e
1k Fo¥sEo locus (Ah-locus) [#HE$ 2 regula-
tory gene(s) KX D THEENTWE EDRT W
38, ¢ D#EEFIL receptor protein DA EHG
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Relative weight
to control(1.0)

PCB o FERBRLEERE

Relative activity
to control(1.0)

s e 0 0 2.0 4.0 6.0
L  § M v v
: (DBA)
D Giver (D B8Z demethylase
(T3 spleen I aAxn
B Thymus 1 mg/kg BB 07-diaphorase
B3 Lipids B3 Cyt. P-450(448)
10 mg/kg
¢ p<0.05 (CS7BL)
1 mg/kg : )
-
10 mg/kg 0 '
- t ]
3 1 1

Effect of Pretreatment with 3,4, 5, 3/, 4’~Pentachlorobipheny!
on Liver Enzyme Activities(right), Organ Weights and Liver
Lipid Content(left) in DBA and C57BL Mice

The activities in control(mean=+S.D) were: (DBA mice)
BZ N-demethylase 9.06%1.76 nmoles HCHO formed/mg
protein/l5min, BP 3-hydroxylase 0.044 nmoles 3-OH-BP
formed/mg protein /5 min, DT-diaphorase 0. 012 zmoles DCPIP
reduced /mg protein /min, cytochrome P-450(448) 0.132%90. 010
nmoles/mg protein, (C57BL mice) BZ N-demethylase 8. 13+
0. 5! nmoles HCHO formed/mg protein/l15 min, BP 3-hydro-
xylase 0. 165 nmoles 3-OH-BP formed/mg protein /5 min, DT-
diaphorase 0.019 gmoles DCPIP reduced/mg protein/min,
cytochrome P-450(448) 0.128-0. 006 nmoles/mg protein.

The weight of organs(g/100g b.w.) and liver lipids(mg/g
liver) in control were: (DBA mice) liver 4.05+0.22, spleen
0. 34440, 047, thymus 0. 1230, 039, lipids 93. 315. 14, (C57BL
mice) liver 4.28=+0.24, spleen 0.279+0.009, thymus 0.223=
0.019, lipids 91.83%7.76

LTHD, BRoioBEREERL MC R
I LW ER S receptor &, RARLEDOK
LS D CERTEDME £ 75 - 7z receptor @ 2 > hemo-
zygote IC DBt SN 39, SBlC D k5 BRI E %
oK vy 2, Hb MC BEEHEFICLVED
T\ AHH B0 FE 2R3 CS7TBL =v X
(AHH responsive strain) & utic MC EEAL L
1z t» DBA <=z (AHH nonresponsive strain)
Bl THEREBEREDN MC HEBRFERLE
BREOREARICD S DI 61, #EEic MC BEE
et LEZH OB D DBA =9 23, S0RSEHE
R4 CS57TBL = v 2~ PenCB i€ & 2 3t I1CHE
Midacen# 2z ons. Fig. | @Ky RIiC
PenCB | mg/kg k7% 10mg/kg % | [EERERE
BL L& oBEREEMAS IUBERERL

TRanizk 5 DBA i€ 1> T2, PenCB 1
mg/kg 2HEL TOBRFEL - AR50,
ERicEROEBEC UK BBEERIC S M SE/LILR
YO ENBO. 51 10mg/kg WELzb013, DT-
diaphorase R/ EBROFEIT AD LN,
EEIRROEREBRNSEDONEDHTH » /.
—7%, CSTBL {21 Tid, DBA TREERFHEB LV
BHERRSINED -7 | mg/kg OFBTEERS
PRI EEMMSED SN, FRBEBRENC LI, S
» MZBWLTIE PenCB gisic ki BZ N-deme-
thylase FikiZEAD L 70, 4EOERR v 2 &
DRERTRERLFENEESN. LT
NoHD7yRCBOTIE, HFH sk P-450 )3 BZ
ML A3 EELONE. S SICEEBITHNTH
BONTENT v beff- e C N E TOPFEREH®
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Relative weight of liver to the control
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¥ig. 2. Dose-response Curves for the Thymus Atrophy and
Liver Hypertrophy by 3,4, 5, 3/, 4-Pentachlorobiphenyl
(PenCB) in C57BL and DBA Mice

BLUSEOREEN S, PenCB ok 2HM%12, AHH
EHEP P-448 BoM AL EL b L5 DT-diapho-
rose EHOHKE X D BEICHEL TS &M
REENI, ZCTELR COEERATS LD,
DBA <= z iz LTt DT-diaphorase oz E A
HFEh>2EHE 20mg/kg %, —5 C57TBL =v
Zext LTz DT-diaphorase @EEENFD S iz
it and 0.05mg/kg 2z hEThEE L 7F—
4 37 LTINS, DBA = 22 20mg/kg #%
54 3 & DT-diaphorase I FEIHFEE s N/, Tk
CS57TBL =922 Tid, 0.05mg/kg UETRE
EERFENED LN, 2 OFEIIHBIKERN
WCETF LTz, Fig. 2 ic PenCB 0 g%2EAE
ZTHEELBOFES XOCRBROERE/LERT.

cHXDHELME LS, PenCB oFlicsiLT
MRy RACEH SR IEENERTS. HicDBA =
w z BT DT-diaphorase OZEZEAT D L7z 20
mg/kg BERTE, AELEEOEES I UHED
mAMED bf-. 7 C57 BL ©ig, DT-diapho-
rase FHOBTIck FHES E T L, 0.05mg/ke
MBI BOTE, FHEEED LN LTS, &
D& IBFHE "y 2D PenCB jcntd 2 2k gL
12, PenCB offBhic 813 2 BESICE S SOLE
mEERT 20, FICEBELTWS PenCB %[+
EVA—PLOHMML, ECD-fxs0= 73571
Lo TER L. T ORRESE Table | ITRS.

Table 1. Concentration of 3,4,5, 3,4~
Pentachlorobipheny!l Retained in
the Liver of DBA and C57BL
Mice 5 Days after the Single ip

Injection
Dose Concentration Retained
(mg /kg) (ppm) (% of dose)
DBA 5 31,6+ 2.2 30,1+ 1.2
20 153.1£30.3 40.6+ 8.5
C57BL 0.05 0.9+ 0.2 72.3+15.7
0.5 8.3%x 0.7 85.9+ 9.1

Each value represents the mean+SD of 4
mice.

Zhms, WIhoR5EicBiyTd CTBL T
1213580 70~80 %, DBA T3 30~40 B0 HER
BRH 5, PenCB icstd 2 OB FE I S »
BRMENEAET S CEBAD LA

ERF< v RAZ2E2 I LR ofR, PenCB ok
B EMREN MC ZFEIER, #ic DT-diaphorase
OFREELEHESERICHB T EEXOITHRRRLT
3.

2. Tilorone analog MBI L3 E

LHROBREZ S SIHAREICT 3 - DEEBEE o IH
S5 VEBEINTBREEOHESY, BHEKALL
DELELEZ D ZPEPICDOTIRS L.

BT 0 45k interferon(IF) ZHEATEH % tilo-
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3-08 BP formed{nmole/mg protein/min}

DT-diaphorase OZFBEDHEINICIE > T

0 0.2 0.4 0.6 0.8 1.0 B ROEEDIED S,

Control 3' 100 F—Z = REEh -7, PenCB

11002 (1) 118 AHH : . -

RNs7 (1) 10 3ty & tilorone analog %Z4tH L 2B ®

PenCB 13;4 l;)O }— 2 WTIE, MOBCHAKEOHEMEHE &

6( 73 N -

R ) e 1. 5 1. it tlorone anslog I

" n 2 L &2 MFO oZFEMFEID 3 0id 4 HH

OCPIP reduced(wmole/mg protein/min)

5 & 15 - f= DT-diaphorase it

0 0,4 0.8 1.2 1.6 2.0 20 S k3 I £ 3 b OB
controt 100 B9 5 i 75047, i ¢ & HPenCB
R11002 (1) i- 135 DT-diophorase HE N s Diad b :
RITS67 (11) 100 o PIRT BT MFO (AHH) 1cxtd 3 5%
PenCs 540{100 }—— 2 %

PencB ¢ (1) Ba0TTIY — . HIEMA L DIZ, {rL A DT-diaphorase
PenCB + (11) 1010{158 }— - T2 MR & & D SRIC Y 2
A 4 . A A EVS ChETORRETHIN:.
Fig. 3. Effect of the Administration of Tilorone Analogs 3. ODC [EEHIMEC & 28

on AHH (Benzo[a]pyrene hydroxylase) and DT-

diaphorase Activities in Liver 9000 X g Supernatant
‘~Pentachlorobiphenyl (PenCB)-

from 3, 4, 5, 3,
treated Rats

a ; Significantly different from the control (p<

0. 05).

b ; Signiflcantly different from the PenCB-treated

(p<0. 05).

rone 2 ULHETLrE40 IF HEKIZ, PB %
MC 7 &icks MFO oFEEAME T 2/EHLED 5
ZEMHELNTNEY., % ¢ T tilorone E[FE#E7
IF ZHEE2ET288LAMTH 5 R11002DA
KT R 11567 DA ORTRLEIC D W TRET L 7z,

Fig. 3 0 LORICRT &L 5T, PenCB itk »TH
#Mxih 2 AHH g tilorone analog #Efic &
THRICMES . T F—-2 R RLTHEL
A5, P-450 % & ¢t BZ N-demethylase 73 &4 Pen-
CB B sich~FRICIHE s /. LhALEss
chTTENE LD ESICHEL 7z DT-diaphorase
TEMIZ, Fig. 3 iRg & 9 e 30, 60 o HEL
WinE b5 &MFED S, Tilorone 3, #
B & DT-diaphorase oElE 0£ETH 5 di-
chlorophenolindophenol &1L 5%. —J5 DT-
diaphorase 75 OERENEERTH 5 DC LR
ICMA% &, DT-diaphorase [352&ICHE T 15 A,
tilorone k3 BUFIGIEES L ST Ebh
S>TW5. 4Eo tilorone analog METE, DC
F1E T, DT-diaphorase | B4t lHEsN3 ©T
DT-diaphorase ¢ tilorone analog iz & 3 /&
fmiciz, tilorone {5z k2 HHEMEITLOBSIZILL
CEAVHBRL 7o —J5, #iEiCo T3, Fig. 41
BBEIOCEBOHEBARLTVS. REBIHVTHE,

MFO ZFHEHIC X 2 BAFEOBREIC
(2, B4R b SIER T A TR
IR 5h5 polyamine DigjmAsfkH &
EMFOLNTNEY. —fiicz o poly-
amine |3, BERFEICHERBETOE
PEALICEBERBRIERL TN 2 & 0D
), Lird oD polyamine SROBEBERTH D
ODC E#EAs, MC BFERICk>THEESh,
OFEH b LR~ Ah-locus Ic k2> THEEI AT
WB T EMPEERESNTNSY. $7: Raunio 53
zon ODC % DAP wHZE+ 3 & PB % Clophen
C (rF4vo PCB #5) 1 &icks MFO &
2T A LA HELTHEY, £2C ODC
LX<k 2 DAP s, PenCB 0BEEEAER B
X OEHRICMAL L B ES LD P IC DN TRE 2T
75 -7z, ZOAHH ¥ k7 DT-diaphorase pFEE %+
Fig. 5 /R d

AHH izid 5 2842, 4E0 9%000xg EiFL~<n

TRLLAPPEARTZHANAD S/, — 4 Pen
CBBIC L hFRBICHH SN CEBPHLMhEL -
fo. @M B LTI, Fig. 6 ioR$ LDz DAP
BmSic Ly, SOBRBEIOREE bEFRT LA
MY 6 c4, PenCB &4 2z Licky,
TOEMERARE BB EHICR SN ERE O
iz doTisd, TLAMBICES O TIIEHBOBEE
BEEABR LNk,

Hommes &3, BP 3B L 725 » MCHIIES R
FlAE L 72EE Xy, DT-diaphorase oFFEE 12
RSP LETH Y, AHH FikoFEicizmas
WREMBIFRTHE CEEHRELTWEY. Fig. 5 0
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(9/100g body wt.)

(9/100g body wt.)

0.6 0.4 0.2 0 0 0.2 0.4 0.6
| ] L § ¥
— 100 Control 100 |
= 131 R11002 (1) 92 =
—] 115 R11567 (11) | 96 }—
™= I TY T PenCB 64{100) | 2
] 89( 98 PenCB + (1) 51(79) ¢ a.b
Spleen = 85( 93) PenCB+ (I1) §34(53p a,b Thymus
4 ) 8 | 4

Fig. 4. Effect of the Administration of Tilorone Analogs on the Atrophies of
Spleen and Thymus Produced by 3,4, 5, 3’, 4'-Pentachlorobiphenyl (PenCB)

in Rats

a ; Significantly different from the control (p<0.05).
b ; Significantly different from the PenCB-treated (p<{0.05).

DAP iz X 2ZE#b, H 2 ik

DAP 2 & 2 Ml 2R EICER T 5 0 0.2 0.4 0.6 0.8 1.0
mbLnm. R -2-gRLT Control ' 100 ' 7\1le '
Wginhs DAP REETIE, RULTE, OAP q‘ 106 AHH
PenCB i & & ITEEIH 15 2R PenCB 1142(100) o
HL T, PenC8 + DAP 1267(111) }— 2
2 s 1 2

4. DC RBLLZEE
4 TOELD, PenCB ok

i .4 0.8 1.2 1.6 2.0
Z&31c DT-diaphorase DEEEILAS, 0 0' ' : :
FOhOETHES L TNAE T &hHEE Control q 100 ) -
&1%. Benson &I, TCDD %44 DAP 3 18 DI-gigphorase

i PenCB 747{100 — s
& LT—ko DT-diaphorase £ pencp + 0AP 293( 66) _ J— a.b
CHEBL S LAY, ARKICH2E - - X .

DT LTI X 2 BIEERET Fig. 5.
BUERERH DL EEEL, COTEM

5 DT-diaphorase 2ic L & 0EM%
WRLBEOTERIEODLEHERLTHEY.

%72 Schor 54 MC % BP ick%

A DC MBBICL b BHOSNB T

& 5 DT-diaphorase i, zh o

IC & 3 necrogenic action F#I% 3

fEHDBH 2 O TRIEVL EHERLTLEY., 20T
DC j3#ir k 3 DT-diaphorase myE#:FE=EHs, Pen
CB o#FHicRIZTHEBIC>OTRE Lz, 20k
% Table 1Y jT/R3.

BREEI2OTAS &, PenCB BRI
B L7 4012, BZ N-demethylase piins Lot
AHH F#ofM#smonohnd. i DC iKk»T
TG HE & 3 DT-diaphorase |3, Z OEMENK
40 %ETIET L. —7F, PenCB 0EHOIBETH
LHlEE S OB oERICT LTI, M5EERED

3-04 BP formed{rmole/mg protein/min)

DCPIP reduced(umole/mg protein/min)

Effect of the Administration of 1,3-Diamino-2-
propanol(DAP) on AHH (Benzo[a]pyrene hydroxy-
lase) and DT-diaphorase Activities in Liver 9000x g
Supernatant from 3,4, 5, 3’, 4-Pentachlorobiphenyl
(PenCB)-treated Rats

a ; Significantly different from the control

(p<0. 05).
b ; Significantly different from the PenCB-treated

(p<0.09).

Shisp-ic. choOfERIE, PenCB i k38
WS, FHHE X7z DT-diaphorase oEMEED S D
KERTZ2OTRENT EERELTNS. Lnl,
A28 3 DT-diaphorase £tk O —IBy 72 B Ec 3
SEEEZIDOTHY, FEABEAL S 5 EIBH
hic > TORFEER T A DO THRY TR L.

@ &

AT » Tl R~ 9 R e f- e ZERB LY tilo-
rone analog % AL/ BEFEMFHOER X b
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(9/100g body wt.) (g/100g body wt.)
0.6 0.4 0.2 0 0 0.2 0.4 0.6
| 1 ¥ L 1
o 100 Control 100 -
a 73 DAP 87
a 78(100 PenCB 50 a
Spleen ~{ 80(102) PenCB + DAP [43(85)f 2 Thymus
) 8 ' 4 1
Fig. 6. Effect of the Administration of I, 3-Diamino-2-propanol(DAP) on the
Atrophies of Spleen and Thymus Produced by 3,4, 5, 3, 4’-Pentachloro-
biphenyl(PenCB) in Rats
a ; Significantly different from the control (p<{0.05).
Table II.  Effect of the Administration of Dicoumarol(DC) on the Toxicity and Induction
Profile of 3,4, 5, 3/, 4"-Pentachlorobiphenyl (PenCB) in Rats
Measurement Control DC (D PenCB (II) PenCB+DC D /(D)
Spleen® 0.382+0.028 0.40940.028 0.298+0, 031 0.288+0.019
(1. 00) (1.07) (0.78)® .75 0.97
Thymus® 0.386+0.023 0.312+40. 064 0.12840.028 0.1354+0.022
(1. 00) (0.81) 0. 33)® 0. 35)® 1,05
Cyt. P-450» 0.130£0.008 0. 1260, 007 0.264+0.030 0.292+40.042
(1. 00) 0.97 (2.03)® (2.25)® 111
BZ demethylase® 0.929+0, 103 1.190£0. 179 0.34440. 047 0.43740. 054
(L. 00) (1.28)® .31 0.47)° 1.279
AHH® 0. 008 +0. 00! 0.014:£0.001 0.240+0.037 0.173+0.024
(1.00) (1.75H)# 29.9)® 21, 6)® 0.729
DT-diaphorase® 0.192+0. 057 0.091+0.012 1. 086 0. 341 0.45540. 064
(1. 00) 0. 47)® (5.66)% 2.3 0.429
a) g/l00g of body wt. b)) nmoles/mg protein of liver 9000x g sup. -
¢) nmoles metabolized /min/mg protein of liver 9000x g sup.
d) wmoles DCPIP reduced /min/mg protein of liver 9000xg sup.

Significantly different from the control (p<0.05).
Significantly different from the PenCB-treated (p<{0.05).

Each value represents the mean+SD of 4 rats and that in parenthesis represents the relative

value to the control.

MC #! PCB <& % PenCB o#dEp:ssiis, DT-
diaphorase DFE 2> MC HERFEIREE
BERERICHZ CEBELIMhER T Lkl s
DT-diaphorase {EiE% in vivo T2 2D R ZBE
THEL -ER, Bib ODC offEschH s DAP,
& %3 DT-diaphorase jEHEERTH 2 DC
2 oERP D, MBEPERBOSERET EoFEICK
BHEAKSEENICEIES L TH RN EREREN
7.
LSEOEROEICA LN AHH & DT-diap-
horase OFFEMDOER, WHEL dE OFEEHN Ah-

locus CHENTEN TV B, TOFBORTRCITH
KERLHAGBHOTCNIEE L SN B, I,

Kumaki 5tk & MC BFEHEK(IC & 3 DT-diap-
horase ODHFBELHWIT 2 EETFMN2O0EET S &
50 Fiodic b7k 5, Hommes 513 BP i
FHES v b OFFIcBIF 2 DT-diaphorase o 3% 8
3, AHH X324 0 SR OE 0B (G, #)
HLMATLPEERZVERELTVEEY, ¢h
5o &3 MC # polychlorinated biphenyl,

polychlorinated dibenzofuran X 7* polychlori-
nated dibenzo-p-dioxin 73 F—HEOEL L 7= EHEY
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Wi 2 RTL &Y OFIERBIMIE L DT-diaphorase
FHAR L OHBEHEEEAEL T L TEDTHRKES
AHIATHE LEDNS.
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3-Methylcholanthrene ! PCB §ifli8 5 v MoEslF D
4-Nitroquinoline N-oxide ODFTEMEEFFHICDVT

SRR AL PR
EREHK-HFHEHESZ-0EBR
SEHET R K E

Enhancement of Reduction Activity of 4-Nitroquinoline
N-oxide in Rats Pretreated with 3-Methylcholanthrene-
Type PCB

Hidetoshi YosHIMURA, Nobuyuki Koca, Tkuo Wapa
Yumiko HokaMA and Jun KUrRokI

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

Previously we reported that 3,4,5, 3/, 4’-pentachlorobiphenyl(PenCB), which is
a potent 3-methylcholanthrene(MC)-type inducer, showed strong acute toxicity in
rats and that the toxic potency was well correlated with the inducing ability for
the hepatic microsomal mixed function oxidases and cytosolic DT-diaphorase. On
the other hand, it is known that DT-diaphorase reduces 4-nitroquinoline N-oxide
(4NQO), a well-known precarcinogen, to a proximate carcinogen, 4-hydroxylamino-
quinoline N-oxide(4HAQQO). We therefore examined whether or not reduction ac-
tivity of 4NQO is also enhanced along with increase of DT-diaphorase activity in
various organs of Wistar rats pretreated with PenCB(1.0mg/kg). As the results,
both activities of DT-diaphorase and 4NQO reduction were found to be increased
about 10 folds after pretreatment with PenCB, as compared with control. Such
an enhancement of reduction activity of 4NQO by pretreatment with PenCB was
also observed to various extent in other organs such as skin, small intestine, lung
and kidney.

These results suggest that such a marked increase of DT-diaphorase activity
together with strong induction of microsomal enzymes after pretreatment with
MC-type PCBs and its related compounds may play an important role in the ap-
pearance of the toxicities of certain xenobiotics, due to the enhancement of their
metabolic activation.

Polychlorinated biphenyl (PCB), # X t* polyc-
hlorinated dibenzofuran (PCDF){Z, bW 3 iHiE
ORRHECH 2 &Lkic, WRANBRBEFLMEL LT
bHIonTV3. ZnsnH b, 3,4,3, 4'-tetrach-
lorobiphenyl, & & ©° 2,3,7,8-tetrachlorodiben-
zofuran 2 FM -2 —HOFY L - iEEE H T2
BEBEFERMGDL, 7 v MBSV THIZ vy
~ .40 benzola)pyrene 3-hydroxylase (AHH),
BEU g DT-diaphorase, aldehyde dehy-
drogenase 73 FOiEM: A B ¥ ¢ LH x¥%  3-me-

thylcholanthrene (MC) BEIDFHEH LT H1P0D, —
F, b oL L TRERCEBOER, B
FoOxER, H20RAEREORDE VO EEEEEE
TECEMBELPITESATOE, CNLOBES
i, ERKBOTEEFNC2 D 0B8R 2RO LE
Aohd. ZO—DOR EENBFETHE. D
H, AHH ©tR&Z &hd Fi1/s7vnv—4 © mixed
function oxidase (MFO) oiEk: FHi38ICEYK
BERETZOARLY, AFual FEEONAERRE
Bof#EEEZ AR IESY, SAR0EFEEZE
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TEREEA HB 2 ETHBW. BEE, HERK B80T
12, BREREPHSEEREE OO ASWMEE N EHE
KEONWTVE®., ToBE_LHENEETHS. &
WIZB O TEERMDZER T2 &L 5 2EyiE, L&
DX 3 7uEN MFO BHCk>T, XbBayLEHEEE
RETETHAD. MEEOF/ vETERELTH
51 5 DT-diaphorase oEM: FRICENT b EED
CENEZ LN, ABROEENERICOVTEE
XL bhoTRIELS, MC EORE, KER
BAEE 2 v2 0 0.6 B HZET B ED BED
5, fAshohERBENL, EERROEEEREELT
TR ER NG, 0, WAORRERLS VIR
& L T#E 41 4-nitroquinoline N-oxide (4NQO) 1%
v - O, FE HA, KEOREYA—HiCX
by, 4-hydroxylaminoquinoline N-oxide (4HAQ-
0), 4-aminoquinoline N-oxide (4AQO) L EITX
NECEMHESNTH LY, PHICERT 3
4HAQO #3 proximate carcinogen TH5? LEU
STV, o ANQO @ 4HAQO ~p&ETiTid
DT-diaphorase #EE LT3 E0bhTsh, 4
[, MC # PCB ick% 4NQO pBTEMORM
BTOEEEN, ChoSEHRFTEER{LEMOE
BRESBOIBTHOMICEAE L.

MC # PCB ofRFELLTid, FESMILDT
SBL #oMBEE RS LTz 3,4,5, 3/, 4-penta-
chlorobiphenyl (PenCB) Z4E&FFLI. 20O
PCB igEHm > T3 PCB EEEdhEEO MC
MFEEEEE AEEE RTY 2, WbWw3 RO
PCB ®ighicidEELIZY. LiL, ToFEEN
= IIHERRYE E L TEBRIFES LA EER
533 2,34,7 8-pentachlorodibenzofuran (Pen
CDF) 72 ¥ &ER L TH D2, lfE0REBRIERHO
FRLZEFVIAMELTEESIONTHS.

£ B F &

1. EBEH

3,4,5,3,4-PenCB ZEA5Y OHFIKICHEDTH
HETHER L. Z, 4NQO, 4HAQO 72 5TNC
4AQO & FUMKRFEEI A TERER BB & b R
ENi 2,6-¥/uu T/ —WAYET ) —N

(DCPIP), v =uw—nBLkX NADPH 3zn %
1 Merck AG (7§ k4, Darmstadt), Ryt

(#:) (KB, Sigma Chemical Company CKEH,
St. Louis) Kb AL .

2. ERIWMS LUEYES

Kt 4850 Wistar RS » b (A E 100~
10g) =—#4UEE LTXRE, PenCB #5%i
S C@EEL. PenCB 3 Img/kg %, LEE
iRy s £ hosrEhenUEHERN RESL -

3. BERAROAD

PenCB 5%, /&, EHidHRIKSZ, 4HHO
—HEHAESELESARRER L. BoKML
%, K I NE OB, BBk XUREEEY
LEA LT, RKBLE 0.25M & 3-0.1mM
EDTA-10mM |}y 2-EEEE (pH 7.5) hcr
7avhEYFAF -2 HTscEF4 XL, 20%
FEY A~ b &L B, FRRESEARKCTE
WL, NBEZAZYZET S Rick 03 DR LB
L, $REEEEEHDEKE LI, BEROK 2om?
2O OFTEotz. ThE, 9000Xg, 20 433
L, T o LBeBRERELUTHERL K.

4. BEREMONE

DT-diaphorase {3 Ernster 5% oOZ&EMEIC L
», 0.08mM DCPIP, 0.15mM NADPH, 0.33
mM KCN BLtt 50mM Y x-1EBEEX (pH
7.5 ICARED 9000x g BB (2~10 2D HNZ,
25°C T4 vF a2~—}+ L, 600nm it} % DCPIP
OECEORDOWEEFIC LD WEL . 4NQO &
TLEEIER 610 OFEICHED, 0.8mM 4NQO,
0.15mM NADPH, 50mM 1 vEiEEK (pH7.0)
19000xg LiE @~104D) %inx, 30°C To 340
nmm QENEORDOPEREICLORDI. 5k, H
=Ry wn—T 0.1 mM QEEEASAL .

2N BoEEZ Lowry 58 oftkickor-.

& ES

1. FF 9000xg LiE(Ck% 4NQO DRHIEY
INQO %87 v [ IF 9000xg ki (& ves &
400 4g) L &bl 37C 144 vFax—FL
7%, EFERz FACHiIL, &5 TLC 274,
INQO ofR#EMORE 2Tz >, Fig. 1 IKRT
L5, R fE0.661C REYDRAR Y FBELN
4HAQO oz &y b &—FHL7. 55, 4AQ0 Tk
HaEhish»or. —74, 2L DT-diaphorase j&:
OWIMAS HH 55 PenCB s » M IF 9000x g
IEOBEICIHMROC LH S dHAQO AR
WINd 225, WES v EFRBIC 4AQ0 DARRIZE
DoNiEhpoi.

2. PenCB MES v  OFFR, WS LU REC

H17% 4ANQO ETiEtE L DT-diaphorase &k

(30)



PCB n®E5 » r04NQO BExEHO LR 219
7
OZE) . Incubation mixture [ 4 [ ]

ANQO DREBHIRN VENTH 2 KE, 400 (-N0,) ®

Wik, FFiEo 9000xg L#o DT-dia- 4HAQO (-NHOH) ®
. s 4300 (-NH,) [ ]
phorase 7% (DCPIP &ipEiE) & A
0.5 Rf value

4NQO BEriEhic B L1Ed PenCB 0¥
s, Table | ez B ERT. Solvent system ; Isoamylalcohol:;\c?tir)xe:ﬁzo
DT-diaphorase {13 PenCB fLaic & Fig. 1. Thin-layer chromatograms of reductive

O IR, T, RETeheh 10.545,

product of 4NQO with rat liver 9000x g

2,845, S.2f5 & ELL Bl #i supernatant
INQO Bt b JFiE<T 8.6 4%, WET
2.84%, REET2.24& s nl DT-diaphorase 7E{#E Table 1. Activities of DT-diaphorase and

ERERBO LREERTZEPE S ICE D &

4NQO reductase in 9000 X g super-

natant of the liver, lung and

B, KIS 9000xg FEO ANQO EiLiEMIE DT- skin of rats
diaphorase DHEATHS V7~ 5 —md IFRICE Tissue DCPIP®  4NQOY
DELIHEES N

D &, Table | OFERE L D FMICHKRETT 3720, Liver Control 0.652-£0.038 0.381%0.026
DCPIP 54k & ANQO ESeimth & ol £ PenCB  6.8300.801 3.281+0.513
7z. Fig. 2 Rt XDk, HRBICES T2 EHEBREK Lung Control 0.31140.052 0.16240.029
O, BRI, RET 2hEn r=0.945, 0.995, PenCB  0.879+0.087 0.457+0.052
0.882 ENFNSEOHEENED SN E, HE Skin  Control 0.060+0.008 0.132+0.016
OBTLEROIR NS SEoBBTRE—EL T PenCB  0.309=0.038 0.2850. 037

fz.

3. oMo To DCPIP LU0 4NQO E

TLEE

a) umoles DCPIP red. /min/mg protein

b) xmoles NADPH oxid. /min/mg protein

Each values represent the mean+S.D. of

four rats.

DT-diaphorase {Eiizfk4 OB TRESINATH
3. ZZTHoBBITo0TS PenCB guEIc L 3 NQO EmiEHEI/DETH 9.1 45 & DCPIP Birigik

DT-diaphorase 7&ik & 4NQO BEIEM OELEH
Nt QiR % Table 2 TRY. RUEOELSD

MNE, LR, BREBIUREo DCPIP #uiEHid

BExks, sdoREEIEUL FliEo l/I0EED
TEHE L hotz. L LgsS, PenCB JLERic &
DL, BE, BB I ~2ZoFELRSN, A

£

DT-diaphorase %71z MC & PCB ik b, iF
LIS T &/, B, REH 2 DIZERE Eicbn

=

Z2E¥bolkbonsiks L it DT-diaphorase 75
HOMINE BEERTE C LML 2.

BICBOTEI RS 4ESOFEER L. —F, 4 THRNOERPNFEINZIEDRHLHIT I D

Liver

O Control
@ PenCB

r=0.995 ©

Skin
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pmoles 4NQO red./min/mg protein

Fig. 2.  Correlation between activities of DT-diaphorase and 4NQO

16 0 7.5 0
umeles DCPIP red./min/mg protein

reductase
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Table 2.  Activities of DT-diaphorase and 4NQO Reductase in 9000x g supernatant of rat
small intestine, heart, kidney and spleen
Small Intestine Heart Kidney Spleen
DCPIP2 4NQO» DCPIP 4NQO DCPIP  4NQO DCPIP  4NQO
Control 0. 080 0. 021 0. 045 0. 021 0.155 0. 043 0.074 0. 031
PenCB 0.435 0.191 0. 052 0. 029 0. 307 0.112 0. 096 0. 043

a) wmoles DCPIP red. /min/mg protein

b) xmoles NADPH oxid. /min /mg protein

Values are activities of the organs combined from four rats.

7o. ¢ PenCB It X 25FESRIZa Yy br—nIR
NOTEVED I, B, ot eheh [l o 50
%, 25%, 10 %&HTHS0IctL, BFROFHEIC
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iz, MC %! PCB s 4NQO o proximate carcino-
gen ThH5 4HAQO ~p BL 2 EETEZ &ick
0, TORN VEEEKRT I HERIREBS N
BRL 72k 5, AEFAN: PenCB (3 BEME
OEBZBERMEELELL N TWS PenCDF 13 8o
=MW E LCHEA L. AFFETRIRE LD
7273, PenCDF {c oW\ T & &% D DT-diaphorase
T L ANQO BILiE 2 H~, 400 PenCB &3
BHBRIOBENERT I LA LTS,
AE0FERKIT in vitrto TfF2kcdoThy, EEIT
in vivo © DT-diaphorase 23 | { FEH T 2 BHE

EFERRILKRED INQO DFA v AEHET B &
DO ROV TREBE ORFHES T2 20
WOBETIE. BE, MKETHES » bic PenCB
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% Ei

FE 3N E T, #A7s 3-methylcholanthrene
ZiEEAE & R 3 3,4,5,3, 4"-pentachlorobiphenyl
(Pen-CB) iZsEAdEE 2RI L & dic, coEik
DEREMNF L2 vy —A0 mixed function oxidase
B XA SR 0 DT-diaphorase 0B O®K X
EEHEBELTWE & EW LI L. —F, DT-
diaphorase {Z 4NQO % proximate carcinogen T
&5 4HAQO ICETLT 5 L &EMRON TN B,

22T, PenCB 3 v + OKBBITE T DT-
diaphorase OFBIC L b5 ANQO BELEOE
Blic oL TN

Z %58, DT-diaphorase 7Ei:B L8 4NQO &
TEERFRICBNT, IR S RLEICH~ Pen-
CB (Img/kg) MEBTHI04ZIc LR L. %72, K
&, /NG, TERE, BT AIEHENARD S hik.

Pk ofgRr 5, DT-diaphorase %< HFET 5
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Relevances of Mixed Function Oxidase System
and Ascorbic Acid to the Lipid Peroxide
Formation in the Liver of Rats Given
Polychlorinated Biphenyls (PCB)”

Morio Sarro?, Sachie IkEcaMi, Eiichi Nisuipe*
and Satoshi INNAMI

Division of Food Science, The National Institute of Nutrition,
23-1, Toyama I-chome, Shinjuku-ku, Tokyo 162, Japan

*Department of Fisheries, College of Agriculture and Veterinary
Medicine, Nihon University, Tokyo 154, Japan

ABSTRACT The present studies were conducted to characterize the mechanism of lipid
peroxide formation, especially the relevances of mixed function oxidase system and ascor-
bic acid to the initiation of lipid peroxidation, in the liver of rats given polychlorinated
biphenyls (PCB).

First, rats were given a 0.05 % PCB diet for 1,3,5 and 7 days, and time courses of liver
ascorbic acid content and endogenous lipid peroxide levels in whole homogenate, mito-
chondria and microsomes in the liver were determined. Liver microsomal aminopyrine
N-demethylation and aniline hydroxylation activities, cytochrome P-450 content, and
NADPH-cytochrome c¢ reductase activity were also determined. A significant increase in
the liver and liver microsomal lipid peroxide levels was observed on day 7 in the PCB
group although no significant change was recognized till on day 5 in both the control and
PCB groups. In the liver mitochondria lipid peroxide was retained at high level on and
after the Ist day of PCB feeding. A significant acceleration of liver ascorbic acid biosyn-
thesis was also observed on and after the Ist day of PCB feeding, indicating a concur-
rence of rises in mitochondrial lipid peroxide formation and ascorbic acid biosynthesis.
Therefore, it was suggested that ascorbic acid initiated mitochondrial lipid peroxidation in
the liver of rats given PCB. On the other hand, significant increases in the liver micro-
somal aminopyrine N-demethylation and aniline hydroxylation activities, and cytochrome
P-450 content were recognized on and after the Ist day of PCB feeding. No significant
change was observed in NADPH-cytochrome c¢ reductase activity till on day 3 in both
the control and PCB groups but the activity increased significantly on and after the S5th
day of PCB feeding. A time lag was present between the increases in PCB-induced liver
microsomal lipid peroxide formation and NADPH-cytochrome c¢ reductase activity, and
the former was followed by enough increase in the latter.

Second, the effect of PCB on lipid peroxide formation in vitro in liver microsomes
prepared from the normal rats was examined. When ADP and Fe**, the catalysts of
lipid peroxidation, were added to the reaction mixture consisted of microsomes, NADPH
and PCB, no significant promotion of lipid peroxidation by PCB was shown. However,
PCB enhanced the lipid peroxide formation till 30 minutes by eliminations of ADP and
Fet+ from the in vitro system but a longer time of incubation over 30 minutes resulted in
the decrease in lipid peroxide formation, demonstrating that NADPH-cytochrome ¢ redu-
ctase initiated the liver microsomal lipid peroxidation along with a concomitant catabo-
lism of PCB by mixed function oxidase system. The decrease in lipid peroxide formation
by the longer time of incubation would be ascribed to a decline in the NADPH-cytoch-
rome ¢ reductase activity caused by lipid peroxide produced during the incubation.

1) Polychlorinated biphenyls toxicity and nutrition. XVII.
2) To whom all correspondence should be addressed.
Abbreviation used: PCB, polychlorinated biphenyls
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Introduction

Previous studies, in our group (4,6,17,18) and in others (2,7,8,9), have shown
that animals ingested polychlorinated biphenyls (PCB) exhibit increased lipid
peroxide formation in the liver. However, the detailed mechanism of it has re-
mained unclear so far.

Our previous papers showed that the increment in liver lipid peroxide forma-
tion caused by PCB was partly due to the increase in polyunsaturated fatty acids,
substrate for lipid peroxide, attended with fatty liver (5), and to the insufficiency
of lipid peroxide scavengers, such as vitamin E and glutathione peroxidase (17, 18).
Combs et al. (2), Ito et al. (7) and Itokawa et al. (8) also reported the similar
results as to the deficiency of lipid peroxide scavengers. Due to an insufficiency
of the scavengers, a promotion of propagation of lipid peroxidation occurs in the
liver of animals ingested PCB, and the liver lipid peroxide level results in an
increase. Therefore, it is important to know what sorts of reaction system or
systems are involved in the initiation of liver lipid peroxidation caused by PCB.

It is well known that NADPH-dependent flavoenzyme, NADPH-cytochrome ¢
reductase, catalyzes an initiation of liver microsomal lipid peroxidation in vitro
(19). As PCB induce microsomal mixed function oxidases containing cytochrome
P-450 and NADPH-cytochrome c reductase in the liver of animals (1), it might
be assumed that NADPH-cytochrome c¢ reductase is responsible for the initiation
of PCB-induced lipid peroxidation. It is also shown that ascorbic acid stimulates
an initiation of liver mitochondrial and microsomal lipid peroxidation in vitro (3,
21). In addition, ascorbic acid-promoted induction of mixed function oxidases is
known (23). Since ascorbic acid biosynthesis is elevated in the liver of rats given
PCB through an increase in requirement of ascorbic acid (11), it might be pre-
sumed that ascorbic acid is associated with the initiation of PCB-induced lipid
peroxidation.

In our previous paper (17) which examined the time courses of lipid peroxide
formation, levels of lipid peroxide scavengers, and activities of mixed function
oxidases in the liver of rats fed PCB, it was found that the increment in liver
lipid peroxide formation caused by PCB was due to the insufficiency of lipid pero-
xide scavengers, and that a time lag was present between the lipid peroxide for-
mation and induction of mixed function oxidases. The present studies, through
tracing a time course of liver lipid peroxide formation, were carried out to find out
whether mixed function oxidase, particularly NADPH-cytochrome ¢ reductase, and/
or ascorbic acid would be involved in the initiation of PCB-induced liver lipid per-
oxidation of rats. Moreover, liver microsomal lipid peroxide formation in vitro in
coexistence of PCB was studied to clarify the association of mixed function oxi-
dase with the lipid peroxidation.

Materials and Methods

Male rats of the Sprague-Dawley strain were used throughout the study. The
rats were housed individually in wire cages in an animal laboratory kept at con-
stant temperature and humidity, and a 12 hour light-dark cycle.
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In the first experiment, rats of Table 1. Composition of basal diet

four weeks of age weighing an average :

.. Ingredient %
of 70g were used. The composition
of a basal diet (16) was shown in Casein 20.0
Table 1. After being fed on a basal dl-Methionine 0.3
diet for six days, the basal diet and Cornstarch 15.0
experimental diet containing PCB at Suctose 48.0
hp level of 0.05 2 . 8 Cellulose 2.0
the level of 0.05 % were given to rats AIN Mineral mix.* 35
for 1,3,5 and 7 days. Food and water AIN Vitamin mix,# ** Lo
were supplied ad libitum throughout Choline bitartrate 0.2
the experiment. On the last day of Soybean oil 10.0

the experlme.nt, ‘the rats wefe sacrifi- % J. Nutr., 107, 1340 (1977)

ced by decapitation and the livers were ** This contains 400 IU of retinyl acetate

quickly removed and weighed. The (VA), 5.0mg (5.01U) of dl-a-tocopheryl
. . . acetate (VE) and other essential vitamins.

left lobe of the liver was immediately

perfused with ice-coid isotonic saline

via the portal vein and the amounts of endogenous lipid peroxide formed in the
liver, liver mitochondria and microsomes were determined by the method of Ohkawa
et al. (13) wusing thiobarbituric acid (TBA) reaction and expressed in terms of
malondialdehyde (MDA) formed. Liver mitochondria and microsomes were prepared
as follows. The perfused liver was homogenized with nine volumes of ice-cold iso-
tonic 0.15M potassium chloride solution. After centrifuging the homogenate at
700x g for 10 minutes in a refrigerated centrifuge, the resultant supernatant was
recentrifuged at 10,000xg for 15 minutes to prepare mitochondrial pellets. The
microsomes were sedimented from the 10,000x g supernatant by centrifugation at
78,000x g for 90 minutes. The mitochondrial and microsomal pellets were resus-
pended in the potassium chloride solution. Other part of the liver was stored at
—20°C until analysis.

Determinations of activities of aminopyrine N-demethylation (20), aniline
hydroxylation (20) and NADPH-cytochrome c¢ reductase (15), and content of cy-
tochrome P-450 (14) in the liver microsomes were carried out. For those determi-
nations, the liver microsomes were prepared by centrifugation as described above
using 0.15M potassium chloride solution containing 0.05M Tris-HCI buffer (pH
7.4). The resultant microsomal pellets were suspended in 0.15M potassium chlo-
ride solution containing 0.025 M Tris-HCI buffer (pH 7.4) for the aminopyrine N-
demethylation and aniline hydroxylation, and in 0.1 M potassium phosphate buffer
(pH 7.5) containing 20 % glycerol for the NADPH-cytochrome c¢ reductase and
cytochrome P-450. Liver ascorbic acid was assayed by the method of Zannoni et
al. (22), and protein by the method of Lowry et al. (12).

In the second experiment, the effect of PCB on a lipid peroxide formation in
vitro in liver microsomes was investigated. Four rats of seven to eight weeks of
age weighing an average of 220 g were fed on a commercial stock diet and liver
microsomes were prepared from the rats using 0.15M potassium chloride solution
containing 0.05M Tris-HCI buffer (pH 7.4) as described in the first experiment.
The resultant microsomal pellets were suspended in the same solution. The reaction
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systems were composed of the microsomal suspension (3-4 mg of protein), 0.5 mM
NADPH, 0.2ml of PCB (107*-107° M) ethanol solution or its solvent, 0.15M KCI,
and 0.05 M Tris-HCI buffer (pH 7.4) in a total volume of 2.0ml. In some experi-
ments, 0.3 or 1.0mM ADP and 6 or 12uM FeSO, were added to the reaction
systems. The concentrations are all shown as final concentrations. Incubations
were carried out at 37°C and incubation time was described in the tables. After
the incubation, the reaction was stopped on ice and lipid peroxide formed during
incubation was immediately determined by the same method as described in the
first experiment.

The PCB used in this experiment were purchased from Wako Pure Chemical
Industries Ltd. They consisted of a mixture of the isomer, the dominant com-
ponent of which was tetrachloride. NADPH (Type I), cytochrome ¢ (Type III,
from horse heart) and ADP (Grade IX, from equine muscle) were purchased from
Sigma Chemical Co. 2-thiobarbituric acid was purchased from Merck & Co.
Other reagents used in this experiment were of analytical grade.

Student’s ¢ test was used to determine significant differences between treat-
ment means.

Results

1. Time course of endogenous lipid peroxide level, ascorbic acid content and mixed
function oxidase activity in the liver
The rats were given the experimental diet containing 0.05% PCB for 1,3,5
and 7 days. Changes in food intake, body weight gain and liver weight are
shown in Table 2. A significant enlargement of the liver was observed on and
after the 3rd day of PCB feeding and the enlargement was attributable to the
PCB toxicity.

Table 2. Food intake, body weight gain and liver weight in rats fed diets with and
without PCB for I, 3,5 and 7 daysv

Feeding period (days) 0 1 3 5 7
Group Control Control PCB Control PCB Control PCB Control PCB
Number of animals 6 5 5 5 6 5 6 6 6
. 14.0 13.6 42.7 39.4 76.7 72.8 104.1 101.1
Food intake (g) | T w0 £b9 xL3 X210 x2S E21 x34 £
. : 9.8 8.0 27.3 21,1 45.3 37.8 57.3 53.3
Body weight gain (8| — o' 409 =16 =1.08 +2.6 +1.9° +2.9 +3.7

Liver weight per 100g | 5.7 6.0 6.6 6.5 8.2 6.3 9.3 6.4 9.6
of body weight (g) +0.4 #0.2 +0.2 £0.1 +0.2*0 01 £0.20 *+0.2 +0.2°

1) PCB were added to the basal diet at the level of 0.05 %.
2) Mean=+SEM
Significantly different from the respective control values, a= p<{0.01, ¢ = p<{0.05.

Table 3 demonstrates the time courses of lipid peroxide contents in the liver,
liver mitochondria and microsomes, and ascorbic acid content in the liver. The
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Table 3. Time courses of lipid peroxide formation in the liver, liver mitochondria and
microsomes, and ascorbic acid content in the liver of rats fed diets with and
without PCB for 1,3,5 and 7 daysv.

Feeding period (days) 0 1 3 5 7

Group Control Control PCB Control PCB Control PCB Control PCB
TBA value 0.129% 0.133= 0,132+ 0.117+ 0.117+ 0,106 0.106% 0.090+ 0. 113

Whole homogenate
(« mole MDA /g liver)

(n mole MDA/ ) 160 = 1.58 % 1.69 £ 1.41 £ 1.40 = 1.3l L1.31 = L18 * 1.49 +
mg protein 0.09 0.14 0.07 0.04 0.02 0.08 0.05 0.10 0. 06°

0.010» 0.011 0.004 0.003 0.003 0.007 0.003 0.008 0.005°

Mitochondria

(n mole MDA / ) 1.55 £ 1.28 + 1.58 + 1.42 + 1.61 = 1.17 = 1.55 £ 1.18 + 1.50 +

0. 11 0.08 0.09¢  0.03 0.11 0. 08 0.19 0.05 0.03*

mg protein
Microsomes
1,29 + 1,57 + 1.49 + 1,13 = 0.98 + 0.88 &+ 0.90 = L. 12 + 1.45 %
n mole MDA/ y b
( me protein) 0.09 0.10 0.07 0.08 0. 07 0. 07 0.07 0.04 0.10
Ascorbic acid content 0,29 + 0.22 = 0.34 % 0.2] + 0.44 = 0.26 £ 0.40 = 0.23 = 0.45 +
(mg/g liver) 0.02 0.01 0.032 0.0l 0.022  0.02 0.012  0.02 0.032

1) PCB were added to the basal diet at the level of 0.05 %.

2) Mean+SEM

Significantly different from the respective control values, a= p<{0.01, b= p<{0.02,
¢ =p<0.035.

liver and liver microsomal lipid peroxide contents showed similar time courses,
and the contents significantly increased on day 7 in the PCB group though no
significant change was recognized till on day 5 in both the control and PCB
groups. On the other hand, the liver mitochondrial lipid peroxide was retained at
high level on and after the Ist day of PCB feeding. However, no gradual in-
crease was observed as period of PCB feeding was prolonged. Liver ascorbic acid
biosynthesis was significantly accelerated on and after the Ist day of PCB feed-
ing, indicating a concurrence of rises in the mitochondrial lipid peroxide forma-
tion and liver ascorbic acid biosynthesis. The liver ascorbic acid level in the PCB
group was almost maintained in plateau on and after the 3rd day of PCB feed-
ing.

Table 4 shows the time courses of activities of liver microsomal mixed func-
tion oxidases. Significant increases in the liver microsomal aminopyrine N-deme-
thylation and aniline hydroxylation activities, and cytochrome P-450 content were
observed on and after the Ist day of PCB feeding. These values gradually in-
creases as period of PCB feeding is prolonged. NADPH-cytochrome c reductase
activity significantly ascended on and after the 5th day of PCB feeding though
no change was observed in the activity until on day 3 in both the control and
PCB groups. Therefore, the liver microsomal drug-metabolizing activities were
directly correlated with the cytochrome P-450 content and no correlation with
the NADPH-cytochrome ¢ reductase activity was noticed. As shown in Tables 3
and 4, the elevation of NADPH-cytochrome ¢ reductase activity preceded the be-
ginning of increase in lipid peroxide formation in the liver microsomes of rats
given PCB.

2. Effect of PCB on lipid peroxide formation in vitro in liver microsomes

Liver microsomes were prepared from rats fed on a commercial stock diet
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Table 4. Time courses of aminopyrine N-demethylation, aniline hydroxylation and
NADPH-cytochrome ¢ reductase activities, and cytochrome P-450 content in
the liver microsomes of rats fed diets with and without PCB for 1, 3, 5 and

7 daysv.
Feeding period (days) l 0 1 3 5 7
Con- Con- Con- Con-
Group ’Control e pc C9% pcB 9% pcB C9% pCB

Aminopyrine N-demethyla-

tion 6.95 7.04  8.59 6.08 7.96 6.68 9.53 7.60 10.86

(n mole formaldehyde form-) +0.412 0,16 =0.45° +£0.19 +0.422 +0.40 =0.51* £0.19 0,352
ed/mg protein per min.

Aniline hydroxylation

. 0.46 0.42  0.87 0.43  0.91 0.49 1.31 0.46 1.21
n mole p-aminophenol a 2 a
(formed/mg protein per min.) +0.02  £0.0l £0.07* +0.01 +0.04® £0.04 £0.09* *£0.03 +0.08
Cytochrome P-450 ‘ 0.26 0.25 0.36 0.30  0.39 0.28 0.56 0.27 0.76
(n mole/mg protein) |i0, 04  £0.02 £0.02% +£0.02 +0.03° £0.03 £0.022 £0.02 £0.0I*

NADPH-cytochrome ¢

reductase | 33.28 38.61 29.20 40.68 34.64 36.57 49.57 40.80 62.71
(n mole cytochrome ¢ )il.OO +4.54 +1.48 +£1.93 +2.28 +£1.41 *£2.34* £2.73 £3.94*
reduced /mg protein per min.

1) PCB were added to the basal diet at the leve! of 0.05 %.

2) Mean+SEM

Significantly different from the respective control values, a= p <{0.01, b= p <0.02,
c=p<0.05.

Table 5. Effect of incubation time on lipid peroxide formation in vitro in the presence
of PCB in liver microsomes of rats given a commercial diet without PCB®.

PCB (M) Incubation time (min.) @ mole &%\‘/’ﬁfﬁeprotein)
Nil 5 64. 542, 300
151077 | 67,6042, 18
Nil 0 71, 4440, 98
15107 69. 10+2. 99
Nil 2% 69. 67189
15107 69.721.97

1) The reaction mixture consisted of liver microsomes (3-4 mg of protein), 0.5 mM
NADPH, 12 ¢#M ferrous sulfate, 1mM ADP, 0.2ml of PCB ethanol solution or
its solvent, 0.15M KCl, and 50 mM Tris-HCI buffer (pH 7.4) in a total volume
of 2.0ml was incubated at 37°C.

2) Mean=SEM of four experiments

without PCB and the effects of PCB and both ADP and Fe*t, the catalysts of
lipid peroxidation, were examined on lipid peroxide formation in vitro.

The effect of incubation time was examined on lipid peroxide formation under
the constant concentrations of PCB, ADP and Fe** (Table 5). The lipid peroxide
level almost reached to maximum in 5 minutes irrespective of the addition of
PCB to the in vitro system and no significant effect of PCB was noticed. Subse-
quently, to distinguish the effect of PCB, the concentrations of both ADP and
Fett were lowered and the lipid peroxide formation was examined with constant
incubation time and varying concentrations of PCB (Table 6). The results were
similar to those shown in Table 5, and no promotion of lipid peroxide formation
by PCB was observed though the values obtained were not so high as those shown
in Table 5. It may be presumed that the lipid peroxide formation precedes more
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Table 6. Effect of PCE concentration Table 7. Effect of PCB concentration on
on lipid peroxide formation in lipid peroxide formation in vitro
vitro in liver microsomes of in liver microsomes of rats given
rats given a commercial diet a commercial diet without PCBv.
without PCBV. = |

== —————— TBA value
PCB (M) TBA value ) PCB (M) (n mole MDA /mg protein) %
(n mole MDA /mg protein)
) Nil 2.27+0.17® 100.0
Nil 10.40£1. 632 1% 108 2.61+0.17 114.7
x1ome 9.99:£2.01 %1077 | 2.4940. 10 109. 6
1107 10.7641. 97 11078 2.6420. 07 116. 1
1x10-8 10.96£1. 64
1% 1075 10. 68+ 1. 57 D The reaction mixture consis'ted of liver
microsomes (3-4 mg of protein), 0.5mM
Lx107 10.03+1. 49 NADPH, 0.2ml of PCB ethanol solution
1< 108 9.16+1.08 or its solvent, 0.15M KCl, and 50mM
Tris-HC1 buffer (pH 7.4) in a total volume
1) The reaction mixture consisted of of 2.0ml was incubated at 37°C for 15
liver microsomes (3-4 mg of protein), min.
0.5 mM NADPH, ¢ 4M ferrous sulfate, 2) Mean=SEM of four experiments

0.3mM ADP, 0.2ml of PCB ethanol
solution or its solvent, 0.15M KCI,
and 50mM Tris-HCI buffer (pH 7.4)
in a total volume of 2.0ml was in-
cubated at 37°C for 15 min.

2) Mean+SEM of four experiments

Table 8. Effect of incubation time on lipid peroxide formation in vitro in the presence
of PCB in liver microsomes of rats given a commercial diet without PCB».

PCB (M) Incubation time (min.) @ moleli/]?SAV/ﬂl%eprotein) %
Nil 30 2,340,042 100.0
[ x107¢ 3.29+0. 102 140.0
Nil 45 2.82+0. 15 100.0
1x10-¢ 2.23+0. 050 79.0
Nil 60 3.04+0.18 100.0
1x10-8 2.64%0.08 86.6

1) The experimental conditions were as described for Table 7 except for incubation time.
2) Mean=+SEM of four experiments
Significantly different from the respective control values, a= p <0.01, b= p <0.02.

preferential than the metabolism (catabolism) of PCB under the coexistence of
PCB with the stimulators, ADP and Fet+, of lipid peroxidation in the in vitro
system. Therefore, the ADP and Fe** were removed from the in vitro system and
the reaction was performed under the condition to promote the drug metabolism
(catabolism of PCB). As shown in Table 7, a tendency of increase in lipid pero-
xide formation was observed at the concentration of 1x10°*M of PCB though no
significant difference was recognized for 15 minutes of incubation. So, the lipid
peroxide formation was examined at 1x10°M of PCB with varying times of
incubation (Table 8). In the absence of PCB in the in vitro system, the lipid
peroxide formation increased as the time of incubation is prolonged. However, in
the presence of PCB in the system, the lipid peroxide level significantly increased
for 30 minutes of incubation but the level decreased in longer time of incubation.
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In these cases, the lipid peroxide levels are very little as compared with those
incubated under the presence of stimulators, ADP and Fe**, of lipid peroxidation.

Discussion

The present studies were conducted to find out the mechanism of lipid pero-
xide formation, especially the relevances of mixed function oxidase system and
ascorbic acid to the initiation of lipid peroxidation, in the liver of rats given
PCB.

In the first experiment, time courses of endogenous lipid peroxide level, ascor-
bic acid content and mixed function oxidases activities were investigated in the
liver of rats given PCB.

A significant acceleration of the liver ascorbic acid biosynthesis was observed
on and after the Ist day of PCB feeding to rats through an increase in require-
ment of ascorbic acid (Table 3). The liver mitochondrial lipid peroxide formation
also increased on and after the Ist day of PCB feeding, indicating a concurrence
of rises in the mitochondrial lipid peroxide formation and liver ascorbic acid bio-
synthesis, Therefore, it was suggested that ascorbic acid initiated the mitocho-
ndrial lipid peroxidation in the liver of rats given PCB. Ascorbic acid may pro-
mote the lipid peroxidation owing to the rapid enhancement of ascorbic acid
biosynthesis by PCB. However, no gradual increase in the liver mitochondrial
lipid peroxide formation was observed as period of PCB feeding was prolonged,
showing that lipid peroxide scavengers would suppress an autocatalytic chain reac-
tions of lipid peroxidation. The liver ascorbic acid level in the PCB group was
almost maintained in plateau on and after the 3rd day of PCB feeding. This indi-
cates that accelerations of biosynthesis and excretion of ascorbic acid concur due
to a upper limit of storage capacity of the acid in the liver. Kato et al. (lI)
also reported the similar results.

As shown in Table 4, significant increase in the liver microsomal aminopyrine
N-demethylation and aniline hydroxylation activities were already observed on the
Ist day of PCB feeding, demonstrating that an acceleration of drug metabolism
was occurring. The cytochrome P-450 content showed similar increase to those
activities and direct correlations were noticed among them. The NADPH-cytoch-
rome c¢ reductase activity significantly ascended on and after the 5th day of PCB
feeding though no change was observed in the activity until on day 3 in both the
control and PCB groups. Ascorbic acid-promoted induction of mixed function
oxidases is known (23). A concurrence of rises in the drug metabolism activity
and ascorbic acid biosynthesis was also recognized in this study. Therefore, it
may be thought that the enhancement of PCB-stimulated ascorbic acid biosynthe-
sis accelerates the increase in drug metabolism activity, leading to an increass in
excretion of PCB.

As shown in Table 3, the liver microsomal lipid peroxide formation signifi-
cantly increased on the 7th day of PCB feeding and it was guessed, therefore,
that NADPH-cytochrome ¢ reductase was involved in the initiation of PCB-induced
liver microsomal lipid peroxidation. However, a time lag was present between the
increases in PCB-induced liver microsomal lipid peroxide formation and NADPH-
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cytochrome ¢ reductase activity, and the former was followed by enough increase
in the latter. This time lag may be considered to be due to a suppression of the
lipid peroxide formation by lipid peroxide scavengers in microsomes.

A rapid liver enlargement attended with fatty liver is caused in rats given PCB
(17). 1In this study as well, the tendency of liver enlargement was already observed
on day 1 of PCB feeding and the marked enlargement was noticed on and after
the 3rd day of PCB feeding (Table 2). Though the liver mitochondrial lipid
peroxide level increased on the Ist day of PCB feeding, the liver (whole homo-
genate) lipid peroxide level increased on day 7, at which the microsomal lipid
peroxide increased (Table 3). Therefore, it was thought that the increase in mi-
tochondrial lipid peroxide formation was masked till on day 7 permation due to
the PCB-induced marked liver enlargement.

In our previous paper (17), the time courses of liver microsomal NADPH-
cytochrome c¢ reductase activity and cytochrome P-450 were measured under nearly
the same experimental conditions as this study. When the values of the activity
and the content were expressed as per liver weight per 100 g of body weight of
rats, no significant increases were noticed till on the 7th day of PCB feeding.
However, similar results to this study were obtained when those values were ex-
pressed as per mg of liver microsomal protein. Discrepancy between the values
per liver per 100 g of body weight and those per mg of protein may be explained
by a dilution due to a rapid enlargement of the liver in a short period. In addi-
tion, in the same paper (17) the liver lipid peroxide level was also expressed as
per liver weight per 100g of body weight. Similar results to this study was
obtained when the value was expressed as per ! g of liver.

From the results obtained in the first experiment, it was presumed that
NADPH-cytochrome c¢ reductase was involved in the initiation of PCB-induced
liver microsomal lipid peroxidation. In the second experiment, therefore, in order
to find out further the involvement of NADPH-cytochrome ¢ reductase in the PCB-
induced liver microsomal lipid peroxidation, lipid peroxide formation in vitro in the
presence of PCB was investigated in liver microsomes prepared from the normal
rats.

It is well known that ADP and Fe** play an important role as catalyst upon
the initiation of liver microsomal lipid peroxidation (19). The addition of rela-
tively high levels of ADP and Fe** to the in vitro system resulted in an almost
maximal lipid peroxide formation in a short time of incubation irrespective of
the addition of PCB to the system, and no significant effect of PCB was noticed
(Table 5). Furthermore, when the concentrations of both ADP and Fe™ were
lowered, no promotion of lipid peroxide formation by PCB was also observed
(Table 6). Therefore, it may be presumed that the lipid peroxidation precedes
more preferential than the catabolism of PCB under the coexistence of PCB with
the catalyst of lipid peroxidation in the in vitro system. Alternatively, Svingen et
al. (19) reported that NADPH-cytochrome ¢ reductase catalyzed liver microsomal
NADPH-dependent lipid peroxidation by converting ADP-Fet+t to ADP-Fett. It
seems, therefore, that catabolism of PCB does not associate with lipid peroxide
formation because of the use of Fe** instead of Fe*** in this experiment. Subse-
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quently, the ADP and Fe*t were removed from the in vitro system to carry out
the reaction under the condition to promote the catabolim of PCB (Tables 7 and
8). The promotion of lipid peroxide formation was observed at the concentration
of 1xX10°M of PCB when incubated for 30 minutes, though the lipid peroxide
levels were very little as compared with those incubated under the presence of
catalyst of lipid peroxidation. In this condition, it is conceivable that endogenous
Fet* and trace amount of ADP contained in microsomes are utilized to catalyze
the lipid peroxidation. Therefore, NADPH-cytochrome c¢ reductase was presumed
to be involved in the liver microsomal lipid peroxidation along with the concomi-
tant catabolism of PCB. However, a longer time of incubation over 30 minutes
resulted in the decrease in lipid peroxide formation in the in vitro system. This
might be ascribed to the matter that lipid peroxide produced during longer time
of incubation causes disintegration of liver microsomal membranes and/or directly
interacts with NADPH-cytochrome c¢ reductase, and then activity of the mem-
brane-dependent enzyme and lipid peroxide level result in decrease. Kamataki et
al. (10) reported that induction of lipid peroxidation led to a sharp decline in the
activity of mixed function oxidase system in rat liver microsomes. It is easily
conceivable that disintegration of microsomal membranes and/or decrease in
NADPH-cytochrome ¢ reductase activity occur when lipid peroxidation is induced
by incubation with ADP and Fet*. 1In this case, as reported by Svingen et al.
(19), NADPH-cytochrome c¢ reductase is not required for the initiation of micro-
somal lipid peroxidation, and rapid lipid peroxidation catalyzed by ADP and Fe**
proceeds autocatalytically, leading to higher levels of lipid peroxide formation.

As shown in Table 8, it was observed that PCB promoted NADPH-dependent
lipid peroxidation coupled to drug-metabolizing enzyme system in liver microsomes
of the normal rats. However, the liver microsomal lipid peroxide formation in
vivo was followed by enough increase in the microsomal NADPH-cytochrome c¢
reductase activity (Tables 3 and 4). For one thing this may be ascribed to a
suppression of the lipid peroxide formation by lipid peroxide scavengers in micro-
somes, for another this may be ascribed to the matter that lipid peroxide forma-
tion in the liver microsomes of rats given PCB is caused secondarily after the
promotion of catabolism of PCB through sufficient inductions of cytochrome P-
450 and NADPH-cytochrome c reductase. In addition, as shown in Table 8, in
the in vitro system under the presence of PCB, the liver microsomal lipid peroxide
formation decreased as the time of incubation was prolonged. Therefore, it
would be conceivable that lipid peroxide formation in vivo decreases as the period of
PCB feeding is prolonged. In fact, we observed in our previous paper (6) that the
liver lipid peroxide level was elevated soon after PCB administration but the level
was lowered gradually. This might be explained that the lipid peroxide formed
during the earlier period of PCB feeding disintegrates the microsomal membranes
and/or interacts with NADPH-cytochrome c reductase, and then the lipid pero-
xide level gradually decreases due to the reduction in the activity of NADPH-
cytochrome c¢ reductase. Itokawa et al. (9) reported an increased formation of
ceroid pigment in the liver of rats given PCB. Therefore, an alternative me-
chanism may be possible that as the PCB-induced lipid peroxide formation in-
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creases in the liver, the lipid peroxide reacts with protein, resulting in an increased
formation of ceroid pigment and decreased level of lipid peroxide. Further investi-
gations into those possibilities will be required.
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HE TR mBMICEEZRZE VY, TEHic PCB#
THEBRICEML T, 3 ta vy F) 7T PCB#
51 gEDENRE L ExTEILTO . o7
zanrt vEic PCBiE | gHMDBEERLESHRO
TUEMNED SN, I b NY TIRBYZERILIEE
HRITHEOBRR ERIFNIC—B L. 2oTEmd
b2 v FYTICBYZFEAR(LD initiation
TAaAnE YBROBEPENSN. —T, I 2
Y —ad7 I/ EY YN-BixFuih, 7=9 Kk
BALORE®R B L OF b7 v —4P-450 £E132 PCB
%5 1HE 2K PCB B#THE R LR ERLUK.

* HRBIMESE - ke

NADPH-# F s m—24 ¢ Y &7 2 —¥iEHIZ PCB
BE3IHEZCREEO LFERED RO, SH
BLMEEL LRERL:. B2 evy —2sikblid
ZBEMLIFE ORI E NADPH-F F yu—ac Y &
7 & —¥EEO EF L OMIICiT time lag SEEL
ABFEOEEST44ER L 2BICGEBRLIEE O4RD
L& T

F2iL, EEZy FVFBXOROHE LI 20y —
AlBYZ in vitro TORBRILIEE OERICHT 3
PCB o0& icoTHET L7z, 3 70v—a BIY
NADPH & PCB 0FET 3 RNRICIFEBRILO
fiigtd ADP & Fet* 2L 7iicid, PCBick
3R EABRILOREEIFD SNLL D, RUSEDN D
ADP & Fe** ZHOWTRILEE2 &, 3055FTlRE
BRALASE @ ERAS INL 7223, FhlIBi BRklg
BOESBEPEICET L. hooERr 5, FE
2yuv—alc BOTIE, PCB o b LT
NADPH-F 7 m—A4cCc ) &7 2~ [FEBE b
RJIGo initiation i BE LT3 & A H#EE & h
7z. BUSKERIMEL 22 EBRIEEOERMSETL
7-0id, FIGHICAER L 788{LigEH» NADPH-+
tmso—Aac Xy E—ETEROETEb LT
T TRV EHERINS.
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Accumulation of PCDFs and Enzyme Induction in the
Liver of Monkeys which were Poisoned by PCBs

Hiroaki Kuroki and Yoshito MAsuDa
Daiichi College of Pharmaceutical Sciences, Fukuoka 815, Japan
Nobuyuki KocA and Hidetoshi YosHIMURA

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

The livers of monkeys which were poisoned by Kanechlor 400 and polychlori-
nated dibenzofurans (PCDFs) and then treated with cholestyramine, liquid paraffin
or glutathione were analyzed for PCDF isomers by gas chromatography and mass
fragmentography and examined for induced activities of benzo[a]pyrene 3-hydroxy-

lase, benzphetamine N-demethylase and DT-diaphorase.

1,2,3,4,7, 8-Hexa-CDF

was most accumulative in the liver of monkey among the eight PCDF isomers
tested. Almost all the enzyme activities were enhanced in the livers of these ani-
mals, indicating mixed type induction of liver microsomal drug metabolizing enzy-

me systems was caused in the monkeys.

YT R YE(LE 7 = =0 (PCB) ROH£ Y By
~vv'735 v (PCDF) 2%573 % &, HEREOE
RICEB L R ERT C &R E TOHEEY® T
RENTVE. 2o 1 BEDH v PCB fi#iEl
B9 2RER® ickWT, PCDF 2SI IcEIa£E
Fxih, PCDF 0ZEMEKICEDERORENEL S
&b, %7, PCB Rt PCDF of5ick, BF
[ics 1) 2 BEYRBBRBEEEIEMNEN, 7=/ 50
v - (PB) BL 3-45Fnra35v21y (MC)
e pEAHMOFEL RS CEBHMONLY. 2
Hov @ PCB BT 2 ERBY KBTI,
FMCh x 7 r - 400 (KC-400), &2 Wit hic
PCDF %A, giE& b EHETRPHEBZELE
%, BMEEBOZDIC, 2VRFF Iy, BE/S T
4 VRO VEFF VKB RENTIEDO. O
#2EBoERIC Hoohiz v, $4bH5, PCB
HEEREREL I OENMN (W2~34F) &FBL

e NOFFRIC B2 PCDF EME0SEE RO
RHEBEHIC OO THEN 0 THET 5.
£ B F &

PCDF 3v~vv o35 vEERILLTER L 2R
S = VWi, zoRAKE, 1,2,7,8-F1F57
o rik (TCDE) 14 9%, 2,3,7,8TCDF 35%, 1,2,
4,7,8-~<v 4y ok (PenCDF) 1%, 1,2,3,7,8
PenCDP 48 %, 1,2,6,7,8-PenCDF 1%, 2,3,4,
7,8-PenCDF 1%, 1,2,3,4,7,8-~% % 7 & o{k
(HCDF) 1%, K&t 1,2,3,6,7,8-HCDF 0.5 %7
535,

2. EREY) BEYRERURABREESONE

FREF (SE) RUH=7 45 (40E) 13 “
wd PCB hBEICBET 30 2™ iKdbT
FHENIY LV THD, HMEVIEREEESLEP. 29
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FI~FAQISBMEP IS TVS. T80
5, FREHF L (No. 16, 17, 21, 25) w2 Tik KC-
400 2175 H, HEAERBRERRSL, W24
34 A%, &5z KC-400 Ky PCDF % 61 BEE
Bic EERE L. ¥, =749 (No. 28,
29, 30, 31) T2 Td FREF VERIC KC-400 %
45ORERERS L, WIFE2HARBLIEE, S50
KC-400 & PCDF % 6l Afij#Ekx#s L. 2095
+, REF@D No. 16,17 Ko, BE&REE5%H
ORE»S BERELT IVEFFVvE, h=o4
#ap No. 28, 29 it2 T sRUEL, FwvigF4d v
LavaFsIvERNIMAES L.

FDERIZ PCB K PCDF 0B kitEth 6 4
BRkfTRYy, FEERRL, PCB, PCDF 4Kk
U ZEBERIGEEAED & L. JufF 9000xg
LB, BHRD KEVEEL, UTColkBERNT
BIERD 1ChED, Fr/o—oP-A0E, Rvv T4
1 v (BZ) N-Jhix F VEEREGHE, v/ [a] vy
v (BP) 3-kBbEEEEERY DT-Y7h7—¥
EWEREL, PCB MIEIC X2 BRFELEROEY
n (No. 26) OfE% b S ICEHER L 7.

3. ERmEAE

PCB 4 IZRIERDY ey, W 3-5g2H
WTHIEL fe.

PCDF (3 BfY o PCDF SRR - T 17 173
ofn. TR L, LRRECERIX U/ oy 10-20
EEFANTT VY DBEROVYAFAD T LI r=
V5 T4~ (9a—=AuS-1, 2g) icktL, n-~
24 v 120ml THEHELEZ. o~ UIBREE—
EBETEEL, TridFhsasm< s 537 4—
(Woelm #7359, 2.5g) L, n-~*Hv
ST A F LY (A9: D) 30ml Rotn-~FH e
Wb F Ly @G D) 30ml ClERER S B1E
DO4EIIIE PCB 35, #Z04EIIKi: PCDF 3z
ERNRHING. oo DEE ThEn BEL,
ECD-GC $30WE~R 755 AV 0574+ —0OR
Ble L7z

4. AR/AYFIST +— (ECD-GC)

PCB o4fricii B8 GC-4BM (BFHiELial
B ZERL, &7 41K 5% SE-30 3mmx 2
m) OFFRHFLrERAN. BEAL, &5 LRTR
HEe o BT Zheh 260, 200, F& O 260°C T 1T
7zo7.. PCDF o4t B # GC-5A K ¢ GC-
TAG (s BTRBEE MHST) & EHEL K.
GC-5A oHF 5 slcix, 1.5% OV-17 a0 1.5

Apiezon L % Chromosorb W AW DMCS (60~
Ay V) lca—Favs L, H5RxBF534 (3
mmxim) KETALEDZE Bl EAL, &
5 LARUBHBEORER, Z20Fh 250, 230, RO
280°C GiTiE 2. F 4y )T —H R HE 99.999 %
OERFAEFERL, WERZ 30ml/min & U 7.
GC-TAG 0hF LICE 7 2a—AXFY b+ S Y
—# 354 OV-101 (0.2mmx50m) % i, & A
O, %35 ARUCREBORER, £hzh,300, 250,
300°C ©fTig»te. 2 YT —HARVAM 7T v
HRITE, #E 9.9 BoEFRE FHL, WEEXz
Nz 0. 5ml/min Ko 30ml/min &L, 7Y
v MR 1:3.4 ©fFlsofe. BBRVY ARV Ay
FERBBEARBELANT, VANV P EARERSE
718, HSAICEALRE

5 HRHZOWIIST74—IC &% PCB HLT

PCDF oEE

PCBoERIIE — 7 EORMICL 3 HETHR PCB
ELTEEBL.

% PCDF BiEEkoEBRF Rz o</ 5708
— A, e 2 PCDF ERomEEE higd 3
Lk frizoi.

6. TRITSIAVINIZT 4~ (MF)

HAZFD-100 #x7 o< b5 7-HEATE%E
FERL7. #5s1ci3, 1.5% Apiezon L % Chro-
mosorb W AW DMCS (80-100 % w ¥ a) T2 —5F
4L, H9AHF72 QmmXx2m) KHRTALR
boEHT.

E=s—AFELT, HTF44y M) BT
M*+2) 44 yERW. bbb, REL IRV
V75 v olkkicid mje 338, 340 &, ALYy
V75 OREITE, mfe 372, 34 RV EA
O, #5L4REx Y »F+v—EED, RELI~<Y
V75 v DA, 270, 240 K Ur 250°C T, RNEY
_vy7 5 s OBEE, 270, 255 KR 250°C TfFieo
oo F 9 )V T—FRICENY T AT RZEZRH O 4%
Vb A FE—i3 25eV, 44 /{LEFIT 300 2A T
Hoie.

i #

FEFVOFE» SE S PCDF 4 H i 2 »
T, AR ORNELY R 75 v OkERE, 211
BFNOHFAA Y (M) RO MY+ 2) 42 vicH
w47z mje 338, 340 Bof m/je 372, 374 RV
MF iz & b f77c>7#-. Fig. 1 iz m/e 340 & ¢~ 374
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WKBFZ=RTISTA VTS A
BIRT. RRTIFIAVITT A
(Fig. ) ®4>0 ¥~ DifH
B (tr) 12, #heEh, 1,2,4,
7, 8-PenCDF, 1, 2, 3, 7, 8-Pen
CDF, 2,3,4,7,8-PenCDF, X}
o 1,2,3,4,7,8-HCDF o ty &
—F L7, %/, mje 338 R¥
32 WBGBRTSTA VS
I 46h, FaEh, mle 340 RO
374 ZRHWIe=R 735 A VRS
7 & (Fig. 1) LEBOERELS
Z 7.

Fig. 2 |z, #50L7: PCDF &
SR H =7 1451 (No. 29)
OffED 515 5l PCDF 4H
® 50m OV-101 #+v 51—
B LTHIF LR sa<= v
5 LRRT. ERY -7 ORER
PCDF #ZFo tp LIEBLTT
71o7:. Fig. 2 jz7r4 PCDF
ERED tx 0—KE, L5%
OV-17, Kt* 1.5 % Apiezon L
#5a% B0 ECD-GC
W bR s, Fig. 2 »5
ok o, #5 L7 PCDF
BAMIO ¥ERATHS 1,2,7,8-
® 2,37, 8TCDF #:oric 1,
2,3,7,8-PenCDF (3, HI/ViFHE
hiciREAERD SN, &L
AEIES TH D 1,2,3,4,7,8-
HCDF pEnEHa&TEELTY
fo. OV DFTEN S/ OHI
PCDF Yl o ¥R 27 m= b0 5
b Fig 2 WRFH A s m= b
T3l BEAELFELCTHDI.

Table 1 iICFH{REFNVRTH =
A4 FOFFERIcEE T3 PCB
RU%E PCDF BHAKICDWNTE
Bl 7ERERYT. PCB BER

BAREW\EZR3I A

(1) (11)

/e 340 (M+2) m/e 374 (M+2)

T Or T
10 Time,min 10

on

Time,min

Fig. 1. Mass fragmentograms of PCDF fraction (I) from
the liver of monkey No. 17 (m/e 340) and (II) from
the liver of monkey No. 25 (m/e 374) on 1L5%
Apiezon L column. Peaks, C,D,F and G correspond,
respectively, to 1, 2, 4,7, 8-PenCDF, 1, 2, 3,7, 8-PenCDF,
2,3,4,7,8-PenCDF and 1,2, 3, 4,7, 8-HCDF.

i

0 20 0 60 60 100

Time,min

Fig. 2. Gas chromatograms of PCDFs on a 50 m fused silica
capillary column coated with OV-101. (I) synthesized
PCDF mixture administered to monkeys. (II) PCDF
fraction from the liver of a monkey No. 29. Peaks,
A, B C,D,E F,G and H correspond, respectively, to
1,2,7,8-TCDF, 2,3,7,8TCDF, 1,2, 4,7 8PenCDF,
1,2,3,7,8-PenCDF, 1,2,6,7 8PenCDF, 2,3,4,7,8-
PenCDF, 1,2,3,4,7, 8-HCDF and 1,2, 3, 6, 7, -HCDF.

FREF LT 35-670ppb, H =74 F AT 88-620 ppb
LR OZEE R A SN, PCDF 33~<ToHn
i ol s h, REFVERTH =2 4 FUTH,

Zh £h, #% PCDF #5880 0.01-0.14% kO
0.02-0.04 % EH LT & PCDF Ei:{EoE

BRAREBFNVREEH =7 4 F VBT, ZEEER
HEB EDENE. TRPL, 1,2,3,4,7,8HCDF
3 TTo FURET s S Bl sh, LarbBE
PCDF 0liE s A& KESOEEEZLD T (15
7.7ppb). EEEE, BHERLX 1,2,34,7,8-HCDF
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Table 1. Concentration of PCBs and PCDF isomers in the liver of monkeys administered
PCBs and/or PCDFs

Liver Concent. Concentration of PCDF isomers (ppb)

Ililflonkey weight PCB
o. S -
() (ppb) A B C D E F G H Total

26 (control) 92 8.2 ND ND ND ND ND ND ND ND
16 63 51 ND ND ND ND ND TR TR(@.5 TR 0.700.0D
17 73 670 ND ND TR 2.1(0.1) ND TR 3.4(7 TR 5.500.14)
21 64 670 ND ND TR ND ND TR 7.7¢(12) TR 7.7(0.12)
25 57 35 ND ND TR ND ND ND 2.7(5 TR 2.7(0.05
28 27 88 ND ND ND TR ND TR 1.5C2) TR 1.500.02)
29 35 95 ND ND ND ND ND TR 2.1(3 TR 2.1(0.04
30 19 620 ND ND ND ND ND TR 3.2(3 TR 3.2(0.03)
31 17 170 ND ND ND ND ND TR 3.4(3 TR 3.4(0.03)

No. 16~26: Rhesus monkeys, No. 28~31:

Crab-eating monkeys

A=1,2,7,8-TCDF B=2,3,78TCDF C=1,24,7,8PenCDF D=1,2,3,7,8PenCDF
E=1,2,6,7,8-PenCDF F=23,4,7,8PenCDF G=1,23,4,7,8HCDF H=1,23,6,7,8HCDF

ND: less than 0.1 ppb TR: 0.1~0.5ppb

The values in parenthesis are expressed as a percentage of the total intake.

REICTT 2 E&ICBRETWE, REF L BISIC
BEE% RUMK No. 16 25) BRUEA=24FAT
3, TREN8HBRUIBIBE L. 53—2DK
Wbo~vr s v BkETHS 1,2,3,6,7,8-HCDF

b NTOVmE, 1,2,3,4,7,8HCDF i 1/10
DOEE TR a7k (0.1-0.5ppb).

—7%, MY~y 75 TR, #5 L7 PCDF
OERDTHS 1,2,7,8-TCDF K112, 3,7, 8-TCDF
REEEDE, LWFho ¥hdd il shighok
(MeHiPRE 0.1ppb). FiE(k VY~V 735 v TR,
2,3,4,7,8-PenCDF 237REH v No. 25 Zx 4
To yuhbhilish, %72, 1,2,4,7 8-PenCDF
HFREY v No. 17, No. 21 FKor No. 25 okl
ik, TORBER, WELIbIK, 12,3478
HCDF o 1/10 g £ o7z (0.1-0. Sppb). %
5 PCDF oX¥gachs 1,2,3,7,8PenCDF 35k
EH# o No. 17 B Tos, 1,2,3,4,7,8-HCDF
L 2 2 BECTRITEN, T, Z=24%n
No. 28 iz b FhICEEL Thichs, ok s
REHsEho. 1,2,6,7,8PenCDF 3, 3
TOH VbR ESNErD.

Table2 iz, +EFIcB 25 7 o — A P-450
8, BP 3-KERLEERTEYE, BZ N-f{x F vEERTEM:
RO DT-U7 &5 —-€¥ERERT. FEBEF LT BO
Tit, PCB %y PCDF pE#&iE% 6 BB
Th, SEBRTLIEEAETNTOBREEEOEY
MEFENTOR. F AT EEREDT 503588,

P-450 B35y 1. 4 foic, MC ML T (LAY
KEDEEEICHE SN BP 3-kB{LEEEEN = DT-
Uk s —EERR, ThEh, 83346, L3
FEINhl F/, PB B O TR U FEY
g BZN-Jlix 7 VEEREML, 32/ F L
At 15k, P-450 o COEZ~Y b ORI
URI3 448.5-449nm TH DI, A =T A FAICDINT
3 RAIED & O T EEEN BT RE[EETH
5. [EEEFREFvORQE S L (No. 26) & Wil
T5&, P-450E K U BZ N-fii+ 7 VvEEETEM T
i3, REFVERREORESBE SN, BP 3-
IKBALBERTG T 2. 6 fE L REF L L DK, DT-
YTk 7 —EERTRNEIC, RUBREF LOLER
DYESDEERLI.. 20 DT-U7 k5 —E7EM 28
RMBOA =7 A FVTRFBEF VIO &b EEN
D>, EIPIOVTIE ALShATRIEY. DT-U7F
5 —EOFEBY, BP 3B BRI O E NiTk
~, S v MCBWTIZ PCDF EEETR TR
BT EBHSENTHELY, $ArTeEBOT L
DREF L TREE .

% =

FARTT w kT o PCDF ok itk
WEDTRESERLZCEBPLHIT SN THELY
B, ZEOEERICBNTS, vuffiitkto PCDF o
BRI EEARCE>TELOHEEBNED bR
bbb, 5L PCDF BAYh 0 BSOS T 55
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Table 2. Effects of chronic administration of PCBs and/or PCDFs on activities of liver
enzymes in monkeys
Benzol{alpyrene? Benzphetamine® p
No. Cyt. P-450v 3-hydroxylase N-demethylase DT-diaphorase®

26 0.232 (1.0 ) 50.7 (1.0 ) 0.088 (1.0) 0.120 (1.0 )
16 0.305 (1.32) 188.6 (3.72) 0.294 (3.34) 0.165 (1.38)
17 0.340 (1.47) 126.0 (2.49) 0.226 (2.57) 0.107 (0.89)
21 0.367 (1.58) 219.1 (4.32) 0.264 (3.00) 0.198 (1.65)
25 0.274 (1.18) 129.8 (2.56) 0.353 (4.0D) 0.136 (1.13)
28 0. 288 132.7 0.310 0.130
29 0.357 131.5 0.311 0.085
30 0.333 125.4 0. 184 0. 064
31 0. 351 137.0 0.298 0.062

No. 16~26: Rhesus monkeys, No. 28~31: Crab-eating monkeys

1) nmoles/mg protein,
4) pmoles/min /mg protein

2,3,4,7,8PenCDF, 1,2,3,4,7,8-HCDF K&t 1,2,
3,6,7,8-HCDF o BE#H»EL, &Lbbir 12,3
4,7,8-HCDF |3, %% PCDF BEOKESEZLYD
THYD, Lo oRmBEEENEEcHD. 1,2,
3,4,7,8-HCDF {3, 5 o BRI THEANE
BENC EMRELHICENTED®, BoFRcE
WERM 4RI PCDF 80— 2EE2 605,
RNy 75D 5 b, 1,2,4,7,8-PenCDF
RO 1,2,3,7,8-PenCDF 0BEEICH VM TEFOME
BRASNEY, CHRBRSEOENRUEEZICE
Ke+sbortEbis., %7, PCDF jZgs: PCB
B, HBIREr =0.816 (P<0.05) ©, HENX
THBIRI RS A S e,

Al VT 8105 PCDF BEMHO # &
13, HiElo “#ovo PCBhEEICEEd 2 F#E 5
wO T BNTHO LMY VOBEA SR BTELD
THERME N TbL, fiHoRR (FRES v
3EAE) Tl2EYg PCDF 1, 1,2, 3,7,8-PenCDF
Bt 2,3,4,7,8-PenCDF oEENEL, i, 2,3
4,7,8-PenCDF 0oEEBEMEE THDOY Oicxt
L, Ao £BTid, 1,2,3,4,7,8HCDF %%y
PCDF o KB4 T &0, 1,2.3,7 8-PenCDF K f
2,3,4,7,8PenCDF o, 1,2,3,4,7,8-HCDF
O LI0icT Expot. cokHE HED BR &
LT, KC-400+PCDF 05 A K R 5FE 0%
WHE A BNS. $RbE, HMEORE, YARERS
A%k (26~39 1) 8, I BICBRINTHS OIS
L, AEovaTid, #5848 61 B) %, REER

2) pmoles/min/mg protein,

3) nmoles/min /mg protein,

Az sh, PCB Kyt PCDF ofikithi 6 4 A
HieBEHsnTwa. F7z, KC-400+PCDF #54]
iz, KC-400 Bl 0lEERMRE STV S.
D& RHERBOED, BICABOERBRTIE, ¥
Bk, BRISNZETO MM IELY Bk
¥, 1,2,3,4,7,8-HCDF o B8 » 2,3,4,7,8-Pen
CDF kb, ZDEFICKE 2D EBALLNS.

1,2,3,4,7,8-HCDF |3 Rappe Sickh¥hx %
HE 5L Qs O M EEE T, foPCDF
Bk iR anTED?, CcotAoBENE
BHNERELTRBLTOE dDEEZONS. O
SWid v MF s vy — A BYRBBRRC B L
T, Ftwu—2us P-448 BOBMPLEERRILKFE
KERLEEZIEN B DT-U 7 &5 — 2B oAl
&, MC BERFHELRL, B IRESEHEPHERS
FoaitEi b, LcdioT 1, 2,3 4,7, 8-HC-
DF 22T b4H S HICRE T3 BENS 5.
FEFVITICEB 2 YRS BRFLICEL T
BiE D EE (GEFL2EMEA) ©, PCB KT8
PCDF oy (29-32 H) #&, PB K MC &
DEATOFENID SNLh®, SBIOEBRTD,
BEPEE6AARBNTHERELT, Fr7o—
24 P-450 Bo#jn+< BP 3Kkip{LEEZ > DT-V 7 &
5 —EiEto AR Y, PB #R U MC EpESE
OFENMFE SN TE D E DD THBRED.

A6, YrFBic SBECEEL TN ,2,3,4,
7,8-HCDF {3, 5 v FFicB0T MC BOBES
BARTCEDPPELMICENT VB, L2 TE
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Eoks5% yro ik )3 BRFEHZ, PCDF
ONEBELEET I LEZONG Y, BREREE
SRS SR PHETHS.

FIRY IKBOT, RBEF VRS =2 4 FICE~—
REICEEESRE L, FRRBEICHT 2 RIGHRE
FUNOFBBENMERMSASND CLE2EHLL. 40
@ PCDF offBRERGFEF VT NTDENK
EORNS, A=A F VLD LBRBICECEERS
AL, ZoEROBE 2L EMTTOE.

# &

HEFEREE 842 KB TRV S RIREYF L

(5 RU A=24%r (4E) 20T, KC-
400 %o~ PCDF of&i#id5t 6 # A HoOFRICES
3% PCB &U¥ PCDF BEIECICAT L £ vy~ A3
PIREBRRICRETHRFBIC OV TRE L.

D waufrEicB Y3 PCB BRI REYF LT 35-
670 ppb, H =4 4 ¥ 88-620ppb THY, Ak
EBH LN

2y FEHF LTI, ¥ PCDF #5580 0.01-0.14
BWFBCBE LT BY PCDF 055, 1,2,
3,4,7,8-HCDF s k#ooE &L D, v idc i
HERIHB 00, HIFIBATIEEERL No.
16 2L, #58hk 1,2,3,4,7,8-HCDF op#y
8HMEH LT

3) A=s4¥NTR, ¥ PCDF #5820 0.02-
0.04 %78 FFIICE L Tz, FESF LD IBS EH
¥, BEPCDFn 55, 1,2,3,4,7,8-HCDF k%3
SOEESE LD, 5 shi 1,2,3,4,7,8HCDF o
MIBBEEL TV

4) FrE:® PCDF gL T, REF VO
H =7 AP NCERNBERES K& DT Eheh=y
AFENVOTTN LVEVEFARERL, COCETE
Y BN TRN ch =7 4 FLORFEOT X 2 EBM
FTW3.

5 Yaoffics s PCDF gz, PCB &
EE Fo HEEE S @ Shiz. (r=0.816 P
0.05)

6) FREFLicBIFZ PCDF o fFESHIIEIE &

B DIEESE LY, ToERELT, BEX
N2 ETOHMOBROREZL LN,
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Macroscopic Observation of Monkey Meibomian
Glands treated with Polychlorinated Biphenyls

Yoshitaka OunisHi, Toshihiko KoHNO,
Tatsuro IsumBasnr and Yasuharu SHINODA

Department of Ophthalmology (Director : Prof. Y. Taniguchi),
Faculty of Medicine, Kyushu University

Meibomian glands in experimental PCB poisoning were studied in rhesus and

crab eating monkeys.
ment with KOH and Sudan III.

The glands were macroscopically observed after the treat-
There were partial disappearances of the glands

and enlargements of the ducts in PCB-intoxicated animals.
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Ultrastructural Changes in the Gingival Epithelium
on the Experimental PCB Poisoning in the Crab
Eating Monkeys

Isamu HasHicucHI, Akifumi AKAMINE
Tsuguhisa NAxANO, Masao AoNo

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

Hiroshi Fukuvama

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

The PCB poisoned monkeys were made with diets containing KC-400 and
PCDF. We administered cholestyramine to some of them in order to examine ef-
fects of the drug. Then we observed them clinically and performed the gingival
biopsy periodically. Histopathologically, we examined the ultrastructural changes
and the mechanism of the dyskeratosis and the keratocyst formation, which were
observed mainly in their gingival epithelium and lamina propria. The results ob-
tained were as follows:

1. We found little difference between the keratinizing organization in the dys-
keratosis and that in the normal gingiva. But in the keratinocytes which
were flattened in the dyskeratosis, various size of round bodies like vacuoles
were observed. We considered that PCB might accelerate the turnover in the
keratinocytes and make the dyskeratosis.

2. In the histochemical examination in the keratocyst, we found that the de-
generated spinous cells contained more glycolipids than others did. Under the
electron microscope, we observed a lot of round bodies like vacuoles there.
These led to the supposition as follows: PCB is likely to cause the excessive
accumulation of glucose or lipid. It is also suggested that the precursors of
the two substance increased in amount, because they could not enter the nor-
mal metabolic map due to PCB.

3. Clinically, we observed the slight improvement in the monkeys with the ad-
ministration of cholestyramine: increase in weight and decrease of gingival
bleeding. Histopathologically, however, effects of the drug were not definitive,.
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{180, WwbDTL, 7454V HHER, ExH
L, ®EIERFAICE MEENIICTR L T,
FEMRERNICE 2 OB X 2D kN D EHEEE
R £ EAETE LD iICe 2Tk (F4).
Eto—#8wid dyskeratosis WE O AE AR E HE
HFECHITERS VIR TEY, Z0FH
CIIRBMEEREOHBRE RO LN, Z0Mmo
EEARELTIE, A{LEN B LT B
b, REICY o BROREPHEEESBEE SN,
PCB #5ic L2 EBEBATOE(E L TE, ERE
BREEmOHBESBF NS (”S, 6). o AWk
BlCE U7zl b ovg O vy T a—lc Tk L, g7
PAS Zra%lid & BURISEREL, TORGIET S

ILVRFSZ I UEE
112 |—rr——] 2/9
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=
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_r

L
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ERAREEY RS RDONE L A2k, 2hd
O—HTIRERREED P ENICEE L TVE L HIC
HRZBECAHED DI (K9). MRAE T KREILD
MBEREER O FRE Y — 20 b LT .
P L2 STl EA L, Miaadic ot
BEDBREL T, REICIZDERO ) voeske<
707y — OEMRENED S, &ECESKERR
HHE LTI

@B o1 OB e, BlLo®{kic grade =
iz d, Rlok ks, avaFs I vBER
LI VLRFZ I VERSHES S bERTERIIRD
5Ny, PCB #5ick>THNIC BLOMBRE R
EANBEYPHETZ CEHFERRBINBICEEE

D7z,

£ =

FROAMEBLEIGERREBEEEZ NI EED
59, BETEIRERBTO active 70408, HEH» S
5 F VBT IR 5 T v BEARETOHBERE
ETOLEMEOEESMEEABENTEY, HE
FRELTOMBEBICERICRYIDGDESN T A.
b OEERSE R OER OB L > Tald 5T
EBHONTE Y, BE, ®A, HOH STOME
BAELLTVEL, BEECOE, ROZEOHEILA
AL TR L L OFER B 4 ORE ORIC
BHTLET 5. AR, AEE, RIS, RTEL
R EBZofELTET NG, LhrLuEds,
4 PCBit ko TUEB L ShiALoiBREE®
BERHEBEYIL, Y EoRE T3 RRN R HBER
KRB EAEAONT, DIMCRELEBICEDN
% EHEBKE BERICEULTVWE., RELRETO
dyskeratosis & HigL 4% &, PCB o dyske-
ratosis ORI D REPHH O BE L S OIC &
SRNOBREBEL 450, Bic AL o tun
over B LD TH A S, HERE D SR
TH4ETIC PCBICAZBORERBRESN TG
W, LicksoTE s PCBicXx 3 dyskeratosis |35
BoborEbhz., FEERROEELE? TERN
TELADOHMON TR VDW B EZEREOHERE
DOEEREEIL, K PCB #iit o7 &
R, BRICRERHRENEUCCALEE2SIsBC
T b TS, Fk w4 K- LBTHEIC
FEAoNTVS. L LEEALEIE NI EIER S
ZOMOBRMBITIEEALEELTEST, RERR
WREFERRICEAZ CERNETH S, BILOBERIC

PCB #% WX PCB oR¥ENMNEEES 2 /0T
BRohEHENsNE. BROALICEBT 2o
BEEECAEBERE >ER LR O RBOSEANL
EIRLTOEY, TOBEBERIEROZCEML
T3 EEbLNREY. THOLLREBTHRE LEHE
KSR T N 7 45 4 7 P R/NEESERE S
nE. FREBTEN 7454y bBHBIL, 51T
membrane coating granule 4 5 + b7 ) v EHA
DEHENZ 0, HPNBER SOEKRBEIIHEKL
B3 BAEBTIINEBEREEASERNICASH
BOATHSF VI 474y VSETETERFICES
L, B3y 5F v 2 —rva223424067TTL
5. COXSREEMED Key-structure &752 @
WA/ 747X FTHD, BILOBRENENSDIZ
Ebs 747 AV QENEZ. ZHICET BRI
BlMRO BN ESICN T DNA 200 B
iKiEhh, ZORE L THEIOFREDEEHE IR
IthhTnd EanTins. 2, Fuchs & Green
DY S ERDY 7 F v EAEESEC EICERI L oI
T, RBOY 7 F v EASTFEI/NSHBTER
LT EPBFLOTED, WH ZThENELDL
m-RNA k2o bR THB & BNTIHE.

FAICEL LR T OMERMBORENK X HE
LTz E0bh T, FIAEERERIZEENE
ELBUNEZE2BLT2E0bhTEDY, I51C
R GRS KA R & 2 72 recombinant graft ¢ &
AR oA B ERT CEBMEShTNAY.

Wessels'? (326D T &b o AILAIRIL B ok
WG CTHEOHICE » &7z gene othh & —o
ZBEIRT L EBRTINE. 4[H, PCB jck>TAL
7= dyskeratosis O EREO—2 i AL MIEAEE O
gene »3&S gene A|RL A &icky, HkicH
TEBERNEDY, Bixo m-RNA ZEHLC
ESIEBbOTHBOAEEZEL BN, dyskeratosis
DEBEENCD I S EEBICEL T L, FR50D8
OEBEMBOEIET S b0EBbns. Loe” 5
fniF, MIESRII EEMSOREMEE ks L Tx
h £ AEBEEMEIC A5NE LS. B|EThH
¥, ABETOARMIINE, 220 TICHMLo
BPCHVREICEFD T o€ R 2B/ EER O
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multipotency %#i5 PCB ic L 2 BEAH T oHE
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OFERE LTidfiuc PCB -z R BiEm»ERE, A
LHfICER Licc & 32 510 5%. PCB k& s
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7 EE
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LB#RIic K D EIEE O FEESEE S Wi, S5
ERBETIREEL LBEN IS oA EEy
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BRICEBSNIZD, 53 0IZEPEENEE SRS
RICAB LN TEFTICHRAERDOEEF/RL THEH
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FHIKE R VR F 5 I vEREREIELTOHEED
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SN OME %2, BIEARENRRLPXENHE
TLHRAWTIE EDFETHRBEIC Lz,
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Study on PCBs, PCQs and PCDFs in the Blood of
Taiwanese Patients with PCB Poisoning and in
the Causal Cooking Rice Bran Oil

Takashi KasaiMoTo, Hideaki MIYATA,
Shigehiko FukusaiMa and Nobuharu KuNiTa

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

Gen Omnr

Department of Hygiene and Preventive Medicine, Faculty of Medicine,
University of Tokyo, 7-3-1, Hongo, Bunkyo-Ku, Tokyo 113, Japan

Ta-Cheng TuNG

Department of Medicine, National Taiwan University, 1
Jen-Ai Road, Taipei, Taiwan

In the spring of 1979, Yusho-like PCB poisoning by consumption of a contami-
nated cooking rice bran oil occurred in the central part of Taiwan, the Republic
of China and affected about 1,700 people.

In this study, the causal rice bran oil and the blood of the patients were ana-
lysed for PCBs, PCQs and PCDFs. The results are as follows:

(1) All 3 samples of the causal oil examined were heavily contaminated with
PCBs, PCQs and PCDFs at levels of 44412, 1746 and 0. 1440. 03 ppm, respectively.
Compared to the samples of Yusho causal oil, Taiwanese ones had not only rough-
ly ten times less contamination by PCBs, PCQs and PCDFs but also 3-4 times
lower ratios of PCQs or PCDFs to PCBs concentration. PCBs, PCQs and PCDFs
present were all composed of similar congeners to their respective ones found in
the Yusho oil, though there observed somewhat variations of component ratio of
PCBs and PCDFs.

(2) A half year after the termination of ingestion of the causal oil, all pa-
tients had high blood levels of PCBs, PCQs and PCDFs such as 39%17, 8.6+4.8
and 0.076+0. 038 ppb, respectively.

(3) There were significantly positive correlations among the levels of PCBs,
PCQs and PCDFs in the blood of the patients.

(4) There was significantly positive correlations between the degree of severity
of the dermal lesions of the patients and their blood level of PCBs or PCDFs.
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(5) The composition of PCBs, PCQs or PCDFs retained the blood of the pa-
tients was quite different from the comparable one taken by them, and was simi-
lar to the comparable one retained in the liver of a Yusho patient who had dead,
one year after Yusho outbreak. It is noteworthy that the residual PCDFs con-
tained as the major highly toxic 2, 3,7,8tetra- and 2,3, 4,7, 8-pentachlorodibenzo-
furan isomers.

(6) There was a sex difference at the composition of PCB isomers retained in
the blood of patients, indicating males to have stronger capacity to metabolize
PCBs than do females.

(7) In both cases of male and female patients, a difference at the composition
of blood PCBs were observed between with and without dermal lesions. In groups
with dermal signs, however, the composition of blood PCBs was similar among
them, regardless of the degree of severity of their dermal sign. A half year after
the termination of ingestion of the causal oil, individual with the skin lesions show-
ed so-called “type A” gas chromatographic pattern of the blood PCBs, while in
the case of ones without the lesions, it took one and a half years for them to
show the PCB pattern.

(8) In the period of within a month to a half year after the termination of
oil consumption, a decrease rate of the blood level of PCQs or PCDFs was greater
than that of PCBs. The difference was deduced to be attributed to a difference at
the behavior of these chemicals in the living body, from the analytical result of
them.

(9) In the period of 6 to 8 months year, the decreases rates of the blood levels
of PCBs, PCQs and PCDFs were 52, 61 and 46 %, respectively.

(10) There observed a tendency to be a negative correlation between the degree
of dermatological severity and the blood level of PCBs, PCQs or PCDFs during
the period of within a month to a half year after the termination of oil ingestion
but to be a positive correlation for additional one year following the period.

1979 £, BERIFIC BT, BETET, &

8-petachlorodibenzofuran |3 & — &R} K204 H IS

ke LTHERsh T PCBRIESEHRBEAL K
ARROPHOERICLD, 1,700 ZOA%BHE
B2HE, DHEEOMHEL FREED hHEFELN BEL
7218,

BRI BEEBOTEULTH D, HE, &
5B, PR B A EREEELCRRILE, MRCE
5 EELRE, NoL£H, 57— ARE BERT,
BB DR, MRS ESEHES N TR0,

A0, % oBERMHE X CBERMEREMEEAF
L, HEmERREPICE TN EFRYEOERE, M
BR D Hitk s K OEEUE M SR E of# it 21Ty, B
AOMEFE M ORELHER T2 L TEERARE
BlrotHETs.

B 5 &

it

B 0@/ THB. KL, 2,36 8-tetra-,
2,3,7, 8tetra—, 1,2,4,7,8-penta~- BLr 2,3,4,7,

KDBESNIbDTHS.

2. =i

(1) FRME: 8EE 3L 08E o » FREO I K
2) HRKBBIRELRK: ARELIEREEROL
B L OEE 1134 nT, 19794 11 BT (R
RMRERT L A AL B8 L 0198046 A (ER
R THG0.54) 8 X 181 4£7H (BRM
BERTHRG LSFE) cRsh/doThs. h
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9795 ARS 6 A PP TREALILDTVS

TOESBIUEBEREBENOSH%E Fig. | BX&
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B B i, BEET N S8R, n-~F
HUTHHE L 7Yy Yhs5asav T PCBs,
PCQs & k1t PCDFs 4y ic/h8E L 72. PCBs €D
WTid, GC © OV-1 8L Apiezon L # 5 AT
EOTHEE, ROENTET . PCQs i3 StE/LT v
FEVICTRGERLLIZOb, TAi+as sEH
270, GCILTER, T, GC-MS [ TERZT
>7z. PCDFs W43, T3+ h 5 Ak DBER
HEYE R BEL, Bk, GC B L v GC-
MS @i #5127z,

HRELUER

1 EEH$Ro PCBs, PCQs # LU PCDFs
Table 1 l/RT &k Hic, WAL EBORRMH 3 4
tkiaT#i, PCBs, PCQs % &' PCDFs i/ Lys h

2A 10 HEIEFOSE) KBV TEER/L PCBs B
L' PCDFs W& FENRE RE R L, Ho
BEHICL D, PCBs B Xt PCDFs Rk OHEDNT
DoENTVEP., ThicR LT, ABRRMOBES,
S LceiBdicad ThTws PCBs, PCDFs o
MR IZBD BN LT, 2 ¢ HmdicEET 5
PCBs % X0 PCDFs offisld BEEEIC XY, A4
EhbC s 2EETLE, BEDES PCB #
SIRHEBEAE D, ~FORMBEETHE DI T LA
g&axns. Fig. 3 8L Table 2 icR7kT LT, &
BEKE#mD PCBs {3, 196842 SHEE H O
EFERM (PCB 85 RHiBHREO B K~
T, Peak No. 16 R4LIE® Sig{HLl EoBEiEl
PCBs o&HEMHENIICSL, 2H 108 8&HD
ZHICEBL T3,

Table 1. The concentrations (Mean=*S.D.) of PCBs, PCQs and PCDFs in Taiwanese and
Japanese causal oils
PCBs PCQs PCDFs . .
Sample No. (ppm) (ppm) (ppm) PCBs : PCQs : PCDFs
Taiwanese 44412 20+ 12 0.14:40.04 . .
causal oil 3 (51269 ( 9= 38) (0.10=0. 18) 100 : 39 : 0.3
Japanese 430+391 630167 3.85%2.51 R .
causal oil 3 (151-968) (490-800) (1.90=7. 40) 100 = 147 = 0.90
Table 2. Component ratio (%) of PCBs in Taiwanese and Japanese causal oils
. Number of chlorine
Sample Prog:::élon No. .
3 4 5 6 7 8
Taiwanese
causal oil 3 1.8+0.2 32.2+1.6 37.2%x2.1 18.3%£0.7 9.7£0.4 0.7%0.4
. Feb. 5th, 1968 1 7.6 45.2 31.7 11.6 4.0 0.0
apanese
causal oil Feb. 9th, 1968 1 5.6 37.8 34.0 15.0 7.7 0.0
Feb. 10th, 1968 1 3.1 32.7 37.6 16.7 8.0 0.8
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Gas chromatograms of PCBs in samples of
Taiwanese and Japanese causal oil (240°C,
Smx2 6mm glass column containing 2%
Apiezon L on Gaschrom Q 100-120 mesh,
carrier gas nitrogen, 40 ml/min).

a, PCBs from a sample of Taiwanese causal
oil; b and ¢, PCBs from samples of Yusho
causal oil manufactured on February 9 and
5, 1968, respectively.
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3 4
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é 1b ].5 Z.Omin

Gas chromatograms of PCDFs in samples of
Taiwanese and Japanese causal oil (225°C,
25 m x 0. 28 mm OV-17 capillary column, carrier
gas nitrogen, 1 ml/min).

a, PCDFs from a sample of Taiwanese
causal oil; b, PCDFs from a sample of Yu-
sho causal oil manufactured on February 5,
1968. Peak No. 1, 2, 3, 4, 5 and 6: 2,3,6,8-
tetra-, 2, 3,7, 8-tetra-, 1,2,4,7,8-penta-, 2,3,
4,7, 8-penta-, 1,2,3,4,7,8-hexa- and 1,2,3,4,
6, 8-hexachlorodibenzofuran, respectively.

2 REREHERENSRO PCBs, PCQs &
' PCDFs

(70)
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Fig. 5. Gas chromatograms of PCQs in

samples of Taiwanese and Japanese
causal oil (275°C for native PCQs
and 290°C for perchlorinated ones,
0.5mx2. 6 mm glass column con-
taining 2% SE-52 on Gaschrom Q
100-120 mesh, carrier gas nitrogen,
60 ml /min).

a, PCQs from a sample of Taiwa-
nese causal oil; b, PCQs from a
sample of Yusho causal oil man-
ufactured February 5, 1968. *: Gas
chromatograms of PCQs after
perchlorination.

(1) FRGBRERTREROBYERE

FRMEBR THER (REEE), #@hH 113
L4812, SEED PCBs KERINTBD, %0
P M iEE T 39 ppb (Table 3) ©, BROEEH
(7 2.0ppb) BXU RIE Il £ 0 HWERE (P
¥ 6.0 ppb)1® Dz FH 20 BLT6.SFITZEL
TWWE. SEIOHMFEE, 19794 12 5k 5 19804 5
Rich i TEaILBREARE ZH N 143 AOFERH
BECEMD PCBs B (F#H 39ppb)? LFH—TH
2. Fig. 7T iKRT &3, ABREOKBERERY
BEICBLT, M PCBs BERL R DEHEIICS

Cly m=4-10 10 C] (m/z 646-666)

9 Cl (m/z 612-630)
8 Cl (m/z 578-534)

4/‘/\\ 7 €l (m/z 5ub-558)
e 6 C1 (m/z 510-526)

5 Cl (m/z 476-486)

/\/\*\_

o —— 4 €l (m/z 442-450)

T ™7 (. 1
5 10 15 20 25 min 30

Fig. 6. GC-MS chromatograms of PCQs

in a sample of Taiwanese causal oil
(230-270°C (4°C/min), 0.5mx2.6
mm glass column containing 2%
SE-30 on Gaschrom Q 100-120
mesh, carrier gas helium, 40ml/

min; ionizing vol., 70 eV; acc.
vol., 3kV)
80 .
70 | :
3 : . .
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Severity of dermal lesions
Fig. 7. The concentration of PCBs in the

blood of patients 6 months after
termination of ingestion of the
causal oil

HALTWE. flil grade (I +1) BicsTid,
11.0~65.8 ppb OEEHHETRT.

—F, WkE 6T L£LBoME» SEEED PCQs
(8.6-4.8 ppb) Hikapix i (Table 3), ZE 114
BOMERZEDME (2.0+2.0ppb) 4.3 {ZiIcHEY S
3. CoER EERED it PCBs EE (<0.02
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Table 3. Concentrations (ppb, Mean=S.D.) of PCBs, PCQs and PCDFs in the blood of
patients 6 months after the termination of oil consumption
Degree of
dermatological No. PCBs level PCQs level PCDFs level
severities
None* 505 12+ 6 L7£1.1 0.0240.018
I1+1 57 24) 36114 7.9+3.7 0.062=0. 024
il 24 (14 4115 8.2+3.5 0.07940. 030
v 27 (24) 50+17 11,0+£5.2 0. 10040, 040
Total 113 (67) 39417 8.6+4.8 0.076+0. 038

#: Case without any dermatological signs.

Figure in parentheses shows the number of the blood samples analysed for PCQs and PCDFs.

ppb)®1® D 4304EL ETH Y, HEERERDLED
None Bz BT a Z, fd PCBs B E (P 12
ppb) 1E3EEIE (2.0 ppb) obdh 6 FFiITFERL
75, PCQs¥ps (¥ 1.7ppb) & 85fELLLicd =
LTws. ik, PCBsiclh~T PCQs @ back
grand s 100 5D FTH 3 C LIKRRTZ D TH
z. f£o7T, cnooBEEEAEETNE, MmHPCQs
BERZERMEROE N MBI 5 T &3
I NTHAS. PCBs 0iEA LARI, AEED
EEERERTEERICE T, i PCQs RER
Trk&nosvERTEHLNE (Fig. 8).
—REEEE IUEEE PCBs BEREZITVS
Wiy PCBs B o mmhiciz o s hiz (<
0. 005 ppb) o PCDFs MRt & v/ R ihiE
RGE 67 2T OIf1#ED & 0. 07610, 038 ppb OEE T
B a7 (Table 3). ¢ o HEHfLr~iE, PCBs
B PCQs ¢ #hich~niE, #H1/500 5 &K °
1/100 & 24 —#—P BN OTHDR. DT L
13, EEMERU: BERERCEEN TS PCBs
PCQs #Xxv° PCDFs it (435:139: 1) iTi®
Hd2b0Ths. FHORIME I FE o MWERE
fishd PCDFs s #7253, PCDFs OFES
BAT L ELFTERAMOLD. L, BEHERE
Zpi PCDFs g (#heh, 3.49 BXU 3.8
mg®) B RIFFRICTH B EEERETHLE, HREHE
B THRENEOMESRERAZEOBRZE LB LV
@ PCDFs B2 Thicdo LMz 5.
SFERENC B 0 T, [k PCBs, PCQs B X T
PCDFs 3 Wh b BRI 42 "L TS
(Fig. 7~9) 43, Table 4 iIt/Rd & 3T, BEEROD
2 Lt PCBs, PCQs Xyt PCDFs Zg°h
b B TEER (P<0.00D) Eo HEPED b1
75, #EFAKMmE PCDFs BELOBIKBNT,

30 4

204

Concentration of PCQs (ppb)

10 1 : -

None I+ 1 il Y

Severity of dermal lesion

Fig. 8. The concentration of PCQs in the

blood of patients 6 months after
termination of ingestion of the
causal oil

BHIREVEERLTHS. Fu BB ET>T
iz, 4EEBIERBHEICREL T R0EE
BT, BRER, HiIKBEREMS PCBs BE
BEBEERLTOEERELTVEY. IRkl
THCORIERYEE &HRER S ORI, BRS
» Ly Lan® gk o THESNTNS. HWERE
5RBEOEEIC LB ERYEOBEBIRE & ERER
EOBFBESEOHBICRET S 0THB LELLN
3.
FREERENRICEET S PCBs b l0RR
o ENick~<T, DDE X b REEEOEN S

(72)
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Table 4, Correlation between the dermatological severity and the blood levels of PCBs,
PCQs and PCDFs
No. r* p
Dermatological severity and blood level of PCBs 113 0. 443 <0.001
Dermatological severity and blood level of PCQs 67 0. 444 <0.001
Dermatological severity and blood level of PCDFs 67 0. 565 <0. 001

*: Correlation coefficient.

* 0,231
=
L]
0.1504
.
. .
.
:
. e
— L]
2, 0.100 . . -
£ . -
L]
2 - .
= . o
= : .
- °t .
o . - .
e * LH
3 . . .
2 0,050 1 .oy .
o .
o]
= o
b .
&
S . .
o
.
.
None I+I I w

Severity of dermal lesions

Fig. 9. The concentration of PCDFs in the

blood of patients 6 months after
termination of ingestion of the
causal oil

LR ol PCBs lck bl ashTn3 (Fig.
10). Lib, Fig. 10 gadbhz X3, dE0E
E#ho PCBs ofERBL TS &0 (¢)
5, EMMice—~z SN ELL @b L, #Hicy
— 7 18~22mahiEint ERECHEETHS b
Wz “Type A” [ L7-bD (a) ¥T, 40D
Hrrua<wrrez—vp@Edol. Fig 11 3B
Bz Fig. 10 RENBRE~ IR D BERBZE
ARWICRLEEDTHE. CORIKRENDE LD
iz, Mt PCBs ofARICEWTH L ICEEISED
>hb. THbL, ik~ T, BiiEEY PCBs
WA OH, HEERBRESAPTVE DDRT L
% Pcak No. 9 ko8 1SR4 0 HEIHESIHIIC
BHLTH3E. zoc&ld PCBs oftgiggic s,
BHREELD BN EERBT20THS. C

ORRERIBHTEETHS. W¥RLEF (D)FEZLK
iéﬁ%%gﬁ%%mnnann ) 1‘9’ /Ehfﬂ‘::@ IE%E
i3 PCBs ® PCQs Titis{, PCDFs Ths &
(2) PCDFs icxid 2 g oofiiitEid PCDFs o {0
BUEEICHHG 2 2R EEELLDYE, B
#itkld PCDFs oBEMRBFLFBRICERIPHZ b0
EEZONAMHELTHS. BHRIEBIIEREE

(494 2) 3BEHEoEh (4304) Kb BNnE 0
EEETERD 3, FERoRBEKBIIHELHE
BLTWEhbLnk.

Fig. 12 3 Bchlic REEROEE S & PCBs
O EEANMICEL Lz dDTH 3. Birdic,
EEEROoTEICXD, PCBs fipick T, HiED
BHLND. TROLEEROACHEAT, HEOA
12, #E5F# e Peak No. 9 35 X8 15 R HAS
A< Peak No. 18~25 R bAs#inL<H 0,
FrRZEM BRI X b R AT O D 7 REBSHER
ahs. UL, FERIKBN TR, EROBEIK,
M 53, M PCBs o3 L T3,

Fig. 13 IR+ & D, BRRLzb Lo PCQs i
b~ PCQs i) CHRRBREEHMIAE
LT u—FRAR 7 —7 &KL, EEMICRE
FMBEML TS, Covg— i, BELEH
KHLE L I HERZ G PCQs o2 icHEl L
T, BaiEHRg, mEREOHES® LERIC,
L&D PCQs KHANTEZE — 7 N3 2 ERIC
H5D, CORITRENDB X DI A D F — VI
#Zxhi. Fig. 13 ® a,b,c g#h+h Fig. 10 o
a,bc LA—ATHS. MFD PCBs p/vx— 38

“Type A” iz i icohT (Fig. 10 ¢ BT
c—a), PCQs prex— v ML, HHEMICEI
— 7 BEL B ERE (Fig. 13 BT c>a) » 5,
PCBs & PCQs oRFFEFEIHEAL T2 b0 L
s,

Fig. 14 ic7R&an3 & Hic, BERLUd &0 PCDFs
D5 BEESNICREERZTMBOTICED SN, £0
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Component ratio (%)

BAE BEdIIA

10 20 30 min

Gas chromatograms of PCBs in various
materials (180°C, 1.8 mx 2. 6 mm glass column
containing 2% OV-1 on Gaschrom Q 100-
120 mesh, carrier gas nitrogen, 30 ml/min).
a, b and ¢, PCBs from samples of blood of
patients 6 months after termination of inges-
tion of the causal oil; d, PCBs from a
sample of Taiwanese causal oil.

——e Male (66)

Q---0 Female (47)

Fig. 11.

20 21 2223 24 25
Peak No,

9 11 1.5 ié 1‘8 1‘9
The component ratio of PCBs in the
blood of patients 6 months after termina-
tion of ingestion of the causal oil

FERORR LBEEBB 2 hE LRI,
PERNT & 2 X2, gF&mb o
PCBs, PCQs ®8XL7 PCDFs 381
b, BRRLEbLDENSITH~NT, #MER
FICRECHELTWA. LhLlzoks
RERZIL, FREBZIRTERICBVLTD
ADLonG REEMK. Lk L, M
PCBs, PCQs # X8 PCDFs EEIIHH
WIS THEEIC (P<0.001) icMEEL,
R K& & (Table 5) » 5,
&2 QBIBICBNT, b 3EHEDL
AT B R B B OIS HEH AL L
T2 DEHAENS.

(2) 1uth PCBs, PCQs # £ t* PCDFs

DOREEB IR OBEZE(L

RRMWENER—A 30 &I 20T, BA
HERETH I H ARIA, 0.54, B

LS4 (RE# 0.5, 1 BLU24) b
i35 1fH PCBs, PCQs # k7 PCDFs
B4 Table 6 CRd. BERMEIVRT
RIAAUND» SEFEHOHMMICE T3
it PCQs xXky® PCDFs EEO FHi
E (#30%) 12, PCBs gEosh (4
%) L dFELEN. FRHBERKTH
L7 BRPA® ms PCQs Geaig®iban)
OHRya= 75 LEHIIBE, BV
— 7 BRABELIERL, vhW Ay
% G PCQs prez — 110 oy
LT3 (Fig. 15-a). UL Z0D¥E
ooz — v (Fig. 15-b & c) 3%
BNCEE 3 ¥ — 7 ahsiib L, FERGERT
PCQs ozic®® L Tz, oh
S50 ED0, FERMERETH 1AL
A3, FICERL T PCQs KB
W7 EEORTH 2 EHHERCBITS 28
BchLY, ZoEfomb PCQs &
B, Co®iT PCQs Kk hikNERE
ERMUCBEHNECEIZOTHE S0
LIERIE NS, LaL, ZoR4eEsicll,

ARy w2~ 3, BE VEHRETL CHERSE
Mg icEE LT3 PCDFs o2h s EELTY
5. EEEN B EiE, BOTHEHEOBRN 2,3,7, 8-
tetra BLW 2,3,4,7, 8-penta BMEEBHEHSE
WEEL TV, LETHE. BRMEIRTHE, L4F
P bichicoT, Bi DEKRERSERRS 2 EHE,

TEMCAD, It PCQs BEEFIZANEGREREL
LIcZRLT0W3 dpeELons. 2T, BR
BT 1 2 ARIAN S FEES 0 B TIc 5193
ZLw M PCQs EEoREDIR, FELT, BF
PCQs BoRAICRERRT 2 bDEEZ NG,

—7%, PCBs & ®7ch, PCDFs & PCQs &%ifl
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Table 5. Correlation among the blood levels of PCBs, PCQs and PCDFs
Sex No. r¥ p
M 40 0. 8879 <0. 001
Blood levels of PCBs and PCDFs F 27 0.7379 <0. 001
M+ F 67 0. 8357 >0.001
M 40 0. 8267 <0.001
Blood levels of PCBs and PCQs F 27 0. 7066 <0.001
M+F 67 0. 7888 <0. 001
M 40 0.8613 <0. 001
Blood levels of PCQs and PCDFs F 27 0.5531 <0.01
M+ F 67 0.7667 <0. 001
*: Correlation coefficient in the logarithmic form.
U7k NEE), hb, BEKTE,
4 Male
ZORENFFRAICERL, T ORI ® /5 o
WORBICHTTAY D, BERM /Vz' X N
th PCDFs e b PCQs oA & & 107 w g DD T4
ERSRERICRT S b &HESND. 3 / A e
PICRERIC B 5 VER BRIV TH E et
0. S~1. 5 48) oo I PHIRE D irb I PCQs g o 9 11 15 16 18 19 20 21 22 23 Fezr:alezs Peak No.
(61 %)>PCBs (52 %) >PCDFs (46 %) g 3 O~—OW
e =g 3 —
THD, MABES KNEEEE KL . 9 e
1 A N /N o N
T35, ERNEEE O RS x\g\ Xt None
PCDFs>PCBs>PCQs & 7%, HEE &\g ——
2, ZEE S AKX DBRL m#Ehic 9 11 Is 16 18 19 20 21 24 25 Peak No.
®E425 PCQs & PCBs o £#Enyp Fig. 12. The component ratio of PCBs in the blood
Biizenzh 10498 & 3.37 AT, of patients 6 months after termination of
ingestion of the causal oil
PCQs 12 PCBs X b b L ¢ catsat of
HELTW3. ULkl, HWEEEORS, BRLUICER FERICBOTE, EROBE L& oIMPBERD

o PCQs/PCBs iz 1.5 (Table 1) ©%
D, FE I ERICBITB Yy 7 75 Y FE 2 ZELD
Wi-gEimp PCQs/PCBs BE L 0.5 jcidL
TWERBIUCAHORE=ERL KBS, £KA
BEEo®ksis PCBs>PCQs L9200 R4TH
5EEZOND.

Table 6 it7RT L 5ic, I PCBs B oD
i, B>l cHs okt L, PCQs % PCDFs
DA, WiIcE>BETH L BERENLEMIC
L OHEEDDH B T LiICHEENSIND.

WICEBERORERE & firth PCBs, PCQs & X T
PCDFs s L O BER/DR%E Table 7 R4,
LOENS, B THEFEM LS | EEOMFPR
ERODRICEOTELIZESRBDONSL. B0

RigBWT HHEEND Y, #HFiZ, €oEmIE PCQs
KBOTHEEICEY . UL, B 1 Elo%
ERICE T3 BEORDRL, REBERNEL SR
SHT, HINT 3 EANED Sk,
FREEIR TSR | 4 ARRK S 2 REEROH
gEhitb Ao DDE L@ PCBs 2 —it, %
LoRREROZRICEN LTS (Fig. 16, Ho
a). Lal, zoth, BEESoh, HBEHAH =
nog U 2, 4,3, 4-tetra (Peak No. 9), 3,4,2/, 4/,
5-penta (Peak No. 25) & X ¢ 3,4,2/,3, 4,5~
hexachlorobiphenyl (Peak No. 28) »SiEXIHIIC I
DL, FICEEEO®R 2,4,5,27, 4%, 5-hexa (Peak
No. 29), [,2,3,4,2%, 4, 5-heak (Peak No. 32),
3,4,27,3", 4, 5-hexa (Peak No. 47), 2,4,5,2, 3,
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Fig. 13. Gas chromatograms of PCQs in

various materials (275°C for native
PCQs and 285°C for perchlorinated
column
containing 2% SE-52 on Gaschrom Q

ones, 0.5mx2. 6mm glass

100-120 mesh, carrier gas nitrogen,
60 ml /min).

a, band ¢, PCQs from samples of the

blood of patients 6 months after termi
nation of ingestion of the causal oil;

d, PCQs from a sample of Taiwanese
*: Gas chromatograms

causal oil.
of PCQs after perchlorination.

4’, 5-hepta (Peak No. 49) BX U 2,3,4,2,3, 4,
5’-heptachlorobiphenyl (Peak No. 50) 2#inlL
T3, EBERT LSERICBF/,92 — /2 iER
EZounbwz “Type A” KHYLTVE. —F, K
BEROD 254, TOREOBREC,HILLT,
BRI Lotz —y (2720, HEZRDONG)

MEmE N, B|ED ThiCh~T Lo REE 2T

.
40 min

PCBs ik %R T3 (Fig. 16 £ma). o
%, WIEDEBRA LR PCBs MERELAEL,
0.54H (Fig. 16 £0D b) KB TIZ, BB
“Type A” ZRLTWV3. k> PCB
MERoZE i, RERmhickET 2% ED PCDFs
X3 FEORBEEE RO BETHZY &
HohizEh T s, REEROREOR
Mic &k 2 BEIMG PCBs o mE Lo EIL {51
PCDFs &iCRET 2 b0THA .

o 15

L S U7/l PCB hES4 0 RR K ahih
3gikiznFhs PCBs, PCQs #Xy PCDFs
KERENTEY, TNO0RER, Theh 44
+12, 1746 $XF0.14£0.03ppm THD 7.
FERRIM & g 3 LB REBERALAME bick
14— —{&<, PCBs ki35 PCQs BXU
PCDFs @iEEE SN /4 BXU 13 Kt ¥
hofe. LhL, BEARERLICETOZRERED
5h3%, PCBs, PCQs Lt PCDFs 281
b HERRBO Th o LEA—0 BEEE SATH
1.

2. RRGBREGE TRER 1 57 Lic BEES
Bolikakz, SEEo PCBs, PCQs LUt
PCDFs 24 ATEYD, ZOEEIZ 39+17, 8.6%
4.8 BXoO 0.076+0.038 ppb TH D7z,

3. fif PCBs, PCQs i3 k78 PCDFs B,
HEICEE (P<0.001) ol EOHEEZRL .

4 FRBEREZFOEREEROBE &M
PCBs, PCQs Xkt PCDFs BEEROFhLA
& (P<0.001) (ciEtEBZRL 72,

5) Ifith PCBs, PCQs &k PCDFs ok
i, VIR SEILFRBRO 205 ERENR
oI, HESARA | FRICET L RETED
DENSIHEBL Tz, 45lc PCDFs 1L T
BHEEOBDTH 2,3,7,8-tetra BXU 23,4,
7,8-penta SRS FEERESSE LTCEELT
Wi,

6. [ PCBs ofmictEENRmD Sh, B
XD bIENICRN PCBs R%iEaE T3 &
DHER S e

1. BmEdic, REEROEREKED, mf o
PCBs OfRRICBNT ZEBEFD L0, HEH
BT Z0RERK b ot HEUOMRE RL
7o RRMBERKT 0.5 FRICEWTHEDO AN BE
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Fig. 14.

20' min

5° 10” 15"
Gas chromatograms of PCDFs in various
materials (255°C, 25mx0.28 mm OV-17 ca-
pillary column, carrier gas nitrogen, 1'ml/
min).

a and b, PCDFs from samples of the liver
and adipose tissue of a patient who died
one year after outbreak of Yusho, respec-
tively ; ¢, PCDFs from a sample of the blood
of patients 6 months after termination of
ingestion of the causal oil; d, PCDFs from
a sample of Taiwanese causal oil. The com-
pound of each peak No. was identified as

i

St

C il

]

shown in Fig. 4.

BEIcHLND “Type A” @ PCBs #z 2 ootz
—vERTOIKL, WEOAR L 5ER “Type A”
DINR —VTHDTz.

8. REHBRIUET 1 4 A RIS SRE% O D
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It PCBs o2z hickh N THZICED O, L&A
BEOEZRICRERTETEN, Z2OHFR 7= bk
— v DRI NI

9. FRMBEERE TH 0. 5~1. SEMolif PCBs,
PCQs % & ©f PCDFs o BERDEIT 2heh,
52, 6l BLU A6 BTHDI-.

10. i PCBs, PCQs & &t PCDFs mifirid
DEIFRBBIUR T HBEMICB 0TI, RERR
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BOTREKHEET 2 BEASEERS .

PEoX 3 unmiER» o, Sirtifio izl
TP OIHERESKOERBTHEA LS/ b0 L
EZTNB.

{

10 20 min

Fig. 15. Gas chromatograms of PCQs

in the blood of a patient(295°C,
0.5mx2. 6 mm glass column
containing 2 % SE-52 on Gas-
chrom Q 100-120 mesh, carrier
gas nitrogen, 60 ml/min)
a, b and ¢, PCQs from samples
of a patient’s blood 1, 6 and
18 months after termination of
ingestion of the causal oil.
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Gas chromatograms of PCBs in the blood of two same individuals with

PCB poisoning (240°C, 5mXx2. 6 mm glass column containing 2 % Apiezon
L on Gaschrom Q 100-120 mesh, carrier gas nitrogen, 40 ml/min).

a, b and ¢, PCBs from the blood of a patient at the period 1, 6 and 18
months after termination of ingestion of the causal oil; d, PCBs from
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Preliminary Studies on Porphyrin Metabolism
of Patients with Yusho (PCB Poisoning)

Shinji IsHIMOTO
Department of Neurology (Director : Prof. Y. Kuroiwa),
Neurological Institute, Faculty of Medicine,
Kyushu Upniversity, Fukuoka 812, Japan

Porphyrins in urine were measured on 13 Yusho patients which showed rela-
tively high PCB blood levels for many years. Only 5 Yusho patients showed
slightly higher values of porphyrins than standard values, but only one of them
showed a elevated value of porphobilinogen from the standard upper limit obvious-

Iy.

These results suggest that the prominent abnormality of porphyrin metabolism
is not seen in Yusho patients. Further studies are necessary to elucidate on these
problems of porphyrin metabolism in Yusho patients.

&

1968 4R 5 & £ U 72 lfER, AETI64:H
ZlA, AR RRCZ oERITHRA @&kl 2>
3. LhrLEZoFERMELEZ NS polychlori-
nated biphenyl (PCB) EERZSEO X ERHL T
NWrEELNnESEE»ONGE. —F, ¢ PCB%E
@ polyhalogenated aromatic compound 2s=2 L7
4 ) VREBICOBEELRETCESRONTE LYY,
WVEEE OBELRICT B PCB h#ESERICT, &
w74 YREBESELZESPRESNLY. L
T4, BHEHESRZEICBNT, PCB B ELr7 1Y
VREHCEREZRIETHEMCONT, FHHRE 2
AT

i}

&k EFE

g 1982 FEEE—FRPKO HERERE ©
W, M PCBEENEL, DA —-VDbD%
Fic, I3 EZERAI (1)

#z 4 ) YREBEORZOR, LEEEEZEXD,
ERRBERICTREL 2 RICD 0T, 8-F I/ V7Y v
B (FIRZEDL), 2a7a8r7 1Y YEE G,
waftz 1) v (Brugsh-Fischer H), #a7x

) s —4" v (Granick %) OZEEIC DWTHE
L.

& #

T LTy vBRE, 1H (BF No. ) ik
WT 2.9mg/dl &, ErTv i), =5 250
BHNT, £hEn 1L, 10pg/l No. 2), 830ug/l
(No. 8 &, a7a®u7 4 Vg, 38liKBNT,
103 pg/l (No. 1), 107 pg/l (No. 5), 104 g/l
No. 1) EzaFnEERINERD. Lrlonr
BT 4 viZepicEmERSEroi (F2).

% 2

HECEBERWE cHS PCB% o polyhalogenat-
ed aromatic compound IR 7 4 ) YRINCHE
BERETEY, BYERYYY R, AOREE?
BOTHWMEINTVS. LhL PCBitka®N7
4 ) MEOREBARBELO>EPEOARHESLEEL D
Ziohs. &0, HEEO—FREBRBICENT,
HEERZEOT TREBRAEEED PCBIMHRETH
DANH~ YD LDEEIECRFORNT 4+ ) V&
ZEL, PCB oRn7 1Y) YREWCBIZZED
FHEHMEETE D

(8l



270 A Ok # L

% 1. WERE0MHh PCB BEOERNER
ffurr PCB 2 (ppb) & PCB svz— v

No % 4 EE .

74 } 75 t 76 77 ] 78 { 79 '80 '8 82
t My | 47 F | 31a | 374 | 24 | 214 | 294 | 248 | 204 | 33A | 25A
2 | HH| 6 F 15B | 16A | 15A | 9A | I10A 17A | 16A
3 H.H| 70M 12A | 9A | 8A 10A
4 | T. A | 60 F | 4A | 10A | 9A | 10A | 8A | 4A | 8A | 8A | 7A
5 | NNK | 54 F | 3A | 5A | 6A | SA | 4A 6A | 8A | 7A
6 | T.U | 83 M 3A | IIA | 6A | 6A | 4A | 8A | 8A | s6A
7 Y. T| 27 F 7A | TA | 6A
8 | N.Y | 58 M | 3A 1A 3A | 6A | 6A
9 | H. T | 6l F 8A | 5A | 8A | sA SA
10| H K | 76 M | 6A | 7A | 8A | 5A | 7A | 4A | 7A | 6A | 4A
il T.s| 2 M| 24 2A 1A |2BC | 4A | 3A
12| S.D | 17 M| 3A 1A | 2A 2B | 2B
13| T.H | 56 M sc | 10c | 13¢ | 12C 8C

g2 MWEEBRPORVT 4 Y SRREME

s 5:7 : J uiRwT ;j-l: an ,?“311/ Ly d—;v
N |7V VB W/ =rv|740y | 74
T (mg/D | (eg/D (ug /D (ug/D
1 2. 9% 341 103* 2.5
2 L5 1110* 76 —
3 2.0 223 52 0.7
4 2.5 89 28 0.8
5 1.0 282 107* 2.0
6 1.5 267 19 0.8
7 1.4 747 73 3.5
8 1.9 830% 89 7.5
9 1.6 300 50 2.0
10 1.5 356 29 2.0
11 1.1 579 104* 6.0
12 1.9 534 55 3.0
13 2.0 371 57 2.5
FeiefE | 0.8~2.8 | 800 LI'F | 100 IR 5~30

* R Y D REERT.

M EHELT, -7/ V7Y VERIZ 1 £,
RAUTFEY /= V324K, aSafrr oy
R3LIcBVT, BERIMSEEEEEEZEERL
7. UL, waRnr ) yideflicEneiEoi
Mot PkkY, SEoTHENKRE T, BEHM
Ei PCBMHEBEERTRBFICBVT OISR
h#ELT 4 ) VIREOERED Shliho7z. Lk
LEFICBOTE, W2DPORNVT 1 | REICHE
Mo@EmERD, X, #1780, =4 VER, W

BHEEEO PCBMPREZRT L fllcsT, B
SN ERDIELD, 4%, PCB h&Eic Xb
HEUBRLT 4 Y VIET, MBENEEOHST LS
Aoh30-T 3/ v VERBKEEER, 0-T 3/ L
7Y VBARBEREDY T, SOHIKRE £ HDS
MBERRHE b DEEZLNS.

& B

PCB rh@ic k2 8y 4 ) vYREIEE O HEICO
WTHRET 55, HRNEEE D PCBMhEEER
FTHIERE 13 K120, Rt #r74) v EED
RlsE % TieD0. -7 3/ L7y vRRIZ 1 fic, £
7xEYV =322, averr T4 VT
3R, EREEE LR EERLR. ARoOTH
PR TR, WERFICHOLERLVT ) YREIE
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BAHEBRELELEZL Shik.
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Association of Blood Pressure and PCB Levels
in Patients with Polychlorinated Biphenyl
(PCB) Poisoning

Kimihiro AxacI, Hiroshi Tsuji, Eiji KAJIwARA,
Koichiro MurAl and Tatsuru SHIKATA

Second Department of Internal Medicine (Director : Prof. T. Omae),
Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

Makoto OKUMURA

First Department of Internal Medicine (Director : Prof. M. Okumura),
Fukuoka University Medical School, Fukuoka 814, Japan

Yoshito MAasuDA

Department of Physical Analysis, Dai-ichi College of
Pharmaceutical Sciences, Fukuoka 815, Japan

Correlation of serum PCB levels or patterns and blood pressure were studied in
59 patients with Yusho (PCB poisoning) older than 40 years. In 52.5% of the
cases, PCB levels were higher than the range found in general population. Fre-
quency of hypertension in the patients was found to be 16.9 9% which was similar
to that expected on the basis of the rate for a population of the same age and
sex compositions.

As an independent variable, the blood pressure of patients were not associated
with serum PCB levels and PCB patterns, and also the PCB-blood pressure associ-
ation was not confirmed in 20 patients with persistent higher PCB levels than 5
ppb for 9 years. On the other hand, age, obesity and habitual alcohol intake,
known as the influence factors of hypertension, tended to be positively associated
with measured blood pressure of these patients with PCB poisoning.

HEFSELIR 1S ERBL, £Eo PCB HigK Hr ORI GEETHS EEZLNE.
MEBERIZ RAICERLTHE. Zhicd hhdo Kreiss 50 {3 PCB @i L <vpi% @ 10~20%
¥, BFomt PCBEEZ LB —RERICELHE TROHIBRERENR & UEEHEZTY, MED
¥olTEL, MEEECBOLTE PCBogkd#ED ERFicld PCBEMSEKRTSZ C EEREL T3,
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Table 1. Clinical data of patients with PCB poisoning
)

Sex I\L(;. se.;f (/;.g;) Qg%orlrer;z;ll“ Obesity ¥ Alcoholics Hypertention®
Male 25 57+10% 52.0% 20.0% 40.0% 20.0%
Female 34 5610 52.9% 20.6% 0.0% 14.7%

* Mean+SD

(1) Having higher levels than 5 ppb.

(2) Obesity was defined as a Quetelet index of 25.4 or highers.

(3) Hypertension was defined as a systolic measurement of 160 mmHg or higher and/or a
diastolic measurement of 95 mmHg or higher.

Lil, #50RTit PCBEMMESEESICER
TE%, Mk ERT 2 MEL OBRICIERE
FEWEEL. zoT, AFcEEicg PCBRE
ZRL, it PCBIZESELRD I NHESREZEL
2L LT, MF&LMmt PCBEEB LY PCB vx —~
YELOBEBIC O TRE LD THET 5.

kg HNIHE

SR 198 EEME—-FRD £ 22 LIcEE 115
Blosb, 0o 2 fohT, i PCB RE
& MEHLFEICHIE S e B 25 4, ZoiE 344, 3
59 EHITH % (Table 1).

BOE~NOZERTFE LTS, B, SREDES
MNEETHEEEZILNTVSEY. WAFZOFHES
i 56.5 5%, FEREEIL 20.3%1k, SREFEZBHETA
BicARD N, BEoMmH PCB BERE (Sppb
PE) B52.5%icsohik. ¥, ik PCB oF

N
=1

PC8 level, ppb

40-48 5059 60-69 70—
Age, y.0.

D254 B3d3 BB M
fuetefet index

Fig. 1. PCB levels in serum specimens by age
(a) and Quetelet index (b) groups of
patients with PCB poisoning. Dotted
areas represent male subjects; blank
areas, female subjects; numbers rep-

resent number of patients in group.

BERTEEDI L, 0BIc20C 1974410 E T &
H@IE>T PCBE & MTEDBFREMRE L 7.

i PCBoEEB LU PCB /Y4 — viddicifs
L e HEICREDTIT 2722, % 72, B HE i

Quetelet index( 1;5 )%‘:ﬂi Wiz,

)53 i

1 PCB &, PCB /S4—Y tMmFE

WRELZ O PCBEEESD |38 #: 5. 1+2.3
ppb, ik 6.4£5 3ppb T KB THVEBMN HoNn
TFR T L. 7z, [k PCBRBEICES
Ik B ERIT b (Fig. 1-a). WERE LD
Nio@MEE (EHmE (SBP) 160 mmHg DI I,
ILEREAME (DBP) 95mmHg 2IE) 3, 2 #:20.0
%, w147 %THD, *OHEIC S0 BmRO—BE
RTHO0N2BHE19.0%, ZiH16.0% L2RER
DITMHDI.

Zicifish PCBBEE% Sppb k& Sppb 2l Eo
2T, ToMEOE/LERE L (Fig. 2).
BicrEEnE (MBP), SBP, DBP \ihicd
2EETERDPB LN LD, ZETIZ SBP 8
PCB foEVETcEAT A ENERLL. LaLE
BoETREADk. i, MBP 1 100 mmHg
LDEWEE, 100mmHg D Fo#cms PCB &
R Lz Fig. 2). UL, ZEETHIhic MBP
100 mmHg Pl EOBETEHWVERRA SN, BE
Tikispol. PCB EEEME (MBP) s
#5&, BETIEr=0.042 (N=25), Lhcid r=
0.2156 (N=34) TOIFNbEBEOHELRI LMD
fz. X Bic, BEEMT PCB v x — v ol B2
HOANE — v EHIEIGENB Y4 — v B XU —iE
12 Crep =D I BTT, £D MBP A4 778,
HefZr b b 2D ~viCEBER AONLHOR
(Fig. 2).
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160

120+

T -4 5 —30pph
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100]- sk
sof- 13
" "
Pt 8.0 ’ 7 03 O =100 =Toommhy
Fig. 2. Association of blood pressure and PCB levels or
PCB patterns of patients with PCB poisoning.
Dotted areas represent male subjects; blank
areas, female; numbers represent number of
patients in group.
1207 ()
W W 107 96 T
Fig. 3. Follow-up study of blood pressure
and PCB levels of patients with
PCB poisoning. Shaded areas show
: 2 ranges of systolic and diastolic
A,E“',f blood pressure.
1207 ()
ZEvigic iy MER ERTIEIERL. L
oo LSRN S BB R 0eDERER AN h
D7-.
80F
; | 4 HEEmEOEL
~B54 By13 BLBL 150~ Quetelet index jz Xk DER (25.4 L), BEE
(23.3~25.3), EH (19.1~23.2), & (19.02
Fig. 4. Blood pressure by age (a) and

Quetelet index (b) groups of patients
with PCB poisoning. Dotted areas
represent male subjects ; blank
areas, female; numbers represent
number of patients in group.

2 ik PCBEELMEDHR

i PCB BEOEN 05T I FMoMmE & it
PCB BEoHBEZLERT L. TohoSHolm
Fo®% Fig. 3 IKmRUAk OFNOERTHIM
EERIc PCBEEFOHENPEELTCHE LVIFBE
REShghol.

3 FSRBENmECZEE

MBP o448k % %5 &, Fig. 4~a 0 T&H

T) o 4BAHHEELY, MEOELERS L Mmh
PCB BE LI3HHKL{ (Fig. 1-b), MBP i35« &
L% ETHOEAZRL 2 (Fig. 4-b). LL, K
HWESOMFEKEBRZRED b,

5 METELImMECEL

EHIADIOoORBEBITHEROBFRICKD, ME
(MBP) oZ (k% Aiz. M PCB EIZEEEEND
25 4.8-1.6ppb, 22U 5.3+2. Tppb T, KEE
EYBHOFITEOEDE A 50z, €0 MBP (F
BEESD) T Bic R E G HE 0 H55103.6111.4
mmHg ©, 73495 5+14. 9 mmHg 2 B g
[»BED SN, UL, BERICERZERS00E
Mmooz,
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1981 £ Kreiss 50 (2, K E o Alabama 4],
Triana o 485 Astziciith PCB 2RIEL, L
Tk PCB BEXN MELBERTCEE2HEL
fo. oM E Ly v—7olfith PCBEIRZ D
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LOBIEELTVEbDEEL LN,

& =&

wiE (PCB thig) BED S 5, 1981 FipE—&FR
2EEB LR EoBE Y, B2z ohT
PCB EEhE < 1974 ELIkgEE > 37 20514 5
i, g PCB &IFEE OBtk &5ic, BEME
~OMDOEBRTFOEEIC>WTREL, D FostH
157,

D) Ifth PCB BEIZ 250D 52.5% T &HiE =5
ppb) ZR L 73, EIMEECHEERL 16.9%7T, —ig
EELERSONELDT.
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EKIFMoMmth PCBEELMEDHEEN S SHED
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Dermatological Findings in the General Examination
of Yusho in 1980-1982

Masakazu Asani and Harukuni URABE

Department of Dermatology (Director : Prof. H. Urabe),
Faculty of Medicine, Kyushu University, Maidashi
3-1-1, Higashi-ku, Fukuoka 812, Japan

Shoji TOSHITANI

Department of Dermatology (Director: Prof. S. Toshitani),
Faculty of Medicine, Fukuoka University, Nanakuma
34 , Jonan-ku, Fukuoka 814-01, Japan

Dermatological findings in the general follow-up examination of Yusho in
1980-1982 at Fukuoka Prefecture were reported and analyzed statistically.

1) The skin severity grading indexes and/or the skin severity grading points
remarkably decreased (improved) in 1980. However, they increased again to some
extent in 1981 and 1982.

2) Blood PCB pattern A (typical Yusho pattern) cases showed higher severity
grading points than other group (B, BC, C).

3) Somewhat higher blood PCB concentrations were demonstrated in the pat-
tern A cases, while the other pattern (B, BC, C) group showed a little lower PCB

concentrations.
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The Growth and Sexual Maturation of Patients
with PCB Poisoning

Masao Havasur and Fumio YAMASHITA
Department of Pediatrics, Kurume University School of Medicine, Kurume 830, Japan

The growth and sexual maturation of patients with PCB poisoning were studied.
The study group consisted of 13 patients aged 12 to 15 years, 7 boys and 6 girls,
who were observed at the annual examination of Yusho in Fukuoka prefecture.

The results were summarized as follows:

1. The height velocity of patients in pre- and adolescent period was 5.2-4+0.8

(mean + SD) and 9.5+40.5cm, respectively.

2. The ages of manarche were 11 years and 6 months to 13 years (mean: 12 years

and 3 months).

3. No relationship between the blood PCB level and growth or sexual maturation

was found in these patients.
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Alteration in Oral Pigmentations of Patients with Yusho

Akifumi AgAMINE, Isamu HasHicucHi Tetsuya KisHI,
Takeshi FURukAwA, Masao AONO
Department of Endodontics and Periodontics

Faculty of Dentistry, Kyusyu University,
Fukuoka 812, Japan

We carry out the examination upon the patients with Yusho every year. Pick-
ing up the examinations in 1972, 1977 and 1982, we studied on the transitions in
the PCB pattern, the PCB concentration and the oral pigmentation in this decade.

1. The blood PCB pattern in the patients is not easy to change. But we found
some of those were improved. The blood PCB concentration was decreasing
year by year.

2. The incidence of the oral pigmentation was still high in the patients with

Yusho.

3. In the 1982 examination, the incidence of the pigmentation in patients’ lips
reduced by half, compared with that in the 1972 and 1977 examination.

4. We considered that the oral pigmentation might be caused by something en-

dogenous, for instance, the endocrine or the metabolic disturbance.
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i PCB »¢2 — v, MAEELSCCOENERIEE
DORENELITDWTHRET L /.

il

pa ®
AR 47 4ERE, S2AEEE BLUSTEERI —FRE %2

ZHUMEREREZEOA v, OBRBEREZEREL
THW.

& F

WEEAICBY 50 PCB /4 — v & X O i
PCB BED BENEMCODNTELDLONELT
3. NREEZEM, LAMNBLUOAEKD 3 HK
DLDTH5. WMEBZFOLKR X~ VHOREEZT
BBE, Ag— (65%—56%—519%) &LBCse2
—v %~>5%—1%) IREIKBDL L2555,
BXtic Breg —v (1%—10%—18%) & Crez—v
(229%—-29%—30%) BH¥ML22H 2 &ERLT
Wiz, 72 PCB MBI >0 Tk, Breg—»72
s 5.0-3.0-3.8ppb L#EE L DEL TS,
fio A, BC, C & —vRBIRTHRARBDLLTH
BEMEAERLTORE. EhempEEs 10ppb 2 Lo
g —vEloEERE MG PCB BEORFNE/LIC
DNTEHRONEL2THE. ChickdEArz—v
TEERRI 4T £ (25 A), MR S24E (11 A), WEFST
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= 1. FBFN47E, S52E, STEOMS PCB /o2 — v B L Ud PCB B ORAERIZE(L
£ OE B f1 47 4 B f 52 4 B of ST &
NEp—v A B (& |FEBEPEPD)| A B & |FHREE@PD)| A K (&) | FHEE(pb)
A 84 (65%) 8.4 58 (56%) 6.6 40 (51%) 6.5
B 9 (7% 5.0 10 (10%) 3.0 14 (18%) 3.8
BC 7 (5%) 5.4 5 (5% 2.2 1 (1% 1.0
C 29 (22%) 3.4 30 (299%) 3.0 24 (309%) 2.7
st 129 6.9 103 5.0 79 4.8
£ 2. HEM4THE, 5248, STEoMT PCB BEOEL (MHhEEA10 ppb/ml 2L o BER)
£ &K WMo 47 F W f 52 & 2 5 I Y
Ng - v A K (B | TFEHEE(DmD)| A B (&) |FEEBE(@PD) A B (& | PHEE(Pb)
A 25 15.5 11 13.2 6 14.0
B 1 14.0 0 0 0 0
BC 0 0 0 0 0 0
C 0 0 0 0 0 0

£ (6A) &BENIBEALTVS. ZLTHB ST
FED 6 A DNTHENTHD &, BEIL 25ppb TF
T 16ppb, H L@ 4 A3 10~12ppb D BETH
Sf. Zofso B, BC, C /% — T3 M1 47 4
IBreg— sl A, l4ppb 2RLEEYT, 524,
57473 B, BC, C /¢ —vTid 1 A% 10ppdb I
LoMESFERFDSNELDOL. KOT B STHE
Eollid PCB 2 —voZ&({bEk 3ioRLik. /K
L, #iEo B\ S64EEICERLRpD2BEHICDN
TREBICZ2 L EEomh PCB /2 — > LB
STEE@Mh PCB 2 —v2HhEgLik. Zhitk
3L, A>B, B»C, BC—C ic &L & 0 211
£, KEM584, BoA, Co»BC [THELIZHDHN
2 ENHERTH DN, DI, BRSTAERE OME
BEOIEERICE T2 ERLEICODNVTHZR, £
EElicH T3 EE 4B THDl. Thitk3 &,

FBUCHMESRE IV L0S> B 144 (15%) caHkih
EREboN. £, B OBREEORE
IZEBIW TS % EBERILT ol FYICIE
Bk b 3005 SORKHITHERBOEEZRLTH
7. BREZFOBERLERN, OE, FRE LBk
KA onRkSTHS. Z0RMPTRERV—BS
WEZE RLTORY, REMIKE BLLTHE £
7o, OEERRA4T, 2HEHNB ERE LT

B RERE C DEL TV, #6113 Bf 57 £E
oliif PCB »v & — v & OPEREEZLSE ORERZH

NTHLHDTHB. Chitks &, BERIZ, A

£—v 171%,

Brez—v 71 %,

BC/,ex—v 100

& 3. HEASTERE @Mt PCB /22 — » &AL

¢ £ S % & ®
A ->B 8 |A—- A| 35 B— A 1
B -»C 1 B > B 6 | Co> A 0
BC—-C 2 |[BC—»BC C—> B 0
C->C 17 C—-BC 1
o 114 584 22
" (15%) (82%) Q%)

#£ 4 BRSTEEOMESRZEOOEEBICES T

RS
FoRLE mERLE
el
s | x| B | %
0~ 9 3 0 0 0
10 ~ 19 2 5 1 0
20 ~ 29 3 6 0 2
30 ~ 39 5 8 0 4
40 ~ 49 5 10 1 1
50 ~ 59 7 8 3 1
60 ~ 69 4 6 1 6
70 Bl b 1 1 4 1
2t t 304, } Mg | 10k | 154
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%, Crea—v1I%EBE 2—vEL B FHETH
RikEN AN, i, BEBTREAEDOFHE
2 —vEH80 B FOEVEETHDI. HETRWE

%5 HEBRBEODEERICEF2EREFOR

EES
ﬁ\\fﬂ%mM¢ A 15T 4
o | 10751(7299)| 6561 (64%)| 62071(63%)
n R | | T 0ma)
AR | L3IC 9% 1961(1999)] 141 (14%5)

BERR | 148% 1014, 1 994,

® 6 BRSTEEOMERZ NS PCB /vx —

REEED 4 A

fMSTEEMMR PCB 42— v & OERNERILED
BEEILOYVWTHELLZLDTHE. Zhick2T, BF
WEORERBAINCS 3 &, 3 TEEARR (&)
BTI3%, 1T %EFERERL TN, F, R, B
W64 %, 4% & ERLI LN (+) THDk.

(H)®ﬁw i, L%, TEEA, OE, MEEET
RBIEiC 7%, 9%, 14%, 23%ChDoiz. KXz~

RIS ORE Lo MR I A5 hlaho
7z, oEIC, BRSTEEMD PCB 255 10 ppb
P EomESEICE T2 AEEROBRREEICDNT
BRELIOBESTHS. MTEEL 10ppb P Lo
BEOARETANNE—vERLTOREY, £8E2S
BROICBNTII CFZ — v LBEIES L OMERRE
KWk 5> Thoi.

vEOBERBRILEORR
= # % =
W | BXnE  BELE | BEXR ¥4, [fith PCB ,¢ % — v % X (ffch PCB 2 0
ﬂ;ﬁ? BERBICOVTTHEH, BlhdA g -
* — - BC/os&—vigEdL, #HicBag—-vECovs—v
A 137226) | 5 | 17(81%) 4 | T1% HEMLTHE chidE3L06BE ShELD
B 2050%) | 2| 8(80%) 2| Ti%m 2, DETRBEBANE — BBz, &
if 37w g £“$?>2 1%? 7o B, BC /g — vinsCreg — v ~BRLTOD
(78%) ( 80%) % CEN—EELTELDNSG. £12 PCB 22— v
% 7. WERESTEEoMmMD PCB vg— v L OBENEELSDERE
mmpce | L HE®mA|TFHsA| O B Mo ow om
I N I T e
A (9ppb 2T 2 11 2 2 0o 9 3 2 0o 2 2 1 0 5 1 2 44
A (10ppb Pl 1) 0 1 2 0 0 4 0 0 0O 2 0 0 0 0 0 0 9
B 0 6 2 0 0o 7 2 0 0 1 1 1 0 1 0 1 22
BC 0 1 0 0 0 1 0 0 0 0 0 0 0O 0 0 0 2
C 0 11 0 1 0 13 1 2 0 4 0 O 0 i 2 0 35
% (4) 2 30 6 0 34 6 4 0 9 3 2 0 7 3 3
B A (%) 5 73 15 0 77 14 9 0 64 21 14 0 54 23 23
% 8 WRSTEEOMTh PCB &S 10 ppb/ml B FoibERE 0 DBEERICE T3 BRLE
No. | gCR | 000 a6 | w LommsTREs 0 B MEE oo ®HF R
1 10 A | s | M| o® + + — P - TEIR, MR - R
2 10 A 70 M — — — —
3 11 A 4] F + + + -~ |SRPH - B, SETEHR
4 12 A 52 M — -+ - —
5 16 A 63 F — — — —
6 25 A 47 F -+ + - —_
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Zid, wEX 5% (14), REH82% (584),
BEMNI% (24&) Tholk. zoz kb, BHE2,
BIL® SRFMELTHB LI, FAMZDTH
PCB 2 — @3R3 Ebbicl L, DAKTIES
5 PREMICIIRAICHED FHICHN DTS &
DT ENHEREN. MPEE R —-VvEbiT
BRENICED LT D, 10ppb BlEo WiE BE A
474, 524, STETHBRLTAS E, Artg—v
TH2B A= A6 AEBDOLTHE. 200
B, BC, C »¥% — v TidWfn 47 EicBrex — v 1
A l4ppb ZoRUIETTH EIIEAS2, STEED
10ppb LLER I Abighor. B52 @ @&k
&, BETEA X2 e—aPslicd PCB 2 s
AERINTHY, MWELERGR EFATS P
PCB EmEi3 0Tz, 10ppb BIFoMiETE S C
EMBOENDNTINE. B STEicinph PCB &
BZRELWMEREZETIADS 5, 10ppb Bl EAER

LD 6A (BTANE~Y) Tho., chhb
EZ3LMPPCB BEOL~NVTAERED, EBA
CHEREELOMICIEBROERDITVRLBDTE
JcEnZ kD,

DEICHERE O OEERIC B 2 BERIEZIC DN
TTHZ, BRY, ARE? Sl XITFHER S5 ~6
ERBLIRBICBYIRBELBCONT, BEAIC
B3 LBRUBORARIEL, EOREMICED
LT3 EBRTHE. B0 3 & ok
RERPRL, HEBCOAREENEL 200/ &3
HELTWZ. HI ST EEOMERED B BLBIP
BOIhSHRADREE FE—FLTNE. DEEER
KB 2EBBALEOREER, WAMICIERNE—F
%<, OE, BHEDOIHTH /. EShodbbhs
KD ICREMICED L CO B A RENTHS. L
HLIEAS, OEBIUHEEECORRLELELT
WAHERBEEZENTAHL &, HIBTOREONE &
STz, THEZOMIBICEBETEE O, &30
IWHEOREICH 2 EEOEAEND 2D TRIT D
EEZONS.

e Tl PCB s — v b R E BRSO RE
OWTTHEH, BLL® Zif PCB BRL/
2 —VICEEL TBBURBREEBERAL TEC
EERB|ELTNE. 7, OFNEELEORERZ
M4 PCB BEORENMER L &SI, bEFhichEd
OEABHLNG L BBRTNGE. R6MLOWNEB T
L3, B2~ ESURHAERBREENS LN
BHELO SZEOHFCIVELRIEALTNBELITDH

5. TRPCB N — v L BENEOBRESLZE LR

bOTHS. Mo? PEEEEEORVENIIAS 3
WiEBitg — R, Cog—~idiZiZEAEHS
NIWNEBRRXTE. ULhLuds, Colzrorjk
WERLFCEL T, 52— v EdPHLT (+)
P—EGVHETALGN, (), ) & I~35EfMF
D2ULHhAELNB. Zoog — v EOHBEERENES
TH5.

Pk, ST &ick H cmEin STEE —F R2ED
HEBBFICRE A~ EERELTHVEETD
BEABREENREL TS, WEBZBICET2ER
EROMHBENFTR T parakeratosis & ZEEM
JBIC melanocyte DD E B @ melanophage
PHELTOEY. $i BRESTOIEREDLR
EECBHETICRT L, BROEEMRNIC, 5=
FRHIPZEIEINTVNA T XD ERZOREE
BEBEA 7= v OBRALERICES bDTHEAS &
BRTNEY. Lipliadd, MWERZFICHONG L
275 RENED BHto BR LB BWER (5 v
by B E) COBBOBEEL DT ORERE
BREFRBCsTORD. BREEOREBELL
T, W, Ed? SREREBEROH 5 NSWIE
BOEFHEIRBEEECLZ SOTEROL EH
BLTW3. 7YY vEREBOEEBECEEEOE
RUEZELZ 0T, ChTEHIIBEREEEET
PBRELESNTOIEETH .

Ty T H-H A s~ BRORSE LT, 208
BOMEEE L ICRETIE, AR, BE, FRc
MOTRIBICEOEEZRLIZCEEHEL T B,
Fleh i s o—n400 25 L725 v P OBIBT,
BIBRE R VE VO BEEEHNET Licd BT 0
3%, —%, MHRESRZIC Rapid ACTH REB2Fo7-
BHRELTE, ZPEBENSETLTVACES B&b
BREARD O, BEORBTREMIET 2RE
TERREZAEDONB LD/ EHELTHBED,
FHo/s vo€2 27y visEbdscEicky, H7
=T I VRORBPBLEENKEDLERBIE, 24
LERODLERRAORE S 2EBLZTE. T4 b
B, JWIEXRT) vEDILGZHEIC #DNE b @
B, AT=vaEIl AHRIRELHTFLNE XK
DTEBANBIZDTREBOMLEDERLTIEY.

— T WABBRE 0Tt B2 2L{aLDT
PCB 243, H38L s & BEEESZC S
Coicy, TRHBOBEEFEORELHENERE
TR, —DDOFNVEVITEESBCS LMo+
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288 TRIEESE 4 A

NWEBEVED NG VAP ThEZDTE L 0DAT N
30, 2T A= vRMEEERRRE DTS
MSH, ACTH, 7/ waansFaq4 K, AFa—nu7 3
VIR EORLMICEEEE L R, BRLENRE
LIzl S hEnErLons.

Fie—7, WE (PCB i) 3 BERHRETSH
b 5. HAED R BRI R RS & 4 i
TEI% THROBEER v a2y -] ~4F
— LR Fofiic PCB it &N T2 NS DIED
SNdEinE & Lizh, PCB S IRICHTL 3 LB
OARBICEEEZE AL, ALPBCITEORER
RBFAEBOILEDI LB EEZLONTNBE?. Y iC
&% PCB hE=RTOMALRICALO I B £ E
(dyskeratosis) ©&{L5EE (keratocyst) ORI &
OFFBEABELTOEY. 5o cREMEEEHE
BERNDA S, %4 MTERL, A5 =vO@aE4E
REVSI—RERLLEVWITHEESELSNS. L
HLEH S, PCB Ik 2@KEEEORERFIC D0
TREREHEROBAZE TV, BEBRRTOENL
WEIENLELLATHS.

FERTOSHEREE LT, T TCIKELSY 2EA
OEELEREEELHRATOSE. LrLiEds,
DL BARNBEEZBLTERE2~3 7550
B1IETEEEREATHSE. O ERK20VTE
PCB #5icB8 15 4 VOERT, —ERANERET
DiBICE EA, BEL TEEAZRIRL THER
P HRET 2 E, BUEicatofBERYE (dys-
keratosis) ©f{l3EH (keratocyst) BB &N T
ZOEENLT VS, TRbE, WMERZOHERN
E N4 griding LT & ERICERL T3 PCB
BE@EE & LTORALRICER - /LT3 L,
LR 22 AR WP REHERER EORKTHUEAI
BRILEVPB DL O EWEEREINE. b dA
3L90C, BRLEOAENBERELLTEIER
HEOETEEDOTNE PCB ot 2idh 5 C
EDITHES .

T
=]

il

&

WRAN ST R MiERE O —FRE GBHAR) o
BEWIN4TEE, S2EEDC —BERZTORRP S,
BiF 104Ef o [ PCB »e 4 — v, JBEE & OB
JCB) B ERILE ORENER IO THE L .

1. PCB »¥4 — V3 BEMIELLICSO. L
Lk, Dt 2 pmEshic (A-B, B,
BC—C) Efpdo7. F/fd PCB BERRE
BT LTz,

2. WHERZIC B3 OEEAROBREEZORER
RBIERLLTCERTHY, AT EAN —BL
{, HE, BiEDETHD/ .

3. OEEmAndT, S2AEELE s s & RRELT
Wic, LipLRas, Chidiusits X otEEick
BEAZEREORD—FBZET I~

4. BRUBORFBFL L TRAIWES 2 VI
REEEERSONREOBERNELONS.

pa [N
) BHEER FE &: WESEO OEFRIC

DT, EEERE 60 468-470, 1969
2 B E—, =M@ 3, SIS TSRS

EOREER 10 £ oiER. EMERE 700 172-
180, 1979
3D EFH OB B RR FEX=: MWEBZEO

REER B & O MERER B OB T HEME AR
H. fEMAEZE 60: 432-439, 1969.

4) SRJIEA: PCBhmicBid 2 EREIWTZE. H
Elfiask 74: 399-414, 1975.

5) Inao, S.: Adrenocortical insufficiency in-
duced in rats by prolonged feeding of PCB.
Kumamoto Med. J., 23: 27, 1970.

6) ZBREW: B 7 ==~ hBEGHE) ©
OEsg $£—8 DENERRE REERC- W
T. HAOMERZaE 25 64-73, 1976.

7 W E: PCBLBEAHFEROER. JLKHIR
2, &R, 1976.

8) W\l & FEYwAHF, FREEX BEER:
MERZICB Y2 OERECHERE. EHESE 70:
187-198, 1979.

9 &b & FEYATF, REEX FFES:
EBEy PCB v eI 5 ABKREIC 20T, &
fEz: 70: 161-171, 1979.

1) ‘b & AakE— #F K BFES:
HREEZF MR PCB (OEAGRRIEEOBRIEOL
T. EFE: 68: 128-132, 1977.

1D FNES @h:3H-Zx70—nwD3 .y biC
BB EASTE L CHICOWT. BREERE 62:
12-19, 1971.

12) AEHE %, @bh: MERZFO OB Z2HEIK
WT. 1. BEIE. SuiELsk 30: 107-129,1976.

13) 0 3, ALET, TEHE, BAFESZ
Bh: MBEOWSW HRE. ERIEE 62: 159-162,
1971.
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HERE S BEN PCB FEDms PCB-PCQ
EBERIRREICDIVT

RBAAR LR IR P HE

R e HET-ETH B S

A E&EA-F LU HF R R T
| R

PCBs and PCQs in the Blood of Yusho Patients and Workers
Occupationally Exposed to PCBs and their Health Status

Makoto TAxkaMATSU, Mariko OxI1, Katsuyoshi MAEDA,
Yoshito Inour, Hachiro HiIravama, Keiko YOSHIZUKA
and Megumi KANDA

Department of Environmental Health, Kurume University
School of Medicine, Kurume 830, Japan

PCB and PCQ levels in blood and health status were compared between the
workers occupationally exposed to PCBs, their families, and Yusho patients in Fu-
kuoka prefecture and Taiwan.

The obtained results were as follows:

1) The PCB concentrations in plasma ranged from 2 to 521 ppb for the work-
ers. They are higher than the concentrations of typical Yusho patients and unex-
posed people.

2) The clinical findings and subjective symptoms in Yusho were not observed
in the workers.

3) As for the temporal change of PCB levels, Yusho children showed re-
markable decrease with their growth, but Yusho adults had no tendency to de-
crease., The tendency was observed in the workers, although an old worker with
malignant tumor showed a rapid increase of PCB level after he had fallen into
cachexic state.

4) The PCQ concentrations in blood ranged from 0.34 to 5.7 ppb for typical
Japanese Yusho patients, and ranged from 4.5 to 11.8 ppb for Taiwanese Yusho
patients, although those were less than 0.02 ppb for the workers.

From these results, we discussed the relationship between the health status of
the subjects and their contaminations by PCBs or related compounds.

TNETEE O 1974 £ 1 FUERPELD MiHEEER D
3 @ #E o 73 & i Kanechlor (KC)-500 # 4 7o
PCB [t > THERBEREINZLONE VB L E2R

#
i, PCB & X 0 = o @Y ETH 2 PCQ,

il

PCDF o# &R ESMTENEILE N, FichH PCQ
BEHERRMCEIL b Er 0REICKRLET
BERERUT S CEPBESICIDOTHLPILEN
7. FES SMERE L EEZOMBOLTETL,
LRoCEEEREL .

HU, Bic1976 £l KR %R T < KC-600 %
MESHORSO—HICHEE L), HEHE0TIC
PCB ic/ERLIc bOMBNB T &EADT, THEN
OHFEICOVTEELRT O, WERFOHIKZ, 1§
FIETOMESELD b, 321 IENNE PCB &
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EZrdd0d0 30, Ho0EFFRBEIEREIC
B2 LBOTBRMTH D, CORDEESHEIC
oNE, M PCB & PCQ ZAIEL, BREE LA
BEOMERZEOABICL>TESh-Id PCB &
KO PCQ o L, WoDHEFROE L
T O B I N T STz,

dE|EHE

1. W%

TROMFIC DO TMK DA & I BERES
o7

(1) BiZER PCB 55

A7 w—7 T HAERIC HE 75 TEE
63 % (FRI1: 1974~1975%E). > bHERED PCB v
NESDELFELDO RELCODVTE, 1975&h5
19824 i e P CIBBR A 21T D 7.

B/v—7: £RELU—DET THARIERICRE
TEHEFE 424 GRiln: 1975 4).

Corn—7: Kk B T »EE T4 FMm:
1976 £5). 1982 fF i b [F] UHRIC > W T HEHFEE AT
7z.

(2) HERE

D7 —7: EREEE O AR B T idiE—
Fhpoxnd 234 (Rl 1975~19784). 55—
FREICONTIR 1973 Fhn 5 1982 £ % CREWICHEE
Ut 72/20 1978 S I 12 TliE PCB 2347 3L
OBETcThh.

Esn—7: fEEETo E BH 84 (Bim:
1980~1981 4E).

3 mEE

F/u—7: BEEAEO/RESE (1975~1977 Fic
24 &, 1979~1980 4Ejz 40 4 EL1M).

2. PWHE

1 Jensen EZERY (TLD PCB OB

1978F 2 coRME CoFETHF SN mi 4
ml 7+ b=t Yo, FB n-~FHr2Ni, &
EOBBELABELT n-~F V-V EESMT S, TE
% n-~F Y U CTHEMB LS, i~k ¥ v B RS
U CREGRRZINA, RENRRE n-~F% v % 558
U, 1ml iciE#Ed 5. n-~F 4 VEIEKIZ 28 ¥
ATFNVESA RS LICHENL, n-~FHrBIUFY L
Frz—Faen-~FHy (1:9vN) THHIYE,
PCB, pp’-DDE & BHC, pp’-DDE, pp’-DDT 4}
WaBEd 3. PCB NEIIENEICENRER, ECD-4
2z aciE AL, pp’-DDE kbR BEOoEHLE —

Wiz 6 A

7120 KC-500 & 2 i3 KC-500+600 ((1: 1)
TEEYBELL T~ mo Bilck by 83T
7z.

2 JAVCLATLOIARMNIS T4 —ERW:
&+ PCB, PCQ 044t (ZAVVILATLE)

BESY OFEIELTT2R. $hbb, £Mid
# 10g, MEEIIW SgE2RBELTT AN Y BEL,
n-~F 4 T 5. HBEEKES, BK, B
215, BRkickd 130°C c—wWiEHEik Lz
YU (6g) LEKRBRF M) v 38 EREL
AR lom DX 5 A, n-~F4 VEEKE RA
L, n=~d4 v 60ml © PCB %, 4% x50
T—Fuen-~FH v 45ml © PCQ %, DvTT
% b+ 80ml © PCDF ZH &%, PCBiI20
M il ice—~rGkic kv EE L/

PCQ oW\ Tid ST v ¥+ & v CrrLiER{LE
T, ARk L 72 ODCQ (Octadecachloroquater-
phenyD) 3 % n-~+ 4 > THH T 5. & 5iC clean-
up D7D Sg DT NNIFHTALIBRTRNI 5T 4 —
i, 2% AF LY en-~FH U 45ml T
ODCQ SEZEHESE2. PCQ oERIEIF R/ o
v+ /540 0DCQDIDOEY—7 OHBRERICLE
MEREICEDS N TIT D

1% FE O3 ek, 51k PCB o2#ricis Jen-
sen EEELERAVTELOT, 72 Y Iy aEE
AWwazicdizo, ManmHEoRERBLUF R 7 0
TN TADE — g — v DERE B L. KC-
500 B& KC-500+600 (1:1) ZFHEETGRICHDS
N5 L~ THMICEMLTAI Lz & 2 A, [
BREAEE I %R LETZD PCB a2 —vd &<
—HLTHBY, MABICLXOBONIF—23HEK
HERIRETH DTz,

38 AROOTIMITT 4 —OEES LTAIESE

#E1T ECDENI) ff&oBiE GC-4BM, GC-
SA EERL 7

PCB 4#7iciz 1.5% SE-30 on Chromosorb W
B35 E 2% OV-1 on Gaschrom Q A2FKEL /-4
S2AA55 Cmx3mm i.d. H 3 iz .8mx2
mm i.d) 2V, &7 LERER 200°C Kotk
2% Apiezon L on Varaport 30 2FREL -4 5 %
#3546 Smx2mm i.d) 347 LBESE 250°C i
BELTHEALL.

PCQ ##7icis 2% OV-210 on Gaschrom Q %
FELZFZ7ZA A5 4 (38emx2. 6mm i.d. H3 0
i S0ecmx2.2mmid) 2HWN, #5 LEEE 260~
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Fig. 1. Distribution of PCB concentrations

of Group A-F.
A : Workers engaged in the production of
silk thread for “Nishijin-ori” of Kyoto
B : Workers engaged in the production of
silk or wool thread in Kanazawa or
Ichinomiya
. Workers making marine paint in Osaka
: Typical Yusho patients in Fukuoka
prefecture
F : Unexposed people in Fukuoka prefec-
ture

o0

265°C ICEE L e,

o %

1. u¥Esh PCB

BABIUOBHEEREE (A~Co/r—-7), &
MEEEOMAFMESRE (DS v~7) BIOBEE
% (F7r—7) omiEh PCB BEoS51% Fig.
L igir L. &40 PCB BEEOHEFEFIZAIV—T0
LlEIC, 2~521, 3~75, 26~252, 2~29, 2~13 ppb
THh, DBIUFZAa—7iciz s o070 50 ppb
Ul b0 A v—7Tlk 6340 124(19%), C
T—7TiR TSP 5 LY Sh/z. Mann-Whit-
ney D U2+ TiE, A, BEXUOCrr—70
PCB v~uiifgE®s (Fou—7) oFxhibE K
IEL (p<0.0), ABLTCISv—7D PCB L~
WRBRBR R HERE (DSv—-7) OZNEIDEE
IKEL 3o Tniz (p<0.05).

PCB /¥4 ~ic2onTHB &, BRATEEA, B
Z—7) & KC-500 24 7%=l %0 5SiE

—l
30 MIN.

Fig. 2.
(I): Typical Yusho patient in Japan in
Group D
(2): Worker engaged in the production of
silk thread in Group A
(3): Worker making paint in Group C
(4) : Unexposed person in Group F

Gaschromatograms of PCB in blood.

BIPOHE T » == BEHEL, TS
L BIULE 7 = =~ WO GHRITE, DI, BEIE
EHEE (Crrv—7) ¢}, #icSHEle 7 2 =—
NVOEESHEL, EEZD PCB 0 EAIERL,

CDRE -3 ERFERRETHEKC-600 Doz — v
SHPESEL . 5 LEmd 1982 £ HHE
BBV OBARASNIEREPREEAD PCB 4
— v EREOTH ., Fig 2 T3 BABRTEHE
BE, BAYEHE, SHEENEHE CLL 1982 ER
m HXCEEE (979 F81) o OV-1 A3 aik
L5 PCB o xsuv~ 75 akRk e &k
Fig. 3 Ki3E /Sv—7HTEN BRSO E -7
15, 200 —7 16 Ao FT B~k vs—Y
OBEZEERLI. T PCB 2 — v oi#ifiL, OV-1
# 5 LICE B OBMBLEY K ko>T o7k

Fig. 2 k33 (1) oihiEE#HED PCB o4 —v D
BHess ¥~ ISESHDIEL, E—2 205845
BHEBEHEZVL, Q) OBMAFEETIE E—2 IS5
SOEENEL, O) oBPEEYEHE CIIMERRK
-7 5 a08a»EL, ©-7 050540
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130 e \
i 100 .
§ s0 L.
20 ey,
] %o%o
e .
(o] [ ]
30 50 100 (%)
Relative percentage of chiorobipheny! of Peak 20
Fig. 3. Relationship between chlorobiphe-
nyl of peak 15 and that of peak
20 (Peak 16 was defined as 100%)
& : Yusho patients in Group D (N=5)
A\ Workers and their families in Group
A (N=14)
O Workers in Group C (IN=7)
B : Unexposed people in Group F (N=22)

B B> T3. colith PCB g4 ok Fig.
R LU Iefgific k2T KO AR Shis. 78,
Fig. 3 offricsne, EERHHFI MEERAVCT
WENRS ZOEEFEHE >N T2DEMFETPCB
NEp— BB LAY~ 15, 0N R
WEL—HLTWZDT, EIN—TOERELLA
ZOICHEEZIBERDNS.

2. M+ PCB BECEEZE

AREE (Arv—7) 0> bEN PCB L~y
2OOEORELNER Lo Fig. 4 ©h3. [
CHITRS WicdRIZE CEERICEL T2 EEZR
3. oI PCB EBED L T2 EH 20, &
B, o REETsH 5. Fig. 4 o hicEh
(o) TRUIERNZ 1977 i & s s PCB fEo
WINERLTHBEY, ChidBEAT, BEHEEEDKD
ABICEBLENLTHAS.

Fig. 5 wid&pEEy g% (Cs/rv—7) o PCB
HEOEALER LIz, THE S 1976 £ 5 1982 4E1Ch
FTHAD LTS,

Fig. 6 |[JBBBY I ERERED PCB HORE
ZLERL TV, 2Z0FHRIZBOLEEDERL
TW5BY, KAD PCB LA ZBIEEITWIRETH

BHiEh6 A
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O
o, %
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- Aj?tti::A
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—

PCB concentration in plasma (ppb)
0O eQ
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100} A % ¢
:/A\%_#"A\D
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w0k . ) [\\\\\?
5 ‘16 1118 '82
Fig. 4. Temporal change of PCB level in

Group A.
Subjects with the same mark were
working in the same work-place.
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PCB concentration in plasma (pph

&
201 °
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Fig. 5. Temporal change of PCB level in
Group C.
5.

3. Ei¥MREIRCICERER

1) BAfER@E (A v—7)

BHOPCB L REETEIHEEBL S Z0REE
i 1977 45 & 1982 FEDHER IC D N TIR~N B,

a) 1977 £ A 9L O>NT Tk, BEF
Rz, mMEFRCSCTREREEEETS
BBSEZORD, 2B LERERBTHO. MR
EOBREEDOD 35 | BERAD. EERET
3, 9201040 bOTMEL Y2 ) 254 FED
IEEEEZHEITHID, PCB vt HEEE
HEYohiihor.

b) 1982 FEpHEE: 97T FIFEEL - 138548
HBZREDNTIT 27, REIBTPTNERLELE2
%, TROBEEMROE 1 ZKAD ohicds, hERT
RRBNTEIZOTBEEOREEED ONEE
EToREESRIRN LD
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2) BREESEHE (Corv—7) nf

T 44RO OTHEEER . ST —

a) 19764 o B/ : T4, mip = X ‘274*\‘ e
PCB {5 28ppb &103, coru—7 o | B e
TREETH OB EOHMETENE = e [
SBLBODNTHE. Fubs, BE, 5 S \

W, WICEERREE OR@EED 0 g | \l e
BRICEERERS D, FERTLEYT RN
Ho7z. FRBELRCREOEBRILENSD 2 ¢ 15
fnic. Mt PCB ) 252ppb L5 - % m m W w w
FBHEOMAY 7Y &7 1 FELERE Fig. 6. Temporal change of PCB level of a certain

BFEA T

b) 1982 A « M4 PCB fEHs
12ppb (1976 F£ o fEiZ 28 ppb) DEICL
BoERYE, B, BE FEREoOLUhE
ORFBE L. HMERT O EERREPERO
BRIEBVSED LN, BEOEEREE D3 VILHE
HOBELEBERIMD 2L ICEED AL, LrLh
PCB om0 BRAELEETHE L HE
BRiIAohizhol.

3) BREEEOWERE (Ds/v—7")

Fig. 6 © PCB HOREE(LEHI—FKEICDO D
T, WERER 6 E2EB L 1973 Er 5 (6824 %
TOMERZEOHRRES A2 &, FtopRi3 e
B, KAV TRHEROKRL, BRACEROBR
W, BREEE SFEORBHRRSENSREEL TO3EE
Gbdboi.

4. [ PCQ EE

Table 1 izjfitfh PCB & PCQ v_uZRL I
BB, ABXUCCIIv—7TRIEL~VT, i
W~ FREMVNVTRENENTON . EHRES
KUBEOMEERE M SIETRT PCQ B & i

family belonging to Group D (Some data ob-
tained in the plasma base in 1973-1976 were
converted into the whole blood base. Age in
1982 is shown in a parenthesis.)

2, AEOMERED PCB L0 PCQ o0
BETHD. —F, BAFBELZORKEEI S
BELEREHEIEO PCB L~ ERLAEHLPCQ
Bl Ehzeo7 (0.02ppb Kik). BEES
5% PCQ iz s nvisir o,

Z 2

#iEE PCB & 2 offE 44 (PCDF, PCQ %)
BEELEEROER Lz stk >TBC 2t
BTHEYY., —FEEZELHKEBELBALEDHE
1z KC-500 24 7» PCB lc&>T, BEIED
HEEII T KC-600 12 k> THELREZIT TN,
BETECHEBORRCEOHGE OPICILIHERE
X3 ricEniid PCB BEZRT bOo0 .
Lil, @RP—DOEORAFTEHECHRAMLEI LB
PCB L ~uid &oiihoizss, PCB Bt 3HE
LT, MATEICB TS PCB FEgz—o2ici3 Y

Table 1. PCB and PCQ levels in the blood of Yusho patients, workers occupationally
exposed to PCB, and unexposed people
Period after
Subieats « | Termination PCB level (pb) | PCQ level (ppb)
J of Exposure
Range Mean=+S. D. Range Mean=+S. D.
Vsh 679)
usho patients m _ I _

Japan (Group D) S 14 2.0—11.0 6.3+ 4.1 0.34— 5.7 2.7£2.2
Yusho patients in 3 1 48.0—78.0 62.6+15.0 ; 10.2—11.8 10.8+0. 89
Taiwan  (Group E) | 5| {5 26.1-71.8 | $5.4%18.7 | 45— 7.8 | 5.6+1.4

Workers and their
families (Group A) 14 not clear 6—403 111,5+117.3 <0.02
Workers (Group C) 7 10 l 12—196 64.3+62.2 <0.02
Unexposed people _
o 40 [ 1.3-5.8 j 3.4+1,1 £0.02
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YA AnELTHER SR EERROHIC PCB 28
BALTHIZEE, —DICERE Y Fud 4 icd
B PCB BBALTWECEBERTHZ &M
BohicEhTH?, k> PCB Eifio
HKICBEB2TVE D EELLNS.

sTid PCB BEOREEIZ SO TARAETE
RO EMBASHITEN. FThbE (1) HEESE
TRARADBEIBEESETRRED ONLLD M
REBRICH 2 FHIEH 10Fficih PCB A5 1/3~
1/ Dv_VigEF LTk, Q) ABEE0ES
TRAKRMCET OERBIED o, BiBEEIC
B L, BiE L bicmd PCB ErmaiuciEinl
T & ohic. (3) BEEEHHBZ TR 6 EDR
e iing PCB BEMSE T L .

HH S Z 19724805 1977 H£ETO Bl TR
it PCB EEQETE2REDTED, BH 52 @
1974 SR B & 1976 SEREITH T ORETIR E TR
O F, [ PCB BEOREE(ICOOTIIHE
EMIER SN TN,

BN OECEORNEE ORISR 2B
BEE, TOLRVERETAERELT, () FHk
TRRAN ORI & RS~ D BEE, LB D N5 VR,
(i) 2oWEIERTZHKONE, BREEZs0
S, THR] $ 723 TEE] R0 ZHE »
FHERZ., LR EbEREDY L, (1) oFE
DWDTIR, BRE, KEHICHES THER] 2R, M
 PCB v RvpRENETIC RS SEER2 L 60
feEZEZ o0, 2) oBREERESATIE, FH, &
Hibw ks TEE) 2005 PCB L&
BEFICRE S LI LRSI, EMF oW 2
BREENIC PCB KRB A NBATBEOEAL T
olif PCB EEICD>NTOREE(LEHEEL, L1
O THER]DELABEEL TN T EERELTHD,
HERBICBUZEESCOBEL-BLTWE. WE
BEORATROP L RLBTTRETLTLED R
72, FHEEMD LV SVOBELRED SNZ DS
ChXY M v ~vsEn TESEE TR REHN 12
PCB v~V ETRMEREL DEECTH L.
ozttt PCB BEoRBNE(LIcBES T 3 RF
ELT, MHEPCB L2 nBHRGEMRL IV
EERBELTHS.

RICEMERRIC>VT A5 &, Fig. 6 © MER
FICRIHED S 10 EERBLLHRE T RS
PREMEMEHED T B0, BELEO X 5 2BLY
ERE%ELCETHS. LiL, PCB BE O3

BiE 6N

PICENRAR B L OREEEYHE ORI LT o
FEEFEDOZThI DB TH D/, BRELEYHEITHR
ARFBEICHRTOPRFNEL, HERREEET
2EBN. LhLl, ChicRBEETIETHNONS
BERHICI 2 ERRBEOEELMELARNEED
nés)_

Table | [z /RL7c kS, WERED LF H» 5
PCQ szt L, #hib L opEalsy
BEBICBEEZD PCQ LAz BIERD 0.02
ppb kK TH Dk, BALY » PCQ KT sH4%E
EEMHLSY o PCQ 8L PCDF 4kic 4 384
eREB T, ARATHEEL BAE XUBR
EHEEIMERERBE £ 1 70 PCB FiEZid T
i Ebi, PCDF 0fHS ZUT 0igo &HEH
Eha. BARSY? OMFIC LN EMESRHO TR
HFh okl PCDF Th3 EELZONTVS. 4[EH
ELBABIUCBHBIERBENE N PCB L~
ERTICDPLDLFEOBERARRB TS DT
Li3EHO#H PCDF KB sh T,k
EBEbh5.

o

i &

HIEEE S BENIC PCB £BEZ Y- MAB LY
BRELETBE O mih PCB BEO BEELE B I
L, »20ih PCQ ofilE & BEBEAITL, RO
el

1) mEAEOBRTEE L 2T ORKS L Umba
B EE ORI PCB BENHADMIESRE X
DI BB OEN O

2) LEOTEREHEICIIRESRS OERPHFRIZ
BEAERD N HDT

3) It PCB BEORFEELTREERIH B/
RERET, FHIMPLLOETEALN, K
ANHEBRETRZEREORETS /. TEYHE
oIl PCB v~V &fRIICIIET Lcds, E5Ho0
Bl lficimdr~ro LR2ED .

4) BB ICBENL B ROMERENLKE DL
o PCQ M shichs, TEFEZ TS M
PCB v~wERTICdhhb 5T PCQ EEIR
0.02 ppb XKiETH .

P hoiRicESE, d PCB v~ REELL
B L OVHIE & ZER PCB BBl 20 THEEL
7.

BeksicEs, NRERBLTOLEOVELERC
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EEORES. "EE 33(1): 189, 1978,
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TEEE O BERAE. KR ABHFER %8 %R
17: 11-21, 1979.

4 FU\RS: PCBICERS Nz EEYHEOM
WhPCB ARyu~w b5 ADex— Vi@lf. AY
KEsE 41(1): 1-14, 1978.

5) Hori, S. et al.: Effect of polychlorinated
biphenyls and polychlorinated quaterphenyls in
cynomolgus monkey (Macaca fascicularis). Toxi-
cology 24(2): 123-139, 1982,

6) AR B, EEEH, EENRE EHaERm:
HERE & fh © PCB B @ BHEFSY O
B, BHEE 7204): 198-204, 1981.

7) Kashimoto, T. et al.: Role of polychlo-
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1) & o, MEET, NEBES BR &
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Statistical Analyses of the Annual Examination
Data for Yusho in Fukuoka

Kyoichiro KaTaoka, Akito OEKUBO,
Shiro SHiNoHARA and Katumi TAKAHASHI

Fukuoka Environmental Research Center, 39, Mukaisano,
Dazaifu, 818-01, Japan

Yoshito MasubpA

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

Some characteristics in the correlation between the PCB concentration in blood
and the gas chromatographic peak pattern of PCBs were investigated for 1834 per-
sons who had been examined at the annual health examination for Yusho from
1973 to 1980. The correlations between the PCQ concentration in blood and the
clinical findings or other factors on the patients were also examined. The results
are as the followings.

1) On the basis of the peak pattern of PCBs on gas chromatograms, the
PCB concentrations of 493 persons classified to Type A were significantly higher
than that of Type B, BC, or C (p<0.01).

2) Out of 133 persons, 104 showed no change in the Type of PCB peak pat-
terns during the period from 1973 to 1980.

3) The coefficients of correlations between the concentrations of PCQs and
PCBs were higher than 0.8, and those between the PCQ concentration and the
PCB peak pattern were higher than 0.6 in the years from 1973 to 1980. However,
the coeflicients of correlations between the PCQ concentration and the symptoms
of dermatology or ophthalmology resulted in 0.2~0.6.

4) The coefficients of multiple correlation were also calculated between the
concentration of PCBs or PCQs and the scores of acneform-eruption, ocular signs,
pigmentation, subjective and objective findings, and the quantities of g-lipoprotein,
GOT and neutral fat. The highest coefficient (R=0.683) was observed on the
multiple correlation between the combination of subjective findings, ocular signs,
acneform-eruption and g-lipoprotein and the PCQ concentration in the blood of
female.

PCB ofR K U BES RO EF 55 k5 iz
7o BEEOMHMERE 722 0MmK PCB o FHEER
FEF0 47 48 10 A S HER AR 0 —>2 & L TIK 7ppb T, @EAOFEHEED 3ppdb iCHNERE
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THY, MEPCBDHFR /a5 s °8—-Vh
HERE O E — Vv ERTAZ A FOEN LK D59
B EHDTEY, —~BALERD 42— E2RTCE
1 7DEZS BTHEDY. Lhl, WEFHEESE
DHEENRBL AR, WERRZBEOSIZC
FATTHB CEPEEDMIE PCB OIHRICE/D
HoNBTED RERS, 1Mk PCB ok RE
&z 2oasE~ RN EiEsh>Do 557.
WOT, BAETH, ThEFIIOLLTHEREZED
M RICER L TWS EEZ 505 PCQ &
BWOBFNETFELLTERSNTNEID,
PUloEEES, ERIW-ERERERS T -
A2, ZBEOMIK PCB OMRKR CEE O
Aricimk PCQ B & HE & OMEMFE2T 2720
THET 3.

&k & FE

1. FEAD 48 4EEED & MR 55 R ¥ C 0 IR hIE
MB$RBE, TN, 834 Lo PCB EEOFRE
BRUEELOAFER LD THE S PCB »¢
A= OEFIC DO TT~T.

2. WAFDSA EERUHER SS EEOMERDS S
o PCQ 47 — 2 0F 3 EENRICR DN
BT 2T o 7.

(1) WA 48 FEEE D LRI 55 EEOMERZZ 2
FH, ENE60ZIco>nT, REE LI, MEPCQ
BELEREREE GlHE), A¥REHEE 45
HE), Mk PCB EERUCMK PCB 4 — vEo
BAHBRBCEEH U .

¥, MPEOBRKEREHIEREEICE LT
-, &, +, H, HTEHEASNLTVEOT, £16IC
025 4 oM HEE ZFHEICH N

(D 20 P Eo B SS & B ERSZE2ED
W, I/ PCB ¥#E, Mk PCQ #E, BIKR (8
B, ME, ERERRERE, 8FWE, B, GOT, t
VERERA I ON B-1) BBEDF —~ 4B Z A0 B 484,
ZTZIDHTENEREMK PCQEE 2 Wi
Mk PCB s L, HHERE LEERTRROAE
{LFEREEE & LERRBST T2k,

SIHHOBRRRT — 2 X FEOBRSEROME S
#é L, FEROHELOBRIEZ DT DERFRED
237 &lr.

1) BEFRR—&BHBRE, BY, WE - -EE, K’
B, WO, MREE, REMRER, AERY, Eews

7k

(i

2) MEHRR—RR, L0F, BRE FE BE
BE, Y vooEER, TER

3) BERRZS—E, SIS, B, B, [hE
fan, BfmE, BRIk

4) BREE—FEE, B0, BN, REEE, bk
W, THAH, O ke

5) BRI R—IRIERE, RBSE, WiiRERE
B, BRI T — B EH

&7z, K PCB BEOHHIZKIERICTNE &
BRISNTVS OTY, HEHRZ FITICH 0. 1
& PCQEBE LFERIKIROE 7.

BRELUER

1. [O#% PCB BEOEREBRY PCB /$&—
DEE]

FFn A8 EEEH SWRTN SSEE T WMEREZE
EieBI5 PCB s~ vElo BT & Kk O #E
PCB Ty BESE IR L. WERZSZS
FBO R — HIERESIT B ERE L 2 LB £
TREMADBEL TV, Tibh, 48EEITAXA S
DEMWN3T.T%, C24FOEMNILIBERABETH
DIch, A9EELBITAZ 4 rOBEOEAMEDL,
Cs470BEQENEGH ML THETBY, BS54
ETIE, Az470EN22.3%7T, Caa4rDED
61.7 B THoi-.

HERZZ2E oMK PCB 0&MEEEER, 8
BUILTNTOEERBNT, A4 730z 47
A ERE L YT TERICEL, 4.85ppb » o
6.52ppb OR%E#KE Liz. B, BC RUrCx 4 7O/
TREMIEBEEOERZRADONT, ¢hdox
4 7 OEREB SN B EELRRIC DD PhILE
DEMAERL, EFZEEAONE PCB 0o RAEE
3ppb¥® LIFEAEFLTHDT.

2 I MERBZRE Oh TREBENICHETTET S
D7 133 Ko, (K PCB /¢4 — v OZEEHRIEE
ZRIbDOTHL. MIEPCB 2 —vpi{ FicE
HINED NS DEIZT8. 2%, Ao>B, BoBC
RO BCoC iZEHL7#1318.8%, Kigiks4 7
WEFBL .HRZDEL 3% TH .

2. & PCQ BEL BIRENREER, £z
HERU MR PCB ST EROIER

WEfD 5S4 EED B WIERSS EF omE PCQ
LERFEOBKRIERTEES 8 IHE O MMM BE &
HEhich, Zohmo ML 100oEEE %3 iRL
fo. REEEZBUT, MK PCQ HEE &iHENIHRINIE
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® 1. FER, ARy w08 - o BIRERSEREBRES KOMK PCB #iE

s —iEsd A

A+B+BC+C

A B BC C

w0 BB w2 BE mm o) B w2 BE mw %) BY
48 58 (37.7) 6.21 24 (15.6) 4.30 22 (14.3) 3.57 50 (32.5) 3.95 154 (100.0) 4.68
49 99 (25.9) 6.19 19 (5.0) 3.33 49 (12.8) 2.99 215 (56.3) 2.65 382 (100.0) 3.39
50 66 (27.0) 6.52 25 (10.2) 3.00 9 (3.7) 2.43 144 (59.0) 2.73 244 (100.0) 3.48
51 53 (24.3) 6.49 26 (11.9) 2.32 26 (11.9) 2.60 113 (51.8) 2.55 218 (100.0) 3.17
52 58 (27.2) 5.55 20 (9.4) 2.37 14 (6.6)2.28 121 (56.8) 2.34 213 (100.0) 2.96
53 64 (27.6) 5.62 24 (10.3) 2.17 19 (8.2) 2.28 125 (53.9) 2.23 232 (100.0) 2.88
54 52 (26.3) 4.85 14 (7.1)1.63 16 (81)1.45 116 (58.6) 2.22 198 (100.0) 2.38
55 43 (22.3) 6.30 13 (6.7) 2.54 18 (9.3) 2.11 119 (61.7) 2.28 193 (100.0) 2.86

1B AMEEREEORMNI ppb

£ 2. WMEBRZEZED PCB tx — v il
(PEFD 48 . ~THFD SS 4EEE)

Nz—voB A K (%

A <« —A 36 (27.1)
B <« —B 4 3.0)} (78.2)
C <« —-C 64 ( 48.1)
A < —B 12 ( 9.0
B <« —-BC 3 (2.3 } (18.8)
B C«- —C 10 (¢ 7.5
A« —-C 1 ( 0.8
B <« —C 1 ¢ 0.8) } (31
B «—-BC«—->C 2 (1.5

TOTAL 133 (100.0)

Hizm#% PCB # (0.8 21 L) KU Mk PCB o4
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REGRLY, MK PCQEEEAHEMEA, EERE
2, BRFRRY -) REEOHASENREETS
v, R 120.683, R* 30,436 TH o7

HIED PCQ BE & HRAER & 0BT, A
SUEHBEICLA, RObDTRIEL, 20F5RE
OXBETHAS. corEd, PCQ HHDHTIC
st 2BHEE 22 boTidinl, s, HMEHLSE
P o TREREL 480, WERRZZ2EOR
JEE L COBRRBROBIREEZHESTZbDEE
bbb,

1 &

WEFD 48 EE D DR SS EE ¥ TORMBIMERS
E (GE~NLL834 %) omik PCB EERCMEPCB
SRR DEEMEARE LT, E7., Mk PCQEgEL
FERAERTA HE & OMEESIC 20T AP THRE L 7z,

FORRBRDEBYTH DI,
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