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Foreward

Teruo OMAE

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

In succession to the 4th report (Fukuoka Acta Medica, Vol. 65, No. 1, January,
1974), the outline of the recent studies made by the Study Group for the Therapy of
“Yusho” was described. The total number of the patients reached 1291 on April, 30th,
1975, among which 29 died.

Elevation of blood PCB concentration and abnormality in gas chromatographic
pattern of blood PCB, acneiform eruptions, pigmentation (skin, conjunctiva, gingiva or
nail) and hypertrophy or hypersecretion of Meibom glands have been considered as
most important for the diagnosis of “Yusho”. Some changes in clinical profiles were
noticed as the time elapsed.

Studies concerning the pathogenesis or pathophysiology of “Yusho” were also
described.
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Metabolic Studies on Polychlorinated Biphenyls. VI.

Contribution of the Hydroxylated Metabolites to the
Acute Toxicity of 2,4, 3’, 4/-Tetrachlorobiphenyl

Hidetoshi YosHIMURA, Hiro-aki YaAMAMOTO
and Haruki KiNosHITA

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

In our previous study, the acute toxicity of 5-hydroxy-2, 4, 3/, 4'-tetrachlorobiphenyl
(TCB), the major metabolite of 2,4,3’,4’-TCB, was found to be about 5 times as high
as that of 2,4,3’,4'-TCB in mice. In order to learn the contribution of this metabolite
to the toxicity of the parent compound, it was studied whether 2,4, 3’,4'-TCB would
exert more toxic effect or not after pretreatment of mice with phenobarbital (PB) or
3-methylcholanthrene (3-MC), the typical inducers of liver microsomal drug metaboliz-
ing enzymes system. Effects of the same pretreatment of rats on the biliary excretion
rate of 5-hydroxy-2,4,3’,4’-TCB after iv injection of 2,4, 3’,4’-TCB and on the in vitro
metabolic rate of 2,4,3’,4'-TCB using liver 9000 g supernatant fraction were also inves-
tigated.

By these studies the following findings were obtained.

1. Pretreatment with 3-MC increased the acute toxicity of 2,4, 3’,4’-TCB, but on
the contrary PB pretreatment decreased that toxicity in mice.

2. Liver 9000 g supernatant fraction obtained from the rat pretreated with 3-MC
showed much higher activity to hydroxylate 2, 4, 3/, 4’'-TCB than that of the control rat,
but PB pretreatment did not increase the activity at all.

3. By pretreatment with PB or 3-MC, rats increased their biliary excretion of 5-
hydroxy-metabolite about 2 times or more than 10 times, respectively, comparing with
that of untreated rats, during 24 hr after iv injection of 2,4, 3’,4’-TCB. It was suggested
that the increase of excretion of 5-hydroxy-metabolite in 3-MC pretreated rats should
be due to marked elevation of the metabolic rate, whereas that in PB pretreatment
could be explained by increase of biliary flow rate.

4. From these results, it was concluded that at least a part of the acute toxicity
of 2,4,3,4'-TCB was attributable to the more toxic metabolite, 5-hydroxy-2,4,3’,4'-
TCB, which was produced in the body.
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WsEo atkEt 2R L, 2,4,3,4-TCB 04t
PR DL 5787 5 7 — VERBPICHRT 2DTIR
D EHRINIIEATH 5.

ZOTHE, COHRPRATTT 5729, @O
R RRENE YA LB LNIEYRMAT, v TR
BT % 2,4,3,4,-TCB DS & &kl & O
PICONTOWKE2AE LI, THabbEFE 7u—
LEYRBBTRIRD 2 2N 2RI DREM T FHEHA
ELUTHIBNA T = /v Z— v (PB) 35 L OF 3-4
Frasr vy MO TeoxZgiEL, 2,
4,3, 4-TCB ORFHEHES 1T 07 BO &kElE ©
EENCOWTHRE LI, 356K, T bROWVT in
vivo T LEEEEEIRE I & B IR A0 R OBk
HMEE{L%, $12 5w MF 9000g 5% Fvic in
vitro BFZET, FHFEHNTL B 2,4,3,4/-TCB O
{BEOFETOWTRE 2INA 7.

E B A &

1. PB 4T 3-MC BB EE

PBHEMIRUSERTES (i) 7=/ v s
=V Ny ARERL, £BEALEK 0.2ml gz
D 2mg (v xf) Iy dmg (59 VR 25
LroEEELT. 3I-MC (Fkeiskssiy, mp.
179~180°) WA (ROFERXLH) 1CEAR
L, #O 0.2ml i 0.8mg (o 2 ) 3L 1.6
mg (59 rA) ® 3-MC 25535 %51 J8L
7z,

v v Ak CF¥l &, B, K&E 16~23g 2L,
175% bz 38 PB 7243 3-MC 3 0.2 ml §ifg
(zhzin 100mg/kg F71212 40 mg/kg FHYME) %
W d 1 H1E, 3 AEFERENEELT..
e R &L TR, AEAHEKD 2 OIHRAEHBED
A% LEOARRIC 3 H Es S LIz D2 T,

EEREYRKES 24 %I, 2,4,3,4-TCB %
zhZh L.5g/ke, 2.0g/kg, 3.0g/kg DAESE
35 RAREAER 0.5ml 2w X NI EBSE1
2. BEEREEL LA —FHLLT, ZNZFNHRED

F-YHIEBL, KBIUfRERCEA, ER
1359 20° it BEO 7 RO 2Ry 2k
HEkoEE s Uiz,

T v M3 Wistar 33, B, &E 150~240g 2,
ZD1PE4 b FEE PB #7213 3-MC T 0. 75~1.2
ml (zhzi 100 mg/kg 721k 40 mg/kg fAHED
P, WINA T ROEELACS T HITIE, 3HM
HEEBERN G L.

2. Sy PEBAZ - LEEXE

2,43, 4-TCB % Tween 80-FR-&ERK (1:3)
DOERRIC BEL, #2@ 0.1ml iz 2,4,3,4-TCB
LOmg 2 &EF 9 5 & 5w imsdFel 2Re L. willi-
ams 57 OFEKIKETE, T—-FUFET, v b
BN =V~ 2L (PBE L 3-MCHi
MBS v NTRERBESBEDK =2V -V a V5%
7o72), 70 24 MRE%I EIEENEE 0. 1ml 2F
BEERIRPICEES LTz, RT3 54 0 BRI Tk 1 1
Blo s, 20 gl 10~12, 13~24, 25, 26, 27
BIO B~48 BT CERL, T /uRy b
X b ETERRELZ.

3. EiPRE o

BiFEO#EIC X o TE S NI BT 2 FHEENC T pH
2.0, i v X700 2mlic T 15 9l
DIREHH % 3 AL LTz, HHERKE F R E
Licdb, Fuir—4%— (CaCly) B¢ 1 BERER
2oL A UTELNIIEREREKS Y U U RE
1271 N, O-bis (trimethylsilyl) acetamide (BSA)
¢ trimethylsilyl (TMS) {tL&f5ty, H X 7w b
75T 4 DY TN ELI

4. S MEF 9000 g EEOPBELE

—AHER ST LERTEZ v N R2ERL, BEHIK
FFafEmd 5. 73 L 15% KCUBW THERE, &5
A—FT7unrREUFAF-%HN, L15% KClI#%
KT3I xx2vr—-F L. 351 9000g 1T
20 R EEL T2 #2,  B¥E % ARrEEs, #9200
mg ff/ml 725 L 51 L. 15% KCL BRI TIREL
1z,

5. BEEEHOME

Kiswg 13 Tris-HCI g 300mM % 0. 5ml,
300 mM o MgCL #5%, 60 mM @ G-6-P #, 3 mM
@ NADP B #7202z 0.1ml 92, 35 bip
fF 9000g B % 2.0ml, &8 Lo (2,4,%,4-
TCB) 0.1 umole % x F)vt v 10 ul ITIERE
Lz %A, e 1.159% KCl i 0.2ml
PHRIMUEE% 3.0ml U7z, ohve 37°, 3R
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A oFa~x—bUTE, BiER lml 204 TRIE®
kXY, vzFE-FU%E 20ml BV, 557
B, 3E{REMmHLT. M ERRRE, BB
I n-~d9 L —EER T v L R 7 v—WFg (40 10:
1) T FROVIHFNVEE o b’ 57 4 —
(TLC) #®f1o7z. REMYEE O ARy MTD v
Y HFNRBEELY, X2 —MTT 3 ERERHL
T FIHREIESEEE LTI DL, R 0.1ml OfF
KEY D UEHEEL, BSA (104D MELT, #A
ruv I 4 — (GLO) itk Y REMWOERZTT
D7z,

6. BE/OTHIST 14— (TLC)

2 ) 450 (Wakogel B-SUA) itk b ERRUTZE
X 0.25mm O L— % 105, 30 EiiblL T H
Wiz, BEBEINCE n-AFY BT F VT R T
N—HrEe (40010 1) 2ERAL, NHBOMRITI
UV Iv7 (w274 PITEK K, ERE253.6
nm) % fCol.

7. #AxoO0< 25T 14— (GLO)

EBIIBER GC3AE B R7uv by T7 4 —
(Zv 2 buvd e PF» — M) ZEHAL, 4
mmx2m #7213 dmmX2.5m O HFIAH T AL
1.5% SE-30 #a—35 4 L7z Chromosorb W
(60~80 % v v ) ZFIMUTHN. F2 Y-
Zi3 Ny 2R, @t 60 ml/min (1. 5kg/cm?), &
I AEE 2000 TTOT.

BRELVER

1. PB 4T 3-MC 5B IR(CHITS 2,4,
3,4-TCB 2tEBEOEE

PB s ko8 -MC i~ & 2ixdd % 2,4,3,4/-
TCB OHFEHNRZ ER AL N r2RE LI
Table 1 FT.

iS5 LML, 2,4,3,4-TCB 1.5g/
kg OFEICL 57 AMOBETIZ RUH~ v 2L 8
PLg _TCHsERLT.. — 3-MC i~ o 2 Tk
RRAEDHEET 8 L 3 LDFEHEEINIZ. T
2.0g/kg 5L 3.0g/kg OFBITBWVWTS, i
v 22 8L ZNZ 4 4 ks L 08 6 PLODFET S
FEH ENTDIN L, 3-MCHIBE Y & 2Tl 8 JLrf
5L S LI HAEEINIz.

DT EIREYRBMRROFEH 3-MC 3 2,4,
3,4-TCB QOZMEFHO B/NERIT &2 RTHOD
T, KLAYOSMEEEDDEL &b —EtAEERT
D7z —VERENCEEL T3 2 & R2RE

Table 1. Effects of PB and 3-MC pretreat-
ment on acute toxicity of 2,4,3,
4~TCB in mice

Days after administration

Dose
Ce/ke) 1 2 3 4 s ¢ 7 |Towl
{p> Number of dead mice
(s (hjo o 6 0 0 0 0} 0/8
’ 3|0 0o 0 0o 0 2 1 3/8
iyo 1.1 1 0 1 01 4/8
2.0 @10 10 0 0 0 0] 1/8
3|0 0 0 0 3 01 5/8
1o 1 4 0 0 1 0 6/8
3.0 | 1 0 0 0| 3/8
310 0 3 5 0 0 0] 88

(1): Untreated mice, (2): PB-treated mice,

(3): 3-MC-treated mice
ULTWA. Thabbw w2 3-MC BB 2175 &,
BE5L 2,43, 4-TCB ORBIOD (L3 fTbh,
FEHOENT » -V EROAERREINEERL, EEO
kO EEEPEEINIIOTHA S EELLNI.
LU 3I-MC L85 24 FOFEHTH S PBIT
S AR TR, LEEF o MO ERNELN
iz. 372H% PB pLE < v 2Tk 2,4,3,4-TCB
@ 2.0g/kg ETYILALIPL, 3.0g/kg DHET
b 8 ILHI3 LU BFETEY, R A (FHiADH
BETENZN G UL 4 ULk L 08 6 PLdSFET) 1T HATE
THEOBEESBAVED L.

UEDX 5z, PB ikor 3-MC i< v RiT¥siT
% 2,4,3,4-TCB O&HFEROHL D 5 2%z
T EDHAS > &I, ZOBENDS A
TRIC X W T APIT0NT, EEL RO L 5 iR
Uiz, $isbhin 3-MC g 2,4,3,4-TCB 0%
M EEL, BEEREYOERZHENEE 5 DI
U, PB R EAECOFREREICT, b
AT, PB FIEFIE L THSN TR, ZOfE
BYBHRATECESEE T « 7 —VEROET il 2
BELTOBROTIZRVHEEAIL. COERPEA
FAIY, EEROIOWERES v % A in vitro
B Lot in vivo kst % 2,4, 3, 4-TCB Oftatic st
T AHBERI DB 2 LT

2.243,4-TCB OTy b %0009 LFCLBR

PBHLor 3-MC it > v HFD 9000g Rig%
FWT, 2,4,3,4-TCB o in vitro g% 31
1z, 9 3MCEIME S » MO 9000 g RiE%2 B3R

s
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FEEL, REEFEOEICTERLIIHEIE>T 3 EE
DAL F o N—va RO, LDZ—FIVHEY
TN BRI -3 L —B TF VT ATV
—REEEe (4010 1) 12k % TLC 27w, (R$EHD
HEEBIORERT .. Z08E RE 0.50 o8
5-tRudi- 2,43 4-TCB it—HT 22K b
PRHINIZ, ISR CDAFy M EEEIY,
Ak Y o UEEE TMS (b, GLC »2 17 5 &,
tr 16. 8 MTEAL { ERD5 - F o d o & 5821 —
T AL HED LN
k& 3-MC g 5 » MFEROS -k Fefy
~ 2,4,3,4-TCB ~Of(#E% PB piiEis LvR
BT v b DZF & IRE LT % Table 2 T
RT. Ik T DI BRI OBEREE 2OHmE & iy
A7 =0 KBIGEE S She TR L.
Table 2. Effects of PB and 3-MC pretreat-
ment on metabolism of 2,4,3/,4/-

TCB and aniline to the 9000 g
supernatant fraction of rat liver

Hydroxylation | Hydroxylation
of aniline jof2, 4,3 ,4-TCB

nmole/g liver/hr

Untreated 250. 8+30. 2 N.D.
PB-treated 727.7+35.4 N.D.
3-MC-treated 387.8%15.6 47.5+19.1

Values are means * S. D. of 3 rats

Z OFESE Table 2 55 2/ & 51T RILIER &
O PB §iEE 7 v b D FFESITSWTE, AEBE
HTFOFICBOTE, 5-trRodi- 2,43 4-
TCB OERZIZEAE B AL EWTEEOI.
chueL, 3-MC §iEE s » FOFEMTIZ 2,4,
3,4-TCB OR@IEHEDO ZELWEABALNIZ. &
FRERIZ T » NIRRT AL DTH 2D, T CREH
ERHELIL LR, < oA ICKITS 2,4, ¥, 4-
TCBOR#E S o bEFDTLFAETHE EMD,
BOLK vy ABNWT Y REFREAIKE STy M &
FEREOFREETZEDLIMEEING. CDT 1L 3-
MC g < o R THLND 2,4,3,4-TCB
D&MD By, 2,4,%,4-TCB O > ) —v
R~ ORBERIC L 2 AR RBT 53
DTH5.

3. 3-MC H&U PBHIES v MIHITS 5-&

FOF3- 2,4,3%,4-TCB OEgEit o

TTCRBPELIZL ST, 2,43, 4-TCB i35 b

BIOTIRARBNTEELTS - R 24,

3, 4-TCB iz fR#t 3 h®e, JaERm Tt
WINnr®. TN EET v FOERBRTHER X I,
PB i% 2,4,%,4-TCB OR#PZIF EAEREEL L
EEBALNIL. LD EWD, TTIEART PB ik
Hw o 22T 5 2,4,3, 4-TCB Ot ORD
OFERDO—IZ, EENTEL L EGHED T =/ —v
&% PB AT A& bR bicHRit &Y B L
LR EADTRTWDEESRIL. COCLEZHED
2729, PB 3kor 3-MC 20, 5-tFodi-
2,4,%,4-TCB DEHA~O Hiftic s X133 28
DNTHRET LI,

(1) PB pijEEic X 3 R D e Akt D3 in
ERGHEOHEICEHR UL 2L TEL NI PB AT
WERS o kN OEHHYIE, GLC IR L AMEDORE,
RIS o FORBY E— L EEDOITL BT, #
WD T x 7 — WVHEREYOA ZELC EDREIN, K
btk X087 « / — WIERBI O ESENIH HIC
WE-oL Bl s et EREWs-e ot
UEOHEIRITIE Fig. 1 @R 3 EBDT, 2,43,
4-TCB %#IRiEsd 5 &, 20 1 REUADIEHH
CREMDRER ST, 1R D OPRHEIIR & &
b RICHEINL, #5%9 M2 T PB TS
o b dFoN AEOHHERZRLI.. L LES9
FEELEBTIX, ROUES v ORI —EE%
RUTEEEY, 5 0.4ug ThHEOWIHL, PBHE]
MIBT v b TRz HIFHERIZ LR, 13~248%
T 1HESY 0.8x8 &b, HM2EOHHERE
AR EEEIN.

— IR SRR R R O FE AN T A 5 O U
YOBE 2 BHEIR AL ED LT ERIN0 .

5.0

IS

.0

w
=3

N
o

-
N

I MC-treated

=
o

PB-treated

Biliary excretion rate (ug/hr)
o -
.O\ =1

©
ES

i Untreated

0 4 8 12 16 20 24 28 32 36 40 44 48
(hr}

Fig. 1. Biliary excretion pattern of 5-hy-
droxy-2,4,3’,4’-TCB after iv in-
jection of 2,4,3/,4’-TCB
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DOEME, 7 OREEREHET i 0 2 B
HHDERICH 12D bl T s, FAEPBI
E U DE Y VE LIV T aF 4 RADREHEE
B2V, EKAEO Y vEe O R HREEE R (29 &
DBEIENTVA, ULdL 2,4,3,4-TCB DOB4,
FCIC in vitro FFEETHLPIKINTVNE L ST,
PB B & 2WGHEEE S E DB A LN &
5, COBEOHIIC Y Ve L OBEE RS X
H=X L THBHLICEDNS. BEC DEEICoN
T 6 D TRZVDS, —DODERERHE LTI
PB it & A EOEISEL SN 5.

4.0,

w
o

S

O—0O PB-treated
0—8 MC-treated
®&—¢ Untreated

Biliary flow (ml/hr/kg)
- ¥}
o o

o 2 4 6 g 10 12 14 16 18 20 22 2=4

(hr)
Effects of PB and 3-MC pretreat-
ment on biliary flow in rat

Fig. 2.

Fig. 2CRg &L, PBRIES » OEIHiE
BT TICHEILNTNAEEYY, RUEZy hOZEN
HL, M LSEOEIMEEDT.. 0k 572 PBR
JUVERIT & B BT R RIS SR AN AR DR
AL UIZEDEHEEINS. WFIuTe d, C
OEBOMIIICEL T2 S 5 ITREVMBET D 508,
PB #Bic k b= v 2K 5 PCB O&HEENE
TTALERHEEHAFREZELONS.

(2) 3-MC gimsRic X 2R OfEs it

PB giiiicsliE &, 3-MC g7 v MT2oWT
o7 HEROETHREMOER, EER1T07.
Z DOFESR 3-MC A 7 » b O EH MBSO = 2
u bZ A, REET v bOZENEE DI H—S
& —2RL, A—REY2atC EHEL LIS
7.

Fig. 1 X b#o k51, 3-MC giEs v b
BT A5-tFof- 2,43 ,4-TCB O
1R ) ORI 2,4,3,4/-TCB #4574 1 By
TH 0.6 g El2 b, KMFEDZ (0.08 pg) ITHA~

KIS FEDHERRL, 351G 2REBIBNTIEN
16 fFEDHEMER E IzoTz. 2 DT &id 3-MC 23 2,4,
¥, 4-TCB OR# %M FHET 2 & 2RLTEH Y,
BERD 7 » b 90008 RiE% MLz in vitro
T AR —ETA. 2 5-eFuFi kD
MR ERRO X 5 RERIEINE $ 7 59700 T
{, DSRHICHFIEA, TIOMBOEBAA~D 5- R
O UEDBITRE P NIRRT LRISE L BAL
N, TOLEMLHTEST S E 3-MC W< v 2T
3% 2,4,3,4-TCB OSMFHOEIN & { HET
x5A.

# &

2,4,3,4-TCB O 2t EMD KEBR2HLMTT 5
HiT, IERHMITRORERNFEEITH% phe-
nobarbital (PB) 35 ¥ 3-methylcholanthrene
(3-MC) Tw o ZRRUEL, %D 2,4,3,4-TCB
ORAMFHRICATIHBLRE LI, STy MR
AWT, hEEmBEEAIORh» s OFEE Y » /) —
VERSY ORI M THE, HA 0I5y MIF
9000g Ligick A 2,4,3,4-TCB ORZCEA 58
BRREL, RDOX S SRR E:.

1) v o Ric 3-MC 2175 &, 2,4,3,4/-
TCB O&MZELSRULE < o L, =L {#EN
Uz, UL PBRiMBl~ & RITBNTIE, 72 0&%
EHEMICRAS L.

2) Tv kT 9000g B % T in vitro OF
DR, 2,4,3,4-TCB D7 x J — 1 thadDitz
WPBIZL DI LAEFESNT, I-MCitk bl
FEINAEMRINI.

3) PBB LU 3-MCRIMEES » M 2EHL, 2,4,
3, 4-TCB 283U 5E, RKNET v MTHENE
FE T =/ — VRO AP BEitRINDS B S
12, 75 PBRIMETOD 7 » / — VRO JEH dskity
ik PB giLEE T A SN A TR ERIE B RS
ZOlREEDSRIB AN & & 3w, 3-MC iz k 5[H
BREIL, 2,4,%3,4-TCB OEE s RBHEEIEICE
IR EMBTRBINT.

4) LEHERE S, 2,4,3,4-TCB O&MZHED
Liel &=L, 2O BEFEERBEYS-vFoxy
HOBEENH D DEEL LN,

X 23
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Metabolic Studies on Polychlorinated Biphenyls. VII.
Metabolic Fate of 2, 5,2/, 5 -Tetrachlorobiphenyl in Rats

Hidetoshi YosHIMURA, Hiro-aki YamamMoro
and Kazuaki YONEzZAWA

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

In the previous studies from this laboratory, it was found that both of 2,4,3/,4'-
and 3,4, 3, 4’-tetrachlorobiphenyl (TCB) were metabolized to the monohydroxylated
derivatives in rats and the metabolites were excreted almost exclusively into their feces.
Hutzinger et al., on the other hand, reported that when 2,5,2/,5-TCB was injected
intraperitoneally into rats, large quantities of the unchanged material could be extracted
from the feces and only a monohydroxy derivative was identified in the urine. In order
to confirm this discrepancy for excretion route of the metabolite, we re-investigated the
metabolic fate of 2, 5,2/, 5'-TCB orally given to rats and obtained the following results.

1. 1In the case of 2,5,2’,5-TCB, the major metabolite was excreted mostly in the
feces., By GLC analysis, this metabolite excreted during 7 days accounted for about 45
% of the dose, whereas that excreted in the urine during the same days accounted for
only 0.4 % of the dose. This metabolic rate was much higher than those of 2,4, 3,4~
and 3,4,3/,4'-TCB (about 10 % and 3.3 % of the dose, respectively, during 12 days).
The structure of this major metabolite was elucidated to be 3-hydroxy-2,5,2’,5-TCB
by various spectrometries and finally by comparison with the authentic sample. A trace
amount of 4-hydroxy-metabolite was also identified in the urine.

2. In above experiments, about 7% of the dose was excreted unchanged into 7
days feces, most of which was done in the first day. A trace amount of unchanged
material could be detected in the urine. This result also suggested that the absorption
rate of 2,5,2/,5-TCB from the gastrointestinal tract was quite higher than those of
2,4,3,4-~and 3,4,3,4-TCB (the absorption rate of the latter two TCB was calculated
to be about 60 % and 40 9%, respectively).

3. 2,5,2',5-TCB was injected intraperitoneally into rats with cannulated bile duct
and excretion of the metabolite in the bile was examined by GLC. The result indica-
ted clearly the excretion of 3-hydroxy-2,5,2’,5-TCB as the major metabolite and also
of 4-hydroxy-metabolite in a trace amount, but no unchanged material could be detected
in the bile. Since 4-hydroxy-metabolite was not excreted in the faces, above result
suggested that a part of the metabolites excreted through the biliary system to the small
intestine might be re-absorbed from the intestine,
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BITEZ LYY WHEO FRWETH A4 7 a—
Jv-400 (KC-400) DSy 2,4,3,4-7 5 /nn
¥ x=v (2,4,%,4-TCB) OfREEFMIcELT
Bt 2T, EREMEL TS - Fnfy- 2,43,
4-TCB %, FTRREHO—2ELT3-EFa®
- 2,43, 4-TCB %7 v M¥HRE D BIEEET S
b, HohEREYSsS-creFrvRE, B
LAY AT 5 5 d R 2 R C & 2L
MLz, BlEsx, KC-400 O—gThb 3,4,3,
Y-FroruprTz=l (3,4,%,4-TCB) Df
FHTOWT AR LYY, 20 EREMY 2-F72135 -
ERodxiv-3,4,3,4-TCB 135 v MTEBWT, B
2,4,3,4-TCB O & ERI, 20 EPTIZE
AL HECEEI N A C L 2RB LI, $12 Jen-
sen 5L o¢ Sundstrom 9 oL Bit, 2,4,5,2,4,
SenFH oo 7., Fo NT DT TR
HEIPE/ R oI vERRREIN, AU D
A SN D EMEL T 5.

—75 Hutzinger 58 IR MEE/MLY 72 =
D—2>TH5 2,52,5-FrF27unr 7=l (2
5,2,5-TCB) ®J v b, NFBIXT I RLBT S
REPIE R, KMEEYE < 2T T E2724
REINZWD, To MBIONITEE/ EFRRF
DRI RE I N, o OREWIZT v FTIRERT
L A5 BRI DA IN S EHAEL TV 5.
DR 2,4,3,4-TCB 5L 0° 3,4,3,4-
TCB, &5i2i3 2,4,5,2,4,5-~%¥ oo 7
=ZNDT 2 = VEREYOTHEHER EFoTE
o TWnA,

UL, Ll Hutzinger 59 OBV TIE,
HAORBYOHEBEE L TAFF B EHAINT
BhH, COESODTREZMEREATNA. ¥
25, RBEIIEE S OIS, 2,4,3,4-TCB
X8 3,4,3,4-TCB 7 = / — VRS2 T o
SBBRUBROCEVHEHLPEINTED, COTEN
#Hrh 2,52,5-TCB 07z / —VERBHETX
RO ERTRBVPEZELLNADLTHA. I
53 5, COMREONBREERNLS DT, EEROTF
— 2 @FFE oM BT aNTWEW»L., Z2CTHECD
Hutzinger 59 OFfFEOEEZTH & &1, 2,5,
2,5-TCB DF v kickld 3 REHC-OWT DR
TR 2B LI,

¥ R /&

1. EREWS LUEMRESAE

Hutzinger 57 0¥k (Ullmann &Jf) ICTARK
LTELNT 2,5,2,5-TCB, mp. 86~87° % Fu,
CheTiaR (ROBR &S WELL, 20
0.5ml Hiz 25mg @ 2,5,2,5-TCB 2 5E4 514
B EBREY & U Tid T Wistar King
ROBESET » ~ (KE 156-225g) ZH0Iz. £
R L ERRBYOMIEDTZY, LT > b 11
bic 2,5,2,5-TCB O fmE® 0.5ml (2,5,2,
5-TCB 25mg 5F) %»T—7,V KB FREARSL
2. ZO2HBILKY 3 —ERERHEL, DEE
EpbxAERESD4 AT TOT BROE L R R 2
B L T,

A PORFYOBE I, =—FIVERBRLIZT v
FIPURERL, MHERPUL TH =2~V 2RIEE
AR, BEZEZRALC 1ARKEL, 2.52,5-
TCB » 7 v b 1VECD & 25mg DRRE CHEEFNES
Utz. 75 FibRaR» 6 [HHRIRTE T, 5%2
Na— ABBERBE DL 1ml 370 2 Bl &ic 6 [
KEBEICE LTz, 72 2,5,2, 5-TCB #3551 24 B
Ot 2lyr A e L, BE5% 48REO M
PEERLTHBRY v E L.

R & 0 M S DY EEDRIEIIZ, T v M 4
PL% fvy, 2,5,2,5-TCB RFMHER 0. 5ml %2 i
OFERTIEEOKSL, &5 v MRZENENDME
ORFr —OHRIEBLT, BEH3EETIZIHT
T, 2084 HER T D TE 7 BEOEBS LUK
BRI, 00 OREHIEIE 21T S & THBkEI
FEU. ReksIUEE (3 = 2 VEERELE
RigAEl ME) 3EfikE AT,

2. R, ESIUETRASHMOBEZLUICEE

FEOBIRC IO TESL NI T BEOR % BRI
TAN BRI L LT2 DL, Hill7kis L 1 R ndn
KR, S HICEAKER{LF Y U LEKET pH 2.0
WL, BER =F TR TOWCT 1547 3 HiRE
WU, ARREEKERERCTHRKLEEZE
FUTz. A ULTHELNTREYSEORE? 7+ b
VICEIRL, BEVuv 57 4 — (TLO BXO
N, O-bis(irimethylsilyl) acetamide (BSA) T
trimethylsilyl (TMS) (LU TH R v pb5'57 4
— (GLO) 217\, 2hz i emiE LI,

72 RO PR OBERRY S ik, #
NENDY P MC-NT 38 & FREOEIBIC Tl
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20, S E § BTV X FVICT B
i 100ml tUEEFREELIZ. 20 0.1ml 2& D
B AEELUEEI T2 by 10ml 204 TE»L,
iz 0.04ml @ BSA %2fpz2C TMS {LL, 20D

1~6ml ZANVEROT ZRZav 757 4 — %17
WV, R -ZEIR L) FRUT BERICI Y BE
U, &SRR RBTE TR b NITBROD AR
EREEAL. TRREGOERL, fiHE (100
ml Bl = F IV R 5 OVER) 270F % GLCIHE:
A(1~54D U, AL ¥—2EiIcd bBEERL
TIRER 2 HOTITon.

EIFIFRO 7 A2 EREASRTR S L, R
VOB Iz 2 L DA 2/ —ViRT 2HHED®
B%3H, &6 BI{ToM:. MM AEE2 BEL
177 bR L T TLC s kot GLC iz TR
YIOREERTT 2 12, TRBERHY OB ROHE
ik, By oS v0ga LRk 2,5,2,5-TCB #
5#%1, 2, 3, 4~7B0OHENTTHRL, 2h
Fhx 2 — 25ml T 1540, 3 EEEHMEL
1248, A 2 —CTIERET 100ml & UCERER
U, 20 0.1ml 2 & hEE2HELBRERZ 7 ¥
b 10~50 ml b L, Chic 0.04ml O BSA
BIRAT TMS L%, 201 ~7 ul ZEWERY
LA AOEE E R GLC R TERLI.. SRS
{bEOREEE MK (100ml x & 7 —VIBK) %
ZOEFEMN, 2D 1~5u1 %2 GLCREALVTE
ZLI.

PRV ERRERIC T pH 2. 0 (23 L, Wi F T
AFMCT 1557 3 EREHH % 17 o 72, HHK
KRS 2 RO TS, BIEEEARLI. AU
THELNT WEHGHY 2 SURES2 7% b KSR
L, TLC, GLC & b zhZh REYO R 21T
ot FHEEOEHIZERB 2 MA, 4 NFHBERE
LicDbh, Bk L1 REENEIk YR, 3561
Bk b - by o AT pH 2.0 WHRL, LEERE
EERg T F VT ATV ICT @M % 7oz, Boh
iy GagdkakofEmrats) 37t s
weE L, #iEnREEE TLC, GLC ik CREMOERR %
fro1z.

3. EEsOV NS T 4 — (TLC)

MR B RINL I oY B v (Wakogel B-5
FMD ok bR UTZE S 0.25mm 35X 2¢ 0. 50 mm
(preparative f§) L — % 105°, 30 &7EH LL
THEWZ. BHEARICE n-As¥r—7 oo kva
— A B =287 =TIk (8:28:6:1) %

AL, UV 37 (w3205 4 b, @EE) KT
ZEy NOREER [Tol2. chuckiu 2,5,2,5-
TCB WREKEK, Z2ORUPITLREIERTA.
127 2 7 — VRS D EfuTid Folin-Ciocalteu
R (FEAE M) RERLI.

4. ARoOTMIS5T 14— (GLC)

EBRBER GC3BE#yR7uv 477 (b
7 harE e SF e ~RHEBA) R2EAL, ¥ 21
3mmX1L7m OFF2H T LT LIHBD OV-17 %
a—F 4 4 L7z Chromosorb W (60~80% + & 5
PHRBUTHOZ, £ Y Y= 213 Ny 2R,
779 LEE 132° T,

ERERH LUERE

1. ERREMORRS LUEEEE

RETTEDHICER U TR TB S DR
DHAZa<w b7 T L5 NCHRERHBYOZ NS
Fig. 1 {z/Rd.

— Test

...... Control

tr {(min})

Fig. 1. Gas chromatogram of fecal extract
of rat administered orally with
2,5,2/,5-TCB

(Trimethylsilylated sample)

Fig. 1 OB O ML 5k, AMHYHTIE £
i 2. 9 4y (unchanged) &5 L85, 65 (M-1) ic#
NZNHRERHICA L NZNZ 0D — 7 258D
7LD L RERE2I N0 0ER2,5,2,5-TCB
O REEEM & F 072 —BLIT. T2 M-1 iR
TLC ED x4y k (Rf 0.33) % Folin-Ciocalteu
AEHTHAITERT AL D 7 2 /- VEREYT
HHT EMTRINC,

D7 </ —VER 2 RIS 5720, 42/ —
NVAEREB 2/ DED 7 v o sV ARKEHL, Voo
FUVAPRTHTHELTZ 0ERBO T Y D kLR
#1100-200 ¥ » ¥ o) T LABICI0EEDVY A
71 (Mallinckrodt 100 2 w & n) HS5 AL B
vv DT 4 —RETTTY, RO E 2T
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720 WY BB 7 e e kv ak A, 29
TayYNRIT AT e NTEHRT 3REIMEBS LT
M-10D79 7 v %iied TLC (R 0.70 35 & OF
0.33) Itk hHERUTHYD, ZIULDNWTILRDE
DL YHENIT AT b T T T 4 — R0, B
{ TLC Tk % WEETHI hslahiz RE ks
X O° M-1&8F0HRpENELINI.. k3 b
KELL n-AFHr—runhbi—3 &/ —V—
87 =7 (S 1286 1) OEMKEL2A
W, v mr (Wakogel B-5 FM, 0. 50 mm) #
f@ic k % preparative TLC itffLTz. < D HBfRT
L h AL TIREME (RE0.70), kot M-1(RS
0.33) OB RFy MEIDL Y ATV RHRELD A X
J—VICTHER, LD 285 E UTREET 52 &5
Tal.

2. REMoEE

LE TLC ok b B S iz RE 0. 70 {L&HIE,
AR —VE hERERETSE mp. 86~87° O Mk
REky, IR, Mass D&~ 7 bV i HE(LEY
2,5,%,5-TCB OZL&5maic —5L, RpERk
SO THEEE T 2ED Loz, Fig. 2 K&K 2,
5,2, 5-TCB 85 4 L 0 #Hl¥» 518 5 NIckR
D IR 2RI MV ERT.

M-1{3 n-~"FHo—zFbz—50 (1°:2)
T ERS T 5L mp. 94-95.5° O EEEEEEED
72, g R{EAYNE TLC =T Folin-Ciocalteu &
L W HEBREPREL, 72/ VAW THBL &
MBI, IBITERDARY MR LY
LD EMVERaNI. T b AR#EIEhEN

172{:(3c1,cu0)]+
Ldjh Al

'[ .L”fl

il

207 [M-(2c1,cEO) 1t

Fig. 2. IR spectra of 2,5,2/,5-TCB
A': Synthetic sample, B: Biological sample

4000 2000 1500 1000 500
{em=1)

¥ig. 3. IR spectra of M-1 (A) and 3-OH-
2,5,27,5-TCB (B) (in CClp

Fig. 38X 04 »0WLbx L 5ic, IR 27 MV
12T 3540 cmt iz OH ORI %27/, 72 Mass =
A7 Wiz T m/e 306 3510 308 it ENFN MY s
o8 (M+2)r 4 F 08— 2 RRL, Tt LS
oz (m/e 290 (MY, 292 (MH4-2)*] X hEE
Bl6 %<, MEFRFIEPEALVIIE 72/ -0
BCHAHTERRLTVA., EBZO (M+2)F 4
FoE— I M OY - 2BEOH 130 % 2R, K
bEP L  WIRHEATH 59,
UEDTEPOM-10EER =/ R nFu-2,
5,2,5-TCB TH A EHHBFLTIN, X5tk
FONER PR ICT A0 G & 5 BEE WA

308 (m+2) ¥,

306 (M%)

236 (M-2c1) "

243 (M-(c1,c0)1 "

271 (M-c1)*

Ll \,hJu.

Fig. 4. Mass spectrum of M-1 (3~-hydroxy-2,5,2/,5-TCB)
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Fig. 5.
2,5,2/,5-TCB

7. COE/eRodxy- 2,52,5%-TCB £LTE
ADNBZTNTORMMEL 3, 4-, BLF 6-EF
aF - 2,52, 5-TCB (Fig. 5§ 218) O3ETH
Al

INED T 2=V T 2 7 — v ERERD — RS
& U T Colbert 2 o Ty, FETLD
,5-vrunry=r & 2,500 07— ED
WARIGR 175 & Fig. 5 wRTL5, L3k
EMBBLNG 2T T H B BEERIGEER 2
GLC itff3 %L, cNsD3{LEMTHET S -

7 (5.6, 6.0, BLX405) 254, »D> n-
ANFY L —TuRkVE—RAR ) —)v— 289% T E
=7k (8:28:6: 1) DiERiIcLs TLC T Rf
0.33 (1), 0.28 (1), #&¢r 0.51 (M) iz Folin-
Ciocalteu SFIC THERICERBT A 2Ry MSED S
NI, ILWWHARY T EPEED A 2/ -V
THHL, HEARI bVIHZIT &, IR
m/e 306 (M*), 308 [(M-++2)*) KBy — 2%
R, b D3 LAY Fig. 5§ KWRITHEAERGT
BRI ARES 3 LA TH 5 T LRI,

T LE 3 BEOARIAY 2R O BEEE & R
i, vayun, VYRS AVDEIAZeT N, &5
izpreparative TLC %2170 TEHL, =—~7Fi—~
FHr (2:1) XhEREET2EENEN (1)
mp. 94~96°, (I ) mp. 100~102°, 3k oF (MDmp.
109, 5~111.5° QEEEFEEVELNIC. BINLD
teyl, 1 8100 1 X2hZNIELE® D3 -
tRrwFy-2,52,5-TCB, 4-fuakxi- 25
2,5%-TCB BLF 6-tFufxi- 2,52,5-TCB

3—0H-2,5,2,5’-TCB (1)
+

Ccl Cc1
°
OH mp 100-102
cl Cl

4~0H~2,5, 2/ 5-TCB (II)

Cl HO

°
mp 109.5-111.5

6-0H-2,5,2,5~TCB {II1)

Synthetic method of possible isomers of monohydroxy-

L, ZNTNEEB LY IR 27 M Vs SR~
Uz, D535 (1) $7abb 3-vRafy- 2,
5,2/,5'-TCB &, EHOMRHEM M-1 LEBL TI B
ABTwd, IR (Fig. 3), Mass (Fig. 4) D& A<
7 hovE dEEI—FLI.

PEDT Ehb#ERLS BHINIC T = /7 —VIER
L3 -b R ndi-2,52,5-TCB ThaT &M
o Esotz, U UEIHYRCIo=2DK
Bk, 33D (I) (4-eFRedvi) B LU
() (6-tRFuFoi) OFLZFERIN LD
7.

3. RHPRHEMOKRE

4 N BBV IR Thzkar i, BT F IV T X7 VT
TREMHBL TR NIZRMEYIE, 7€ VBRI
T TMS {LLT GLC y o7 kL, NEREHHY
DZFNEHEERET LTz, RBREKRE U T, Egy
BRiOR 2RI, REREFBREL TRV,

% OFEE Fig. 6 KRT X5, 2,5,2,5-TCB
BERMEYHICE tr 2.9 (unchanged), 5.6 4
M-1) I 6.0 (M-2) i, ZhZhnxd@R
HHSPITIEA L NZNE2DE - 7 28D 7. D
5% 29590 REFEO & Dk KEILD 2,5,2,5-
TCB Dz & FEoTz —F Lz, Fhfo—2
WY E 5 TLC B 28 v k3 Folin-Ciocalteu
HEOHEEICTHEAREAL, WINd 7 -
REPT HB CEWRBRINIT. 2B M-1, M-
2 BB n-~Fy—run Rl h—X H ) —
N—228%7 w7k (8:28:6:1) itk s TLC
T REO.33 3 k00 0.28 27RL, LESKLTEDS
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Test
------ Control

M-1

Unchanged

tr (min)

Fig. 6. Gas chromatogram of urinary ex-
tract of rat administered orally
with 25,2/, 5"-TCB

(Trimethylsilylated sample)
NiZ3-vrFoF-BLYd-E Fuxy-2,52,5-
TCB L znZ# Rf S F 072 —H LTz, &b
GLC iz X 2#8:5 3, M-1 2 &lERD3 -t K
vf-2,52,5-TCB OHfEER (5.649), M-2
T 4-vtRroF-2,52,5-TCB OfEER (6.0
o) LEnNENFERC-FUI.

4. BErhRBoR®%

ERFHEOEITER LIZ L 5T, JRitalyE, 7

M BERELT TLCH o Fve L, 72 BSA K
TTIMSIELT23 0% GLCH e LT, 207%F
DNRIT B Oz ZND I uw h 7T & & Hilg
LT, 2R OWBIET & LT, EySaiomit
PEREL, FERIETT & ERLELCHNW. 2055
GLC O#:E% Fig. 7 wpid.

~—  Test

~e--~~ Control

tr {(min)

Fig. 7. Gas chromatogram of biliary ex-
tract of rat administered intra-
peritoneally with 2,5,2/,5-TCB

(Trimethylsililated sample)

Fig. TX YRG0 & 5ic, AT te 5.6

T L 6. 0 ENEN WRIETH I A5 0
WANZODE -7 WY, s O R, ki
EHHNIRPLY BoNzREYI-cRoFro-
2,5,2,5-TCB (M-1), ¥ & ¢ RHAICOAZED 5
N2 4-eFufs-2,52,5-TCB (M-2) O t;

LA —H UL, FNREBE n-~dyr—s 0o
URNWNL—RX R —v- 28% 7=k (8 :28:
6 :1) ks TLC T\ T { A (M-1, M-

2) OZFw M3 Folin-Ciocalteu Zh2kic THEAIK
B2&L, 2ORFE 0.33 M-1) 35278 0.28 (M-
2) PEFERZD3I-tFoFi- BLord-tFpE
- 2,5,2,5%-TCB ¢t zhFh—F L1

LDE 3RS LIFIRPERD & iz d o
=/ —VEEREISEH I NIz, IR i3
ALNTERBRDOA B Shizd-tReoF- 2,5,
2,5-TCB D IN B L EBEL D ERDT. T
DT LT E» S HE S NI 7 « / — VRS D
— BB EED S BRI SN AR 2R DT H
2. FREHAICOEREEE T 212 B Sz,
o7z,

7% 4 NERERIA TR T InBink o s g — 7 v = 2
FOURTHBLUTHEINIZY P TE, &
[ GLC, TLC it & 2 (R OBTR% T o1z, 20
R, Miouv b A HBHEITOENE T2
AT, REMOBEEERED Sahol. coe
ST 2 —VEREMIMIETT R, HBATIT
MEIOZIHMIN TR ERRLTINA,

5. K& LUERBEESR

BRI LY v M I ROBE LI 2,5,2,5-
TCB ik 7=/ =R RE 3N, KEMRE &
BICRB I OERICHMEN B Z EMBHESMiICsh
A, ZOHEERPMZIND, 4PLDF5 v MT1LH Y
25mg D 2,5,2,5-TCB 2R&O#5 1, Rk
SR 3 -t Fako- 2,52,5-TCB ©7H
BT 12 % Ris L OV EHRAOHR 23 LTz, % Of%
Brzrhsh Table 1 :5Xof Table 2 icifd. 72
BRAIZ 4-eFed o B PR BEINT LA
», ZOEIEITLIKETH oI

Table I X hEAS 272 & 51T, RADERELEOH:
XL TLETH 503, #ELT HEIKDIZST
PEEINAZ EASHBAL T, $7 EREW 3 - F o
Fuv-2,52,5-TCB i, #5%%51HEici0.03
ZOYMRED, 7 AMORBHTEIRN0.4%THo
2. 7THEDS b3 BEOHHER B2 TH
2, ZOBEIZOWTIRHETH 5. A b~BHl S
NGB ED b BRI AN S &g, 2DC
EWHBNVE—HEBZODTNACLEEELLNA.

F I FEHAD R LA OB Table 2 wRan
XD, b DEEZED S BHS, 7T HETOREE
MG T % T, 551 B EITZ ORIk &
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Table 1, Excretion rate of unchanged 2,5,
2/, 5-TCB and its metabolite [3-
hydroxy-2,5,2/,5-TCB (M-1)] in
the rats urine after oral admini-

stration
Days after Excretion rate (% of dose)
administration Unchanged M-1
1 Trace 0.03£0.01
2 Trace 0.0240. 01
3 Trace 0.3120.39
4—17 Trace 0.04+0.03
Total Trace 0.40+0. 39

Values are means * S. D. of 4 rats, Trace<{0. 01

Table 2. Excretion rate of unchanged 2,5,
2/,5-TCB and its metabolite [3-
hydroxy-2, 5,2/, 5-TCB (M-1)] in
the rats feces after oral admini-

stration
Days after Excretion rate (% of dose)
administration Unchanged M-1
1 6.7+6.63 15.64£6.49
2 0.3+0.15 19.2+7.11
3 Trace 6.7+2.27
4—17 Trace 3.340. 60
Total 7.0£6. 59 44, 8+4-8. 63

Values are means + S. D. of 4 rats, Trace<{0. 01

Nz, KEEREET R REER 0T, #1
B BizA 6 N2 RELEOHEZ, HEE» LTI
NFIEDOTFIARHTEIEDEEDNS. D
CEWHEBEALDE, RLFHOWLED S DRITER
KB BETHAS EHEESNIL. T TREZEL D
Wiz 2,4,%, 4-TCB ORLE» S OIINERITH
60 %V, 3,4,3,4-TCB Ti3fy40 BBEY Th T
b ZA A LIHEEL T =0 REEET Mk
G o O RINRD BIs5C L REINS & e,
2,52,5-TCB 13%&D5 L £ B ah Zbsa
MTCHHTERRLTVA. bRAK, TD3{LE&Y
ToWTWAR, GLC 231 A HREREBEND D
BEWNES L&D BlRD HERERL T 5.
#5147 A0 BRERHHO BERHRIIH 45 %
Thotd, CHERUE#ELTC 2,4,3,4-TCB O
EREO 12 BT 5 BHERA 10 %0, 3,4,
¥, 4-TCB OXR#WID 14 BREICHT 5 REEHEY
3.3%0 IWH~BY THZEOEMTHS. COT &

ML v 7 = =0V FEREER KT, R¥Eahe
T I DIEEDH B LR B Lk, 2,5,2,5-
TCB 12 FROIHD 5 LR @I B MLy T
HAHLERRTIDOEEDNS, Fleehb 3 {LEY
TDNWTWAK, RIEORINEE & ARSI ETERIC
»Y, GLC DRERHFBHDO 8 3 DI3E XL TN
n, I{Rgans.

PLEDEBEEEDD, 2,5,2,5%-TCBI3T v M Tk
WTE e FefoficfREan, R yirUA%E
FHOHFCHEBICHERINSC EXHESHEEDT, T
D k% Hutzinger 59 25 LIz 2,5,27,5-TCB
O R#PE/ L FeFo BN Ty O BRI RE
SNTRAZOABERICHE SN B LN L & %R
Ed A e, Dl LEERE by 7 22— (F
T2 N U LOBEENES) ©7 = 2 —VHEREY
i, BEITRAOBEIDS T » M) B EHEIER T H
B ERRUTWA, LI UEBEMEN L D ENEER
AT T OB Y T, REYORP~OHEH S &
WEBEZATHAD. MOMEREKICL 5, T
@ 2,5,2,5-TCB Ti3ED72 b & § RO RBEE
MASBLNDC L 2SEBELMICUTIS, TOHEAEY
FUHEHHRILLAEELON5.

FTy FEERY, vPXRIEREREHE DA
HARAZHE L S0 E E LTS TV A, Gard-
ner 519 HFiC 2,5,2,5-TCB »EMN#H5L,
B »53-B5Lr4-eruxvik, 35123, 4
~YbeRa-3, 4-YeRFeFy-252,5-TCB %
BEFEL, —R32 FRARD £8P #E LT
A, FRZESIT 2,5,2,5-TCB %51 EE)
B~ v AOFEHEERICY 2 7 o v FMEEY XX
R MVFIREC LY, XA FVRNT 3 AAREHETESR
NARFYOEERREL T A, TNLFHROMRH
3oy FRPIZED S V207203, Chs OfR
HPPCONTIRSH I HIERT AN S A EED
nas.

b &

B Hutzinger 5 OBFEREHL, oL HEF
WISHIRZEATY, 2,5,2,5-F S /unr7x
= (2,5,2,5-TCB) @ Wistar King Z#o v b
KB ARMEEREL, 2¥0L > SiEHmEEL.

1)2,5,2,5%-TCB %235 » MUEARSUIZHE,
ERBEINMIRE WP~ & (7 BE ORI
REIBSEDN 45 %), RFCRPE (71 BHTHE
BD0.49%) UrBEitais’, Hutzinger 5 M
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BEEINTZ. BB OEREFDOEERBZEARY
v, S5 NICEREREOHRBICL D 3-LF
o~ 2,52,5-TCB ThsT EIERINI.
*72 2,4,3,4-TCB % 3,4,3,4-TCB THs, »»
TORBINZNC EDBEL D EIED72, RATIZT
OEPEDDTHED 4~ FeFoEd HltIN5
Z &d8 GLC, TLC itk h REIhie.

2) &bk, THEDT v PERKBEREDRN
7 BHHE SN AR5, 2 OXEFIHBAIEEHINT
BY, COME DL ERBED 2,5,2,5-TCB
LEILND, ElL DS 2,4,3,4-TCB
3,4,3,4-TCB iclh~, 2,5,2,5-TCB L&D
5 DEIERL I D N EDHS i aiz, RE
ERIEERAC S T EIHHEI N 3.

3)2,52,5-TCB & h=al—1a 2l
Utzo v bREBABEL, 85 NI B0 THKR
RUTAER, BT R E L U T it an
4, Fw3-vroFy-2,52,5-TCB LT, ¥
EDDTHBIR4-L FeF e UTHRINT,
4~ FodoEERE BEINDNT EDD,
JEH 2 U T+ fgiic it S s R o —Fi B
B 5 BRI XN A AEEENRIE .
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Effect of Biphenyl Chloride on Rat Liver
Microsomal Phospholipids

Yasuo Maepa, Keikichi TAKAHASHI
and Keitaro KaTo

Faculty of Pharmaceutical Sciences, Kyushu
University Fukuoka, Japan

The proportion of different phospholipids and fatty acid component of phosphatidyl
choline, phosphatidylethanolamine and phosphatidylinositol were studied in rat liver
microsomal membranes, after a long period administration (60 days; total dose, 100 mg)
of Kanechlor-400 (KC-400). The proportion of different phospholipids did not change,
but KC-400 caused the proportion of stearic acid in phosphatidylcholine to increase to
125 % of the control and the proportion of palmitic acid to decrease to 70 %. The
effect of a long period administration of KC-400 on drug metabolizing emzymes was
also studied, and the relationship between elevation of the emzymes and change of

phospholipids was discussed.

&

i PCB 24859 % &, FAIIROEE/MaEHS
BRI, SRR R OB ERT B L b8
HMoENTWLALY, Phenobarbital 25172841
13 Cytochrome P-450 (Cyt. P-450) #%, Methyl-
cholanthrene »#5 1 784123 Cyt. P-448 3,
FNENIFT 7 aJ — scighnd 55291218, PCB
2WEUI HEciE Cyt. P-450 & Cyt, P-448 O
WEDS, FF 7oy —ATms 5 EBFs T
ZQ ny .

Phenobarbital & Metylcholanthrene Tix, & 5
i, FFR7ny—aB2RRLTVAY VEEIRES X
IFTHESFEMICHEINTVA. TS DEYRE
5338, 3 a)—aBEBRLTOEEY VIFE
DMEFIC I 5 751053, Phosphatidylcholine
& Phosphatidylethanolamine TiZ, HARSIFmLM
BROZE, FCRARIE B RO A &
MBHLEINTVAY, D> L Phosphatidylcholine

mh

DIERSEERERD 22/kit, Phenobarbital iz Xk 238
REWMRROFE L BHELEEPH O EPWEIN
'(“(1\56)7)17)'

Phenobarbital £ Metylcholanthrene i~ %
&, PCB DR 7oy —uafi) AeBECRIT T 8%
DWW TOREIIRDN, T b5 sz PCB
P, B 7oy — A CEBEINA T EEEA
LD, COFIC DT OB BETH S &
Bbhs., ABETE, 7 Mg PCB 2EH#ES5L
12BAR, eV —aBucy VIEEOEEDHTC
BRERRIFL, 3L 7 uy — A3 RHE
FROEFTOWT L HERITY, T vy —aE
IR 2R REHESRROEME B FE OB RE
IRt RO B I DN TR E 2 INA .

£ B 5 K

1. &5F*%
B3 Sprague Dawley 5« b (39 300g) %
BEELT.. Kanechlor-400 (KC-400) » Corn oil
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WL (0mg/mb), 0.5ml %3 Hic 1 BIROKS
U, 60 A L. (RIS E, 100mg). SR
E&OD Corn oil 2L FETHS LIy b2
Wz,

2. o0V —LoFEsE

A LTCT v MRERFEL TR, BORML
7ok, FFRREd 5. FFRBEgny 3 cAIL,
FED 0.25M v AR (PH 7.2) 2 1A T,
Waring blender OBREEET 20k €D+ 4 T
5. BoNIzAEY 2 — MT, BEUCIATZZED 2 %
DO0.2B5M v o R MA,25% mEDF—bET
., LDFEDZ— % 1000Xg,y TS5 TEOL,
LiE%2 0.25M & o SEEINT 2. S IBICART 5. 5
SNz hiEE, 11,000Xg., T 20 rEEL% 70,
20D EE 2X 5T, 105000Xg,, T 6057EED U
T, Wk LY /a2 0EHETH., T ou)—
A4YE % 0. 15 M-Tris-HCl #& 3| (pH 8.0) ¢
T, IO S URTHREL, 270y — A
DERES.

3. BigEOHL

aieE OHHEIZ Folch &8 gy, 108D 7 a
vRNVAE—AZ /=0 (2 1) ORERANT, &
RRIEHTHKB U B1T5 . i 2EL HiEL,
HERZEL TRET 5. BEEAERRL DI,
BIRIC 021840 0.7% NaCl k%A, Hkeg
—20°C C—HMBTSH. r/vorVaBrRY, &
RIAM T CHERBBEL TRET 5. BEZAHRL—7
VITEN URRIEE LT 5.

4. YVIEEOREE

Y s 1% Parsons and Patton OO ICHEL,

Kiesel Ghur HR 2T, ZRaEE I o< b
74X OAHELI. BY VIFERERLIZS L
— %GR 3 - F BRI LT LIS hBHL
tz. BV VIFHEONBIEYT A v— DY YA
TNE 28— F IV THEIOTED, Jookibs—
AR =N (20 1) BRT3EHET . MK
WETHEEL, 202D )V OEERTTS.

5. UVIEEBRIEHRBEOMIT

ZRGEE s aw N ST 7 4 — R, &Y VIEEON
BICEMTHHEBES L — ROV Y AT VB IELD
THEY, &Y VREZEL VYIS VE, ZNEN2
% HS0, — 2 27— v tdesEL, 1000C T3~
A BSRIMENT 2. ik, X FoLINTEEER A F
WVERATVEERBT - TOVTHM L, M2 RS
Wi, HRIu<w NS IT 4 —THHFLI. BI413
150 cmX 3 mm DHF T A Hh T s, 15% diethylene
glycol succinate polymer %» o2—5 4 L4 L 12
Chromosorb-P (100—120 % v > 5 ) %»FELIZS
DR BV, DREH T AEE 200°0C Tfrols.

6. EofioEER

) BB D Y i Bartlett 39 ok b, BEHHE
Lowry BWRRANTERLIZ. Cyt. P-450 1 0¢
Cyt. bs 3N OFEIC L hHELT:. Aniline
hydroxylase {1340z & b, O-dealkylase
P S DA CRER) 2PREVTHEL.

E R B R

1. BYEREL/ KC400 05y f FFIo0Y—
LEDRBBRRCRITHE
Table 1 wRd X 5k, KCA40DEHEIZL b

Table 1. Effect of KC-400 on rat liver microsomal membranes.

The rats were arranged in six groups of three animals. The rats of three groups received Smg
of KC-400 dissolved in corn oil (10mg/mi) by oral administration every three days over a
period of sixty days. Other three groups received corn oil in the same way and were used as
a control. The livers of three animals in each group were combined and used for the experi-

ments,
Control KC-400

Liver weight (g) 9.4 16.1
Microsomal protein (mg/g liver) 17.5 23.1
Phosphorus of microsomal phospholipid (#g/mg microsomal protein) 21.0 20.0
Cytochrome P-450* 23.0 53.3
Cytochrome bg* 11.6 24.8
O-dealkylase®* 20. 3 115.1
Aniline hydroxylase** 10.4 22.3

* mp moles/g liver

** mp moles/min/g liver
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FORERBALN, HERDIZHDI o) —2rEH
BN L3 il 28, v v gERIEEL
WA ED BRI,

YR HERICOWNT, KC-400 BHIBSH L
FARE R e A &, KC-400 58Tk Cyt. P-450
B RO 2.3 Fic Bl T A, O EinEkR
KC-400 %»k&E 100g »72h 6.8mg F>1HI1ME
BOVEL, 3 HEEREEH4 BECEBRLUIZES

(3.24%) X hiEWENEL NIz, O-dealkylase i§
PEIZSSAREED 5.7 4%, Aniline hydroxylase 7E#: i
2. 18R R UTchs, COMInEKE 6.8mg % 3 Hif#
BUNSESBITEBETZRUT2. KC-400 £
WEETIX, Cyt. by OIS A LN, WEED 2.1
[EDEME S NIz,

2. ENEELF- KC400 O I o0OV—LEYY

BECRIZTEE

Table 2 iKRT & i, KC-400 OEHIS 12T
Jw)— NRERREART A Y VIEEOMRIT, BEAL
B A RIT Tl COERTIE, WEBEOI v
iz Corn oil 3ERIRYE L Td %535, Corn oil @
BIREE, BEY CIeE OB S EE% KT 37
i) fol

Table 2. Composition of the phospholipids
prepared from the liver micro-
somal membranes of rats after
treatment with KC-400.

The treatment with KC-400 was performed
as described in Table 1. The values are
expressed as a molar percentage of the total
phospholiidps, and are means + S. E. of
three analyses.

Control ’ KC-400

Compounds ( % of total )
phospholipids
Phosphatidylcholine 61.8+7.8159.7+1.9
Phosphatidylethanolamine |22.94:5.4(23.9%+1.9
Phosphatidylinositol 9.8-4+2.3(11.2+%1.4
Phosphatidylserine 3.3+0.7| 2.440.5
Sphyngomyelin 1.94+0.4| 2.440.9

Lysophosphatidylcholine 0.6+0.4| 0.5+0.5

2 7 o) — AERIEE ORI ERHR 2 KC-
400 JEEE & SIRBEC T 5 &, KC-400 58T
%, Palmitic acid (16: 0) O & Stearic acid
(18: 0> oEmotE R A Hhiz (Fig. D.

Bony -~ ABEPRBRT AR VIREREB I v
NG T 4 —THEL, %Y VITEORHRIE R R

40%

30

20

10

A TR

AR

16:1 18:0 18:1 18:2 20:0 20:4 22:0 22:6 24:]

ﬂ:cantrol a:xc-4oo

Fig. 1. Fatty acid composition of total
lipid prepared from the liver mi-
crosomal membranes of rats after
treatment of KC-400.

The treatment of KC-400 was performed as
discribed in Table 1. Only main fatty acid
esters were determined and individual es-
ters are expressed as percentage by weight
of the total of the main fatty acid. Values
are means+S. E, of three analyses,

16: 0, palmitic acid; 16: 1, palmitoleic acid ;
18: 0, stearic acid; 18: 1, oleic acid; 18:
2, linoleic acid; 20: 0, arachidic acid; 20:
4, arachidonic acid; 22: 6, docosahexaenoic
acid; 24: 1, fnervonic acid.

16:

=

40%[-
30
20

10

0 7 -
16:0 16:1 18

Fig. 2. Fatty acid composition of phos-
phatidylcholine prepared from the
liver microsomal membranes of
rats after treatment of KC-400.

The experimental details are described in
the legend to Fig. 1.

oW TAHE, KC-400 B 58Tid Phosphatidyl-
choline ¢ Palmitic acid »sSJEREED 70 Bl L,
Stearic acid 3 125 ZiCH#M 35 Z LS @D iz
(Fig. 2). Phosphatidylethanolamine i, Ste-
aric acid ino Em»s @AY Sh 558 (Fig. 3),
Phosphatidylinositol Ti3, 13 &AL A LN
eh»otz (Fig. 4).

(19)



566 HIE - W

40% 1

30

20

10

AR

0

cees A ZA A
16:0 16:1 18:0 18:1 18:2 20:0 20:4 22:0 22:6 24:1

Fig. 3. Fatty acid composition of phospha-
tidylethanolamine prepared from
the liver microsomal membranes of
rats after treatment of KC-400.

The experimental details are described in
the legend to Fig. 1.

60%
50
40 I
30

20

10

L

16:0 16:1 18:0 18:1 18:2

Fig. 4. Fatty acid composition of phos-
phatidylinositol prepared from the
liver microsomal membranes of
rats after treatment of KC-400.

The experimental details are described in
the legend to Fig. 1.

£ 8

Sy MT KC-400 254 5%, fF37ay—a
BEREBECATT A EHHBELTHADTY, 3
rav—sEY v KT KC-400 O8R5
~TIHS, BY v BREO MBI Bk A S s
72, G5 KC-500 OEHHEIL L 2T, 27w
V=AY UIRBEHRICERSEC A L RREL T
BHW . L DHEL TV ANBEOFT Yo — 4
Y CREERMRE, BITES K OWIFEENRE L TV AE

ERITOTWNA.

T aV - u ERIEEO BN RER R 5
L, KC-400 #5288 i3 Palmitic acid @ B &
Stearic acid DEIMDMEEISA & NT2HS, B2 T
5% ) VBB OWTIEI MR 2<% &, Phos-
phatidylcholine iz Palmitic acid O & Stearic
acid OHISEAEY 5 N1z, BRIEE TH 5Nz LiRO
fir0id, Phosphatidylcholine OREMIRIEZLIC
X280THA5. ISR I 0V - AHEET S
WA % T L, KC-500 #5ic & ->T Palmi-
tic acid 3L, Stearic acid pHEINTAZ & %
WELTHAW,

Davison and Wills @ #4 ic X e, Pheno-
barbital 25 U125 » b OFMEDHF T 70— 8%
(L% g~ % &, Cyt. P-450 O#E§hi & iz Phosphati-
dylcholine & Phosphatidylethanolamine ¢ Lino-
leic acid (18:2) DAL b, < DMk Cyt.
P-450 DA & & BICHET 5. COFEERS T
T, #5143, Phenobarbital |2k % EHEHEOHH
L ETERIC, p-flic Linoleic acid #H3 % Phos-
phatidylcholine & %> Phosphatidylethanol-
amine J3NETHA d EHERL T 5.

KC-400 OB SIC L A2 7 0 — L B L%
B L, Table 1i/Rd X 5T, HBEIT Lo TN
Ut SR RR O, BHEMIKDII>THRES
NTOHOWAD SN, BY VIREITEE L WE
bz A SN s hote. R|E T, KC-400 ##5ic &
R IORNEZR=RVEIN U ARSI s A QA4 A
» U phenobarbital & [filfkic, KC-400 #Eic k>
THIRC L Y IR IR R 2 DS 5 & LT
4, EBlficbizoT KC-400 2ELTW5 &, 5
BT X o TRINL L EMRARRRORE, 203 E
MEINTV A D 56T, BY s aEIER
BiEAE, BIEERICE EOTWAL EPRINTY
5.

Wills & & Phenobarbital OB ST L A3
sy — A0 BEELE FRTHWWL, bbbt
KC-400 #5ic L 2#HEIDF R 7wy — A/ VigE
ZALEBERTNEZNDT, BREDE LS Lo Wills
b DHERTDOWTHE RIS H DIZHH TS, #
BREMEROFELT, AAic Linoleic acid % 3
-7z Phosphatidylcholine & %> i3 Phosphatidyl-
ethanolamine P3AHZETH % &5 B AT R
wthas,

AL T, KC400 BIIRSIc L 5FT /vy —

(20)
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LREDOECDNTER LT 012H5, KC-400 D3t
EDBBIDWTRIAED L CARHTH 5.

i &

F v M KC-400 %2REHIHE. (60 H, RiSE,
100mg) $5&, FHBHEAL, HEEHIZHbDI Y
oy — AEERY L3FITHBINT 55, 270y —-4
ERHRT 5 U BEED iR 22608 s hoit.
BERHERT 2% ) IEE DSR2 T % &,
Phosphatidylcholine T, Stearic acid psidfEat
D 125 %icinlL, Palmitic acid 25WRED 70 %
ERPLUTNA T DBy 5.

KC-400 BIAR GO 3 7 vV — L EMRAEEER
RT3 88 4 [ARpIC <1203, Cyt, P-450 1339
D 2.3 5z, O-dealkylase ¥E#EIT 5. 7Bl 2 EFNh
LERUTOA2O¥AD SNz, ZOH Cyt. by 5%
Ao 2. 1 EicgmL, KC-400 Gli%s (3 H, %
S8, 60mg) ITHB EHEIMBELLOI. K,
KC-400 B Sic k> CEL NciiR e, Wills 5
@ Phenobarbital BEORBE» L, 2 7w
— A VIEFEOE L E B RATEROEE & DF
FITDNWTEBR 2T

X B
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Effect of Polychlorinated Biphenyls (PCB) on HeLa Cells.

Ryoichi Mori, Koichi Fujita,
and Midori YAMAGUCHI
Department of Microbiology, Faculty of Medicine, Kyushu
University, Fukuoka
Hidetoshi YosHIMURA and Hiroaki YaAmamoTo

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

Suspension of Kanechlor 400 (KC 400), a commercial brand of polychlorinated
biphenyls (PCB), was found to have cytotoxic and cytolytic activity against HeLa cells.

The minimum effective dose was 3~6 ug/ml in media without serum protein.

Time-

lapse cinematography revealed that Hela cells treated with XC 400 25 ug/ml undergo
retraction of processes, bleb formations, balloon formations followed by burst of the

cells.

A VEE 7 =— (UF PCB &159) O
FD—2TdH B2 71—, 400 (BT KC 400 & 1%
T, VWDhOAEOREEWE TS HLYYY,
EHAR 5 v M 592 LT BEEO 2bEET
A9 ZEDNBEINTOIETLIEETREYHETS
3.

/k, COWBEBDIERICOWTIZEMEBEL <D
PEBECTONTE Y, RBRENERIE2 AT
DOFIFEREE RS S S0, EELH e P FEBHERD
BALAEIRT & 5 HeLa g% AV, chic&izd KC
400 OB O W TIRE 2T OIZDTHET 5.

R LA K
#3): PCB 133 & LT KC 400 »H L2, KC
400 2o X F IV ANVT 5 F9 4K (DMSO) iz 10 mg/

ml DREEICEB LI ORREE L, L DREET 121
°C,1I55DF— k74 FIRE D FEE 2T, i

% pH 7.2 0 @@ AaEAK (PBS) %72/t Eagle
@ minimum essential medium (MEM) 124 C
HEISBEDOBRER E LIz,

B . MEET AR, [F4mEE 10 %
MEM %235 & U T#RI N T % HeLa fffg S 3 #
2RV, BERENBEOIDORBELTRS TR
Fo s 7ur14 b (Falcon 3040) 5 L zr 35X10
mm DS T RAF 5 MY F 4 v ¥4 (Falcon 3001)
BERALI.

EFEUERREREE | MEDETERHIET B T2 O&REEE
BB, MEEERICERD05B MY eI —
W mA TImERET R AR, B3 5 e % Sl
fa L ¥ELI.

MRENT & %4 © Falcon 3001 iz 553 L1z Hela
W% MEM Ts5EPE2ZOL, BHEREED KC
400 2 & MEM 2ml 2Inz, v¥=—-V7 -7 TH
|EHUL, 20f£0 DLL ffgzag¥L v X 220,

(22)
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37°C 1z f#|E U1z Nikon MD BT IS TR L
235 [ 1S D o < ¥ U BEHR é’% otz
. MESHNEEHIC KC 400 %i1%, HeLa #lan
iﬁé(‘_m\f BEOEE

KC 400 38 OBEOEET Hela Mfao il
SO TERE I e M S R e § R Tzic, KC
400 22N ZFN 50 ug/ml, 5ug/ml, 0.5 xg/ml i
&te 10 {74 MEN MEM 5% fiv>, HeLa fif
% 1 x105 /@ Falcon 3001 {25 % ¢ &, [RERH A
FILETRR LI,

DR, M1icrT L5, 50xg/ml © KC
400 OWE T2 Hela flDBFELT & A & FBRICH
tkanizys, KC 400 OEEDS 5 pg/ml BIF T,
HeLa §if80 83 F RIS H 2 AV TBE& L3R
ThHaHTEVHEHSL LD,

KC 400 % 5 pg/ml i &ieiEHhc 12 @, 40 HiT

DMSO 05%

Media

1. KC 400 ¢ Hela jjatssic &3 4 28,
10 A& R

- . '
KC 50ug/mi, DMSO 0F%

Pizh 3 2oE %oz Hela #jad gz, KC
400 % & 7200 10 G4 MmE I MEM %5 s LT

ADERITONEABADZEN & ORICHAE 2035 % R
T ENT RO (B12).

Y EOEET, Sug/ml @ KC 400 3yt
T3 Hela MladEiE, BRI EASHEREL
Zedotohs, MB#INA 20 MEM 2 KC 400 D%
BVEEIT N % &, Hela fifudE LB bdsgsk
INTZDT, ROFEEE L TMEZSTLNEHTD
KC 400 @ HeLa #ilgic A3 B8 2t L.

2. PBS (CRFEHL /- KC 400 BiEHz% HeLa $#0

BCRZTEE

Falcon 3040 )23%# 72 HeLa #ifa% PBS T35
mEE, Hflc Ba D BEDO KC 400 #4¢ PBS
0.05ml 2%, 37°C T4RHMBELIZDL, L
%3, 0.03% EDTA % 0.05ml 21z, 37°C i
1R BT 2B 3, U 0.5% 1) ,v
' v—¥8 0.025ml %A T Hela $Hiad 3%

DMS0 005% KC Sugimi, BMSO 005%

1 MEM #5#i% Hin T KC 400 2z 2050 pg/ml, 5 ug/ml &L, <h%

i & LT HeLa #fa 1 X105/2mlx 2ml % Falcon 3001 i€ 5 2. & &, jRER# REEEER T 37°C,
JAMIEELI-Ob A 2/ —WEE, ¥F—aVREOETOE 0.

(23)



2.
J O IEE R TR L 72 Hela fmia.
A KC 400 75
1o
50
B

100 50 25 12.5 6.25 3,12

pg/ml

B 3. KC 400 oBfE Hela fipaicxdd 2 E=E

Falcon 3040 iz 5 %z 7- HelLa jffaZs PBS
TS5 [EgEY, 100 ug/ml kv 3.12 pug/ml 3 T
PBS i L4 DEE® KC 400 © 37°C,
AREMME Lo BKRE| L, 0.03 % EDTA 0.05
ml ZMATHEEZREESE, Chic .5% Y
Ny Tu— 0.025ml 2Nz, BREGRRRET
.

et fem Lol ESE, HE: PCB B2
g (KC 400, pg/ml)

A KC 400 THEL 7284,

B: KC 400 #gic& g5 DMSO E[HEE

@ DMSO %4 ¢y MEM T | 72184,

LI,

ZOME, M3RTLsi, KC 400 OEED
100 pg/ml, 50 pg/ml T 80 % DL LD Hfaps kv ¢
I —TRth I Nz, 72 KC 400 DEEHS 6.25
pg/ml T KC 400 &% 2o it kbl, BE

(24)

KC 400 5 pg/ml %&¢r 10 BFAMEMRHT 124, 40 Hichiz bR L/ Hela #ifa,
(X160)

B

B: KC 400 A D

102 1 1 J
1 2 3

KC 400 iz Hela jicsid 3 EE

AIRICH 2/ HeLa ffa4 0.25 % + U 7°v v
BTHEL T MEEREED, PBS T5mK
L, 4X105/ml 0Z#HE s L, 20 0.4ml i
KC 400 #% 0.4ml %jnz, 37°C < 4 Bsppmm
Lkds, zhThoEEic KC 400 24 10
BlFmEN MEM Z3H & LTI sn7 14
b (Falcon 3040) o&Flic 0.1ml £ ANnIEE
L, REMICHEEAEEZ, Hela Mo bk
BEZDBNIZHO.

WEEh: WEREER, REEH: BEEHH

A: DMSO 0. 0625~0.59%, B: DMSO 0.25
%+KC 1.56 ug/ml, C: KC 3.12 zg/ml, D:
KC 6.25 ug/ml, BE: KC 12.5 pg/ml, F: KC
25 ug/ml, G: KC 50 pg/ml

2 4.
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[ 5.

KC 400 25 zg/ml ZETTO Hela #
o . (X210)

a: KC400 FinE#, b 2%, c: 3
PeRiis, d: 4BEREE, e: SHER%.

(25)

6. KC 400 25 ug/ml FZE T Hela #
oz . (X210)
a: KC 400 mmmEss, b LSEFEE, c:
Inshdtk, d: SEEEH, e : GREMEL.
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ICHIBERERVE DTN A C S I,
3. PBS B85l 7= KC 400 o 32 Hela #f3(C
BT EE

2 Hela fificsLT% KC 400 j3@2Em %
BT h &R B T 570, AR BRI
HeLa #ifad HEREE% 0.259% bV 7" LK T
U X, PBS 2T S ERRRLIZOD L 4 X105/
ml ¢ PBS \cHEFE I, MEEEK 0.4ml &
HaxOEE KC 400 %%t PBS 0.4ml %1 4
NVENTEMLU, 37°C T4BEAMEL-OL, F4
17 10 %550 MEM 5231 7.2ml %t 2C Falcon
3040 iR L, DBRAMCI 2O ADIZH O
BBEA CHORERE2 A0 X, MR 2HE
Uiz,

ZFORBRRIKART L 5T, COBED 6.25 pg/
ml & KC 400 T #ifuEsEss Hh, 3.12 zg/ml ©
KC 400 T 3 oML MIREEVEN TV A C D5
5h &80,

4. KC 400 (C &k 2 HRIEREE{EHO 1<% L BRER

F ANy L

Falcon 3001 jzi%3 1 7z HeLa fifa/@ % MEM T
5 @BV, e 25 pg/ml ic KC 400 %43 MEM
2ml ZIA T o< UMERE 2 T2

FOREE, 37°C TREKOD X 5 R EIE B B
gINiz. bbb, 1M EEPER DS 5
PEIEL, D TOWTHIIIZNEL, 2RO/NEERH
L, 35— RIZAL SATE DL THllE
IFEAE S R LTz, 25 zg/ml O KC 400 OFF
ET T EORGIIN S BRI SET Uiz, ik
Hela #iuE s L o0k /s Hela flaEic 0T OD—
HOE 2R S5 LU 6 TRT.

U oz iz KC 400 ZREEIC & 10 %40
B MEM %2843 U T Anizgaicid gz sz
otz Tabbh, mMERSIE KC 400 ofpfakkE
YEFCR U Tl o,

% 2

PCB HFEAE & UTO HEYPYY DBFFEZIIUD,
in vivo ¢®O PCB OYEAIICDWT OBISIZ S EERE
SNTVAEY, HRBRENBERIACET 2 I
TOREZCNETTRETCENTELLOIL. EE
51X Hela fa% vy KC 400 OISz xiz3
BN OWTD BMEPEATZ. 5 ug/ml @ KC 400
Tk, 10 %F4iEmEHE EFH T2050 108
IR % EAT & MO RE, W3 EASELE

HA LAk

BHTC EST Righolz.

50 pg/ml OXKE 2R T2 BA11: Hela #
JAOWREHM T ZRITINE S NIHS, I DR
O KC 400 p5hnAons &, &HFE b d B AE
T AHIDIT, BEBEH~OMBEOMEVHEINS
HEELLONS.

2O A iE RS TSV IREETIZ KC 400 Tk
AR EVEMAUR I NI, 7 OREEIER IZH
FNEE TIINEOEN AR EEZA S NIZDT,
KC 400 OBEMERICOWTRELIZ. 2 DERIZK
WO TRT & e KC 400 255 < 0 S5k Mk
U THEWEIER2RTCEKEL P EIEDT

7o, TERIE 7 22—, 2EF LY
7 x ==V IR R TC 597, KC 400 0F
BATH54EHIE 7 2 =— B L5 EHEE 7
== hiE 3T KC 400 21313 FIME T I
A% {00 EWRINIZOT, KC 400 OFEmIERD
KRET 2 4HFAB ISR 7 e =— it X %
RDEEATHZIZZN. LT O T OWETD
~ 7z KC 400 0 Hela fffaicsd3 A BEEH S 2172,
AEF B IS HBENE V22—Vt A DEE
oM. 5ug/ml FED KC 400 Tizx oW Lt
Mg 10 &t BAICE BEEEAMIZ AL B8RS
Nigho1zps, KC 400 OF e AL MBFRIMT & -
THHIINAFEREACETECI 23 DTHAS

KC 400 1z X 2 M OHIEMEE X, ZDEEOE
FEREMER D O MBI AR L A EEA LN
B, UL, METEE INIZHREO—5i, My
g 3 KC 400 DVEHOFR, Mbgh ZFmshE
2517, FORIIZILE LT Hela #ifgss/xov—
VBB, BEEWSBERIIEDIZADTE A L
g, oM PCB DS O X A MEOTREE
ZEALE LR L 72 PO L BRI NE3DTHA
9.

KC 400 T2 T L L THEINIZ Y 5 sffak®
VERMERNTE DL 5 2E#E2 DI EE 8
THb. MBOFEETFTIRCOEMTE N2
T eEbH, ERNTLOX 3 2B TOMBEESEN
BLERETBNEBALNS. 5 ug/ml D KC 400
BEte 10 S rENEHT Hela §1fa% 1 AR5 4
DWIIHECIR EAEHERBE TSI R poT &
5%, HENTOL DL 5 SEEFERIIAERERTS
2h0EEALNS. UL, I5EHOHEID
WTIEHSBROBHVBBETHAS 5.

(2 )
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#® ¥

PCB OB TH % KC 400 p5, MiERPEF /502
Uy AT, 3~ 6ug/ml OEET Hela fljEic
BEEEARZRTCEPEERL.. avELREIRI S
B> 5, KC 400 OEF% 51772 Hela fifEid,
MR ORNELR 51, MROIUE, SR, N
NV—TERR, BWEORER & VIR TH L 2HEL»
iUt

AHEEXBERERRBESABNTE (1) kD
DOEE S ik,

ps B

1) R ER - LRESE: WiE Rty

7 = =—ovthiE) WEHRE. BREZ 60: 403-553,
1969.

2) JEREER - LKEZEM: wE (8kv
7 ==—vthig) WEREE2E BHER 62: 1-
181, 1971,

3) MEBEEIE - LRERE: WE By
7 == v PFRRAEIL. BHER  63:
347-418, 1972,

4) IREEERTSRIE - PCB BFZRE - JLRIERZEES:
HiEE PCB GEMME 7 = =—n) BT 3 5EHE
4L EREEFE 65: 1-95 1974

5) Kimura, N, T., and Baba, T.: Neoplastic
changes in the rat liver induced by polychlo-
rinated biphenyl. Gann 64: 105-108, 1973.

6) BHRE— & B— UOa&D, FREH,
IAREABA : RV (b 7 = =— (PCB) O3EMmEA
B XOMBREERIER T 2L BRAEKRE 66:
574-578, 1975.
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Hemolytic and “Hemagglutinating” Activity of
Polychlorinated Biphenyls (PCB).

Koichi FujiTa, Ryoichi MoRr:
and Midori YAMAGUCHI

Department of Microbiology, Faculty of Medicine,
Kyushu University, Fukuoka

Hidetoshi YosHiMUrA and Hiroaki YamamoTo

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

Kanechlor 400 (KC 400) dissolved in dimethylsulfoxide and emulsified in PBS was
found to have “hemagglunating” activity at 4°C and hemolytic acitivity at 37°C. ‘The
“hemagglutinating” phenomenon was not due to the dimer formation or aggregate for-

mation. The phenomenon was blocked by serum protein and cardiolipin.

Most of the

isomers of tetrachlorobiphenyls, chief components of KC 400, were shown to have
hemolytic activity at the same concentration as KC 400.

B TRV H{be 7 = =—,v (PCB) OTHEGZD
—DTH B HH 7 u—ib 400 (KC 400) 55, 153
HeLa ff@ie 3 U CHIBBEZERERD S 5 £ L1t T
BWE LT, 72 OERENER D b MO E L
W EBHL D ERDTIDT, REHEILL, PCB
ETRIMER & DRI DNTHRHF 21T, 7 OEE,
& HEOEM DR MEREEEN 2 PCB BERK &R L
YCITHET % &, RIMREERBITA BN S &k
RERNRE - R AL ERAML, ¥ 37°C Tk
BIEEH BEINIZOTHET S, 5 KC 400
X % MIREERIED — 20T TTIRBEL

2,
HE & FE
(1) EREY

PCB & UTRELLT KC 400 2FHLT. KC
400 BZY X FIRNVT 3 %4 F (DMSO) iz10mg/

ml WAL O 5 BEBED BBR2FEL
7z,

Bz vBIPITERE 72— (4—7
o7 =—0b) id, 2RENFDEMEES Lot
PR OEEPBAL, 2RI T2 =1 4, &
—UiuuE o) ERVFSYOU T =Y
A7ay) RBPEBTHUELCERLIZE D%, 124
HHEbY 7=, 5HEFEE 7 2 =— )V (Analabs
HED BHARERHEEESERI Y IE2ZTCE
DREHAL. LEEROBEMERAOERIC, BT
% =ik Smg/ml WIERIBIZDL, FREDRE
DEREE 2P LI,

(2) MmEREEHEER

NERAZ—, TWEY F, wUR, =T bV I DI
i, Alsever I T2 MR % Bl @A A
7k (PBS) T3HEEERLIZOL, B#HDEE%? 1500
rpm, 10533y PBS 2T 0.4% (v/v) OIER

(28)
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BB 281z, DMSO #1110 mg/ml i@ 12
KC 400 5% 1 79T PBS 9 &% inA CHEK & LIz
KC400 0.4ml %, 4 #NVEDORIOHET PBS %
BAWTHEERR 20, ChMERigEK 0.4ml %
MATIEBLIZOL, 4°CItREBL T4 BE®BIC <X
—RHELUI. MERBEERRCEBRLIZODYS
shield /¢ % — L 2 BERSEEE L, B BED
FIEC 82 F D720 B button /¢4 — L BBk &
HELI.

(3) MmEREEMEIEER

KC 400 iT & b MERERE S % — L p3i 4™ A KRR R &)
AIIDI, 4 e Z—DBE 2727, 94 £VE
RIAT 0.2ml O4 e’ % —% PBS OTHEER
WU, hicd mMIREEERAD KC 400 BiEK 0.2
ml 2Nz EEIC 30 SHBELIZOS, 0.4%/ 0%
—MERERIEE 0. 4ml 2INAREL, 4°Cic4 RfLL
LTHEBLUTEEREZHELI.

(4) Bk
MEREERIGOEA & Ak, PCB @ 0.4ml #
FERFNC 0.4 P~ b 2 2 —FRIMIRFEER 2 0.4ml §°
OMMA, 37°C OE AR 4 BMREL TBLOER
PHELIZ. ARNHMECSHEEMMEA SN PCB
OERBEZR/NAME (BE) s UTERLUI.

(5) AR

4 rees2— 0.2ml OFHFRINC, 4B MBEALR
aie KC 400 2 0.2ml o004, =iBic 30 9mE
LizDBh, 0.4%AAR%Z—M3RE 0.4 ml 350%10
Z, 31°C OBRIC4RHBENTHEmZHE L.
AIBRICE M LA E BERHIEINTWAEF o —
TREINTNWAA e E—DBET, {4
—DRESIRETRLI.

(6) Bl DRERHZE/LOHIE
BORERNE L2 HES T2, 60 pg/ml %
7213 6 ug/ml D KC 400 L% B D 0.4 %N ARE —
RIMIRTFE W % BIL I RBER2LZBHEML, 37°C
DB AT TRIEMITC 540 my ORFE CHLE»
HEL, ~NEF o o OxnM»LENE» EERNTE
LW R 2 Rl

£ B K &

1. KC 400 (C &k 34 OEMOFKRMIREE RO

SRS Z— DR

ENEy b, CFl w92, HBLZFL, NAR
2 — DFRMIRIT DOV TEEB M v & — VSBT3 72
DICAHETs KC 400 DBERHBUI. REZEL1K

&1 ExOBYO RMKFERIC 35 KC
400 o “BE” fEAB LOEMER.

“RREE” | TRmnIC
WCHERTS | BT
RNE | BADNE
Cug/ml)|(pg/ml)

Z
o

B om | R %

125 4
>250
125
>250
250
250
250
250
250

- v R CF,

O 00~ O Lt bW N

>250
250
250
>250
250
>250

TivEYy M loN— F L —

AN L R W N =

4
4
125
125
125
>250
>250
>250
125
250

=7 F Y BBy ISEY

[SS I S L I S ) L A . o S

O 0 3 O W N

—
<
—
(=2}

NBKARBE—~ | T — T v

[V I S S
[~ A
o B

RY.

EVEy PORMBRBEE X - 2EDEEL,
ltew R, BT s A EERERA LI, BT
BECBOTIREEEPEE ChoN. —F, NaA
2 —FRIMBRIZEEEL € & — L DERITI VT b BILRG
WENT S BRENEL, BRENDRL, BELI
BENE LN, LA O TUROERITIZELE LT
NERE—FRINERP NS C LU,

2. MIRFENZ—EEDOKEE

IMEREEEE < % — L% KC 400 1T X A [f13kD dimer
TERRIC X 50> B % 3 35729, 30 pg/ml O
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KC 400 & 0.4 9% A2 & — [IEREBER % SEE
L, C 21 BERBELIZDEL, £C OB=ERTIH
Ik - KC 400 BAW 2 MIREHEMT & b, BEMEITC
MIRDRBER B LIZ. L L72ds s, BEL RO
B F 1713 dimer BRIEA S NR0T. LD
MEREEE R Z — 3w ru g4 Z—BF1 VTR

E£2. BEYE o KC 400 i Nz — Mk
“IRERIR” KK d 54 v e s —7EE

“EPE” ik

4 ¥ v v & - HEIR/NE

B E

fF 4 il 5 X3, 200
£ b 1 5 X200~ X400
LS R SR - B ) B 40 ug/ml
Emwe 7T N T v 20 ug/ml
B oA 7oy 7S >80 ng/ml
Ao Y oA Y v 4 pg/ml
TNT g —AFNTway ¥ >10 ug/ml
Z 7 I — 2 >10 pg/ml
- v J — 2 >10 pg/ml

HU7edolz, UIhSD THEREER v & — U IZE DR
BICEHSL DT, MBRET T A EEED ED
KC 400 ic J ARBIESL L DTRBVNEERLD
ns.

3. MIRFHENG—VEECHTIM v EEZ—D

%t

4o X —DRE 2T EE2E2ITRT. M
BEERIBIOHINVOF Y RO e X —EN
PIRENIZ. LI T, CORBIRBIEERSIOE
HOBE I ERINS.

=3 Fyoms vrmETaTIy, FIE
TT v ORMEILEM

1ve¥g— B/ TR LB R
F v v I & X128
TYMETNT I 3mg/ml
AT T Y >25 mg/ml

a) 4EMmBEAIo KC 400 icids 2 B/NAIIE
Bist-3i:4

T4 7z UBIUERIET 2=~ DN LR Z—RIIFKICKTY 2 B I/ER

Concentration of PCB (ug/mD

Chemicals

125 62.5 ‘ 31.3 1 16.5 ‘ 7.8 [ 3.9 ] 1.9 0.9

Biphenyl — — —

4 MCB — - —

4,4 DCB

|
!
|

!
j
|
J
!

2,3,2/,3 TCB
2,4,2/,4 TCB
2,5,2,5 TCB
2,6,2/,6' TCB®
3,4,3 4 TCB®
2,3,2/,5 TCB
2,4,2,5 TCB
2,5,3,4 TCB
2,3,4,5 TCB
2,3,5,6 TCB

+ 4

e
+
e

I

e
|+
|+ A+
+
!

2,3,4,2/,5 PCB
2,3,6,2/,5 PCB
2,4,5,2/,5 PCB
2,3,4,5,6 PCB
2,4,5,2/,3 PCB

e e e e
i e I

ol

+
e S N R S A

e T A A T
|
1

+ +

e e o N E o S A

Kanechlor 400

+
-+

+
+
+

R

MCB: monochlorobiphenyl, DCB: dichlorobiphenyl, TCB: tetrachlorobiphenyl, PCB:
pentachlorobiphenyl. ~—: s L, +: &1, &) REEBEBERK.
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4. KC 400 o&EmiER
KC400pevEy N, wu R, HBEALVF KL, N
AR Z—RIMERCHTS ABEIMIEA 2 R U IR %
1CEEOE MR TRT. XMW L S
T, BR,c7— 2 OEEIIIEYH, BERMOZENE
LR, IBIMITBIL Tik & < @ FRIMERDAT 4 pg/mi
O KC 400 g2 mL7ic.

5. FERICHT 31 4 —0RE

MER L F ORI W TR 21T o g 2 E
3ICRT. MEVEN A e 2 —E/8BC 2HHH
Lz iz,

6. PCB BfkoAMmEHA

E 7 2V L LIERME - 2R - 418
FAGE - s HERBLAORBELA DWTRIER %
HAELUTICRE2E4WCRT. 4L 055 EEMERE
MPEAZRTH, 20OEER KC 400 ozh &i3ig
FARBETH I

7. KC 400 {Z & 28 MORERHIZEL

30 pg/ml B3k 3 pg/ml @ KC 400 T L %510
OEEORRHIELZK 1 1TRT. 30 ug/ml Tt 37
C KBTI T, F12 3 pg/ml Ti 37°C 12
BT H3IRET N L2 & — FRimikys 100 B 3
5.

%

icopr

S0 o

3(0 6‘0 9‘0 lZIO 15‘0 llBO m2;lno
B1: ~axz—~RnEko KC 400 i k 3710
60 ng/ml %7213 6 pg/ml @ KC 400 &R
KFERASRML, 37C Kith, BETIC 540
am B APOLEAWEL, BOBA&EER
L7ay kL.
Medh: Bt~ b, B EEER ()
A KC 400 B &EE: 3ug/ml, B: 30
ug/ml

£ =
MR THMELIL L 5 KC 400 12 MUISISIRVER D5

REUSNIZOT, ReBMLT 5o SBRON
DizRimsR 2 AL T KC 400 @ fEE 2L
%< ODEEOEYORMERITIT L KC 400 1353{E3 ~
4 pg/ml ORETHEMEARZRLI.. BLUEAMmTIX
RE2EL, BREEYRETOREREmCR 37°C
TH3REZE LTz, COHERBSIBELERITEL
T, MB7VTI A ree2—-LUTHLC
L, 513 PCB O fslibnsmi:, [E@mes
M pEEIANS &, KC 4001 X ABMIEEOR
R8I, MEREDIEESMTIT 2 KC 400 ofnik
HADTER NP EBBINS,

KC 400 i34 EHRy 72 =— V% TR &5
s, 4HEFe 7 2 = vOBnfER I KC 400 ©
FRERIBFAICTEST. I 72 o—Jb, 1iEHE
b 7z=—n, 28FLE 7« = - MTIFENIE
BB CRBMER2RETC EMWTER LD, L
T2H3 2T KC 400 O myERIZRESDS, 2 DHII
GENSAEEMED PCBICL A3 DEEZEATHE
BN LI A, T DT EDDH BT R~z KC
400  Hel.a fifmic i3 2 BMWER S, FL L TKC
400 DERD Th 5 4 HFRIKIC L 5 LHEINS.

BIERRME w2 T Il 3. LizhsoT
KC 400 i & A5V FAMERERRTEDL 5 2 &ER
bOVREESBETIRD 505, LN TmBRCEE
BWTHEMZEC 382138 OEE e PCB HB%ET
BLER, BEAEDVAZNEELILND.

PCB &t MBROREOHREOZFTRE AN KC
400 i & B IMERERE X — L DBERIOWTIR, Fh
DEOFERIERIC X A BERE TR &35
INTz. Ll Dred— O, B8 RE
B X2 THLIME%E 51 50T, PCB OfEEER
PEEBIRD AR TR HEELLNS.

#® &

KC 400 »3F & DE O MIRTIL 3 ~ 4 ng/ml
DRET 37°C KB THENIER 2 RTC & 28EL
2. CORBERMBRI>THmH N, —B05Y
DOARMERIE KC 400 &1 IV ENTRNT S &,
BN E -V RETAL E BRI U, ORI
KC 400 iz & AEeEl s 7213 dimer FARIC & 5 84
BSTRZNC E WL BIT AN, UL DR
RIS MR B IS4 ) © o Tl mElan
20T, MIRPEOIREMY & KC 400 & DR
SLADEBALNS,
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Polychlorinated Biphenyls® Toxicity
and Nutrition IV
PCBs Toxicity and Vitamin A (3)

Satoshi InnaMI, Atsuko NaxaMura, Katsushige Karo
and Motoyoshi MIYAZAKI

The National Institute of Nutrition, Tokyo 162, Japan

Sumiko NAGAYAMA
Teikyo College, Tokyo 151, Japan

FEiichi Nisgipe

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

The investigations have been made to elucidate the interaction between PCBs
toxicity and vitamin A. The authors (Innami, Tojo et al.) have already reported that
rats fed for 6 weeks a 0.1 % PCBs diet supplemented with 3,400 IU of vitamin A
showed better growth than those fed a 0.19 PCBs diet without supplementation. Ho-
wever, rats given a vitamin A deficient diet with 0.1 % PCBs showed more significant
growth retardation than those given a 0.1% PCBs diet without supplementation (Innami,
Nakamura et al.). All rats which were fed a vitamin A deficient diet with PCBs had
a bad coat of fur and closed their eyes 50% or completely at the 3rd week of feeding,
and some of them died in the last period of the experiment. But such symptoms were
not at all seen in the rats given a 0.1% PCBs diet without supplementation or a vitamin
A deficient diet. It was also observed that the vitamin A content in the liver decreased
significantly with 0.19% PCBs administration (Innami, Nakamura et al.).

This result was not inconsistent with that of Villeneuve ef. al. who demonstrated
the decrease of vitamin A content in the livers of rabbits and fetuses receiving Aroclor
1221 and 1254 for 28 days. Therefore, it seemed that the nature of the symptoms which
appeared in the rats fed a vitamin A deficient diet with 0.19 PCBs was strongly possible
to be of a vitamin A deficiency itself. However, Tanaka er al. previously described
that almost similar symptoms appeared when rats fed a stock diet were dosed 0.1g of
PCBs per kg per day orally for 4 weeks.

For such reason, the authors have mentioned in the previous paper (Innami,
Nakamura et al.) that further investigations would be required to clarify the cause of
this phenomenon.

In the present study, the experiments have been conducted to determine whether
these symtoms would be a characteristic phenomenon of PCBs poisoning or based on
vitamin A deficiency.

Methods

Weanling male rats of the Sprague Dawley strain were housed individually in wire
cages maintained in a laboratory with 12 hours of light and 12 hours of darkness. The
temperature in the animal laboratory was controlled near to 22°C. The composition of
the basal diet was (%) : milk casein 20.0, sucrose 63.0, soybean oil 9.0, mineral mixture

1) The following abbreviation is used: PCBs, polychlorinated biphenyls.
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(Harper, A. E.) 4.0, cellulose flour 2.0, vitamin mixture (Harper, A. E.) 0.85, choline-
HCI 0.15 and vitamin oil 1.0 (one gram of this oil contains 300 IU of vitamin A-acetate,
30 IU of vitamin D, and 10 mg of a-tocopheryl E-acetate).

In the vitamin A deficient group, vitamin A was removed from vitamin oil and
vitamin free casein (Wako Pure Chemical Inc.) was directly used without further
purification. One hundred mg of PCBs was added to 100 g of the basal diet in substitut-
ing for an equal part of sucrose. PCBs used in this experiment were purchased from
Wako Pure Chemical Inc., and were a mixture of the isomers, of which tetrachloride
was dominant.

The diets were prepared every two weeks and stored in the refrigerator except
feeding time. Six to seven rats of each group were fed the experimental diets. Food
and water were given ad libitum throughout the experiment. Food consumption and
body weight were recorded 3 times per week.

In the first experiment, rats were fed on the PCBs diets with and without vitamin
A for 8§ weeks. On the way of feeding, half of the rats receiving a vitamin A deficient
diet with PCBs was switched to the diet containing 3,000 IU of vitamin A-acetate per
100 g of the PCBs diet after the characteristic symptoms appeared.

In the second experiment, after the characteristic symptoms appeared each 100 IU
of vitamin A-acetate and [-carotene was directly ingested every two days into the
stomach of the rats fed a vitamin A deficient diet with PCBs by using a syringe with
a round-top needle (9.5 cm in length). The purity of crystal B-carotene purchased from
Merck was found to be 80 % by the alumina chromatographic analysis (Tabata et al.).
Vitamin A-acetate and B-carotene were dissolved in the soybean oil (the Japanese
Pharmacopoeia) and the potency was determined every two days.

At the end of experiment the food cups were removed at 7:00 a.m. After fasting
for 7~8 hours, the rats were sacrificed by decapitation. The liver was quickly removed,
weighed and stored in a freezer maintained under —20°C. As early as possible after
sacrifice, the liver vitamin A was determined by a colorimetric method using a mixture
ofantimony trichloride and glyceroi-1, 3-dichlorohydrin following saponification in KOH

(Fujita and Kimura).

Results and Discussion

The first experiment was carried out to further clarify whether the characteristic
symptoms which appeared in the rats given a vitamin A deficient diet with PCBs in a
comparatively early period of the experiment, as previously reported, would be based
upon a vitamin A deficiency or not., Rats were fed on the PCBs diets with and without
vitamin A for 8 weeks.

As shown in Fig. 1, rats fed a vitamin A deficient diet with PCBs showed more
prominent growth retardation than the PCBs group at the 4th week after feeding started.
At this time, all rats of this group had a bad coat of fur and eye mucus, and closed
their eyes completely as shown in Fig. 2 (A). The results were completely the same
as previously reported (Innami, Nakamura et al.).

On the other hand, the growth of the vitamin A deficient group was almost equal
to that of the control group until the 4th week after feeding started, and since then
the growth of this group tended to slow down slightly as compared with the control
group. However, not any eye symptoms in this group have been detected by the end
of experiment. Even in the PCBs-fed group, the same was true, but the only difference
from the vitamin A deficient group was that two out of 6 rats died at the last week
of the experiment. They had a bad coat of fur and a part of hair was lost. In the
group on the vitamin A deficient diet with PCBs one out of 7 rats died at the 4th
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week of feeding, and after that the rema-
ining rats of this group died successively
until the 6th week of feeding.

While, it was found that the rats
which were switched from a vitamin A
deficient diet with PCBs to the diet con-
taining 3,000 IU of vitamin A-acetate per
100 g of the PCBs diet at the 26th day
after feeding started, as shown in Fig. 1,
recovered from their body weight loss
rapidly and gained significantly over the
PCBs group at the end of experiment.
They regained a fine coat of fur, and
remarkably, their closed eyes opened and
the eye mucus disappeared, as seen in
Fig. 2(B).

1t was also observed in this experiment
that the vitamin A content in the liver of
rats fed a PCBs diet or a vitamin A
deficient diet with PCBs decreased signi-
ficantly, as shown in Table 1, The vitamin
A content in the liver of rats fed 3,000
IU of vitamin A-acetate with 0.1% PCBs
was significantly higher than that of rats
fed a vitamin A deficient diet with PCBs.

However, the liver vitamin A content
of these rats, despite that a large amount
of vitamin A was administered, was much

A
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2
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e
g / '
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4~ Suppl. ¢ ea
/{//‘-‘\QA
100 ¢
1 Na
1
t
1A
DeuthT’D
1 2 3 4 5 6 7 8
Weeks

Fig. 1. Effect of vitamin A supplementation
on recovery of growth retardation
in rats fed a vitamin A deficient
diet with PCBs
A : Control, B : Vitamin A deficient,
C: 0.1% PCBs, D: V.A def.+0.1%
PCBs, E: 3,000 IU of V.A-acetate
was added to 100g of a 0.1% PCBs
diet.

less than that in the previous experiment (Innami, Nakamura et al.). The reason may
be due to the difference of experimental conditions between the present experiment and
the previous one. At any rate, this means that if animals receiving PCBs would once

(GY)

®

Fig. 2. Appearance of characteristic symptoms in rats received a vitamin A deficient diet
with 0.1% PCBs and recovery of these symptoms by vitamin A adminjstration.
(A) A rat received a vitamin A deficient diet with 0. 19 PCBs for 4 weeks.
(B) A rat received a diet containing 3,000 IU of vitamin A per 100g of a 0.1%
PCBs diet for 3 weeks after the characteristic symptoms appeared.
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Table 1. Effects of vitamin A and p-carotene on weight gain and vitamin A content in
liver of rats fed a vitamin A deficient diet with 0.1% PCBs

. Body ; ; Vitamin A
Experiment Grou weight gain|_ ”,_w_AW}%Y?_Ii_VYEI_ght | content
number p
%Y R
, g g ° IU/g liver
PCBs (7 934-15* 14.39+:1. 66 9.47+£0. 61 2.5740.51
Exp. 1 V.A def. + PCBs (D 17+ 4 8.10+0.38 | 10.51+0.26 1.67+0.22
V.A def, - PCBs—> .
V.A suppl.®? -+ PCBs (7) 137421 17.80+2. 10 9.03+0. 53 12.35+2.70
V.A def. + PCBs (6) 24+ 3 8.0340. 61 9.60+0. 57 1. 17+0.31
V.A def. + PCBs—
Exp. 2 VA dose® + PCBs (6) 75420 12.42+1. 67 9.354-0.48 5.5542.09
V.A def. + PCBs—>
j-carotene dose¥PCBs (6) 91423 14.14+1.88 | 10.32+1.75 0
* Mean =+ S.E.

1) (Liver weight)+(Body weight)x100

2) 3,000 IU of vitamin A-acetate was supplemented to 100g of a 0.1% PCBs diet on and
after the 26th day of feeding.

3) Each 100 IU of vitamin A-acetate and p-carotene was ingested every two days into the
stomach of rats fed a vitamin A deficient diet with 0.1 % PCBs on and after the 33rd
day of feeding.

Figures in parentheses are the number of rats used.

become deficient in vitamin A, much time may be needed to restore vitamin A in the
liver even though a large amount of vitamin A is supplied.

In the second experiment, the effectiveness of S-carotene on the PCBs toxicity in
the vitamin A deficient animals was compared with that of vitamin A.

Each 100 IU of vitamin A-acetate and p-carotene was directly ingested every two
days into the stomach of rats fed a vitamin A deficient diet with PCBs after the
characteristic symptoms appeared. The results are shown in Fig. 3 and Table 1. All
rats fed a vitamin A deficient diet with PCBs died until the 6th week of feeding.
However, in the groups which ingested either vitamin A or S-carotene orally since
the 33rd day of feeding, only one out of 6rats in each group died within 10 days after
the vitamin administration.

There were no differences between vitamin A and fB-carotene in the recovery of
reduced body weight and the characteristic symptoms caused by a vitamin A deficient
diet with PCBs. However, the recovery of growth by vitamin A or S-carotene admin-
istration was not remarkable as compared with the first experiment.

The reasons for this or for the appearance of one dead rat in each case of this
experiment might be due to the delay of time for the ingestion of vitamins and the low
level of vitamin administration as compared with the first experiment.

Vitamin A content in the liver of rats ingested 100 IU of vitamin A every two days
was not so high, but higher than that of rats fed a vitamin A deficient diet with PCBs.
On the other hand, vitamin A was not detectable in the liver of rats ingested S-carotene
every two days.

This seems to indicate that, as far as the present experimental conditions concern,
the ingestion of 100 IU fB-carotene every two days is inadequate to store vitamin A in
the liver of rats fed a vitamin A deficient diet with PCBs for few weeks.
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At any rate, the above results mean
that a large part of the symptoms which U%D Ve
appeared in the rats fed a vitamin A /
deficient diet with PCBs is based on a o
vitamin A deficiency. In other words, it Lo
means that PCBs act to accelerate vitamin I /,9'

A deficiency in the animals or make 300 o
animals deficient in vitamin A.

Thus, the possible explanation on the
PCBs toxicity is that the toxic effect, at
least a part of it, appears through the
occurrence of vitamin A deficiency.

However, it is not yet clear whether
the symptoms described by Tanaka et al.
would also be based upon a vitamin A
deficiency caused by subacute toxicity of
PCBs or not. Further investigations will
be needed about it,

Body weight
~

200

100

Weeks
Fig. 3. Effects of vitamin A and p-carotene
ingestion on recovery of growth
retardation in rats fed a vitamin A

Summary

The experiments have been conducted

to determine whether the symptoms which deficient diet with PCBs
appeared in the rats fed a vitamin A A: Control,B: Vitamin A deficient,
. . . . . . . [2)
deficient diet with PCBs at an earlier time C: 0.1% PCBs, D: V.A def.+0.1%
. PCBs, E: 100 TU of V. A was
than expected would be a characteristic ingested, F: 100 IU of p-carotene
phenomenon of PCBs poisoning or based was ingested.

on a vitamin A deficiency.

Rats fed a vitamin A deficient diet with PCBs showed the characteristic symptoms
until the 4th week after feeding started, and all rats in this group died until the 6th
week of the experiment. While, the rats whose diet was switched from a vitamin A
deficient diet with PCBs to the diet containing 3,000 IU of vitamin A-acetate per 100g
of the PCBs diet at the 26 th day of feeding after the characteristic symptoms appeared,
restored their body weight rapidly and gained significantly over the PCBs diet group
without supplementation at the end of experiment. They regained a fine coat of fur
and remarkably, their closed-eyes opened clearly and the eye mucus disappeared.

It was also found from another experiment that there were no differences between
vitamin A and j-carotene in the recovery of reduced body weight and the characteristic
symptoms caused by a vitamin A deficient diet with PCBs. However, a significant
difference was seen in the vitamin A content of the liver between the rats dosed 100
1U of vitamin A and the rats dosed 100 TU of @-carotene.

These results indicate that a large part of the symptoms which appeared in the rats
fed a vitamin A deficient diet with PCBs is based on a vitamin A deficiency. Thus, it
is concluded that PCBs act to accelerate vitamin A deficiency in the animals or make
animals deficient in vitamin A. Therefore, animals received PCBs require more vita-
min A than usual.
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Influences of Some Agents on the Enzyme-inducing
Activity of PCB

Yasunori Araxki, Tadashi HipakaA and
Kiyoshi TANAKA

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

The enzyme-inducing activity of PCB was measured pharmacologically with the
method of testing hexobarbital sleeping time in young female mice (Araki & Tanaka:
Fukuoka Acta Med. 65: 47, 1974). Combination of PCB with a small dose of methyl
mercury or clofibrate enhanced the inducing activity, whereas alkylbenzene sulfonate

counteracted the activity of PCB.

Cholestyramine strongly inhibited the shortening of hexobarbital sleeping time
induced by a mixture of PCB, DDT and BHC, indicating that this anion exchange resin
suppressed the intestinal absorption of the mixture.

PCB iz 59 % kD Fine UTRS $ili7cd @
i, FOEMRHMERSEATHH, Thrimye
HNT MEEME T A E ST ENERINI (Araki &
Tanaka). ¢ DHETHA &, PCB i3 DDT $70it
BHC AL, ETOOBHTELVHEEER%
RTEVFENTINAE (iR HFD. BEOLS
REABROBRITENTIE, HiEke PCB O
WHEERTREBRTH 050, OBRYELOD
HATEBLRET 2 BENH 5.

SENSERKE & iR & 0 5 EENTE Y %
b EF, PCB (PRILICE S OFEEARABL
iUz, FREREHERD—IC BT SN AR
FEHRP a3V A5 n—vE clofibrate (G2 « R4 ¥R
& PCB OBt soatz. —715 PCB DigREIE %
4§ % 28 LT cholestyramine S FER I Nizas
(Tanaka & Araki), ¢« 1133 PCB+DDT+BHC
D3 FEAHBICH U T BRSHIEEC 2 A9 E S
PEREBT A LTI

£ B F &

Araki & Tanaka OJFEICHE, £E 15~20g
DENMED CF 1 Zeox2EHRL, Z20100L%1
#t L UC, hexobarbital-Na 100 mg/kg FFRHNESE
Ik AREMRE 2 RIELIZ. PCB LT IA I
—Jv 400 % CMC T/RKMBEIBICED, BV 5T
AmMsALI. 28, 7H, 148 (BRERIUE 21
Hizd) HIREBRESREZLT, 20 & 5OMRBORR
BT T A HOFETERL, REEHEVA DN
Ba3EE F TORB 2 dhiiciine., £ BEx
ez (S.E.) » o 2B EOFEEERRELL.

BEKEE U TIELX FVKBOKER, st
# & U Tix sodium dodecylbenzenesulfonate
(ABS) Dk, clofibrate, DDT, BHC %5, K¢
HEDH DI CMC TREBBEREL, WihiE
VR TRARE U

* BAE . FLAZE SR R R BRI

€395
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1. PCB & XFIKEEOHH

A FOUAGEEIO 1 meg/keg 1 BISH TR EEOR
BB 2 UG (M1 A). Sme/kg TIIRpEm:
RFfEDS 2 HBRITHRD 7T i mRE L, T~14 HER
ERET, 2l BficEEL T (B).

LDk 5 e NEROEEHRIE, RICRRIsh
DIHY, RFNVKEEOREREUTIHEI S @i
Fontc. $abb 10mg/kg TIX, KESEIE
{65 % w2 LT, 13F3BMAEEL, 20mg/ke ©
12, BE 60 % OEHEIREL 3 R, 50mg/kg T
55 9 B DEHEDS 3 WE-OWT, WIND 4 3%
EICEET 5 &0 5 FXEfRTH oI,

PCB B Cix 10mg/kg YUTFO 1 BESAREED
BRBuERE 2R 37w (M3 BRED.

PCB 2.5mg/kg+ 2 Fv/KEE 0. 25 mg/kg OHFH
TIERERELEVAZVD, 0% 81 ORRELEHENS 1
oWz (F1C).

PCB 5 mg/kg +x F7v7kE8 0. Smg/kg ODBER Tl
7TEEBBICEHRLT (FEZ), 3@EBREEL:
(D).

PCB 10 mg/kg+» FiV7keR 1mg/kg @ BHAT
X, 7THB 6 BicERL 3EBICEELI: (B).

50F

1 1 1 1

2 7 14 21 day
B 1. PCB & » 7 kiBHF B hexobarbital ff
BRI RIZTRE

A: A FukéE lmg/kg B, B: [HS
mg/kg By, C: PCB 2. 5mg/kg+ » 5
WikER 0.25mg/kg, D: PCB 5mg/kg
+ 2 F kR 0. Smg/kg, E: PCB 10mg
/kg+ 2 Fovik$R 1 mg/kg, #WEdEh: hexo-
barbital 100mg i.p. ic X % BREHSRE G
Ricuis 5%, Wih: ZYSHEZROAK

HE « B

TG PHAR OB EE ARRIZ, PCB L/keiOM
BHEMmETES 2L, PCB Biuca 3% (20
BECT > TRRREET ) 3R Z 5. U
L7shis, PCB Bijkis &k oF 2 VKRB D 2 2
NREEGEUTOEAERICIDT, EH50—F
DO2ERPEMTEAILE L DY, @At kan
VERDSHBT A L IR T, INEHREVHESY
EBWTHEIT A E2EKT 5.

2. PCB &LrigEl (ABS) o ftH

ABS BOHTIIBRBMEHE 2T C & 72, 200mg/
kg DETRMPADTIERT A2 &5, HUFEZH
Wz B S O TH DTN A,. 100 mg/kg Tik
DEPIEEDHEAZRTIEE 2 (N2 A).PCB
100 mg/kg 1 [EHE T, BRI 32 B0 s 817
IREMERER 2R3 DT (B), s ABS HEL
DOPERZEAT.

PCB 100 mg/kg+ABS 25 mg/kg OBETIE, B
PUSHEDIRR S NBIE TO %I & & £010h5, [EEI
H3BMEPELI (C).

PCB & +ABS 50 mg/kg OHEFITI, RREHRH
W2 A% S % TTEoR, 2 BETEELR (D).

PCB F& +ABS 100 mg/kg DR T, KR
DR D 90 B U ET BEZELL, 3 EACHEE
AvpkLic (B).

%
100

50

1 1

1 1
2 7 14 21 day

& 2. PCB& izt (ABS) Bt ® hexobar-
bital FREEEREIC I T 2
A: ABS 100mg/kg B, B: PCB 100
mg/kgiiyk, C: PCB 100mg/kg--ABS
25mg/kg, D: PCB 100 mg/kg-+ABS
50mg/kg, E: PCB 100 mg/kg+ABS
100mg/kg, #iHh: FRELRRE GIE=100),
Mgl B HEE

405
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1 1 i3
2 7 14 21 day

3. PCB [ clofibrate #ff o hexobarbital
FREMS I RIS 8
A : clofibrate 100mg/kg Bi¥h, B : PCB
10mg/kg B, C: PCB Smg/kg+
clofibrate 25mg/kg, D: PCB 100mg/
kg+-clofibrate 50mg/kg, #ah: BRE:M
 Cig=100D, HEh: KB H K

LD L 5 ABS (ZRBHEMET /2D bEFEHEIE
ARRIDNDARELT, ZO/NERHAT AT LK
&b PCB OFE/EH 2T 5.

3. PCB ¢ clofibrate O

clofibrate Bz & 2WEHEMEMIE, WA Ry
WOMTC F# UL #iE SNTVAY, BRNVERRIX
200 mg/kg TH»>T, 100mg/kg 1 HEHETIHIT L
AERBEERED B 5780 (K3 A). PCB BIhDE
INEEIEIT 20 mg/kg & A7 31 (Araki & Tana-
ka), 10mg/kg Tk BE O FREMER 12 352 5780
(B).

PCB 5mg/kg-Fclofibrate 25 mg/kg OFFETIE
2 H50D BRSO 71 i, 28R%
RELIZ (C).

PCB 10 mg/kg--clofibrate 50mg/kg DR Tit
PRGN B 5T % L, 2 EMBI HE LIz
(D).

P EDX 5z, PCB & clofibrate D # N Z 1B
TRIFEFERRZHAGTIC LI Y, Blo 248
BRAVWIZE XX DBROEAVENADOT, MZE IR
FEBOTHITHEVAS.

4. PCB, DDT, BHC ¢ 3EHBICHTREAF

v RBEEOZE

PCB, DDT, BHC 03 Hi3wWin b BEAEER
OB TH DT, #OD RD 60 (FREHRE 23X
D 60 BiEHET A HR) &, Zhz2h 50, 370, 400

1 1

2 7 12 21 day
£ 4. PCB, DDT, BHC 3 E4fHic & 2 EE
WICd 34 4 v i iEOEE

A: PCB 17mg/kg-+DDT 120mg/kg-+
BHC 130mg/kg BAYNGH, B: B&Y
+Sephadex DEAE 100mg/kg, C: &
&#1+-Sephadex 500mg/kg, D: B&#
--cholestyramine 100mg/kg, E: &
#+cholestyramine 500mg/kg, #édh:
hexobarbital 100mg/kg i.p. IT & 2 BEE:
B Gaig=100D, Hdh: REBHEK

mg/kg Téh 5 (Araki & Tanaka)., % CRIED
RD 60 @ 1/3-¢2%BELTe o RS LE. T
72 5 PCB 17mg/kg+DDT 120 mg/kg-+BHC
130 mg/kg O 1 EHSICEDT, RS2 B4
BEO48HB LY, EEIERPELIZE4A).

M4 o L 20HRisERD — Sephadex DEAE %,
3 EEAYISE#ZI0Y LT RON KBS 35,
Sephadex %3 100 mg/kg DE, MEMEHRIIRIEL 66
%, Sephadex 500 mg/kg T 3% T, WFihd 2
BETHEHELI (B, C).

Cholestyramine % 3 FESYSHEEZIOTLTE
AlzHEid, 100 mg/kg OPHRE CHEMEREIZE L L
WEELY, 2% MZCIEZY 1HEMTEEL
72 (D). 500mg/kg % BERIT % &, MREMRIEIZ 2
BHEEEDSN I BE2RUIZOAT (BE), 3HE
SOMBLERERAIZZIERECTR N,

LI E#E$ %1, cholestyramine (& PCB4+-DDT+
BHC 3 b ik % BEETHEIER % TR mild
5. FEOBRA 4 L SETE Sephadex DEAE T
b BIEWERDSH 573, cholestyramine (T H5 &5
W,

C41)
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& £

3 Xz PCB+DDT %k ¢° PCB+BHC DI
0T, BEFBRBIBAONDC EB2RELIY
(G« FAHD), S EDEBRT PCB 254 FIVKEEE &
B35 Epsbieotz. L UTEERH RIS
YL, HOWCHERBERHERLES s EA LN,
ERBYO 2 L O HHEb 5 P 5 HEl 2R
%. X bic clofibrate DX 5 e EBHAIRA T 5 EEDS,
BYE LB TEEFRE D 2B/HEL, —ibE
Be~sz E&E5.

A FVKIBOBRFBEERACONTIIEAL 20
2D T 505 (Pekkanen), 4B DFRELEHE R
545 &, FRIERRYE (PCB, DDT, BHCZ)
EED, ARICHAIL TEE/ERMERL A &0
SEENILL, ERICEREENS D, ZOHBERFINE
RIS 2Re &V S BMd 5. BB FEmeE
FiRd PCB LiZASBEREICT S0 S (w1
B, R¥E).

FEEIEA] ABS 3RBHUEEIERY &L 2, B2
VWA 2 THREBHEEL BN S (EHS). PCB &8t
AUTBRN2R2RRIT, GICELWETN AL
Nz, ABS pREVEE, 9700 b ERERSRINE]
BT D, —MOREVEIET S L 5 FgET
HBTZHPE Lzeds (MR, PCB & #E5E,
ABS O b > FHIKHWERIC 2T, PCB ORILLMIEH
INBEL—DDHEFTHAH.

ABS & PCB %2 75 b IZBEHILTC, BHEHEE
ATPase il T BIERBDTZEV S FOFOH
B3k HHs (Itokawa), 20 & xffibhiz PCB 2
F7% 2 m—1 500D 500 ppm L 5 KET, ABS
4 1000ppm L5 BEREER2 3 VAFEOTIOTH
5056, RBEFEERTS.

I BB LU HHEEH] cholestyramine @,
PCB 3 BW» 5 TR I % D% M % fERE,
PCB--DDT--BHC @ 3 ZRAVCH L TH AERiC
REINAC &, SHOERTRINZ. 825
BE L h OWIRUT IR 2 B &3 5 B L DIREEER
oy ALEYICHE LT, REMICHIGEIRY S 5 3

DEEFINS.

1) FHlf~= v 2T siT 5 hexobarbital-Na [fEE:
DEIHE RIS, HEEFSERE2EBT AL, A F
JVIKERIZ § SFELEHMH H, Fh e PCB &gy
@l .

2) FEBER] (ABS) WBRFE RIS, »AD
THRBAEE 23k L, PCB & OBtz PCB DFFdfE
FI%EET A & 5 IE< .

3) Bizv x5 w—J vk clofibrate & PCB off
g, BRHFBCSOTHATS.

4) PCB, DDT, BHC O3 EBHICE A 8ES
et LT, cholestyramine (285 5 »Ic B 1-EICE
%, Sephadex DEAE § 5503/203 5 FREDIER
2R
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6) Tanaka, K. and Araki, Y.: Inhibitory
effect of cholestyramine on the intestinal
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PCB OBAATANT I VI(CRIFTEE

FUNASESRI R (EE RS
Kok BB OoFel BHOBOI
BB B -8 BH £ X

Influences of PCB on the Brain Catecholamine
Levels in Rats

Noriko SueNaca, Katsushi YAMADA,
Tadashi Hipaka and Takeo Fukupa

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

Norepinephrine (NE) levels in the cerebral cortex, brain stem and cerebellum,
and dopamine (DA) level in the brain stem were determined fluorometrically in rats
treated with PCB (Kaneclor 400). When 100 mg/kg/day of PCB was given to rats for
7 days, NE in the cortex increased and NE in the cerebellum decreased. Methyl
mercury chloride in the daily dose of 2~5mg/kg did not change the NE levels.
Combination of PCB with methyl mercury did not potentiate the NE decrease in the
cerebellum. In the subacute experiment, in which 20~50mg/kg of PCB was given
twice a week for 7 weeks, a definite and dose-dependent decrease in the cerebellar NE

and a slight decrease in the cortical NE were evidenced.

PCB DOHURIEHOERCOVWTIR, BRERSHE
a2 ATV, HEAFICIIBENEER 2R
DAL G, BH»ETIREREZEDE S0
oS, BERBRTERERVNABOEEHIE
BU (BHBS), SEMERIEIC Y 2 XKIKEERRE
NOBBEENVRED 55 (BH). U»UEMHEER
T MR e, BEIIVNADERRBIELS
WU GERS), WAt b=rE3BEL20 8
2.

Sk 7 v biC PCB 285U THRA T 317 3
VRERL, FARCHSIEROBE ST VA
~DHERHRL T, PCB ORRIEMOBFEZHET
AHUCERREELUIINERS . $74kic PCB &
A FOVIKEBOPEAY, BEFEERICHOTEITS

BRPAIIOT FAL), SHEDERT HEOH
RE#RABC EIRUI.
£ B F &

Bid Wistar King A 25 o FOB2EHLT:.
PCB {344 27 w—iv 400 %2 CMC CRERBKIC

VY, # F)ukERiz methyl mercury chloride iz
#EV(D cysteine PMATKBREL, VIR E
VUFTTROMTSH LI, SEERIE PCB 28k
7HMEA, H2dEREE2@7BE G4
wHELIZ.

R e ORER & U Tid, BT 2 b (inclined
screen test) 21707, CHIBITT v F2DE, K
FBIEITBIELIBRNOEERHEETSEDOTH
3.

iR A (decapitation convulsion) %, W
BELTcH & T—EDRRS L D THBT 2HHEON
T VNAT, Z2OHREITWNARRRE ()
ZEHHILIZ

AMEERT YIS ARE A OP RS RS 21T
WEHEE, EREERTEERKEED 2 HgITH
BP0 3 IR L T2, BIESIN 2 380l
L, RBMEZE, ey, /MO 3o % nor-
epinephrine (NE) %, [¥# Tt dopamine (DA)
B h, BHIIEESE HWT Shellenberger 5 D
T X h|IELI.
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1. BMER
Ty MR 5 BRCHTT.
Om@aEE (CMC &) 8 Pt
@PCB 100mg/kg 7 HiE (§F 700 mg/kg) i
B8 I
® 2 FUKEE 2meg/kg 7 HIE (Bt 14 mg/kg)
ISFEET VL
@ x FKEE Smgskg 7 HY (Bt 35 mg/kg)
IR 7 PR
®PCB 100 mg/kg+ 2 F,v7ks8 2mg/kg 7 H
G FHEE 7 L
BEOBEDOEAL CEBMIAE & IFHEEOKRER),
BREICB AEFHET 2 OB O B HR/INARE, #
BIIONADHEK SR (B) 2ERTHERI &
5.
KRB D 4 8L, BRBRBWTESE A
£, NEFETH-T. BER PCB 252728 C1l
BEAEBEMU oz, BT R S TRO~OD
4B, WINARERICHLU TN OAETBYE
b, ZOXEIEETHS. UL PCB+ X FUkER
DEFRENE, 2N 2N OBMEEE 202, PHHIRX S

RRER- -4

YERDBRIZED S g2tz MEINANADER
RIS T N T OB RICEBED 207z,
WA A 7 207 8 VERDOFRIER 2 10RT.
LOHFRTABE, MK NE OEHS PCB BHELT
BOUIIOBRIFBOZLE LU TEDHN, RWTK
% NE O#fp2s PCB BB THEEERRLI. %
NLSHE ©@DJEEECAN NE OBEIER %A 513
», BEERRUIZE DX, PCB BMBCHE
ZERRUTZNYE NE OB x FOVRRBHARE TR
TN B S, BT L 2ER OB AT S
nighotz.
2. ERitRE
BIED &MEEB Tk, PCB BMIEEHC BT DA
NE OFBERZEGZEDIIDT, T OE2HIMEH
o THEPD 2L itz ThabbatkKRBic s
Hutz7 BEAR 700 mg/keg % 7BREICE] S HLT
5z, $lc2nd bNEOBELEST, RO3EIID
WTHEBRRL T,
OxffEEE (CMC ©&) 107%
@PCB 20 mg/kg ¥ 2 [\ 7:8E (8 280 mg/
kg) JGHEE 10k
®PCB 50 mg/kg i 2 | 78 Gt 700 mg/kg)
ISR 10 T

£ 1. AREROABICEZKE, BIBET AL, WD RAORE
i . A"
® g B i B\ ) - BB LA
(LEEXT) wlmwe | w7178 BNBE »oem | B
1D wf JitsS 8 166+3.9 1784-4.9 42. 540. 81 2.340.25 16. 8+0. 63
2) PCB 100mg/kg 8 165+4.1 166+5.1 35.5+1.98* 2.640.18 15.540. 50
3) A FkER 2mg/ke 7 167+4.3 173+5.1 36.2-+1.21* 2.44+0.20 15.440. 68
4) X F kB Smg/kg 7 167+4.8 1714-4.5 37.641.37¢ 2.3+0.18 16.3-4-0. 42
5) PCB 100mg/kg+ « 4
% F kel 2mg/kg 7 168-16.6 163+4.5 38.241. 12% 4.1+1.33 15.34-0.97

* SREICEANTERZ (P<0.05), #%Ei2d-<CEEE £S.E.
£ 2. aMEBOKFICB 3P norepinephrine (NE) & dopamine (DAY OFEERZE

% B gl AN OB B R B M B /D M

(LEHEXT) " NEMsg/g) NE(ng/g) DA(ng/g) NE(ng/g)

D xt st 8 209+4-10.6 436+29.0 143+26.9 197+ 7.9
2) PCB 100mg/kg 8 245+13. 6* 407+40.2 84+16.5 1664 5. 0%

3) * Fuk$E 2meg/ke 7 204+12.9 391+28.8 90+16.5 198+ 8.5

4 2 FKkER Smg/kg 7 197+11.0 443422.7 114412.5 211+10.0

5) PCB 100mg/kg-+
% FUkGR sme/kg 7 241+17.7 401+34.0 97+15.6 198+ 7.6

* NREICkTERZ (P<0.05, = (PL0.0D, T g<~TFEE £S.E.
(44
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HEOKERL, BEEERF X FORAR, BT
WNA DR & i 2 —FE L THR 3 ITRT.

HERFIRI AT RS s PCB 20 mg/kg B 1 41
DOFET DS doT2h3, S0mg/kg BRI 01, K
HOEMIPCBHEDZ NI EMEIEN, 50mg/kg
O RREE WEE S I THERET Epol
PCB 25ANHED 7 v b 3BERICO»TAIIE
X, BREOE BRI D B, AT X M TIRHE
BESHIS V. I ONLA DR & BT R BN
DFEDIIS DIz,

BB T V7 vERORRIIE 4 1TET.

D BB T b SMEERE R, /MY NE
DFADEECEED 50, U d AEiICHFIL CRd
MBELUL Izl RMEED NE 13, 2HERI I
WIHEZR S OTEADUI.. M#ETIE NE 3 DA
LEBOELZRI oI,

£ =3

PCB OHRIER 2% —BI & U T S EKA S 5 2
N7 DOEILEAILEC S, Al EaMEOMER
CHBLATRE LT, /MO NE 2584 285N
Bliahis, ANEED NE 32 cHmL sk
TR LT 5 —EDBEA & 1O VER. EERT
BAEEIDSSEAIA S, EAW T X M CHhE
RELL, BOMIREBL TWIZDT, 2O RNE
BLELLNENC E 0, HEMEBRTIREE
OIS U S 2 6 0D, BEEHRT 2 M THAT
XHIEDHMES 2L, MEEERS v F EXBIS

DHIENDIT, KD NE 55 PCB OF&IiCHEiL
TWDP LIz &3, PCB OHMKEEERTH 5 aLE
WR2RTHEDELUTEREINS.

PCB &t Foukel & R RBEERC O THN
THDT (FER), SHOZMEBCS W THE R
A rchs, PCB BRHTHBZEOH DITKMEED
NE #in & /Mxo NE @iz, * FUkeERHic X
DTEBZEWZLLY, FlXFNKEDOZH>ORE
BT, WA 77 v kBt BA ko
. LD sz s PCB @ NE EEiEH
3, X FUKROFAERL I >THRINS C &350
EVNA A, T2 PCBEMTS X FIVKEBIATS,
HHET 2 NOAEBSRRL DI, MEEHELT
b 2 OB R T AHEEDZV. DRSS G
OHFRICBIT ABIREEINS.

A FOVKEES R R E U, C & iNMEOEREE
AL R BT ADRERTH 305, BENEILONT
15 D OEILRNE st ¢ AEREE 224 T, 4F
DREITIE T ME 2 O SHERIC AT O TH %
5, PR KU T X Fov KBTI OBl
3+, FACE PCB OFI/NE NE Wb Vel
Shic. NMicst 5 NE OmEIZOWTOTENE
Drzods, BIEEIERD 5\ Purkinje Mg~ D
HFRiT transmitter & UCTENT S EWvb L B
(Hoffer 5). UL ENELEFKEDOHY 2 572 PCB
OHIFIEAIZA S N TR,

HigtEERRE DDT T3, v MO NE
PP L (Hrdina £), JE{LIE dieldrin Tidn e

® 3 HRREROZMCHIARE HMET AL, HEITOLAORE

z B B i o OE () . W A
(1 EEX1D wlmuw e | T8 BABE s s | B s
D s i 9 | 171+4.1 21454 | 44.340.66 | 404152 | 17.7+1.45
2) PCB 20mg/kg 9 171+3.2 201+4+-4.9 44,5+0. 56 2.74+0.24 16.940. 48
3) PCB 50mg/kg 10 168+3.6 189+4. 6%* 44,740. 48 5.2+1.37 15.04-1. 45

x 4 HalMERBROKBIBIT ZA norepinephrine (NE) & dopamine (DA) DEEiER

E= 5 # K B E B M &% X % N b
(1 HEX14) NE(ng/g) NE(ng/g) DA(ng/g) NE(ng/g)

1) %t i 239+10. 0(9) 395-+36.1C 9 65-+11.1¢C 9) 18749.4( 8)

2) PCB 20mg/kg 218+ 6.7(9 422+37.0C 9 96+23.1¢ 9 162+4.7¢ 9)*

3) PCB 50mg/kg 196+ 7. 1¢6)**

433+27.4C10)

81:+15. 5(10) 1484, 5(10)**

* REICERTERE (P<L0.05), *(P<0.0D, @IS NTRIEHE +S.E. FERAIZERAZEO
= RBICENTHEEREOZ (P00, R <THHE £S.E.
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D&M NE BHABHFMCETT 5 L H&E3hTo
%55 (Sharma), (KEAITE PCB 230 NE
PHEOIRTAALUET O LAL. ULk
DDT % dieldrin %5, UV RARNEERSE DE
EHIREAZ RO L, PCB Tid% 305 F7H)
FOEDISNDT, SO EC AN NE Bbpy
ZVH B oD hH 580,

W ONA KDWTH, A A7 av7 s %
6-hydroxydopamine T 38 T{ (Fukuda 5),
a-methyltyrosine T4 X8 TH (BH « Kk,
FONASHI I N AERER2ELZIZH TN, &
DOFEETIZNKD NE 255> T 6 BTV AIRE
WRIL 0Tz, B8EHL NE 2L TMUETS
WAUTZEERDS 0D, & B 0NN R VA
LBIRT A &M NTIDTHS 5.

& i

1) S v Mz PCB(#H 27 u—uv 400) % 7
BRORET AN ERE, THEOEY AHAKE
BRefTu, KENE, [d#e, /MO norepinephrine
(NE) 2g&L 7.

2) &aEETIk, PCB OKRERD, HiEers
CIET, ANEE NE #mL, /M NE 2@
LT, A F NGO THEEEDTE2 BT &
T, MARBF a7 3 29, PCB LHEH
LT4 2 DIEH R 2072,

3) MERMEEBTE, FEMMOMEIIRET, H
BERE L ST, RN L UVNKMD NE @igid
U, CEIBFIABICHAT 2R 2RI,

4) matk, HEAMEOWRERT, MY NE OFd %
SBUToC &id, PCB OEEMIRIEFROGEA % &b
AHRTH 5.
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from locus coeruleus to rat cerebellar Purkinje
neurons, J. Pharmacol, 184: 553-559, 1973,

7) Hrdina, P. D,, Singhal, R, Y. and Ling,
G.M.: DDT and related chlorinated hydrocarbon
insecticides. Adv., Pharmacol, 12: 31-88, 1975,

8) HEFE: PCBEEZ vy FORAEe b=
vE. BHEZE 63: 36-37, 1972,

9) KWEE, BESEN: MERZICEY M
REMFTR—ZONEATR. BRERE 62: 157-158,
1971.

10) Sharma, R. P.: Brain biogenic amines:
Depletion by chronic dieldrin exposure, Life
Sci. 13: 1245-1251, 1973,

11) Shellenberger, M. K. and Gordon, J.
H.: A rapid simplified procedure for simul-
taneous assay of norepinephrine, dopamine and
5-hydroxytryptamine from discrete brain areas.
Analyt. Biochem, 39: 356-372, 1971.

(46D



BREER 66(10): 593599, 1975 593

Chlorinated Dibenzofurans in Kanechlors and
Rice Qils Used by Patients with Yusho

Junya Nacavama®, Yoshito Masubpa® and
Masanori KURATSUNE"
Department of Public Health, Faculty of Medicine, Kyushu University,

Fukuoka, Japan® and Daiichi College of Pharmaceutical
Sciences, Fukuoka, Japan?®

It was reported that the causal agent of the epidemic of Yusho which occurred in
the Western Japan in 1968 was polychlorinated biphenyls (PCBs)Y. According to the
animal experiments by Vos and his associates marked differences in toxicity were seen
among foreign commercial brands of PCBs?. They reported that the more toxic brands
made in France and West Germany contained 20 and 5 ppm of polychlorinated diben-
zofurans (PCDF), respectively, while the less toxic one made in the United States no
such contaminants®, It seems quite possible that the toxicity of commercial PCBs is
greatly affected by their relatively small amount of contaminants such as PCDF®»4®
On the other hand, it has been well known that “chick edema factor”, the causal agent
of an extensive poisoning of chickens which killed more than a million chicks in the
United States in 1957, is polychlorinated dibenzo-p-dioxins (PCDD)®?, and that these
compounds are extremely toxic and acnegenic to man, too®?.

All these facts raise a question whether or not PCDF or PCDD are involved in
Yusho in any sense. Thus, it is without doubt needed to investigate the possible
contamination by these compounds of Kanechlor-400, a commercial brand of PCBs of
Japanese make which is known to have caused Yusho epidemic. In view of the fact
that very few studies have been made in this respect, we analyzed various types of
Kanechlor and samples of the toxic rice oil used by patients with Yusho for PCDD
and PCDF. This paper describes the main results of such analysis.

Materials and Methods

1. Materials analyzed

1) Kanechlor-300, 400, 500, and 600: Kanechlor-300 and -500 were those donated
Kanegafuchi Chemical Industry Co., Ltd. in 1968 and Kanechlor-400 and -600 were
supplied by the Ministry of Health and Welfare in 1972,

2) Rice oil used by patients with Yusho (“Yusho 0il”): 3 samples of rice oil
used by 3 independent families with Yusho in 1968. These samples had been kept in
glass bottles with glass stoppers at room temperature in our laboratory until 1974 when
the analysis was made.

2. Chemicals

1) n-Hexane, ethanol, water, potassium hydroxide, anhydrous sodium sulphate, and
silica gel: Purified as described previously'V,

2) Carbon tetrachloride and methylen chloride: Reagent grade, distilled with a
fractional distillation column.

3) Activated alumina: Alumina for column-chromatography (about 300 mesh),
Wako Pure Chemical Industry, Ltd., activated by heating at 150°C for 12 hours before
every use.

4) PCDF and PCDD: Synthesized by chlorination of dibenzofurans or by conden-
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sation of 2, 4, 5-trichlorophenol!?. PCDF consisted mainly of tetra- and penta-chloro-
dibenzofurans, while PCDD mainly of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin.

5) Octachlorodibenzofuran and octachlorodibenzo-p-dioxin: Purchased from Analabs
Inc., U.S.A,

3. Apparatus

1) Gas chromatograph (ECD-GC): Beckman GC 72-5 with a detecter of electron
capture type, using a glass column (4mmx2m) containing chromosorb W AW DMCS

(100-120 mesh) coated with 29 SE-30. Column temperature was 200°C and helium
was used as carrier gas, flow rate 30 ml/min.

2) Gas chromatograph-mass spectrometer (GC-MS): Type D-100, GC-MS, Japan
Electron Optic Laboratory. Column used was similar to the one used for gas chro-
matography. Ionization energy was 25¢V.

4. Analytical methods

The alkaline decomposition method described in the official standard analytical
methods for PCBs established by the Ministry of Health and Welfare was applied for
the isolation of PCBs fraction from samples of Yusho oil (5-10g). Isolation of PCDF
and PCDD from the PCBs fraction mentioned above or from Kanechlor samples (0.1-
0.5g) was made in the following ways. Each material was placed with 20ml of
n-hexane onto a column (1X7.5cm) of activated alumina and then eluted with 120 ml
of n-hexane containing 20 % carbon tetrachloride, 10ml of n-hexane, and then with
30m! of n-hexane containing 20 9 methylenchloride. PCDF and PCDD were expected
to be contained in the final eluate. If their separation from PCBs was not adequate,
the above chromatographic fractionation was repeated or another similar column chro-
matography was tried using a shorter column of activated alumina (1x2.5cm) and a
half volume of each of the eluents mentioned above. The eluate consisting of n-hexane
containing 20 % methylen chloride thus collected was evaporated by a rotary evaporator,
then dissolved in n-hexane and subjected to ECD-GC and GC-MS analysis.

Determination of PCDF and PCDD was made by two methods, namely by measur-
ing the gas chromatographic peak heights and by measuring the gas chromatographic
peak area after perchlorination of these compounds. The former consists of comparison
of each of the peaks of gas chromatogram confirmed as those of PCDF or PCDD by
GC-MS with the corresponding one of the synthesized PCDF or PCDD used as standard,
assuming that all the PCDF or PCDD have the same peak height sensitivity regardless
of the number of chlorine and the site of substitution by chlorine. The latter consisted
of chlorination by the BMC reagent'® of the evaporation residue of the fraction contain-
ing PCDF and PCDD to yield octachlorodibenzofuran and octachlorodibenzo-p-dioxin,
followed by the gas chromatographic determination of such octachloro-derivatives.

For determination of PCBs, the peak height calculation method and the perchlor-
ination method, described in the official analytical methods for PCBs set by the Ministry
of Health and Welfare, were used.

Results

The gas chromatograms of PCDF fractions separated from Kanechlor-400 and -500
are shown in Fig. 1, while the gas chromatogram of the corresponding fraction from
Yusho oil in Fig. 2. Fig. 3 and 4 show the mass-spectra of tetra- and penta-chlorodiben-
zofurans isolated from these PCDF fractions, together with those of the standard
PCDF.

Table 1 summerizes the results of analysis by ECD-GC and GC-MS, indicating that
from dichloro to heptachlorodibenzofurans were contained in the samples analyzed.
The Kanechlors designated larger numbers, starting from 300 to 600, contained the
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Fig. 1. Gaschromatogram of PCDF fraction Fig. 2. Gas chromatogram of PCDF frac-
A, Kanechlor-400, tion,
B. Kanechlor-500, A, Rice oil (“Yusho 0il”),
C. Authentic specimen B. Authentic specimen

Table 1. Concentration of chlorinated dibenzofurans in Kanechlors and “Yusho oil”

Chlorodibenzofurans Conc(engstion
Samples pp
Di Tri Tetra | Penta | Hexa | Hepta a b
300 + + 1 1.5
H H
Kanechlors 400 it 4 e it 18 17
500 + H + 2.5
600 + + + H 3
A + ++ 4 + 5 4.5
“Yusho oil” B -+ H H + 5
C + H H + 5

a: calculated from peak heights, b: calculated by perchlorination method.

higher chlorinated isomers of dibenzofuran. The concentrations of PCDF in Kanechlor-
300, -400, -500, and -600 were 1, 18, 4, and 5 ppm by the peak height calculation
method and 1.5, 17, 2.5, and 3 ppm by the perchlorination method, respectively. Thus,
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Fig. 3. GC-MS of tetrachlorodibenzofuran, Fig. 4. GC-MS of pentachlorodibenzofuran,
A, Kanechlor-400, A. Kanechlor-400,
B. Rice oil (*Yusho o0il”), B. Rice oil (“Yusho o0il”),
C. Authentic specimen C. Authentic specimen

Table 2. Concentration of PCBs in “Yusho oil”

Concentration (ppm)
“Yusho oil”
a b
A 830 870
B 900 920
C 1,030 980

a: calculated from peak heights
b: calculated by perchlorination method

two methods gave similar results, demonstrating that Kanechlor-400 contains a consider-
ably higher concentration of PCDF than the other types.

Three samples of Yusho oil showed similar gas chromatographic patterns, indicat-
ing that the PCDF contained in the oil consisted mainly of tetra- and penta-chlorodi-
benzofurans together with a small amount of tri- and hexa-chlorodibenzofurans. Both
the peak height calculation method and the perchlorination method gave the same figure,
5 ppm of PCDF.

Contrary to the above findings in regard to PCDF, PCDD was not detected in any
of the materials examined.

As shown in Table 2, the samples of Yusho oil contained 800-1,000 ppm of PCBs,
and both calculations gave very close figures.

In additional experiments, 10 g of a vegetable oil containing 10 mg of Kanechlor-400
was subjected to a series of analytical procedures, the same as those employed in the
above analysis, including the alkaline decomposition process maintained for 6 hours.
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PCDF found from the oil thus treated was about 0.2 g, just as much as expected from
the PCDF content of 10 mg of Kanechlor-400. Similar blank experiments were repeated
3 times, yielding practically the same results. Therefore, any possible transformation
of PCBs to PCDF during the analytical procedures could be denied.

The recovery ratio of 1 #g of PCDF added to 10 g of a vegetable oil was determined
to be approximately 90%.

Discussion

Analysis of a trace amount of PCDF and PCDD is generally known to be fairly
difficult. As mentioned, it is not conceivable that the PCDF found in our analysis
were the artificial products due to the analytical procedures employed. In addition, the
recovery ratio was also fairly high. Therefore, we can say with confidence that
Kanechlors and “Yusho o0il” contain PCDF.,

1t seems to be noteworthy that the concentrations of PCDF in Kanechlor-400 and
in Yusho oil, as determined by the present analysis, are considerably higher than the
figures so far reported. Roach et al., found about 1 ppm of PCDF in Kanechlor-400,
According to Vos, Bowes, Space Science Laboratory, University of California, could de-
monstrate the presence of PCDF in Kanechlor samples and in a sample of “Yusho oil”.
The figures for the formers have not yet been supplied but the figure for the latter, ap-
proximately 1 ppm, have been provided us'*. Thus, the informations so far accumu-
lated do not very precisely coincide with each other, but they agree at least in that both
Kanechlors and “Yusho o0il” contain PCDF,

Since “Yusho oil” which is known to have been contaminated with Kanechlor-400
contained 5 ppm of PCDF and 1,000 ppm of PCBs, the ratio of the concentration of
PCDF to that of PCBs is 5: 1,000, much larger than the expected ratio 0.018 : 1,000
which can be calcurated from our figure concerning PCDF concentration in Kanechlor-
400. The reasons for this great discrepancy are not well understood, but it should be
noted that the sample of Kanechlor-400 we analyzed was an “unused” one, while the
Kanechlor-400 present in “Yusho oil” must be “used” one as heat transfer medium.

Very few studies have been made in which the toxicity of PCDF was directly
compared with that of PCBs. Araki observed that PCDF was about 170 times stronger
than Kanechlor-400 in the activity of hepatic enzyme induction'®. Nishizumi and
Masuda, however, could not observe any marked difference in acnegenicity between
PCBs and PCDF when applied to the skin of the ears of rabbits. The ratio of the
concentration of PCBs needed to exert a certain degree of acnegenicity to the corres-
ponding concentration of PCDF needed to exert the same degree of acnegenicity was
shown to be 1: 0.3'%,

There are several studies, however, in which “Yusho 0il” and Kanechlor-400 were
compared in toxicity. Ikeda reported that “Yusho oil” was twice or more toxic, when
fed to broilers, than expected by the concentration of Kanechlor-400 contained in the
0il’®1”, In feeding experiment with CF # 1 mice, it was shown that both a diet added
“Yusho 0il” to attain about 110 ppm of PCBs in the diet and a diet containing 500 ppm
of Kanechlor-400 exerted an approximately similar toxicity. The former diet, however,
seemed to affect more the skin and liver than the latter and the authors suggested a
possibility that “Yusho oil” might contain some chlorinated compounds which were
more toxic than Kanechlor-400'®. In a feeding experiment with chicken, Goto et al.
observed that a diet containing 5% of “Yusho o0il” showed similar toxic effects to those
induced by feeding a diet containing 400 ppm of Kanechlor-400. If the concentration
of PCBs in the “Yusho oil” used could be assumed to be about 2,000 ppm, the concen-
tration of PCBs in the diet added “Yusho oil” would be about 100 ppm, considerably
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lower than that of the diet added Kanechlor-400'*.

Furthermore, there seems to be a great difference in acute toxicity between PCDF
and Kanechlors. LD;, of Kanechlor-400, when fed to mice and rats, was 1.1-1.9 g/kg
and that of Kanechlor-300 0.6 g/kg when fed to rabbits'”. PCDF, on the contrary,
killed rabbits due to severe liver necrosis after a single oral administration of as little
as about 1 mg/kg®?»,

Toxicity of PCBs and possibly of PCDF must greatly vary from isomer to isomer.
Rational comparison of toxicities of PCBs and PCDF does not seem to be easy.
However, in view of all these past findings described above, PCDF seems to be con-
siderably more toxic than PCBs, The possible role played by PCDF in Yusho should
not be dismissed.

Summary

In order to answer the question whether or not polychlorinated dibenzofurans
(PCDF) and polychlorinated dibenzo-p-dioxins (PCDD) which are more toxic than
PCBs are involved in causation of Yusho, various types of Kanechlor, PCBs of Japanese
make, and 3 samples of “Yusho 0il” used by Yusho families were analyzed for these
compounds.
Kanechlor-300, -400, -500, and -600 were shown to contain 1, 18, 4, and 5 ppm
of PCDF, respectively, as calculated by gas chromatographic peak heights and 1.5, 17,
2.5, and 3 ppm of PCDF, as calculated by the perchlorination method. Thus, Kanechlor
~-400 was most contaminated with PCDF. “Yusho o0il” samples also contained about 5
ppm of PCDF, much higher than expected. PCDD, however, was not detected in any
materials analyzed. The possible role of PCDF in causation of Yusho was suggested.
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Polychlorinated biphenyls (Kanechlor 400, a commercial preparation), polychlorinated
dibenzofuran (a mixture of tetra- and penta-chloro-dibenzofuran) or polychlorinated
dibenzodioxin (2, 3,7, 8-tetrachloro-dibenzodioxin) was dissolved into acetone in different
concentrations, and was applied on the inside of depilated rabbit’s ear for consecutive
3 days. The redness on the local skin was followed by thickening of the skin within

1 to 2 weeks.

Judging from the extent of hyperkeratosis induced by these three compounds, PCDD
is approximately 1,000 times stronger than PCBs or PCDF as an acnegen.

Polychlorinated Dibenzofuran (PCDF) ¥k ko8
Polychlorinated Dibenzodioxin (PCDD) Df#fE
T 58S UT, EEEA(LPEERREOHER
139 TR 10 BUERNICHEG 3 T 303%%, b d
L& 5 b3 - Polychlorinated Biphenyls
(PCBs) HLL T, PCBs #FHUC § Rty
& UT PCDF OFERFERLUIHRES H 597 &
"o, HWEDEE PCBs itk AREERERIZCN
5D {LEYH» BE L T 5 WRelE 2 53 A A8 &
. 120, IMEDHERYE & 1T 5 Kanechlor
400 Ao PCDF OB BRI T 59
23, PCDD OFERBEETDE LARESNL T
VA4AN

#EE51k, PCDF k0¥ PCDD %451, PCBs
cHicen s (LEYD FET 9 5 {EREE 2 hE
U, RSB ELTGEDOEEERIEEAOLZED

BEZPHET 21 20FB1 b T 5120, COER
BTz,
HHEEFE
(1) PCDF O&R

Dibenzofuran (BE{LAR) Sg, HE{LEE24:0.5¢g
393%0.5g 5L¢ Chloroform 100ml DOEEE
RiT, BEBSIOEH U BHY AL DFRES
VRMB THEI SRR A 2B U, HERE=E
ET2S5KH, KB TIEL DS SERT2. K
ISR T TN TOEE % Chloroform iz k h&Ew,
B PEEThE g dolc. BEL, avERE
FXE2t8, 1% Florisil column ¢ n-Hexane
I &L OF Benzene ZRVTHEMT 5 C LT higEAD
MEVELNI (mp 180~1959). g » GC-
MS (giz PMU-6MG) THlEST 5&, Fig. 1 (&)
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chromatograms of PCDF

(left) and TCDD (right) on 2% OV-17.

Left; 1—3: C,H,0Cl, 4—9: C,,H,0Cl;, 10—11:
C,H,0Cl,.
Right; 1: CH;0,Cl;, 2—4: C,;H,0,Cl,, 5—6:
C;H;0,ClL;.
Table 1. Compound applied and its doses
. ! Concentration
Rabbit \ : ’ Total amount Amount per cm?
No. Compound [ ap%hed [ (mg) (mg)
' (%)
1 50 7.1x102 1. 6X10
2 Kanechlor 400 10 1.4x102 1.9

3 (PCB) 2 3.5x10 5.3x101!
4 0.4 7.0 1. 110t
5 1 1.0X10 1.7x10°t
Chlorinated -
6 dibenzofuran 0.3 3.0 4,9%102
- -3

7 (PCDF) 0.05 5.0x101 8.9X10
8 0.01 1. 010"t 1.8Xx10-3
9 Chlorinated 0.02 2.0x10-1 3.2x10-3
10 dibenzodioxin 0. 004 4,010 6.5x10
1 (TCDD) 0. 001 8.0 10~ 1. 4107

Dk 5T 4t XN 5L Dibenzoturan %3Eg%
2y & U 6iH{r Dibenzofuran %P B&EAYTH
ofz. UTCOyE% PCDF tRsEds 5.
(2) 2,3,7,8-Tetrachlorodibenzodioxin (& AR
2,4,5-Trichlorophenol 4 kU A8 GEERIL
) S5g %75 2THED, BWIRT 350~400° T 2%
RnE Lz, RAYBELLIZDT, 75 22 %E>
THEYHL, AR THRIC LIz, COHEK % Benzene
TH# D3R UIHE U7z, Benzene ik % 10 %7kER 1L
F MUY ABIOKRTHDIZE, WS b Y o ATE

U, BRELUI. 73@%» Florisil column ¢ n-
Hexane 2y, 75 74 g VIKSHTIZ. B9 7
2 D—HEF R v brT 7REAL, B R
WA, LHEL R tRAUAEERZETSY
Uy RREYD, BREEETRE 0.3g DR
Biz(mp 305~312%), ZOFF®D GC-MS | Fig. 1
R @Y T, ERIOMITDLED IHE/LBLLS
¥k Dibenzodioxin %2& A T iz, T, COWE
% TCDD &ps3id 5.
(3) BrEE

555



602 PLRERNP =g iR |

Fig. 2. Skin lesions on the inside of rabbit’s
ear after application of PCBs, TCDD
or PCDF,

a : after application of PCBs
(1.8xM/cm?, 2 weeks later)
b : after application of TCDD
(10nM/cm?, 2 weeks later)
¢ : after application of PCDF
(0. 54M/cm?, 2 weeks later)
These photographs show follicular
hyperkeratosis in various grade.

13 3kg Btk O HEHERE OO F LIPL 2 #HH U
PCBs (Kanechlor 400), ERE D X 5w &mW L 1z
PCDF X TCDD %2z % Acetone {Ci5fR
L, REEAOEEANER 3 BEChIi o THHEE
L, Z20OBOBHREZE{L%E Acetone BT DA
ENANFEREOREE AL, BRCEELT. ¥
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Fig. 3. Histological findings of rabbit’s ear
after application of PCBs, TCDD
or PCDF,

a : after application of PCBs
(1.8uM/cm?, 4 weeks later)
b : after application of TCDD
(2nM/cm?, 4 weeks later)
¢ : after application of PCDF
0. 1uM/cm?, 2.5 weeks later)
Follicular hyperkeratosis is clearly
seen in 3a and 3b, but slight in 3c.
(H. E. 45XO

7, INGOUYFIBHEKRTH2L HCERL, W
HIENNEEES L OB O—T 2 L, 8%
BnsEss Tol. s 3BILAYDOBRTEEL X
fikaET Table 1 [WRIWHTH 5.



PCB, PCDF, TCDD o #Afm&ER

£ B E R

FENWE i PCDF % %75 Lo v F4 D5
b, BEERMO2ILI BHETHIOBEEID L
ITDICARET, AREBRDSRRIZLTIS BEBLY
19 HIZFEC UTZh3, D o9 Fi3TXTEBRIGE T
ZERBIIBH TRERD b A 5Nzl

BN AEHEEOARBHNELIC OV TA S E, Kane-
chlor 400 BAHI Tt BHRTHE B RFIOFRER
REBDSGRET A48, chugULmWiiBgg sz, 18
HE b 2BEBIZHT TURNNCBRIC—I L 2 RIEDH
A o, AEmIEET 5 (Fig. 2a). 2@ %#
BT 5 LR L IR A DS D,
PLEBHIITCIIABRMCE LTI ERICER T 28
[%2A8 505, ZEREMEFITE 3:8% 1 BEEOR
#, R UIAGEISEIRICERERELTE Y,
FARZERNT § R OBEALVED b, BHCREIC
BE THh oz (Fig. 3a),

R EZELORER s/, TCDD &7#T
LIZTHERET, BREBRGIECEERELBRLL

(Fig. 2b, 3b). UL, PCDF figEcid, L
F2BHCLE L RFERE O 20 — IR, 8T
10mg %2®7EL 15 B ISR UIZBI Tl ERIc—3
Uit s BB A LEr 2w o (Fig. 2¢) 25,
BT TEFWREBOREZ 0.5 0 0.1 mg B7F
BT, WHIRANC § SR § S E I LBA1L
DOBEMIZERD s ighoiz. Acetone WBIEDA BT
LTS OF NP R I3 B B I 2Rk

603

REEDA 5N B0, ZORIZARKICIZEL ERT,
4 FEROMBZEWETR T ERIIED s hughol.
EMEORTR &R E O/ LIREDOER 24 5
&, Table 20X 31t 5. L DRIBHZELITHRESE
L EI3E—FT ADT, TOBEMALORBED L
W4 % &, Kanechlor 400, PCDF, TCDD m%7
B (eM/cm?) OFG1 :0.3:0.001 04, 13I13E
ROBAERPA N 5.
FFofagsis, PCDF »#%&7T 10mg, 3mg B
HLT, 2h2h I53E, VDEBRFETCULIZDSF
T, NEROEO FFREMRD =S R,
Kupffer EMAOEX - BL 2D 1208, D5
TIRHABEN L ETZED shghol.

£ 2

Vos 578 13 Aroclor 1260(7 » J »#l), Clophen
A60 (K4 v#L), Phenoclor DP6 (75> 281) @
% PCBs 8#| & % D 259% diethylether-hexane
fractions X2\ TZD FH:% HEL T, Clophen
A60, Phenoclor DP6 %3 Aroclor 1260 izt UEM:
IRV EERE LT, ZOHIC R s LT HEET S
PCDF Oz EHBL T H, X5 Vos & No-
tenboom-Ram? [Xfi¥ers 2, 4, 5, 2/, 4/, 5’-hexa-
chlorobiphenyl &% % Fasr & 4 % Aroclor
1260 OB 2B, HIZAUERZET 20,
HZ, i, IFEEL Aroclor OJFICE TN E
LT, Aroclor 1260 iz $ PCDF D3 & A28
2O,

Table 2, Hyperkeratosis on the inside of the rabbit’s ear
p Hyperkeratosis*
Amount applied
Compound (/JM/CIE%
after 1 week after 2 weeks after 3 weeks
5.5X10 + H H
Kanechlor 400 6.5 -+ 4+ 4
(PCB) 1.8 + + *
3.8x10! — + +
5.0Xx10-1 -+ +
Chlorinated _
dibenzofuran 1.4X107 - +
-2 - — —
(PCDF) 2.6X10
5.3%1073 — — —
Chlorinated 10. 0310~ + + +
dibenzodioxin 2.0X10-3 -+ + -+
(TCDD) 4.3%10-4 — + +
* —: none, +: slight, +: moderate, 4: marked
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Roach &% RHECHFAYEEAZLIN TV 3
Kanechlor 400 OoH#ER T4 2D PCDF OF
FERWEUIHS, BT, BEOENLS® $ Kanechlor
400 Auc#y 20 ppm, AEFBERL THIERT 1 2
A Sppm OBRETTARBRHEL TN S, —77,
ch s PCBs Bigidicit PCDD OZEER $17#E
I THS, PCBs BIRIEIEA S U THEH SN
%BE TRz X > T PCDF, PCDD 344" AA4E
HEEHETAIAL D 5.

PCDF i3t ¢ PCDD FM: Bauer 52 D
B EOHFEHID 5 KEE LT PCBs Ozh 21 500
fiz, 5,000 f£ & A 5N A%, BEEHEAET PREEHE
B 2FIAL CHELIEEY Tz PCDF, PCDD
wBEhZFh PCBs D170 4%, L250f5EW0 3. fED
T—Riiziy PCDF, PCDD %3 PCBs icHiL,
D IRNEEO UIZAEBER2ET A8 DEEAS
NA. LhLudh, COEBIIFS Ei23 target
organ & L TO HBHOHETHH, HEIINTIE
PN T Z20FEE BATE 20 E5» BETH
5.

AEENCHWNT, BEE 1 EFICIREE L 288
BB OERPOALBRLIZYSFICONT, 20
BfiE%» tM/cm? Chiird 3L, PCBs, PCDF,
TCDD O TOkE, 13i¥1:0.3:0.001&55D,
TCDD D&MD 2 {b&tpic b UFERICEVREE
MERRUIZ, LU, BBRED PCDF 2BAGLIZY
HEWEIBICALTRHE LI 2 &tk D, PCDF
oW T RS b U 59 2 i sy’
PCBs, TCDD Tt THNC EVXBALN S, 12
12U DE4, PCDF ok 3FEMORERITTT
BEHRCE 58 DTS, FEURELTEREL
T 2 E 2 RO RNTIEI L T WREE D 5.

HREOERKEIC BEL T PCBs DSz, ¢ 5
PCDF, PCDD »SEDOREEEL T A0, i
b DFFFHCEE Tz 5780, BEERICEST
1nziE, 3L PCDF L0 PCBs ic X 2FE DB
AILERY Z DR EREITERR L CO X SiITaEBIL
Ve mE TR C % & 9hiE, Kanechlor @ PCBs
BT UBeDrgn s cdH 3 PCDF OFFIE
REBHAORENID LD HIVEDEEZEALN S, B
%=, JMA5* 13 Kanechlor 400 @i k 223tk
SRR UTHE, 3,4,3, 4/-tetrachlorobiphenyl iz X
BELE BRRED £{672E LT PCBs BAIHOIRHE
w15 Kanechlor 400 i & 3 B et RIUT BB &
WHRIEBENTH 5. /335, PCDD iYL L

£l -

#m|

TOFHCONTREITER RO NETHS 5. &
1z, TS DRO REWED FF2aD T AORET
PCBs L@ ABAWERNLHEEVN S 290, T
Nz ORPEROMRE EHITEE S HITERKTNE
HEE A THA 5.

&

Chlorinated dibenzofuran (ERMI 4B L85
$E{k#) L8 Chlorinated dibenzodioxin (FEhAL
iz AELY) BEBRENTERL, ChE2y9F0
HAWEIEALT, Z08AER% PCBs (Ka-
nechlor 400> DZh e LIz, ZOBHE («M/
cm?) kRFEICA A ke DBIRD 5, PCBs i€
L Chlorinated dibenzofuran 3 1313 R &,
Chlorinated dibenzodioxin }3#5 1/1000 & CiiZH
BEOHREOZEILZR LI,

£5
a9

X 78

1) =k##: Chlorinated dibenzofuran & Xk
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2) Bauer, H., Schulz, K. H. u. Spiegelberg,
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th Dibenzofuran jgoWwW¢. Rk 30: 126,
1975,
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and De Vos, R, H.: Identification and toxico-
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polychlorinated biphenyls. Fd, Cosmet, Toxicol.
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toxicity studies of technical polychlorinated
biphenyls and fractions thereof in rabbits. Toxic,
appl. Pharmacol, 19: 617-633, 1971.
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PCB B &R L - BEMh S E T i
EEEROMEER PCB (DT

ABRK R R e e
by & oM FeHF k£ & A
[ A i

Polychlorinated Biphenyl Residues in Plasma of
Yusho Children Born to Mothers Who Had
Consumed Oil Contaminated by PCB

Sumiko ABE, Yoshito INOUE and
Makoto TAKAMATSU

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

Medical examination and analysis of PCB in plasma were performed on 30 children
who were born in the period of February 1967 to December 1973, and on 18 mothers
who had taken oil contaminated by PCB in Tamanoura-cho of Nagasaki-ken. Plasma
samples were also obtained from 11 ordinary children in Miiraku-cho.

The average PCB concentrations in plasma of Yusho children, mothers and ordinary
children were 6.0 ppb, 10.8 ppb and 3.7 ppb, respectively. The average PCB concen-
tration in plasma of Yusho children who had been fed on mother’s milk in infancy
was higher than that of children fed on none of mother’s milk.

Gaschromatograms of PCB in plasma of Yusho children and mothers had a peculiar
pattern in most cases.

Though the skin symptoms of the Yusho children had subsided, they still complained
of atypical symptoms such as easily getting cold, diarrhea, physical duilness and abdo-

minal pain.

HNO (ZIEFD 47 4E 5 Bz EREE 2B OMER
ERE 108 O d 5, PCB IWBEJLIZIA T
MR EE LT B 5 EENICR 22 It on TOR
FHHERTOTNS. 2 U TR ALROHEREZ
REILMER & BiEME R asah s e, 20
TEEMD H 5 /NRICOWTIE FBo /s BIREERE & b
i, S%OBEOREEHEZHLE T AMENEEL
N AENDOTN 5.

EZEETCE A Y v 7 2EMT AP H D, R
BOWRL LD THERPZEL SN TN ADT, FiE
ZENCIIHEROHENS sz b D EBbh, ¥
RO EH P HOAT Lot EEDS SIEF49
BER3ENCHT. ) E2EIcEt s, WROB %A
T, MIEEEOREEMRE 21T & & i, miiH PCB
BEIHTT 5 ENTEI.

FRMXTIZZ DPRED L5, B4 T MEDRHE
&, ZOREED G EENTIRER EHE I 2/NRIK
DWTHFT LIz inEE PCB E 2Rt UT, EEIM
MREA DL L DITREROTR L 2O TREL
W,

B EF R

EZEITDH % LRIERBIC OV TR, COIDHA
BED&LBERF LS E THELHECE S BEL
EHRTETNA. OBt >THM4A9ELRE
7R &k & LR ER S00 ZORERE 2170,
MIEDREREE % 54 Tl PCB 20479 5 EHT
X7, 2L TCOHECL>T PCB iciBRLIz %
DHPER UM BTN ERROTTL, ZOXK
BEREML T A DBERPHE X717 UIERFRARDOE
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2B L.

(1) HENS
EBEREREZEN T PCBcERLII R SR
BINUICEEE, ZOREPS BM42E2A05M
MA8E 12 EcikEThICHERE 2RgE L.
COTHIER &V DR

a) PCB B LIz n 4 T 2B LT BEOR
LS TETLNINE

b) PCB By LIz h 4 3% ERUIZRE»S
EENTUNE (2O TROEEMEERIC PCB %
BEL, HELTsZRE, @ PCB OEERICITRL
THELTEZR)
PELUTED, VWHQAHEE L TOFRNZ LD
THANESI, CCTRHEES L. 12, &
TEEDRFE E DU 5 OREBRMIES K RHRL,
ZOEMCS ESOTHESE UTEET 20 E 590
THNEBEOER 2 HL T, LTS
8 B DI AT 3 BRI 20 Tz,

(2) HERH

HAF494E1H, THBIU8HED3ETH 3.

(3) FA&EHEE

a) HARITONT

© ¥, HAEERB, ERER, ETHEE, 2%
BEOEH
TR
FIE MBS DFR,
FE AT
HEDHE, k&
BECH, MEFR
MO (MR NY 2y T4 K, MR
PCB BESIFTRAZ O NI a2 —1)

b) BT

© FHhiERE, BEERE

® FENMEBREOERE

® MmEO (HAERERUEE)

® HEOH - ENFR

(4) s PCB D4Rk

SHTICE Jensen BEZEEEY ko THE, Z7Y-—
VT u TR, YU HTNVETA BT LPEDAF
HUBHE RBEEL T, ECD 5 xJavbs57
sl o, RNy KC-500: 600=1 : 1 %f#
BLTr—/sHBRIDERLI.

CRCECHECECNC)

BE R R
EZEIOBEFELEC L > T PCB BFRUIET

FROFRE BOICTE, RERVRHEEINS., %
D22 ZOFE» S 4252 B0 B 484125
FTIETN MERIIOBE2EAS. D5 BIE
TH24, IHRERUISOF—H# 14, #HER
FHDEDH1H/T, BETEOER BH2LER
REZTHA. TO3LMEDRE R 517 TsE PCB
BOMTETDRAHIBZLRIOETH 5.

1. WERORKIE

HEER 30 20 MYtk PCB BERE1IOLSIC1
~20 ppb OEFIC H > TIH 6.7+4. 28 ppb TH 3.

1. MEGFPCBER

o s | PCBEE (ppb)

@ m ¥ y|E I
1 ~ 20 6.7 4,28
3~ 33 11.2 7.32
1~ 8 3.7 1.97

RS | 30
wERE | 18
mEREe | 14
10~ 6, PO SRR

FEUIHEREA—ER O~ T TN TOREH
D PCB T oW TOEENIE & hzdh 073,
2RI BT 5 SO 10~12 FREERE
14 2713 1 ~8ppb, Sy 3.7+1.97 ppb T/
RE O HBCENEETH . WERTRBRICEE
T 1L A 5L 9 ppb LI EDEE D RS 30 £ 12
ZWB)IT, I~TFRESELUITAE25ZH 12
& (48%) waHrshi:.

ESROMmEEH PCB BESHIIRIOB H Td
5. ESEEM4EEOWESERT. 3~TFD
RORESETIZEBEICIZEATEIROM, 1.2
FORITIZ Sppb U EDORED § DIzA S hiN. 3
~TFORTIE B#MXD 7FUL, 15FLUTONR
AR & R RERERE OO,

M2 A HENOBRESHm 2R UL, 2055
RRBRENCII T R AT R CEARE
DORZEHTNG., 302H 164058020 A
PEILTEY, BRPHRATZROGY, &%k
ORI YV EENENERIID B.

B UL S EENI B TREREPELTHD
Th, BTLABLSEFNIIHMERVPENEZES
reboolz. EBEB ICHEOREROBERE L, M
P PCB EBEXIZ, 0~2FDBREDENRIERD
BNRORBRNT, BT UBEAIL TENNE 5T
H3. TOLLEBREORTEROENWRS, HiT
P hBEETH BAMNTRODIZNR V303,
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fteh: MERPCBRE !
BENTIZERY O EWR CREBEE L D BEEVEN 0 10 20 30 40 50 %
© L b3 B, Peak 5,/ Peak 2
M#gd PCB DR 70w b 7T LaDE—5 /98— B 4 mEhPCBARIu~<t s 7 A0EMYE

VRR D LT, BRCHE UL S ICERROMERSE
12\ BT pp/-DDE OXR® peak 1 D&
HEHEIC L SRTIEFIEL 22 b, peak 5 WIEL

— 7% (peak 1/peak 2 & peak 5/peak
2) o457,
A: PCBO#MEBEMWAEA 2—y, B:
iz Boeg —~v, C: FElAHICrea—,
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FNKIRENREBFERESOMER (E2H
0 &RRER GSHZEH) LD peak 2 % 100 &L
1EEDE—7 08—V DERRLII. RBESHIEHT
DORERTIZEAOREE LD peak I OFEWE
WZEBHEMED. ENSY, HERETIEMLIDE
ZHATOMERDA S peak 1 MENLS, BEEL
DZEFNI.

FBELVSELCTHELLHETE, #8, KE2S
DHIETH - BNWOEM T, miEph PCB Doz —
COHBEIIZE A E e otdd, BREEZEE,
SO REE TR 2 - EZDEPRED LN
7o, HEJR® (peak 1/peak 2)X100 O43Fit 18~
3%, ZHEWOBERTIR 27~T4%T 0 HUT
12 1Z0ATHDIZ. (peak 5/peak 2)x100 (IiH5E
BT5~50%, BERTS~1T%THdbh, (peak 1/
peak 2)X100 2R EE, (40 %>) LIFRRLICS
DIFHIER 30 19 & (63 %), (peak 5/peak 2)
X100 cirEEEE (14 %<0 PLdd Dit 30
9% (30%) THoiz. Mmiirh PCB EBEOENRT
PR S - 2RI BVRE DY, FEHMNY
=288 — v BRTIRIIARAERPEE TH B HIC
bz,

PR UIEERD 5 5 12 flizB0RE A (Cola
baby)V & UTHENIZY, REDHR LU TIZRE
D& ERBRLBEVA SN BEET, Bkl
HNTEREERIZD . U UEBTERTNE
WHRAREFICA NI, ZEAFDRIZALNS
FEREZEAL 2O & 30, FEHLR2TV, EEh
%, BRERP L5, WFEE s E O BEMIER
Thsb.

2. BHoORE

B migdh PCB ik 3~33ppb, ¥ 112+
7.23 ppb TEEDRAREEZEDOYHME 3. 7ppb X b
BEcEy (P<0.0D. JHAEREHEL T 2RI
BRETZOERIEBRTHS (P0.0D. Fiz, #
20 vhTIADE—2 02—, BED LS8
OFCHIEIC M A2 - OREE L (B3
MK, KWAURB), WICB/E—~2DbDOWBLL, BE
FBHEDDLRNCEZ-Db DX BETIR 10% T
Hol. ROFHKALNBLI Y o5 h &, R
DOE W A BBREOCMmMEEH PCB BE 27T H,
FRETREERE TN SASIIIEB 2%
RUT.

Mt PCB OB TG 2% 5120, BHOMmA
BEOBNE(EOE L Th THHSEMITEIR LT

HIzDS, HEEDED BT T, BREOEELSEE
N ROBERMNTUIE kol EREOR
HOLEINKRTIEREDI DL 072, Fi—
RicERBED PCB HOB#H X b ETN I, A
FI3 Bz — 2D PCB SEEAcEE LT A
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FiRE UTiE, BRI EESERDIEICEARIFED
FROUINILEDFRADBEL L A LN,

S =3

PCB D> 5 FADBHLT TIREID 5T
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It EEZ LN BY, COESFOFTCHHDAT
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EIND. HBU THHE D ICRATHENS EHER
DBEIEORERIS FB IR DS, [uigrh PCB »s@E %
T O HYBOBETH O &, B nBBENIC
BHEH, HHOZRERAOEED S OEESER
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THEIEAERNENDR TN, i b ANEHE
HTIR 75 5. I2ETSBEORICBNTE S
BHEEEDEDNIL DT AL ENELLINS.
BONEOB BB EREEE D/ VF — L DED
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3 U
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OEEL D, B4 2 A0BHALTRI0ZAEZ
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DI 2T o1 EERIZROEY ThoI.
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RO X090, THEURTY, E37730, ERBDH
375 & DIEFENERIG DU,

2) HAER © Mg PCB @EEEL 6.7 £ 4.28
ppb T, BHE® 11.2+7.23ppb & b B 5 0 T{EN
5, BETOREEE 3.7+1.97ppb L HEZEHE
TdHoil.

3) b & EBIBRATTROBL, £2{fKA
TV gV ROBEL ) M PCB BENSES HHo
7z,

4) ¥ PCB DA Z 70w b &5 ADE— 7%

Z—k, BETRAZATHEL d4%), RTIR
AZATN 24%, BirATH45%, Cx4 I3l
BTHDOIC.

UEDL 5T, PCB {5 unh 2Bl UICEHE» L £
FNTCHEERIE 6 FRFER U TCREAITEN T ks,
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FTNTORMERIZS R E L BHCDbI 2R L RRE
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PCB, DDT and BHC Levels in Human Plasma
as a Measurement of Tissue Residue

Yoshito INnoUE, Sumiko ABE and
Makoto TAKAMATSU

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

Nobuo Aox1 and Shosaku Mik1
Horikawa Hospital, Kyoto

Kunisato FujiwaAra
Kyoto City Institute of Public Health, Kyoto

Polychlorinated biphenyls (PCB) in plasma has been used for diagnosis of Yusho
(PCB poisoning) since 1974. But it was not obvious that PCB in plasma reflected the
total residue in human body. This study was performed to this relation.

Pair samples of plasma and adipose tissue were obtained from 33 hospital patients
at the time of operation. And the other samples—blood samples (21), subcutaneous
fat tissue (2), liver tissue (1), and kidney tissue (1) were obtained from 21 persons.
The PCB concentrations in plasma and adipose tissue, and the patterns of gaschroma-
tograms were examined. At the same time S-BHC, pp’-DDE, pp’-DDT were measured.

(1) It was observed that PCB, f-BHC, pp’-DDE in plasma reflected the residual
condition of these compounds in adipose tissue respectively.

(2) The concetrations of these compounds of the emaciated group were higher
than those of non-emaciated group.

(3) The PCB gaschromatograms patterns varied with the type of PCB exposure.

(4) It was found that two cases had very high PCB concentrations in plasma (230

ppb, 92 ppb).

M PCB & & B & DML, ERFOBN®
BHRAECEBD TERE RELLILEBBD LN
T, AT 49 4E 3 A OERMEEIC § i BiF 6 h,
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V(_:»7)16)18)19), PCB %C‘OL\VC %) ﬁ Uc}: 5 ZJ: B@%ivﬁ)%
HESHRAT, MEHEITLI>T, PCB OEEI5H

(64)



i PCB, DDT, BHC » Mg 611

OEBEBRWETHEV S FHEOBRH 2O, I
B, ABE Tk BHC, DDT >0 T4 a2
ABEEBIC, HEBNEERL AR EOEREDH
FRICOVTH R LIZDT, ZORBEC OV THREL
(AN

MEMEE LCHE

1. &8

FESH O R & ARRAERBRRRIC AR PO
BEDS L, SRS EDHEEENZ 5 U IIRAS
#3340, MEEHRTRERO—E, &Kigih
g 3Nz BB IR0 —HORE 2 20
Tz, ThoDEPICMEDOS BREL TS 50FR
18 ZThotz. RERHFOHINL T, FR,
FRE s & DR EROE DI RE LA E O
HHEHHEL T2,

Zh 6 DEHIDIIHIT, ROL 5 ISIERDH DT,

(ZD1) 13FOMED L&IRTHRF494E6 HiTA
AR R NRENC OISR DR R H 2T
D AE. DY 7 —F VREDTZOICKERE 25
Uiz, ZDEHT PCB ME®D T2 B TIEHE %2 2REL
L.

(#D2) 46FOBTC, EECEHBEL TV B
ST ARG IC AR, R 48 4F 6 Hic e
PCB fEODENOTD, MK & T IE T ISR 23R E
L.

(D 3) 24 FOH CAHAKRFEN BREE—NF
AR THo7chs, FAFI49 4 10 BicgeoLic. &l
BT v Y YEEL i, BiERRTERRL
iz.

2. PEFHE

Rk SMTIC O TR, PCB 4T ICERC
B LU O REERALIS. $, v ATV, &
KEREE S b ) U A E W EEEOD n-oAF Y ATTHRE
%, WL TR,

8|E Ty REOBRAZAY, #HKHIZD
T, T bFUBIC n-~FFUTHREBRBN. O
WRTOERRT x v 73 5129, BEEHA LN
HETT Ly 7 RN RABITOR

Faraw hyS 7 Bl GC-5A-ECD (H)
1318 GC-4 BM.ECD (Ni®®) iz, 1.5% SE-30,
2% QF-1, 2% OV-17 2ol AMNT K%
S, # I LERE 200C T N, #ADHFE % 30~40
ml/min U TERLIC.

f#EH>5 O ¢ Mgy 4ml 2ZHNT, 7eh=

(65)

NUa3ml, £8% 1ml, n-~x3> 4ml 24T
R, BOOMCLOT n-~F 9 UEREDIC
IR S & ORI BB 100 mg 26 2g #FF
B, FEVFAF-KKEY, n-AFHRMAT
REDFA XU, TOLBEPEKGEB2ODIZHT
LR UDIK 2T, COBRERBOELT, HF
D n-AFHUERL —ERRE D, MIEKEDOE
B2MN, BD 2OVCHLI

BB - mEE, (RIEO n-~Fy TR
Jensen @E—Z5E:10, Holden 5 MDJFHE:Y w#L T
R 2T, BRI, VY WFADRIAHTAY
v by 774 -1k Y, PCB, pp/-DDE 2585
Ei& A-BHC & pp’-DDT 723 & & 5HEITHT,
ZNEFNDOELBERPHF A7 u< b 7T 7REAL, &
BER 2 b SICUTER, EEBRTON. FERIK,
- rEEREW. ok PCBIERERICE, i
{EEREHEOTER A 7 n -V RN

3. KEOHE
HHEONEIL, BELEED LR AW DHE
FEHWEIC Lo TH 7.

TN BRY BWUIMD L > TH 5.

o5 g e EBVETE — R
=R E R 100 %

ZUTHI0 BLLERER, — 0%LUT 250 EE
LT, ZOMPERE L.

4. FOMOHEE

7y — b AR O CRIFRE 2170, &
FHDOTEIIRTE, BIOFERGE? S SICEER
OB E S S REH LI,

i& e

1. ML AEEFRORE

Mt & GAghs D W 23 2 A -0 1233 FIOFRIHD
PCB, p-BHC, pp/-DDE ¥k ¢* pp/-DDT ORE
DOIEIF1DOBY TH 5.

ks, COmLIE, R4 OEHF41E PCB OES
wmHTRIC Y b, FEE L/NRD Y, R 3 kRS
OEEVSEIHE T OREEFRE »2 h 3N 3129
BTz, s D33 T, ZhvEhomst s
ISR FROBEICDN T, [HE QR DRMERE 23~
% &, PCBiZ r=0.740, p-BHC I r==0.316, pp’-
DDE 3 r=0.433, pp/-DDT 3 1=0.197 ©&> 7T,
pp/-DDT % Tz P<0.05 T, [ & AAghi
LMk ENEFREESA s (K1),

PCB it Tit, R3RRLIEHAIuw h o5



612 FHFEZEAEH»SA

Table 1. The concentrations of PCB, DDT and BHC in adipose tissues and plasma of 33
persons,
Concentration of the compounds?
Tissue R
PCB pp/~-DDE ‘ pp’-DDT } 4-BHC
Plasma 6.1+3.52 20. 1+10.51° 3.542. 50 14, 4+10. 45¢
Adipose 2.6+1.90 11,9+ 9.70° 1,441.26° 15.7419.78°

i Mean=+SD, plasma (ppb), adipose (ppm), P 27 persons, ¢ 26 persons,

- PCB - pp-DDE - p-BHC
Q20- om0y / 4 (r=0433) 40f (r=0516)
Q ° R
o I . I
E L]
[} 4 o'
So 200 ° 5, 20} °
ja * « ° o,
e s o ®
:,_;Z | ° “ Lo
‘zp.o mao ° °
. @ &
0 510 0 62030 40" 0 10 20 30 40 50
Adipose (ppm)
Fig. 1. Correlation between plasma and fat concentrations of PCB,

DDE and BHC.
e ;. Male,
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PCB 23 icRLTz¥—% pre.1, 1, 3, (5
L 6+7) DENFNICDNT, €—2 2 2FHICL
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-7 IMELE—27 (5464 7) PRicELl,
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Fig. 2. Correlation between relative body
weight to standard and PCB con-
centration in plasma,
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Table 2. Comparison of PCB, DDT and BHC concentrations in plasma,
Concentratlon of the compounds?
PCB } pp/-DDE pp/-DDT 4-BHC
Emaciated 8.4+4.26¢ 35. 6:£22. 65¢ 4,745, 53¢ 25.5-422.01s
Non-emaciated 4.7+2.17° 21.94-15.95¢ 3.041. 964 14,3411, 00¢
po sk £ K

Cases 1~4 and one another case were excluded for special reason,

2. Mean=SD (ppb). ® t-test, significant at P<{0.05 (*) or P<0. 01(**), ¢ 30 persons, ¢ 37
persons, ¢ 19 persons, f 17 persons, & 16 persons.

Table 3. Comparison of conponent of PCB in plasma by relative peak height.

Relative peak height of PCB?

Peak pre. 1 Peak 1 Peak 3 Peak (54-6+7)
Emaciated¢ 42.24-32. 60¢ 43, 5+20. 30 58.5+ 9.19 52.6+14.50
Non-emaciated® 45,2425.90 63.7+19. 89 45,2425, 90 39.74 8.11
Po ET3 TS

2 Relative peak hight was calculated with percentage for Peak 2, Mean+SD. * t-test,
significant at P<0.01 (**), ¢ 30 persons, ¢ 19 persons, ¢ 17 persons.

Table 4. PCB, DDE and BHC in plasma and tissue.
Case n(k ATissue ; Fat PCB pp’-DDE A-BHC
Sex & Age . . mount o (ppm) (ppm) (ppm)
Time of Diagnosis (sample ) co(r;e)nt Whole base | Whole base | Whole base
sampling (g 4 (Fat base) (Fat base) | (Fat base)
1. e 13 Plasma —b 0. 005 0.013 0.019
Female 1 4.0
June, 1974 Yusho Subcut. fat 55.5 0.18 0. 94 0. 26
0.1D 3.2 (1.6 (0. 47)
2. PCB Whole blood — 0.011 — —
Male 46 chronic (19.2) 2(0. 017)
June, 1973 oisoni Subcut, fat 40. 4 1.7 0.63 0. 84
poisonig Q2.0 4.2 1.5 Q2.0
Aplastic Plasma — 0. 092 0.18 0.43
3 anemia 3.D
Male 24 & Liver 0.31 0.21 0. 46 1.5
Oct,, 1974 Cancer (4.2) o (150) 490>
of Kidney 0. 54 0.19 0.41 1.8
Stomach 4.5 36) 76> (338
4. Plasma — 0.23 0.016 0. 032
Male 73 Canger (4.0)
Aug., 1974 colon Omentum 32.5 45 — 7.4
0.34> (140> 23)
5. Plasma — 0. 007 0.011 0. 0036
Male 66 Canger (3.5
Aug., 1974 stomach Omentum 32.8 1.3 6.7 1.3
(0.43) 4.1 Q0 “4. D

2 The estimated value for plasma by multiplying the whole blood concentration by 1.5,

b No measurment,

G 21X, PCB 22T 1l ppb ¢, migicmE
3 A& 17ppb WS EEZRL, ¥AZuw b
LA -3 —20k 5, BB TRIUAE LT

C67)
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Fig. 3. Gaschromatogram patterns of PCB
in tissues.

1. Subcutaneous fat (upper) and plasma
(lower) of case 1.

2. Subcutaneous fat and whole blood of
case 2.

3. Kidney and plasma of case 3.

4. Omentum and plasma of case 4.

5. Omentum and plasma of case 5 for con-
trol.

6. Kanechlor-500

stz fEFI443, PCB BEOSMYE, ik
b CBE THoIz. DDT 3§, A-BHC 13—
BETHI. Igis, EFIS REBOTDIIRLIZED
T, BERIETENLETH O,

4. BHREOHER

Wl & Th b ORISR EYORE & OBRIT
DNT, WEDORICHBIZED 5highore.

# 2

M & AV RIgRS, BRicgEh 5 PCB REH
HEREKE, ZNZFNOEBC LKBBERES
AT BHsvoaes - gy & KARRG, 1K & BFL.&
W3 &5 BRI DN T O &I 4750, Robinson
51 PEHL DOPFEERC L DT, FHERREEDS
4R Y pp-DDE 4 81o0T, 20HEE %
g?mj\y)f: <‘_’_L\ 5?&'%%7)5) 57)16)18)23) . PCB %ngb'c&i,
B & MW E OBRITONT, FE59 1t HRERR

BETCIIHBZOEICHEE 2D Ichs, PCB 38R
RO oI E, FIZEEMRE S 1 124 fITIEE
BRED I EREL TN S, —7F, EIEH & kD8
FBCREENA LN E O HE LD WMED b3,

—fic PCB OERNEERIZ, O OBRERHAIIC
BLERL TN B2Dh, PCB DM & b &
DOHEZRD 201 YEEETh o1z, FHELIHE
Ricd, PCB VWEBEEICEMNICERE LIRS 2047
T AWEEM B 0z 1z, MmiEd PCB & &IEfRD
PCB OO ZEDIZOTHAS 5.

FREELIE, MEOREOLBICHNT, MED
T8 LN L EEELEHDOSHEAEVE ML »
HELE UTHY, $TFRBe 0Tk, feliRAE
Bhizh JEHHRE) TRERRLUTE. BLs?
MO MBNEE DY & IMIROEHER >
TR IBEEICIIHZEOMTIIIEEE 258D T 503,
MRITNTiE, BEHS ODHETIE, BEP/HIL
THENSEDPDL D, PCB D& A EMEEICELE
TAHLENS Y, MEENHBLTNBIZA 5 EEZLTH
5.

7, B REUEER, FNEhOERBOEE
HiEzey, EERELHY, A—EERTIH—TH
HERBLLV. ZOIDHDERBICHIZHTIE, 208
Bt RET LI EINENDSL. L UAK
HBOBEEIVYHEETH 2. 20N IEHBRER
EOTZNL DHBROBER2ERT 3/THBHYT
»HHEBDNS.

PCB DX A7 nw b5 %% — U3 D ©
i3, pp'-DDE kb HRZ7u< b 7J ADEERED
BOWE—2 15— T T2RE TN, S
Zzh o & b REFREO EY pp’-DDE OO — 2
pre. 16— TETR2EOR TR LI, 208
BRagE—s &b, mEEEHEHHRO PCB iz kXt
LTz,

HAZuw b7 a2 —diERES, BEE
CDNWTTTIRHE LU, ThoDBIEIZEBH
A7 av hZSADNE = BRTEIN 2 H BT
ONEDIERID 2 T, BZENEM PCB hEE & 287
shizd 0T, 20 PCBIMECHEBIN TN A
F 70— b—400 (KC-400) {GEV S8 — 2 2R LT
Wiz, FIEEIOD 41k, PCB OABEBICE I
glc, =20 pre.1»5 pp/-DDE Oz st
— 7 ETIREONY, FhiihiE, KC-500 itk {—5
LIz DTholc. ThZBED PCB itk 28K S
Bgue k5 4 O L EZ, BEZDOER27HEPTH

(68)



M PCB, DDT, BHC L##AEE 615

5.
NFEHW 12, KC-300, KC-400, KC-500 % &8he
FRTT v MCEA, EREERER L THEHO
PCB »FEL T 5. ZOBRILhL, BEHT S
PCB O AZu~ hF T aoSF— 0 REEE b HlE
BIE BT DEDT End, HHELD SELHY
DM|ED L 57 KC-300 DX 5 7o{EfE#E (L PCB»
LRIKE> TV AR TOMKH PCB 2HET 55
BREX, -7 pre. 15 7E TR bV TERE
U THIEZT>TNTIE, BEOHMAES PCB O
RERIUET AL LW TEAEEDNAS.
FERIESET %5 PCB 200 TSR 52 Ml
TWBE5I, ZORE (B) ¢Z20FRIn< b s
S a5 -2 (B) OFE»SIEET 3HEEHY,
=EE L OPFT X o T Mo PCB ORI L -
T, HIgEdicash s PCB ORE2ENB 08
MOWm THETE 2L 5>t Bbh 5.
BHC 1z T, Jensen fh—ZSmANAE,
BTk g-BHC DSEIE TR 37710 C, «, rBHC
BB shzholz. f-BHC oW Tk, Rado-
mski 5 33CI MK & HIENS & DENCHEEE 2889
TW3H5, ZFELE r=0516 (P<0.0D) E»ish
BUVHERTHE 23w .. $1z, pp/-DDE 2T
3 AR 1203, pp/-DDT T2 Tii B 232
ootz CNLORBERESOHWESEE L T
7z. pp’-DDT it W THE2ED 5N » D7z D
i3, PCB ARICEEEMEL, 20D OpEL L
Biohds.
BEOHRMAIC N SERRMAYORERA TH
%&, PCB, p-BHC, pp/-DDE Ti3 2V EEHTE
W EDRY 5T, pp/-DDT TidEHE 2R 72
MHotz. Z 6T PCB itk ik, HEEBROS OIS
DD, POEHTEL L 2HEMCDD, $THE
BECHBEMTEL 25 —=2 1IRDOWTHETHOT
BY, SNE—UbHBEMEREDN A~ TET
WTW AL IR BEL LN DY, LOEOEOERL
BIED & CAPEETIZ V. L L, Hesselberg 54
PEREOD A4 BETHA PCB BEETHOR
LERHLUTE D, U TR, BHEL
BT 5 RTERED PCB 254 THIZENS
B2 k3L 5ic, PCB BWEBOERERTRWMZLT
L, EIRED IV CERTIBALLONLS.
ZOT ERMERZECHLUT, HMEE THEEREO—
S E LU THIT 6N T BEEREIR SN T—2DRR
BELLNTNWBREBLALELTEA. Tigbb,

B BRI AP DIERS 2B H 38, FEkpiC PCB 2&
NITHHLUEL5ETEEDTHA IV, Z2DDHICHE
BHD PCB QBENEL A% b, &AWV MEH
I L C a1z PCB —EmicEs@icEingd 5 &
BELZLND. ZDIZD, TORBICEEREIV-F
irhud, &BuciEinuic PCB 2 EsERL T, &
CRITT PRI 2TREN S 5. 20120, B
IWHERFICN U THAEE2IIE CTEAE, 35
ICHRLOEERESIAVbIZTNE R 520125 5.
BELOBRICEN T, BFEACHBERETOA
FITOWTHANIZDITTH 305, PCB BEREED
BAfRIZIZ> X b g0z, C OB L TIEMmsF
5 DRFTEY D3 B8, X3 EMRE L BWABIL 21Th
BOWEBLPIC SN L 5 Thoi.

T & B

Mg PCB T X 2 MBHITEE T % PCB 28
1, HESHE»SIEETE 208 5 b 25 0NCT
AT ERHME UTARER 21702, ZOFE, DT
DT EDBS ITizoTz.

1) Mf¥Ekd PCB, g-BHC, pp’-DDE 2{&A8H5
FDZNZNDILEYDERHERE 2 &  KItL T
1.

2) PCB gy hs OFBERRLATE, 5
WEBICERBETH D T E 2D,

3) PCB o zrZu< b5 u,542—-24%, PCB
OFEE, BE, FARBRSIURBHBEVONERE
FERD BT > THE g1z,

4) FEEICEBED PCB 25 A EFIV 26 5>
7o 1HhxfsErh@EDs 230 ppb T, Wiy 3
PCB Huc k5 e Ebhic. o1 fhixiiEsd
BED 92ppb T, 35K& pp’-DDE 23 180 ppbT,
B-BHC %35 430 ppb E9NTEL, HBICLA540
EEbN.

BEELABOBHEEL LTI OLF A CELERH
OEAEZZELIET. ik, BEHORRICSL>THAL
TREIOEAMERR (R - T4 EH #1),
mims (R - MREHE L), ABRAEEES
g—-4H, B-nE, NRHORKEDHLEELDT
WEUZBEERREREOENANELAECSLERAL D
FEd. FWKERLODTEBL TR WL REHE
EHBEOBKICERHAL T T.

X [

1 #albfnse, BAME, B4 55, KF w:
Bikms Lo EE PCB oflE. A% 30: 127,

(69)



616 HEZEAETLSA

1975.

2) Biros, F. J., Walker, A, C. and Medbery,
A.: Polychlorinated biphenyls in human adi-
pose tissue. Bull. Environ. Contam. Toxicol,
5: 317-323, 1970.

3D B OB, B E, KNEKER: 27
vy —T#ickid 5 PCB P IEROBHRE (R
1), H4TERAEEEEYSHER 331332,
1974, ZEHE.

4) Hesselberg, R. J. and Scherr, D, D.:
PCBs and pp’-DDE in the blood of cachectic
patients, Bull, Environ. Contam. Toxicol. 11:
202-205, 1974,

5) HEAH, KL R, BEFEE: 8R4 PCB
BIUOEBELREE E¥0swas 82: 519-520,
1972,

6) Holden, A.V. and Marsden, K.: Single-
stage clean-up of animal tissue extracts for or-
ganochlorine residue analysis. J. Chromatog.
44 . 481-492, 1969.

7) Hunter, C. G. and Robinson, J.: Phar-
macodynamics of Dieldrin (HEOD). Arch. En-
viron. Health 15: 614-626, 1967.

8) Inoue, Y., Abe, S., Esaki, H. and Taka-
matsu, M.: Polychlorinated biphenyls in human
blood, Kurume Med. J. 20: 83-86, 1973.

9) FHEEA, WEHT, BB 3 BNERO
ik, BAROERERRBEROEBERIC 2T,
BERES 23 396-397, 1974

10) Jensen, S.: The PCB story. Amblo. I:
123-135, 1972,

1D JIPHIES, EBEE, KEeRE WBARER:
PCR ic X 2 ERIEL T 4 Y VE. HEEE 28: 84,
1973,

12) Koeman, J. H, and van Genderen, H.:
Tissue levels in animals and effects caused by
chlorinated hydrocabon insecticides, biphenyls
and mercury in the marine environment along
the Netherlands’ coast, FAO FIR: MP/70/E-
21, 1970,

13) #ExA, B, SEER: HERESL
KO—BAEAOR VG T = =— v, BHEES
65: 17-24, 1974,

14) E#wE—, SRERN, ' 74D, ETIAF:
MAOHEEEFSBIKE T 2HE. BEEHM No.
1988: 24-28, 1960.

15) KAEHE, WBEFER BREREZ: Hle7 =
= (PCB) BiU ABERRBEDO AKIEER.
E2nkwas 8l: 666-667, 1970,

16) Morgan, D. P. and Roan, C. C.: Chlo-
rinated hydrocarbon pesticide residue in human
tissues. Arch. Environ. Health 20: 452-457,
1970.

17) hB#Em, EdER, HHEZBEL: 2o
M RO R O PCB Iz, #4706 B AREEEGAS
ozEmiE, 258-259, 1974, #EHE

18) Radomski, J. L., Deichmann, WM. B.,
Rey, A. A. and Merkin, T.: Human pesticide
blood levels as a measure of body burden and
pesticide exposure. Toxicol. Appl. Pharmacol.
20 175-185, 1971.

19) Robinson, J., Baldwin, M, K,, Crabtree,
A. N. and van Dijk, M. C.: Organochlorine
insecticides : Concentrations in human blood
and adipose tissue. Arch. Environ, Health. 13:
558-563, 1966.

20) AEMERR—EB : 8 PCB iiED 14l THE
ZRE 36: 656-661, 1974,

21) EROLE, BER)ELE: HEEOmE SR PCB
BitoT., H47TEBREERESSEEE. 329-
330, 1974, L E.

22) B B, FE|A, FIEHMT: %+ PCB
DLW ESE. BHEZR  65: 28-31, 1974,

23) de Vlieger, M., Robinson, J., Baldwin,
M. K., Crabtree, A. N. and van Dijk, M. C.:
The organochlorine insecticide content of hu-
man tissues. Arch. Environ. Health. 17: 759,
767, 1968,

24) EHFRE»: BH, MK, &fH$to PCB
SAEIEE. HAA#EE 20: 417, 1973,

(70)



EEERE 66(10): 617—619, 1975

617

MERECET HMEBRRLFNER LI
RNA SgERZERLIC

MR ERFHEARFESE (ZE RBiRERRD

e oE ek KR
e H E—

B OE

NI

Abnormality of Serum Enzyme in PCB Poisoning Patients
with Special Reference to Ribonuclease

Masayoshi YAMANAKA, Kimihiro AkAgGI,
Nobuyuki Hirao and Koichiro MURAI

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

Serological enzyme analysis was performed on 101 sera of patients with PCB
poisoning, including RNase, GOT, LDH and alkaline phosphatase, The means+SD of
RNase activity in young (under 40 yr) and old (above 41 yr) patients were 194451
and 220450, whereas those in each healthy control group were 1424-26 and 162439, re-
spectively. The enzyme levels in both groups of PCB poisoning were highly significant
statistically compared with those of normal subjects (p<{0.005). The respective abnor-
mal elevation of GOT, LDH and alkaline phosphatase was observed in 6.4, 7.3 and 9.0%
of the cases examined., The mean values of abnormal GOT, LDH and alkaline phos-
phatase activities were 64.8+41.3 (mU/ml), 254+41.5 (mU/ml) and 169+27.9 (mU/ml),
respectively. Electrophoretic analysis of alkaline phosphatase on agar gel indicated a

single active band of hepatic origin.

WIERE O MERALENER & U T, GOT,
IDH, ZVAH Y #7427 7 4—¥ D LEIPHE S
NTOBZH52, ZO LRI THIBET, XEID
BETRERGHEICE o003, FROMIENM
MR TS, BRERERZA SR TN, B,
1310, MIEEREREI MEHOET LED LR 28K
U, AREOHFEMERE & UTO mRElE 2 R L T
5.
ZCThhbhi, BIMEYYY, BYew, &R
£VN0 J POMEFEREEATME RNA #EEER (U
T RNase) »%FHEic BR§ 2HRICETS s, HES
ECABREE 2 HIEL, &5icmiE GOT, LDH
BIOT7VAIET 2 27 5 2 —-FEEICONTER
BEmAl.

MRELUICHE
NEIIHEF 9 4 1 BT Thh iz EEHRAZ 2

#ZD >3 5, MmiE RNase 2#[5 U7z 101 5EH] GERH H
X:61 A, JeSui#X s 17 A, AR : 11 A,
KEHMX : 9N, HINBX : 3A) Ths. @&
LT, JUNRERE 8 X 0% D Kk 5 &Il 2172
7.

7 RNase OfEIL, Anfinsen 52 DF LR
BUTHEALRZ. #EE U T4 -2+ RNA (Sigma
) %2, S0mM h ) EREEIR (pH 8.5) T3 H
FUkESFRTERL, 0.5%B®RE LU THN.. Kk
RNA 7w 1ml icg 50«1 %2in%, 37°C, 30 4
4 Fax—FlichE, 0.5BHEBY T =VEes
ir 3 BBIEHEBER % 0.2 ml 2i0Z2 TRIGZEDT. XK
BRI 0 ERE L T 6, 2,000X g T 5 SiED
#, 2OLE 0.2ml % 3ml OEEKTHERL, A
VT 260 nm QESEERRELIL. CORBETT
mi7E RNase i3, Aggonm 5 0.45 F TEMBFNIT RNA
BB 5.
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¥ GOT, LDH LI 7h 7427 7 %

— ¥, WNRZEEERFAEELTHAELIZ. 7V
BT AT 7 B—E DT A VHFA4 LD, 8
RKe® OFHEICE DI,

14 #

Mm% RNase HEM:2ypfEAE 101 A &0 67 A
DT, FE £SD B2RULIZEOWELITHS.
7 RNase {Hifid, FEFREI->THEEPRTLEX
bV, A0 FLIFOEERE 41 FL LD BEFHIKDY
THEBEF LIz, ZLICRT L S Kl s 3 it
LEBR GEZED T A, Tabb WEEERT
i, RNase /&M 142426 (n=32) THh2r0IH
L, HEEE T 194451 (n=57) CTholz. &
BTk, W@ RNase {EM:DS 162+£39 (n=35) %
RU, JHERZ T 220450 (n+44) THhHY, 40F
UTBI4l F U ED BEEE § i HEBE S MERSE
& RNase [FEHDOEIIFEETHIz (P<0.005).

21X, MiE GOT, LDH BLor7mvh U7
¥ A7 AP REAELIIEEDS L, BRERED
1ZHDODEEBS LU ZDNIGE £8D 2L, X
SITNVHVEET + A7 7 2—¥EEERLIZTAD
3H4 ADTAVFA BN E -~V BRUIZ. TvHY
MW7 3 R7 7 Z—FRDNVTIE, RELC D 2EES

TRUELEEN B2 RTOTL I TIZ 2072 1
DBEBIZDNTOABRE LIz,

GOT, LDH B X7V H ) 75+ A7 7 X —FDE
BiX, 2hEh6.49%, 1.3%, 9.0 BDEELAL
Nizh, ZOLERIZNTNIEBETHOIZ. 7vhY
WTxRT7 7 2=FD7 A VAL N, WIS 1L
B (FEE) O&H 23, 6 EfIIKfTor i 52
DL E—HT 5. 35T GOT, LDH, 75k
T xR7 r Z—EiEHEME RNase FE 22020
KLU THIZN, HEMCEEOHEEMEA S s
27z,

= E24

HERE 2HRINRME» SBET 5, RHMLsE
ZNFIRICZE UL, ERY Z2EYE, EE, FEOv
LR, BEE, ¥k, TAREESETHS. I
MR § BH 2R3 8 D347z { GOT,LDH,
FVHYVET x AT 7 2~ €5 EORE 2D I2EH
TS TH, FIEERO—ERARNME UTRRIBAER
OPBEIRTH 5. bivbiud IEREZ KBV T miE
RNase MEERAMCEUERBICEEZPTRIT & 2H
BUIH, REREED LR 2RTOEBEREREL
125 2°C, BEREFHRE & 3 iciiE RNase FEit %
BIET 5 C LIEERBERT A LTRBICIL A THS

Table 1, Serum RNase in patients with PCB poisoning
. RNase activity
Group Subject No. of case | Mean age CAasonm X 105
PCB poisoning 57 22 1944-51*
Under 40 yr
Control 32 27 142+26*
PCB poisoning 44 51 2204 50%*
Above 40 yr
Control 35 52 162+39%=

Mean values & SD were presented. *p<C0. 005, **p<C0. 001.

Table 2, Serum GOT, LDH and AIP in patients with PCB poisoning
Total No, Abnormal subject
Enzyme Normal range of case
as No. of case | Mean + SD Isozyme
<40

GOT (mU/ml) 94 6(6.49%) 64.8+41.3

100—225
LDH (mU/mi) 96 7(7.3%)> 254.0+41.5

30—125 . . .
AlP (mU/mb 78 709.09%) 169.7427.9 hepatic origin*

* 4 of 7 sera were analyzed for isozyme.
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9.
¥ RNase O_FHERIC OV TIXREZ 520
23, MBS, [RAAOHHLEES®, Z DM
WA AT BESIVOS 23E 425 T 5. Albanese
SY Ik BE, BEHMIPAITI o851 RNase
Mz ERT2E L TN S, BERERIICZ>E D LT
VWADM, EEEE, AL S OEREEETEYR
CERTALETHS.

SEDNbIUIHERBECBN TABRREDO LR
2RDIH, ZD EFRBE KOV TE LHTH 3.
PCB HEFRAELR 6 R2EBUIISH T, HE
Bahiz PCBixfESEA&MCEtah, ARERER
WPIEOEL TN AEDEEZLLN S, UL Lk
5, WHLHVW kbs, BETHHERLEOMA
PCB BEEIIBEADH 2~ 3 BE. HERZICE
W, EEEE, BREnEORBNED S
b 59, 1N RNase s bR L TN AT &,
ITBEPICER L TV 5 PCB 33, catabolic iz fEH
LT BHREEDY S 5. S BERNI ARG DE
B %BHT 5 L EBBETHS 5.

% i

FRFI494E 1 BT U i Bl EE T2 LI
FIERZD 5 b 101 £z T, [ RNase iFH: %
HE LTz, 3 5icmiE GOT, LDH, 7 Hh Y 7 5 &
TR ERBEZD A VT4 LD TREL
72.

1) m#& RNase i, HMEBZFICENT, HER

@OFLI), meER FBLR) &, @HRA
ONRTH UEBED LR 2R L1 (P<0.005).

2) GOT, LDH, 7 aV¥T+ A7 7 2 —+iE
HoLEE, ZhZNHERED 6.4%, 7.3%, 9.0
BieAHALNIIN, ZOLEFEIINTH EBEETHOIZ.

3) MEBBZEDT V) 7 xR T 7 Z—ET 4 VY
4 ADTE, HEEDEDOAPED bhi.
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Consecutive Six Year Follow-up Study on Serum Triglyceride
Levels in Patients with PCB Poisoning

Makoto OKUMURA
First Department of Internal Medicine, Fukuoka
University Medical School

Masayoshi Yamanaka, Sumiko NAKAMUTA
Second Depatiment of Internal Medicine, Faculty of
Medicine, Kyushu University

Haruo Uzawa
Department of Geriatrics, Institute of Constitutional Medicine,
Kumamoro University, Japan.

Serum triglyceride (TG) concentrations of 40 subjects (14 males and 26 females)
with PCB poisoning were determined at least once a year for 6 years successively from
the onset of poisoning in 1969. The determination of TG was carried out under the
supervision of cooperative triglyceride standardization program, Georgia, U. S. A. Total
number of determinations of serum TG was 219 in 1969, 166 in 1970, 206 in 1972, 75
in 1973, and 46 in 1974, respectively.

In male subjects, the mean values and standard deviations of the results(mg/100
ml) were 159+57 in 1969, 166455 in 1970, 169460 in 1971, 174469 in 1972, 164--68
in 1973, and 160118 in 1974. No significant change was obesrved in these values for
6 year follow-up study. Contrarily, in female subjects, values obtained in these 6 years
were 155+75, 161470, 155-+80, 153463, 129+50, and 111-+56, respectively. The
differences of mean vaiues between 1973 or 1974 and those of 1969 to 1972 were found
to be statistically significant. It was suggested that serum TG levels of female subjects
with PCB poisoning are decreasing gradually, though those of males still remain in
elevated levels through out the term of this study. The mechanism underlying these
sex differences is yet to be elucidated.

FEFD 43 SR JUNIEE 2 D ic SBRFEE R A 12, 0 BT 2D, EBOLODORFTEEL TN L3 DR
DY B (LY 7 = =—vd AW PCB #iE) ZW., REFR TR YUD» 5 MEROE V254 K
LRAELRTCIRTERBRLIC. RNPEREIER PEEHINVYY, IEMEOBETIRIEEASETHA
s RER 2D TRIEL, SERERNHS. Z WA LN & BIRIRE LY.

DHROFBBE & DICHBERIBRL>OH 5% % S, WERZFDS LRELEK 6 Fichizy, B
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ZRREVERIERMENY V€54 FGTTG
BER2EEL B 40FITo0T, TOROHEBI DL
THE U2 RiE 23h 3.

FUNATEE AT B WA 232

HRELUICHE

Uz EE,

BLOCEETON 2 IEINRE 222 UIcRERE
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D355, 19694 &k b 197440 6 Ffllic, BED 2
L &3 1EIRME TG OEEZ2ITNETS DI 40 41

ToHol.

RN 14 51, & 26 BICHIRIFOEFD

SEEEITE 42.0F, & 338.4FThHol.

% TG o FRESS 1969 43} 219 @,

1970 47

166 [m, 197148206 [, 197248 135[7, 1973 &4 75[H,
1974 &£ 46 BT H-o1z(Table D).

Table 1. Serum triglyceride levels in fourty patients with PCB poisoning
Triglyceride (mg/100 ml)
Cli?tge Name | Age
' 1969 1970 1971 1972 1973 1974
1 Y. K. 11 106(2) 155 125(5) 118(3) 186 236
2 HY. 13 237 97 128 152¢2) 141 124
3 K. K. 32 200 70 123 89 61 33
4 | MK. 35 182(3) 181¢5) 161¢6) 197¢3) 1210 132
5 K. F. 38 264(4) 184(3) 297 291(3) 180 159
6 T.S. 39 86(2) 96() 98(9 118(5) 151(3) 53
7 M. S. 41 84(2) 172 90 65 91(2) 78
o 8 | A M. | 44 120(6) 199¢8) 209(6) 194¢4) 204¢2) 102
= 9 | H.M. | 44 212(8) 260065 202049 260C3) 353(2) 488
s 10 C.K. 48 153(3) 259(7) 256(5) 23203) 195 305(2)
11 T.H. 55 16411 166(5) 211(8) 166(5) 149(2) 122
12 | MK, 55 163 170(3) 160¢6) 131(6) 13203) 121
13 M. K. 60 162(8) 13002 155¢6) 262(2) 182 188
14 U.T. 73 89(10) 186(8) 145(9 160(2) 146(4) 95
(62) 58 67 43 26) 15
Total| Mean 42.00 159 166 169 174 164 160
S.D. 57 55 60 69 68 118
15 | K.M. 7 389(5) 296(6) 217¢5) 275(5) 133 127
16 | M.K. 9 185¢3) 206(8) 171(8) 159¢5) 98 80
17 | M. S, 9 98(2) 117¢3) 65025 8203) 68 82
18 | K.M, 12 279069 312(5) 258043 197¢25 226(2) 204
19 Y. S. 14 148(2) 130 101(3) 137(2) 81(3) 57
20 H. H. 14 94 216 135 244 111 65
21 N.K. 14 190(4) 69 133 124 254 127(2)
22 | K.M. 15 162(2) 147(2) 158(2) 173 112¢2) 95
23 | MLK. | 20 159¢3) 130(2) 113¢25 102¢2) 119¢2) 75
24 M. M. 29 141 105 76 98 90 49
25 | K.T. | 32 139¢2) 165(8) 137¢ 146 118 90(2)
26 MY. 35 80 61 63(2) 61(3) 51 67
27 | Y. M. 37 253(17) 246(16) 260020) 225C11) 185¢4) 135
© 28 T.U. 38 191(3) 222 130 157 99 132
=t 29 A K. 40 136(9) 126 153 135 137(2) 93(2)
g 30 | M.S. 40 112785 136(4) 1293 105(5) 110€2) 8
S| 31 C.M. 44 240C7 281(55 450 307(25 208(2) 264¢2)
2| T.K. | #4 106¢25 135045 142¢5) 126¢3) 135 117¢25
33 | K.K. | 46 155¢21> 146(12) 159¢34) 171417 1715 199
34 N. N. 46 101¢2) 67 103 62 4 37
35 K. K. 48 214(18) 172(8) 179(14) 169(10) 165(3) 193
36 | AN, | 49 49 71 64(D) 6202 8 68
37 M. T. 54 101(6) 177¢4) 212(9) 221(5) 165(4> 139
38 H. H. 56 131(12) 186(2) 171¢(% 146(2) 126(3) 173
39 | A.T. 57 100¢125 178¢5) 167¢55 150(4) 142025 61
40 S.M. 59 T2(D 83(5) 95 135 98 78
1sn (108) (139) 92) “9 abh
Total| Mean 33. 4] 155 161 155 153 129* 111*
S.D. 75 70 80 63 50 56

Number of determination is shown in parentheses. *Mean values of
significantly lower (p<C0.05) than those of 1969, 1970, 1971, and 1972.
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BRIIE T & 27207 PRI ZRIERE 1< f9RIR K D $Rifn
L, MRS BEREL, ERICHEATHEL
tz. TG OFEEE T TS LIciE 20 &
B AERMIE 74229 Th b, H—HIKo0T,
H—HZ 2P OB TG 2HE L HEKIL,
Z DEOYIGER S > T2 DEFD TG EE L.

54 &

B Table LIiTR9TERSHTHB. WH405%
B4 HEHTF 26 HlE bl T, SEBIEST i
TG HOEHEL L oERERE: (5.D.) 2HEL
12, A—EFIC2NTA 3 &, FEERCZEREEE
OfTbNiIzd Dk, EADEIIZHESEITS D EMA
BNBLERFTTRIBIIEBHITHA. UL LRE
EOFPHEILELLIZ S OB,

BT URIOXEED B 245 &, TREROA
5% 4 DIXER No. 2, 3, 4, 5, 11, 12 ¥ Th
b, ERBEREOA 5N 3 S OIER No. 1, 9, 10 75
ETH BN, 14GIOFSETAH S & D 6 EFDIER
it 159, 166, 169, 174, 164, 160 mg/100 ml Gi3 &
A EBLDIA LRI,

—HTZF 26 Flico0Tid, EECEI KRE2EH
2R No. 19, 21, 37 2 EDERLALN 305,
1973 &, 1974 FCRIETHEHRA% 77 3 O BT
BB, ZOEEJEEE2H B E, 155 161, 155, 153
129, 111 mg/100ml T b, 197348, 19744ER O
W, 2OEETITOEDEL D 3R (P
0.05) EFL TNV 5. RTOMEITRERE b BFICk
NAHEPRELEIBERL T3, BED2FEOLY
{EIXFEE OB TFOEICENT L P EEZTRL
7. DX 5 1974 © LFEy TG Eo 111
mg/100ml &, 1969 4EMIED ERETH S T4+27
mg/100 ml¥ T 3 &, B S B IER LREBI
HAHENS T EWhhb.

Z =

MERV VT4 K (TG 5, BHEMEERYT
WS ERE, PCB HBOFELR O BRI AL
FERATIRE L TQEE SN TR, bhbhidsk
¢ PCB HERELOED 3£/, miE TG g
HeiEL, OB NEETR2RILNTE 2R
NP ISIEE LI, B TG #E), MEQRR
PEYBEEELONS PCB (#27o—iv) OmH
BEEIIMEETICE2MELLY. CDk52C
L, FEB 200 TG HOEEL, FRED

REO—E2HEM U TR EELBLENTELS.

% TG PRER HT 2 C LT3 £ DERED
fEEah 50, PCB HEICkKIT 2HRBICo0 T,
BEASBEHIN TSRO DONIRTS . WESE
LA, HF7n— BRI >TEER TG O
RYPERO L IHIERBIIT S RS B0ty
UTCNBTERHHIT AT EF2T03Y,

EELD— ABRSIZY, EERARO—BERICOWN
T, o, EmAE, RERE, DEXNEE, EER
ETEYE (217U Y vy, GOT, CCLF Bk
FAHIET 4 X7 7> Z—F) OOTRHP—2H BN
BZ2NUER L2 DREBEALIZEDRNDY ZEE
FHELIZBED TG %, ABL L H UERE CREE
Utc. #0fHRIE, TG BB T TRESCHL»ID LT
IBE—ETHDH, 20Hh 0 69 FOMTIEZ DEHIE
13120 225 140 mg/100 ml OEHEAC Ho1z. T
R TEF TR0 FABRICSNTRER 2 )
(103 mg/100 mD), Z0D#ix 50 FBHYED 140 mg/
100 ml FCESE & HIITITEFRNC ERE L T,

LS DEE» S, SEEGE Uiz PCB HEES]
Rl A1mE TG O 6EMO Bhes 5L, BFT
BENAVXVOETHERELTCNEENSCE TE
. LIS L TEFORBEIC N TR, 19728F
HeRT 1973 48, X 50T 1973 4F1 KT 1974 iR &
FNFNEEOETHEAMA SN, Thbb, &F
TREMIELAABNLNVCHDIZ S DI, 64E
Bic—aFiea s h Em &, EFLZEN
5 EWTR A,

LD 5 BRETCA SN ARBERNL, EDX 5
BRI A0, ZOBRISED HETHS
5. EEIME TN ETcD, PCB mhEm—igicou
TERT 3 LT ERODS, BRSO L ~ T
dolzffE TG H—WOH T TRERZ RULIZCE
i3, RIEDRBORELSWAITEE LOEREBEVA
&5.

# b

wiE (PCB W) BEDS L, MBEMY SV %S5
4 ¥ (TG) HOEE P FAEE D 1967 L£LISK 6 £/
CbhlzoT, BEDr &b 1HEMUEEEL ZIEMN
13406 ThHo7z. TDABID S LbiTix, BT 1441,
TS 42,0 F & LT 26 B, EHESIB AT TH
7z,

By omE TG AOFHEED 6 EROHRIL 159,
166, 169, 174, 164, 160mg/100ml TiI & A EZE
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BiZA LN TEOLRVOEFRBL TNS. ThiL
EULZTFD 6 B OHERIL 155, 161, 155, 153, 129
111 mg/100 ml ¢, 1973 48 & 1974 DN HEIZZ N
EIDY DL Y EFBEDOK THEENALNIZ. TDXD
IR BRI A 5 NI RENZE LOBRE DB INI S R®RIT
BINIHEETSA 5.

BEREBECIHBAN RV ERARZEZRKREGT
REFHEHIAKCREHT 5.
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2) MRIREL, BEER MERE BAESZ
W Ehe7 2=~k 3E 7Y £ 7 4 FIE. 18
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3) BRE4L, FHEER WERDE B O BF
WHERT, BAREZEY: ey ==—ick2H
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HEEFCBTAMBE 5470274 FO3IE[HD
R, EEESE 63: 401-404, 1972,
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ANMKZEHERRHREARBEDOMA
PCB L ERIRER & D B 4%

FMARFEFREERERE (EE: SWBHEED
=2 H 5k
B-ERAEYHEMTERE (ZEERD
¥ H & A

Relation between PCB Level in the Blood and Clinical
Symptoms of Yusho Patients

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

Yoshio Masupa
Daiichi College of Pharmaceutical Sciences, Fukuoka

Blood PCB levels and clinical symptoms were studied in 72 patients with Yusho
who had visited at the outpatient department of Kyushu University during April 1973
to March 1974. Blood PCB was analysed with gas chromatography.

Patterns of PCB on gas chromatogram were classified in three types, type A and B
which were peculiar to Yusho patients and type C which showed similar pattern to
controls. The mean value of blood PCB levels of 72 patients was 5.9+4.5 S. D. ppb.
The mean + S. D. of PCB levels of type A group composed of 43 patients (59.7 %)
was 7.2+4.9 ppb, that of type B group composed of 26 patients (36.1 %) was 4.3+3.1
ppb, whereas that of type C group composed of 3 patients (4.2 95) was 1.7+02 ppb.

Clinically, dermatological symptoms were mostly observed in type A group. Type
C group hardly showed such symptoms. General signs such as fatigue and headache
were noticed on patients with any types of PCB pattern. Same type of PCB pattern in
all of the family members was observed in 15 families out of 21 families.

bhbhud, HEf48FE4 AL b FuKH BRERHE
MNkBEFEDMH PCB QFEIE 2T 2T 5D, ZDH
DOHIERERZICONT, fifF PCB B & EFRFER
ESICEBER E DR ZTEL, —IBE Db s
WTEIIDOTHRET 5.

me PCB RERIE

(1x &

AR 484 B X b 1 BRI SUNKFEM BRBERE
HRe 2L WEREEEDO T2IATH L. BBH
ER2OEL TRRELTZ 94 GRRERZ) 220 Th
BIZEELIZOT, ZOKRMRET 5.

(20 #
PCB it & i BB L1205 A MEH R &

PR FANTEmML, 20miE 10g 2EHL 1.
(3) FrHEE

DETTEDEMCO N TRBEE LY 259 Tl L
TWADT, ZHUCWTH, TP ETT 5
IEED 5.

FmUTz4m 10giz 10ml O= & 2 — b kK
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Table 1. PCB in the blood of Yusho patients and others
PCB concentration (ppb) Total Average
Group Pattern number conc,
1) 2 3‘ 415 61 7‘ 8| 91112113 /17!18126 (%> (ppb)
A 1 82156 2|1 2011021143697 7.24+4.9
Yusho B 1150915111 11141 26036.1) | 4.343.1
patients C 112 3C4.2) ) 1.7+0.2
A+B+Cl 2|8 |16|133 167 20211131 ]2|1]72¢100)| 59+4.5
others | C [2]4 EINE ' ] IHE 2.140.8
Table 2. PCB pattern and incidence of clinical symptoms
PCB pattern
Clinical symptoms
A (43 cases) B (26 cases) C (3 cases)
Skin 22(51)* 0 0
. ) Palpebra 31(72) 5(19) 0
Pigmentation g5y, 41(95) 15(58) 2067
Nail 32(76) 9(35 0
Acneform eruption 1535 0 0
Comedo 15(35) 6(23) 0
Infection of skin 14(33) 3012 0
Deformation of nail 28(65) 10(38) 0
Alopecia 0 1C D 0
Disorder in teeth 8(19) 208 0
Hypersecretllc\)/rllei%{)mian gland 40093) 21815 3(100
Fatigue 21(49) 15(58) 1339
Fever 1C2D HES) 0
Phymata in articular region 4C 9 2¢ 8 0
Cough and sputum 28(65) 12(46) 1(33)
Digestive disorder 15035 12(46) 2(67)
Headache 20047 9(35) 133
Numbness of extremities 15(35) 8(3D) 1(33)
Menstrual disturbance 5/17(29) 2/9022)

* Percent: e, g, 519%=(22/43) <100
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Table 3. PCB pattern and grading of severity of skin manifestations
PCB Grading of severity (%) Total
pattern 0 1 I ]II W %>
A 1C 2) 163D 9(21) 8(19) 92D 43(100)
B 8(3D) 12(46) 5(19) 1C 4 0C 0 26C100)
C 133 2(67) 3C100)
Table 4. PCB pattern and severity point of general symptoms
PCB Severity point* (%) Total case Average
pattern 0 1 2 3 } 4 ‘ 5 (%) point
A 7(16) 7(16) 13(30) 5(12) 8(19) CD 43(100) 2.2
B 4(15) 83D 5019 1Cd 6(23) 2( 8 26(100) 2.1
C 1033) (39 1033) 3¢100) 2.0

* Severity point was counted from five main symptoms: fatigue, cough and sputa, digestive

disorder, headache, and neuropathy.

REWHEHSEODS, AENFIRPEEZ2ER (28
SRR, FE, BHVTRE, Bk - vEE, HLEER,
W - UHE, FEURERB JUARREE) OHIUH
Eix, Asx—r, BRE—OBRIR—ELUICEmX
HHENIZHDT. CE—Z3ZDATH LI, K
BEERIZT EAE 2L, RRINERBETHDI.

(2) A, B, CNE—V IEEEE

A, B, C&—rrREERE (FIR?) O
ERPic (Table 3). 0, [ERB,<g—rDF
ML, 1EPHECYEL, [, VEOBBERA X
— T 20 %R ALNIDIHEL, B/Z—2T
BEAEICEHSUNERZ OB THDOIL.

(3) A, B, C/88— L tLBIEREREE

A, B, Co8x—2 28R E DBRZHENI.
EHEROBEREERPHETHELLT, DE¥D5 DD
REZLEEL, SETEHRLI.
OEEBEE, QBN - Bk, ®HLEER, @
Y- BHE, OFIBHREER (F - EOLONED.
Table 4 iZC BT D728 DTHBH, BFDIY
Tl LTS 5 A TENNE— 0 S HERERED
ic—E U TR A 5 g,

(4) A—%ERA, B, Crex—rO—FK
HiEl: PCB 32> TRALUZARIEZERL
EORELICADTHAHDT, AUAELT AEE
RIBZRAC/ -2 2RTCEBEGKINS. HER
FZNRERIFE2RULOL D 2L FKTONT, K
BEHNEEDA, B, C/2— L O—FEEPH~NIZ. A

ISE—VDRIEY, BXE—LDFRES, Crek—1
DFRELT, A5t 21 FKER 15 FERBE— -2 %
AU (—BEE T4 %).

» A B X

CCTEEDIILED MERFR, £ DO
[AFI 44, 45SEFTIRIMEL BEINIZEOT, HE
EUTOEEER, BRERVERTHIZE DN
WEEBLLNA.

fEfL 48 T 7 b IHIE BT S 2 B L
BT PCBRERHFEL T, RIcLTENK
\FOBEND AL OPEETHOIIN, BERNICET:
BEEMITE> S DR EWIEL 5 AIRERERE &,
FEMIEEE & O I L MTEDA ED SN &
3, HIEREERNDS D PCBEHtOE S, HiEs»
RTHIDELTEODTEELRERZ Db DEER
55,

F9° A PCBBEIROWVWTAL L, HIEEET2
T3 1ppb 5 26ppb $TH Y, FHE 5.9+
4.5ppb E7goiz. iU IEMIERE 9 ZOVIGHE
2.140.8ppb 1T HNBE2~IEOEETH 5.

DOEICMEBREDRMDON AT a<w "' T LD g
— B BADENEHET AL, €2 1DEL,
Y= 5 BENEED/E — U B2TRT OB &
otz CHREBIILIZT 4 A% 4 VD EBE
WP IEREL T Z2DEE BETIEDEEZLLN
5. MEBEON A2 0w N T L%, WIEKEED

€80 )



mh PCB LBEER 627

A= RRNTANRE -, TRUTIEHNE DR B/
-, ZUT—RAERSUHANEDRC/t - &
LTHELTABE, ANEZ— Db D434 (59.7
%) M2/ 25D, B/NE— Db DH 264 (36.1
%), CreZ—rDyDi3H (4.2%) WTELHo
7.

Hoea— Bl PCBRBEDODELERZAD L, AN
Z—> 7.2+4.9ppb, B/&—1 4.333.1ppb, C
)2 —2 1.740.2ppb E73h, AZ—2 D DX
FEHAE B DR 3R, Boex -3, Crex—
VI3 RICT ERVDSHIRERE L ABETH DT
b b 12 F DM PCB JIEEATRT X H T,
Az —rDh OWE L L L PCB 2MHNTEREFL,
Tl MMM E F RV nw b T a0 E = BR
U, B/SZ— 030 UC i X SBT3 0 058E & 2>
IC—fE AL b EW PCB B LB OTI 4 — U BiR
U, CNE—VTIE—ALBRES N7 - b ENS
WEWNIFERE IS DT

M PCB BER L 0%/ 4 — U DN AR DEIRAER
EWNDTS AEAGRDS D B> R A ATIDIC, RIERERE
HOARFEBICOWTHRBEHAE 2T, —HO S Did
JMIEFSIE 3 TIC 5 2R U BERATR o7 h Bk
UL TN D Z0DS, BRERERE L EHE
FER & ZEEER ST, R s — L B RBISEE 2
Alz.

FTHEERTIZOTNOERS At - D8 D
PR A - D EL, BEERY» S50 TE, mH
BEDENA/SZ — 2 OFBERIER S HL, 15
Bhsdh 5 L 5 IBbNADS, EEROT TRAEE
L DTEY, & —Ro—E LT HEEBERIEA S
Nishoto. £ BEERD ILERZ %, 2 — 8l
i, BEVRLEHANLODOEREBTI»EHLTSS
&, ASZ—2Ti36, BixA—LTiE3, C/eg—
TR2ERES Y, Bs i PCB B & KE
FEMR & ORICHEEEBEY S 5 X s icEbhiz, [ikic
EEERIEONTAHBE, TERDS BA/CEZ—,
B/¥&Z—1, CrEZ— 0N P 2EREL D E
DT EMIDER 20T,

FNFEEERCI>TEE2DEL, Fg—-v
B AR EREEOFBEE 2 L~TAID, 0, KT
BB —EL, TETEERL Th3 s
Anxa— ey, I, NEEB/ 4~ TiZ&
BUCIBAP L, FEAEDS DMBANEZ—ThHhDiz.
A ERROBEEZIT OV TR E L itnbihv Tz
WOT, ESEROEGEEE, Bk - BE, Mt

fEIR, GEAE - THE, REHBEEROS 22 L0 DT
HEAP1REUTEMTRLTAILY, Bi— il
O—ELTCEER A S Vsl 44, 5 H%ERT
BENDTPENE By~ REL AL,
FREERER—KET b ZIEROFEZEL T 55
ERICRS BN, PRASEREFESECHR B
[Rid ADT, ESR EL TS ERO HEHIT
T, M PCB B & HIREIRE O HERRE2T A
THDIGHRTH 505, Dl &3 FEERICEL T
i, EhidoE b UNHEBIBERES 5 DD T
V&S5 THA.
REBRICE—FRKERBEDR 2 - D—FET
AN, 2 FERISKE (11 %) BRI - %
RUTZC &iE, BRENBRICI2TEBI2TCEDTH
BT EREREEXTHIDTHS LRI, M PCB
DH AT T T LICED FWIPIDIC ETETDH
h, BEEDOHAEOPZ RTEDT HBEVAL
5. AN — U RRTRENTHENS KK EF—
DRER & ABEEDDIDNEADABB~C/tZ—
BRL, HEERIBETHOIEFPH DTN, M
Ft PCB HIEMSE S 2 M 2HHBCRL TWiZ T &,
ISR ICHER S B L EThHDI.

(A O

FHFN 48 FE 4 B & b &Y 1 4ERDIC FUNKER Rkt
REANR % it ERREE 122 0MmH PCB BE
&, FEREIR & DEIRR AT, HIERE DS { XH
44, SSEFTREEINTCBETHS. WEERE
7200 PCB BEDOXISEIX 5.944.5ppb TH
D7z,

A, B, Cra—VRlicasd e, ANz— 434
(59.7%) THEE 7.2+4.9ppb, B/eX—1 265
(36.19%) THHH 4.3+3. 1ppb, C/8x—2 3%
(4.2%) TY#E 1.720.2ppb Th-o'z.

BRIRAEIR O FBUEE 2 & 4 — 1 BICHANTH B
L, EBERIZOTNOERS A i —UREE
{, DIWTBRE—Y, Creg— L3 % LmEME D
DS, BEERIE A AN, HER
JEFEIC DWW T B T AR, ANZ— Tk 0 B
BEAERL, T, I, VEMNEHLTHENE 20
BRIBRABLNBDICHL, B/ —2TiR0, 18
BELHTEL, I, VEZ4~0%ThHDI.

—HEFERTERERDOHEIUFEICA, B, C2
#—T—REUIEMZZL, 2888, - %
%, MLERMER, SEE - THE, F- BOLONERE

cel)



ZHIA - HHEEA

628
1 HEUTRERROEERE 2 EMTETE, A, B,
CEIZ—LVTNE T2 [ ERY, ZREND,e X "
oY DRCERA LRSI D HEEA, #: REBES XU—RAOMLE
R EOWEEEH 1 KE2 U LD KED 2L KE  hoRVEleT ==—u, BRERE 65: 2527,
HY, 55 I5HKET AL MA PCB sx—2 % 1974.
- 2) FMAHWE, NA—: WEOEKNER, &
' CEEREFRREZOHORE. BHEERER 62: 132-
138, 1971,

MekAioicdich, ORMEBOLAIKREER
BMARRSERBEBRERSHORERT 3.

(82)



BHEEZE 66(10): 629—634, 1975

629

FRF0 48 SEX, 9 FE—FRZICHITS
HEREEEEORFH LML

MKRZEFERRENEE (EE: SBERTHE

jizh 1

— % H 5A

BREAZEZNEENESE (FE: NERBERERD
?L[l:?

gl =

i

Alteration in Skin Severity Grading of Yusho in the General
Examination in 1973 and 1974, and Presentation
of a New Standard for the Skin Severity
of Yusho by Point Count System

Masakazu Asani, Hiromu Kopa

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

Shoji TOSHITANI

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

Alteration in skin severity grading index of Yusho was investigated by analysing

the results of the general examination of Yusho in 1973 and 1974.

In the 1973 exami-

nation, almost no change was found in the skin severity index and in the 1974 exami-
nation, this time about half number of the whole patient showed improvement more

or less.

Some problems in the standard for skin severity grading of Yusho was discussed
and the new tentative standard for the skin severity was presented. This new standard
was characterized by its quantitative nature (point count system).
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Anterior Pituitary Function of “YUSHO” Patients
(Polychrolinated Biphenyls Poisoning)

Masahiko Kusupa, Yukihiro NacAaTA
and Masahiko NAKAMURA

Department of Obstetrics and Gynecology (Director: Prof. I. Taki)
Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

Twelve patients, consisting of 9 women and 3 men who had been suffering from
“YUSHO” (polychlorinated biphenyls poisoning), were subjected to this study.

Anterior pituitary function was examined with regard to basal levels of gonadotro-
pins and its response to synthetic LH-Releasing Hormone in total number of 16 times.
One hundred mcg. of LH-RH was administered intravenously, blood was drawn just
before the injection and 15, 30, 60, and 120 minutes after that. Serum specimens were
kept at —20°C until assayed. All samples from the same patient were assayed with the
same radioimmunoassay system.

Criterion on pituitary response to LH-RH was settled as indicated in Table 1.
Results obtained were listed in Table 2-B and Table 3-B and these were compared
with the control groups (Table 2-A, 3-A). In 10 cases out of 11 patients normal basal
levels of LH and FSH were noted, and pituitary response to LLH-RH also revealed
“good response” in each phases of menstrual cycles, postmenopausal women, a castrated
woman, and men, respectively. One patient in which the test was performed in pre-
ovulatory phase showed rather high basal level and strong response. However, in mid-
follicular phase it showed normal “good response”. Although pituitary response of
“YUSHO” patients seems high in normal range, any decisions could not be drawn,
because criteria on “abnormally strong response” have not been established as yet,

From these results it can be mentiond: anterior pituitary lobe function concerning
with gonadotroph is not deteriorated at least. Consequently, the cause of abnormality
of sexual function might be pursued in hypothalamus or peripheral steroid metabolism,
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TR I 2T, RBETOE %, I, Ik
R, HEOURUHE, TEORAME, Bk, BERHSI
XLz,

LH-RH 35— W3HRHTARINIC DB-2521
DF ®ERL, #0 100 g 2AEMHAEK 10ml i
BRLUTHIDE»ITHELR. ®EENE, 15
5y, 304y, 604y, 120 5yficRERIRE bERML, E
Bz #°C IKIRTFL, %L &5 2HHELAIK 1E%
DL THNVE EFEE T —20°C BRICRFEL I
REAERBOBEERESICHE—EE» L OERNL
HTE—AERAT AELUZ. human luteinizing
hormone (LH) & human follicle stimulating
hormone (FSH) ORIEZEEH? OIHAEEI O
AL T AR EDTTN, EHERELTIE 2nd
IRP HMG %2y, HIFEMEE mlU/ml TERUT.

Table 1. Criteria of LH-RH test
1. Basal LH level
Low less than 5 mIU/ml
Normal §-20 mIU/ml
Mod. high 20 - 30 miU/m}
High more than 30 mIU/ml
2. Criteria of pituitary response (LH)
Maxim- .
Maximum Area
Response | umfold B ;
increase | increase index

Good (H) | >3 times >50mIU/ml| >150 units

Modera(ti) 3> 50>>520 150>>50
Uncertain

| 2> 20> >
No (- 0 0 0

LH-RH 343 5 TEARED KGO k>
WTIE, BRORMIINT L —BL TV, FHE
5IZBEIIT D BEBIOKYOD b, F1ITR

- kE - B

T Xy HmBEELZTELTNAOT, SHL 2
HOTHEL., E2—ARNRE U EERAWEA
EBTO BREAYO Ficsr 2 mi LH ORGE
%, #£3—A1k FSH OFGERZTRLUIZS DTH 5.

o4 #

WiEEE LH-RH 2% 5 U BEomnd LH BE
DOEB»%E2—Bik, FSH OL®E»E3 —BITRL
2. ERBACBNT IR L AZEPMEAZEL KR
5, SEOBFEDDINID HATHEEEEZRD 5
& 5 2ETD Y, BRI OV TREDET %
RRLIC.

LH T2\ TA B E, 1HIOBINRIEICETLIIA
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B EITA LIS,

PSSR DB & U Tl DRI 31T A1k
WD RV L BERHME 2R, & H B
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Table 2-A. Pituitary response after injection of LH-RH in normal adult women and men (LH)

LH levels after LH-RH (mIU/ml) Area unijts

Phase of cycle - - - - (+ SE)
Basal (£SE) 15 min. 30 min, 60 min. 120 min,

Early follicular 19.042.2 37.9 63.3 47.3 39.1 210.24+19.1
Mid follicular 13.4+2.3 58.1 78.0 58.7 59.6 370.3+83.3
Preovulatory 30.5+1.8 112.2 166. 0 142.5 131.3 1081.44141.9
Early luteal 13.6+1.8 103.9 134.5 109. 0 81.5 693.44+128.5
Mid luteal 14.0+1.9 65.2 95.7 60.5 39.4 397.04£59.8
Late luteal 8.2+1.7 46.4 52.3 50. 6 34.1 284.3+84.3
Male 10.5+2.4 41,2 58.8 47.3 25.1 243.1%73. 4
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Table 2-B. Pituitary response after injection of LH-RH in patients with “YUSHO” (LH)

Case LH levels after LH-RH (mIU/m) Area | Grade of Phase of
Age Basal 15min. 30min. 60min. 120 min, units response | menstrual cycle
K. M. 19 2 59 63 22 18.5 241.5 H early follicular
20 7 32 38 28 17.4 155.3 H late luteal
20 11.2 43 59 44 34.5 248.5 +H mid follicular
K.K. 46 19 80 121 108 83 609 H early luteal
46 4 9.4 15.5 52 92 342.7 4 mid follicular
K.A.39 7.3 52 81 72 47 428.8 H early luteal
M.Y.37 7.3 24 42.5 43 33 228 H mid follicular
37 105 310 530 300 390 1997.5 4 preovulatory
K.M.21 30 93 190 132 73 695 4 preovulatory
N.M. 35 40 112 140 145 125 707 H preovulatory
H.H.55 73 210 240 162 120 748.5 -+ postmenopausal
T.M. 55 63 115 170 175 140 702. 5 H castrated
K.K.49 31 84 118 111 105 571.5 4+ postmenopausal
K.K.23 2 79 99 79 50 549.5 + male
24 7.1 44 32.5 35 17.3 179.1 H male
M.Y.38 5.8 56 83 74 48 455 H male

DOFEMME & LH-RH &HHCHs 5 RS2 A1,
4H, 4% LH-RH & UTHER, HHINTH
deca peptide (3 LH %A - IV A L3R
ETHBHHS, FSH & OBRIZOFE IS T,
DTSR D LH OB X 2RNCHE LN
NETHA.

LH-RH #5800 LH OZRHEIR, RAUIRAC
HEARTHBRATIERCEL, hirzhZhEo
R U U HBER D b, CRR3FIOETHE
BThs. 100a (MY F) HIFRIEITI S 555
105 mIU/ml & BEIC Bl A 5 NIzds, FE—i
FlopahiHcik 7.3 mIU/ml & EEEHOMERPRL
T3,

LH-RH 239 % Fis% 83 3 Bicid Bx DfF
BUANLGNTOEY, bhvbhidR1 OX 3 S¥HE

FEETHEL TNAPD, Utk B ETNT (#)
DODEBEHESN, (=) ~ (+) B¥ETHS. o

BERBORIGY (H) Thh, COEDSIZEITR
WEEBA S, 212U bbb OHEIEE FICE~E S G
BUCEBEZBOTHELIZE DT, BCHENEGD
BUVIEEBICEOEIGES E Cids { I on TR
HIN TS, FIRO M. Y. FIOBERaTI I
Ed®EL, Rith EBEHZEZ TR 5cEbh
5. UL UVIEBRGEE, ERICGRNRISOEROZ
EBRIODTRETH A2, < OEICET 2MHEHE
WEITEL B INZODTEHELNERIIT 2.

Table 3-A. Pituitary response after injection of LH-RH in normal adult women and men (FSH)

ESH levels after LH-RH (mIU/ml)
Phase of cycle
Basal 15 min. 30 min, 60 min, 120 min.

Early follicular 13.1 17.1 20. 8 21.2 22.0
Mid follicular 10. 6 14. 4 20. 6 24.1 21.5
Preovulatory 10.7 13.9 15.7 22.5 27.8
Early luteal 8.8 14.1 14.2 19.0 12.0
Mid luteal 7.6 11.1 12.4 13.8 15.9
Late luteal 5.5 8.5 7.8 10. 4 8.6
Male 11.5 13.9 15.3 19.6 17.7

(91)
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Table 3-B. Pituitary response after injection of LH-RH patients with “YUSHO” (FSH)

Case Age FSH levels after LH-RH (mIU/ml Phase of
Basal 15 min, 30 min. 60 min. 120 min, menstrual cycle

K. M. 19 11.2 16 21.5 17.2 18.9 early follicular

20 7.1 5.5 7.2 6 6.5 late luteal

20 12.5 20.5 14 17.2 21 mid follicular
K.XK.46 20.3 21.8 28.5 19.3 20.2 early luteal

46 5.7 5.7 5 9.5 15.5 mid follicular
K.A.39 12 15.3 19.2 22.3 18 early luteal
M.Y.37 20.1 19.4 36 34 40 mid follicular

37 19.5 31.5 44 47.5 64 preovulatory
K.M.21 15.2 16.5 17.8 20 19.8 preovulatory
N.M.35 3.7 9.2 14.2 12.3 15.5 preovulatory
H.H.55 71 93 103 82 postmenopausal
T.M.,55 92 115 127 140 131 castrated
K.K.49 72 91 65 90 245 postmenopausal
K.K.23 7.3 9.8 16 16.3 13.8 male

24 5.8 12.3 10.5 12.5 14 male
M.Y.38 9 15.5 18 22.5 22 male

&% FSH BEOY — 2 LH ©0z2h ik b 30
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BRTENIBED pOEADE, T4 —F o V1B
Ao estradiol DIETHERLTVAHT EBEL
5N 5. ULhl, PCB #5ic k> T estradiol O
FTEERIE®RT A LT 2HME §H 0, R estro-
gen OERIETH estron -+ estradiol ¢ total
estrogen TR % HFRIIHTL & EFL TEWIZN

n

D& SR EORE 2RI 5 L3RG

T, XhEERRT S e —FRBEET S, HE
BICBAEI A 6 NI R OREVEETH L7125
i, BERETEAAC &3, 2 OFRFEERIIZDS
X A TFEANEZOL DTS, BMEXRTHD
YEFRFK, & BUNE, RHICISIT B estradiol ZHID &
THMER T u 4 FORBEE ) Kkd50LH#
EINS.

#® &

B H> 72 BE RN 2 DR ODFEARTE THAE & T2 I
BEUNE (XFIL, BT24) THLT, BX16
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A LH, FSH o&EpEEMR, FES55, HE
T TIRTIEREERNIc SO, PEAiCONT
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Further Ophthalmic Studies on Patients of Chronic
Chlorobiphenyls Poisoning (“Yusho™)

Yoshitaka Onnisui, Hiroshi Ikul, Shinzi KuriMoTo
and Kenichiro KawASHIMA

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

Since 1968 many patients have been registered as chronic chlorobiphenyls poisoning

in the western part of Japan.

One hundred and forty-seven registered patients (male

67 and female 80) of the disease were re-examined for follow-up study on January,

1975.

Hypersecretion of the Meibomian gland and abnormal pigmentation of the con-

junctiva, which are main ocular signs of the disease, have been improved.
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Ocular Findings of Chlorobiphenyls Intoxication and
Histological Changes of the Palpebral Conjunctiva
in Rats Fed with Kaneclor 500

Akihiko Aok1

Department of Ophthalmology, Kurume University
School of Medicine

Light and electron microscopic observations of the palpebral conjunctiva including
the fornix in rats, fed with Kaneclor 500 in the dose of 50 mg/kg 4 times a week, were
carried out. Light microscopically, marked lymphocytic and plasmacytic infiltrations
were recognized in the submucosal area, and slightly in the Meibomian gland which

contained condensed secretion.

Electron microscopically, no abnormal findings could be seen in the pigment

epithelium and in the visual cells of the retina.

of melanin-like pigment was recognized.
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A Follow-up Study on Fasting Therapy of Yusho Patients

Motoo

IMAMURA

Tsushi Clinic, Goshikicho, Tsunagun, Hyogoken

Thirty three patients with Yusho, who had sumitted to a fasting therapy more than
once, were followed up. Beneficial effects of the therapy were still confirmed in 79
percent of the patients 0.3~4.6 years after leaving hospital. The mechanism responsible

for the symptomatic relief resulted from
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