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Foreword

Masanori KURATSUNE

Chief, Study Group for the Thevapy
of “Yusho”, the Ministry of Health and Welfare, and Dean, Nakamura Gakuen College
and Nakamura Gakuen Junior College, Fukuoka 814

This 13th collection of reports of study on “Yusho” contains papers describing the results of
studies conducted by the members of the Study Group during the past 2 years. All of these papers,
I believe, are informative and useful for better understanding of this unique disease which was
caused by ingesting a specific group of man-made chlorinated compounds. Our primary purpose
is, of course, to find out therapeutic methods which can reduce polychlorinated biphenlys (PCBs)
and dibenzofurans (PCDFs) and related compounds still persisiting in the tissues of patients. For
this purpose, a few clinical trials were for the first time made and are still in progress, testing the
possible beneficial effect of oral administration of cholestyramine. In these studies, a precise
analysis of each isomer of PCBs and PCDFs excreted into the feces of patients was needed and
successfully conducted, demonstrating that a very long time, probably 50 years or so, would be
needed for complete spontaneous elimination of PCDFs from the patient’s body. These quite
original findings together with other similarly interesting ones are included in this collection. We
would appreciate any comment and adivice of readers regarding our studies.
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Toxicological Assessment of 2,5, 2’, 5’-Tetrachlorobiphenyl
and Its Major Metabolite, 3-Hydroxy-2, 5, 2’, 5’-tetrachlorobiphenyl in Rats

Nobumitsu Han1okA, Helena Kazue SAEKI, Chuzo ISHIDA
Nobuyuki Koca and Hidetoshi YOSHIMURA

Department of Hygienic and Forensic Chemistry,
Faculty of Pharmaceutical Sciences, Kyushu University 62, Fukuoka 812

We observed previously that polychlorinated biphenyl (PCB) could be classified to two
groups, 3-methylcholanthrene (MC)-type and phenobarbital (PB)-type, in term of inducibility of
the hepatic enzymes. MC-type PCBs such as 3, 4, 3’, 4-tetrachlorobiphenyl (TCB), 3,4, 5, 3, 4-
pentachlorobiphenyl (PenCB) and 3,4, 5, 3, 4, 5’-hexachlorobiphenyl (HexCB) exhibited high
acute toxicity in parallel with their induction ability of microsomal benzo[a]pyrene 3-hydrox-
ylase and cytosolic DT-diaphorase. On the contrary, PB-type PCBs such as 2, 5, 2’, 5'-TCB and
2,4,5,2',4,5-HexCB which induce microsomal benzphetamine N -demethylase and NADPH-
cytochrome P-450 reductase activities showed virtually no or very low toxicity.

In the present study, we examined effects of 2,5,2’,5-TCB and its major metabolite 3-
hydroxy-2, 5, 2’, 5-TCB on body weight gain, organ weights and activities of hepatic enzymes in
rats and assessed acute toxicity of these compounds. As the results, in both 2, 5, 2’, 5-TCB and
3-hydroxy-2, 5, 2', 5-TCB groups, the body weights were increased during the experiment, but
the rate of growth was significantly suppressed after 3 days. Significant hypertrophy of the liver
and decrease of total liver lipid content were observed in 2, 5, 2', 5’-TCB group, but the atrophy
of spleen and thymus was not affected in both groups. On the other hand, in 2, 5, 2’, 5-TCB group,
benzo[ a]pyrene 3-hydroxylase and benzphetamine N-demethylase activities were increased to 2.
4-fold and 1.5-fold, respectively, but were not increased in 3-hydroxy-2,5,2’,5-TCB group.
After injection of 2,5, 2", 5-TCB, 45% of the dose was excreted as 3-hydroxy-2, 5, 2’,5-TCB in
feces for 5 days. On the other hand, 40% of unchanged 3-hydroxy-2,5,2’,5-TCB was also
excreted after injection of 3-hydroxy-2,5, 2", 5’-TCB for 2 days. These results suggest that 2, 5,
2, 5-TCB possesses only low toxicity and its major metabolite, 3-hydroxy-2, 5, 2’, 5’-TCB is also
an inactive metabolite.
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phorase iM%, Ernster 5 0 F#kic £ v, DCPIP
BITIC L DRD:, HBIEEDERIL Folch 52 0 f
HWED, EREADOERZIR Lowry Y OB LD
Tote,

X B B R
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Fig.1 w&HKXE5£24HE 2 TORERNORBE
fbEmd, SEFCHRL T, 2,5 2,5-TCB #58
8 £ U 3-hydroxy-2,5,2, 5-TCB#& 58 & 12 3 H
EboBELZEEHMNIGE#H2RD & h, B3
hydroxy-2,5,2",5-TCB #% 580 1 HED&KEIZ, &
SROBELIDLARS L.

Tablel wizdza—m, 2,5,2,5-TCB B X f 3-
hydroxy-2,5,2",5-TCB# 5% 5 HE® 100 g A&
L0 OE, BES L CEROBEES L UFHLe
Bl OREEEOEEZRT, FIEE2,52,5-

601
50 1
o]
30 1
20
10 1
04

(9)

Body weight gain

-10

*
0 1 2 3 4

Days after administration
Fig. 1 Effect of 2,5, 2, 5-Tetrachlorobiphenyl
and 3-Hydroxy-2, 5, 2’, 5’~Tetrachlorobi-
phenyl on Body Weight Gain of Rats.
Open circle, closed circle and closed tri-
angle represent the mean of body weight
gain of rats injected with corn oil, 2,5, 2", 5~
tetrachlorobiphenyl and 3-hydroxy-2, 5, 2’,
5’-tetrachlorobiphenyl, respectively.
*Significantly different from the control
group (p<0.05).

Table 1

TCB # 58 THEEOLN 1.1 {Z5KL 2, 1208
BEE132,52 5-TCBERESINBR TR
BAHUL, Zhiel, MiEs L UCRBROERIZ &8
WRASEERRDSNEL T,

2. MB&RFEEH

Table2 & P-450 £ &5 &L USBERESEETRT. 2,
5,2, 5-TCB ## 58 ik benzo[a]pyrene 3-hydrox-

Cumulative excretion

0 < + + =

0 1 2 3 4
Days after administration

o $

Fig. 2 Cumulative Fecal Excretion of 2,5,2,5-
Tetrachlorobiphenyl and 3-Hydroxy-2, 5,
2, 5'-Tetrachlorobiphenyl in Rats Injected
with 2, 5,2, 5-Tetrachlorobiphenyl or 3-
Hydroxy-2, 5, 2’, 5’~-Tetrachlorobiphenyl.
Cumulative excretion of 3-hydroxy-2, 5, 2’,
5'-tetrachlorobiphenyl and 2, 5, 2’, 5’-tetra-
chlorobiphenyl in rats injected with 2, 5, 2’,
5’-tetrachlorobipheny! is shown as closed
circle and triangle, respectively, and that
of 3-hydroxy-2, 5, 2’, 5’-tetrachlorobi-
phenyl after injection of 3-hydroxy-2,5, 2’,
5’-tetrachlorobiphenyl is shown as open
circle.

Each point represents the mean of 4 rats.

Effect of 2, 5, 2, 5'-Tetrachlorobiphenyl and 3-Hydroxy-2, 5, 2’, 5’-tetrachlorobiphenyl on

Organ Weight and Liver Lipid Content in Rats

Organ weight (g/100 g body weight)

Total lipid
Liver Spleen Thymus (mg/g liver)
Control (n=4) 3.80+0.08 0.478+0.044 0.371%+0.019 47.6x1.2
(100) (100) (100) (100)
2,5,2,5-TCB (n=4) 4.19+0.10* 0.455+0.012 0.350+0.037 40.4+0.9*
(110) ( 95) ( 94) ( 85)
3-Hydroxy- 4.02+0.10 0.47140.068 0.318+0.021 44.3+1.7
2,5,2,5-TCB (n=4) (106) (99 ( 86) (93)

Each value represents the mean+S. E. M. of 4 rats, and those of in parentheses are relative ratio to

the control.

* Significantly different from the control group (p<0.05).

(5)
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Table 2

N L I

E» 4 A

Effect of 2, 5, 2, 5’-Tetrachlorobiphenyl and 3-Hydroxy-2, 5, 2’, 5’-Tetrachlorobiphenyl on

Liver Enzyme Activity and Cytochrome P-450 Content in Rats

Benzo[a]pyrene
3-hydroxylase®

DT-diaphorase?®

Cytochrome
P-450 content®

Benzphetamine
N-demethylase®

Control (n=4) 10.5 +£3.0
(100)
2,5,2,5-TCB (n=4) 24.8 +2.8*
(236)
3-Hydroxy- 8.52+1.74°
2,5,2,5-TCB (n=4) ( 8D

0.290+0.024 0.882+0.076 0.117+0.008
(100) (100) (100}

0.278+0.016 1.30140.045 0.108+0.003
( 96) (147) ( 92)

0.335+0.071 0.871+£0.073" 0.099+0.05
(122) (199) ( 85)

a

® nmol metabolite formed/min/mg protein.

¢ nmol/mg protein.

rmol 2, 6-dichlorophenolindophenol reduced/min/mg protein.

Each value represents the mean+S. E. M. of 4 rats, and those in parentheses are relative ratio to the

control.

*

»

ylase ¥ & UF benzphetamine N-demethylase &1
EFNThNEBEO24EBBLU 15 EBELFEN
R oHNTZ, Fi, 2h 5 OfEIR 3-hydroxy-2, 5,2, 5-
TCBRERSHOELIZNTAERCKE N/, 2h
wxt L, DT-diaphorase i&EMEE L N P-450 4811 &
BEERERR» oLz,

3. HEoHbt

Fig.2 122,5,2,5-TCB # 58D AEE 25,2,
5-TCB 8 & f 3-hydroxy-2, 5, 2’,5’-TCB & % &
MWEE X U 3-hydroxy-2,5,2",5-TCB 58D K%

ey
2

14k 3-hydroxy-2,5, 2, 5-TCB @ #h#Eft L % R 7.

2,5,2,5-TCB#5 % v b » & @ 3-hydroxy-2,5, 2,
5-TCB OBt i E L H» THRESBDH 45%»5 AT
Pt s n-olort L, KZE#K2,5,2,5-TCB 1k 1%
LogEft S e o7z, —%F, 3-hydroxy-2,5,2’,5-
TCB®EZ v b o OREKEOHENM & B THR
HPT2HEZ TRESEDOH 0% s h i,

% =

v bTREIFR 79V —A40D benzolalpyrene 3-
hydroxylase &M 8 X CHF A &M B ZE O DT-dia-
phorase JEMOFEE DR S L RMFEMREL LT
s L CHRBROBHFORENSEOLY T HET 3 &
W YEEOHRL, S, ARETIE, MECHEME
TH 25 KC-400 0D —452,52,5-TCBB L %D
EREYTH % 3-hydroxy-2,5,2,5-TCB % 7 v +
REL, #ho02NEN L HERFEEA 28

Significantly different from the control group (p<0.05).
Significantly different from the 2, 5, 2’, 5-TCB group (p<0.05).

L7z, ZORSE, WThoR5HL 3HE»SbT»
28 o RERIMMFLBIZ S 1L, BiES & UKR
DEBITED oo, —5,3,4,34-TCB ¥
OMCHFEER R T HEREFEERMARC L
N BEE W N % benzo[a]pyrene 3-hydroxylase &
Mid 2,5,2,5-TCB 58T 2.4 fFiIgmL 723, Z
OREOEIMIPBRETLEDSNI2EHOLOTH
%, ZhizxtL, 3-hydroxy-2,5,2", 5-TCB Tl A&E
HoORMmEz <, HMeameEELEERL, —A,
MC %I PCB T # ¥ & 11 3 DT-diaphorase ¥& i &f
LTk, BELEIMZEDshz»o7z, %72, benz-
phetamine N-demethylase %1% ix PB & PCB iz
SO THEZBCEFEINL I ERAONTWEY, &
ORERETIH252,5-TCBREFHEDA 1.515HE
szt €7, 3-hydroxy-2, 5,2, 5-TCB # 58T
REBELFHEI AN G-, 2,5,2,5-TCB 2#%
S L7272y b»5id 3-hydroxy-2,5,2',5-TCB 8 5
BH T# 45%EPIcHEl s, 7 3-hydroxy-
2,5,2,5-TCB 2% 5 L 285&, F140%»2HE& T
WAREAEE LTERCERES N, »wIhoksdb
EehiHitans ZenHor ko, bk
317 2,5,2,5-TCB 0 A #%) 3-hydroxy-2,5, 2,5
TCBiz W FhOBEMD /ST A =5 IZ BT b B
LEESBEVWEBIEsLT, BBNREMTHLI L
IR E NI, —H, 2,5,2,5-TCBid»% nR#a
nLTWKCH0 KT TH D, ZIAFIER, RESM
&5 & O benzo[a]pyrene DEFEESEREEICED 51
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feb oD, MCHOPCBO L > R EERTLRIEE
AhY, BEOEVLPCBTHS I T INT,
Yamamoto ¢ Yoshimura® iz, 2,5,2,5-TCB &
F#EPBAEIPCB L3R Tw53 2,4,3,4-TCBDER
%t 5-hydroxy-2, 4, 3", ¢ -TCB »3= 7 2 TRHML &Y
E DS EROBNENEETRT 2 L% LD L DER
SZLTNRE, asERSW I, MCB LU PB
i~ R 2B 3 2,4,3,4-TCBoAEMt
DWTHEL, MCELEIZ LY 2,4,3,4-TCB D&
M —EmL, Zaexl, PBRAILET S Z L2
IvBEMRBEBEaNE Z L ERELTWE, FLTCZ
DERIZDWTMCI32,4,3,4-TCB DR # %3 <
REL, SEMHABMOEBREENLL 0L,
PBiiE LA ZO®E S ST, &5 PBHFIHE
el Tt Tndien, @EN7 =/ —VEOEH
HHEM R REEL T2 D TR B EHIRL T3,
H bRtz £ 5122,52,5-TCB &£ 7D FRR
39 3, 4-epoxy-2,5, 2", 5-TCB ¥ L U E R &) 4-
hydroxy-2,5,2',5-TCB O H M B EME R THRE
ENTED, IhoREMIRHMEEMITIAL DY
BHEERL, EERBYTHL I LRESATY
37, Zs DR, WERRD 3, 4,3, 4-TCB 2D
WTOHBY 2% 2 5 L ®H&EMD coplanar PCB T
I3 EEERNCAE X, non-coplanar PCB DR Tl
BN Z2OTIR RV E BIEESIN T W, L
»LESEOHKR» & 13 ERBY 3-hydroxy-2, 5,2, 5~
TCBiZo v bBWIEBHURBEW TH 2 Z L 24w
B, BTLLLEOHEEREL 20 LIRS
Nl w55 v M22,52,5-TCB##54 3L 5H
Hx w5 & 0#H 45%7» 3-hydroxy-2, 5,2, 5~
TCB r LT#EF IS N,2,4,3, 4-TCB izbN &
PO TRBIAPT LI LD S S 2,52,5-TCBD
EMNENIENEZSND,

&

2,5,2,5-TCB & = 0 E R #% 3-hydroxy-2,5,2',
5-TCB o&ENWFHI2 7 v 2V TIT- 7, BEE
1% 2,5,2,5-TCB it 240 mg/kg, 3-hydroxy-2,5, 2,
5-TCB 3 253 mg/kg & L, 5% 5 HEDOEME LI
BEREMREIL, RO LD RHREEL.

1) WFhoBS5HCBW Ty SHE» o FE LK
BRI BE SN, £, 2,5,2,5-TCB &S
BTN, FEXS S URIEEEDETS
2o & iz H3, 3-hydroxy-2, 5,2, 5-TCB 58Tk
EHREES  UHKRBERCEERER AN AP

%
e
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7z.

2) Benzo[alpyrene 3-hydroxylase EMB LU
benzphetamine N-demethylase &0 E & 88t
2,5,2,5-TCB 5 TOAED &> s DIEINE
BEZEZ LD TR ol

3) 2,5,2,5-TCBix 5 HH & T #45%» 3~
hydroxy-2,5,2’,5-TCB & L T, %7 3-hydroxy-2,
52,5-TCB i 2 HE CREEMEE L TH40%H
Ehp ot s, WIROEY L EL» I HHE
niz,

4) LFEER» S, 2,52,5-TCB 0 xR 3-
hydroxy-2,5,2",5-TCB 3 EENR#HMTH 5 Z &
HSEH S DT o Tz,

X [13

1) Ernster L, Danielson L and Ljunggren M :
DT diaphorase I. Purification from the soluble
fraction of rat liver cytoplasma and properties.
Biochim. Biophys. Acta 58: 171-188, 1962.

2) Folch J, Lees M and Stanley GHS: Isola-
tion and purification of total lipids from tissues. J.
Biol. Chem. 226 : 497-509, 1957.

3) Hutzinger O, Safe S and Zitko V : Polych-
lorinated biphenyls. Synthesis of some individual
chlorobiphenyls. Bull. Environ. Contamin. Toxicol.
6: 209-219, 1971,

4) Lowry OH, Rosebrough NJ, Farr AL and
Randall RJ: Protein measurement with the Folin
phenol reagent. J. Biol. Chem. 193 : 265-275, 1951.

5) Matsubara T, Koike M, Touchi A, Tochino
Y and Sugeno K: Quantitative determination of
cytochrome P-450 in rat liver homogenate. Anal.
Biochem. 75: 596-603, 1976.

6) Nebert DW and Gelboin HV : Substrate
inducible microsomal aryl hydroxylase in mam-
malian cell culture. J. Biol. Chem. 243 : 6242-6249,
1968.

7) Stadnicki SS and Allen JR: Toxicity of 2,
2',5, 5'-tetrachlorobiphenyl and its metabolites, 2,
2’, 5, b’-tetrachlorobiphenyl-3, 4-oxide and 2,25,
5’-tetrachlorobiphenyl-4-01 to cultured cells
vitro. Bull. Environ. Contam. Toxicol. 23 : 788-796,
1979.

8) Yamamoto H and Yoshimura H: Meta-
bolic studies on polychlorinated biphenyls. III.
Complete structure and acute toxicity of the
metabolites of 2, 4, 3’, 4’-tetrachlorobiphenyl. Chem.
Pharm. Bull. (Tokyo) 21: 2237-2242, 1973.

9y HEH—, KH W, MHER, TEESE, F
K ¥ . 3-Methylcholanthrene & PCB i & 2 T8



196 E OE ok

EFEFRrBEERBC LT BHEER 74!
209-216, 1983.

10) Yoshimura H, Ozawa N and Saeki S:
Inductive effect of polychlorinated biphenyls mix-
ture and individual isomers on the hepatic mi-
crosomal enzymes. Chem. Pharm. Bull. {Tokyo) 26 :

1215-1221, 1978.

11)  EREE, AL, KTEHE | PCB o3
BBy aufse B6#H). 2,4,3,4-F o 7uut 7
VOB L 2SN L OBEEICDVT, BRESE
66 : 549-554, 1975,

12) Yoshimura H, Yamamoto H and Saeki S:
Metabolic studies on polychlorinated biphenyls. IL.
Metabolic fate of 2,4, 3, 4'-tetrachlorobiphenyl! in
rats. Chem. Pharm. Bull. (Tokyo) 21: 2231-2236,
1973.

13)  ERZEEL (UASAH, AQRAIH : PCB O #

(8)

Eh 4 A

B 2% (7). 2,5,2,5-F 5 7uut v
=D Ty MBI ERH, BEESE 66! 555-562,
1975,

14) Yoshimura H, Yonemoto Y, Yamada H,
Koga N, Oguri K and Saeki S: Metabolism i vivo
of 3,4, 3", 4'-tetrachlorobiphenyl and toxicological
assessment of the metabolites in rats. Xenobiotica
17 : 897-910, 1987.

15) Yoshimura H, Yoshihara S, Ozawa N and
Miki M : Possible correlation between induction
modes of hepatic enzymes by PCBs and their tox-
icity in rats. Ann. N.Y. Acad. Sci. 320: 179-192,
1979.

16) HNZEH, fMEAEK, BEESE, KB &, WU
NEF, ERHFT— 3,4,5,3,4-_>y ooty
NDENE Y T BEMEENE, o IFERD
FEEMH, BHEESE 72 149-154, 1981,



R EEE  82(5) [ 197-206, 1991 197

1,2, 3,7, 8-Pentachlorodibenzo-p-dioxin ®5 v P ZH T 3
SMuEY, FERFEEFARUF~OSH

TS ELIE LS - B CEHE
TEEE-BERK E-BIR
BA (O HEF - F N E 8
B BRIV T E
BEARXLH -BEHEA

S

Acute Toxicity, Inductive Effects of Liver Enzymes and Distribution
in the Liver of 1,2, 3,7, 8-Pentachlorodibenzo-p-dioxin in Rats

Nobuyuki KoGA, Jun KUuroKI, Hiroshi NAKASHIMA,
Yumiko Hokama-KUROKI and Hidetoshi YOSHIMURA

Department of Hygienic and Fovensic Chemistry, Faculty of Pharmaceutical Sciences,
Kyushu University 62, Fukuoka 812

Hiroaki KUROKI and Yoshito MASUDA
Daiichi College of Pharmaceutical Sciences, Minami-ku, Fukuoka 815

Acute toxicity, inductive effects of liver enzymes and liver persistency of 1,2,3,7,
8-pentachlorodibenzo-p-dioxin (PenCDD) were compared with those of 2,3,7,
8-tetrachlorodibenzo-p-dioxin (TCDD) using male Wistar rats.

1,2,3,7,8-PenCDD treatment at a dose of 0.1 xmol/kg resulted in significant depression of
growth of rats from a day to 28 days after treatment. However, the effect was relatively less than
that of 2, 3,7,8-TCDD. On 5 days, similarly to 2, 3, 7, 8-TCDD-treated group, liver hypertrophy
and thymic atrophy were observed in 1, 2, 3, 7, 8-PenCDD-treated groups. In addition, 1, 2, 3, 7,
8-PenCDD showed potent 3-methylcholanthrene-type inducing ability. For example, the activ-
ities of benzo(a)pyrene 3-hydroxylase and DT-diaphorase were 25-fold and 10-fold of control,
respectively. On 30 days, about 509% of the inductive effects on 5 days were maintained in both
1,2,3,7,8-PenCDD~and 2, 3, 7, 8-TCDD-treated groups. Amount of 1, 2, 3, 7, 8-PenCDD distribut-
ed to the liver on 5 days was about 80-90% of dose and was about 1.5 times greater than that of
2,3,7,8-TCDD. About 50% of dose of 1,2,3,7,8-PenCDD remained even on 30 days after
treatment.

From these results, it is suggested that 1,2, 3,7,8-PenCDD possessing the potent acute
toxicity comparable to 2, 3, 7,8-TCDD and higher persistency in the liver might be more impor-
tant than 2, 3,7,8-TCDD in terms of the chronic toxicity.

LB L L THIoN T35, BTh 2,3,7,8 tetra-
chlorodibenzo-p-dioxin (TCDD) i3 ATHEM & L
TREDESERET L b s,

i L ®» (=

Polychlorinated dibenzo-p-dioxins (PCDDs) i,

polychlorinated biphenyls (PCBs) Kz tf polychlori-

nated dibenzofurans (PCDFs) & & & ot AR BRI

*HE PRERKERBEREMEETR

McConnell 5 i3 2,3,7,8-TCDD iz 0 2, 2,3,7,
8-TCDD @ 1 s s 1 EERERaN 1,2,3,7,
8-PenCDD @ LDy, fEASENVE v + T 3.1 ng/kg, <
VAT 338 ug/kg THY, 2,3,7,8-TCDD & LD, &



198 i ' Of§

(ErEw b, 2pg/kg; w U X, 284 pg/kg) IZVERR
THEEDBOEEERTIEEREL WA, i,
i, Zhs5DZ v b he
patoma cell I238 1} % benzo(a)pyrene (BP) 3-7kEg{t
EEOFHEEIC DL THN, 2,3,7,8-TCDD % 100 &
LiesE, 1,2,3,7,8-PenCDD i3 1.9~23 12§ &z >
EHEL TV,

—F, BHETRIINET, PCDFsOHT¥ 2,3,
4,7, 8-pentachlorodibenzofuran (PenCDF) & 2,3, 7,
8-tetrachlorodibenzofuran (TCDF) 233 I¥RIZZ, &
LEORBBEER UCFERFEEL R TORL, M
EREIEBRESRN 1HEE Y 2,3,4,7,8-PenCDF T
ELLEEZ Z 2SI LT, & 512 coplanar
PCB o 3,4, 3, 4'-tetrachlorobiphenyl (TCB) KX 3,
4,5,3, 4 -pentachlorobiphenyl (PenCB) 22T 3%
BRI, I|MEREH LEH 3,4,5,3, 4, -PenCB TILAT
LML TCB ikt~ FLUSHART 20MZ, 8%
#FM & U 3-methylcholanthrene (MC) # o fFE47(+,
HEROFTHERLBBRIEBRENI ZEbHEs 2L
727927,

7T, AFETIX 2,3,7,8-TCDD 03&, Db
ONET HECRAMEYE, FREFEERARUFER
N IMAOER IBOBRIZEZ>TED L > ICEH)
TEHE»ITDOWT, 1,2,3,7,8-PenCDD & 2,3,7,
8-TCDD # M, #iteiiz . &8, SHERLHE
THE2PHEFEFOEBBUEILE X 5 1,2,3,4,
7-PenCDD i2 2> T B RET L 72,

Bradlaw & Casterline?

X B H &

1. EERM

2,3,7,8-TCDD IZBE#R' v, AL, 1,2,3,
7,8-PenCDD & ©71,2,3,4,7-PenCDD i Dr. J.J.
(Health and Welfare Canada, Ottawa,
Canada) k D f#t5 a h /i (Figl). %72
phetamine « HCl (BZ) K& Uf 3-hydroxy-BP X #h #
N7y 7YVary7r—"a—F 1 AVAt G
RN REERIIAF AT ERER L D t5 s

Ryan

benz-

cl
01@0@0 Ci OJ@CI o] O©C[
Cl 0 Cl C|J:@[0 Cl Cl O
Cl Ct

2,3,7.8-TCDD 1,2,3,7,8-PenCDD 1.2.3.4.7-PenCDD

Fig. 1 Chemical structures of polychlorinated
dibenzo-p-dioxins used in this study

=

1564

7z, NAD(P)H, NAD(P), & U* glucose-6-phosphate
(G-6-P) ixtfngne (#F) (ExD LD, G-6-Pdehy-
drogenase i3 Sigma Chemical # (G€[E, St. Louis)
&9, BPizrAao 47X (B (FE&B) L OBAL
7z. &7 2,4-dichlorophenolindophenol (DCPIP) i
Merck AG (7@K 4 v, Darmstadt) L DAL,

2. XBRBMRUES

5:84® Wistar RifEtEZ v + ((FEH 150) #H
Vy, % PCDD EME% 0.1 pmol/kg 21113 0.28 1
mol/kg DEET 1 REEACRE L7z, SEEEE
HE1kg 4D 1ml O oa—ENcBEL, £ 70T
Ca—vRosEERS5 L. PCOD#®RE®%SHER
V30 HEWCERL, K, MERECERBEREL L.
%8, BRI 12 R s,

3. FEZHORAN

EREE S RS LB U EEREKT
+EER L THEE R LD BTz, BUF, 0.25 M sucrose-
0.1mM EDTA-10 mM Tris-HCI (pH 7.5) f¥ L &
QWA FZA-FT 70 REDFAF -T2 TEY
G- b 2T 2%, 9000 xg T 20 SRR OIBEL,
LEEE. ZOR, RERE S CHEDRIGERIC
BB L, HU9000xg T 20 B GHBEL:, 22T
BonkEEskobELr&bY, 9000xg LiEE L
7z,

4, EREUHZONT

¥+ 7 v s P-450 SEOWEIZ Matsubara 5D FH
Y W5 TiT» 7z, BP 3-7kER(LiEM' kU BZ N-
B x F NALEME® 13 2 2 h 3-hydroxy-BP R U*
HCHO 4R & £l L7, DT-diaphorase %M,
DCPIP OBTE, 5K 2 HEEY Wit -7, FiREE
213, Folch 5O AFEY X D RD, 8625 V0 E
Zix Lowry 6 DFEP I DITo 72,

5. I+ PCDD &g

BF0.5g i 1IN NaOH-x % — ¥ 20 ml % 0
Zy 7NHYSEHE - ~FH 2 20ml T3 EHEL
72, O n-F Y R IEBUOKEREREL, v Ay
A5 s (Wakogel S-1, 0.5g) ic@fiL 7=, PCDD
FA0ml D n-~FH > THEHRENLIDT, 2OFE%E
EFHELREBEPES L BB GC-TAGHIY = 2
uw b7t L. A5 40d fused silica capi-
llary column ULBON HR-54 (0.24 mmX50m) %,
FloFr V7T —FRAGEMEESR (99.999%) AW
Jo. AAFER 1ml/min, # 5 A BE RSO 2 538
2150CT, D€ B0CET1HEY 16CTRE
L, ®&13250°C 2RFFL 7, €F1E2,3,4,5,6,2,5-
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heptachlorobiphenyl (HepCB) % [NEStZ#eE & L
T, WEEERICL DT, &8, ZO&RGFTTO
RIFEHRROBO Th o7,

2, 3, 7, 8-TCDD, 20.7min ; 1,2, 3, 4, 7-PenCDD,
27.1min ; 1,2,3,7,8-PenCDD, 27.8min; 2,3,4,5,
6,2',5-HepCB, 22.7 min

6. P-450c RV P-450d D¥ERE A MBFOMER

il P-450 DFEHRIIBEER'Y T o7, Elo2h s
O P-450 izt 9 % 7 4 ¥ HLILE X BEER' 12w E B
L7,

7. 8000xg EiEHPDP-450c RU P-450d S ED
RELFNEE

Thomas D HFES RAWTITo>7, Thbb, 1
M glycine-NaOH &% (pH 7.4), 86 mM NaCl,
0.54 M glycerol, 15 mM NaN;, 0.2% Emulgen 911,
B 0.5% Na cholate %5t 0.9% agarose % & #
%, 56°C MR L THB &, ZhIZH P-450 by
L FHIME (0.5~1ml) #/0Z, EE9cm D
Vr—UVIRLAAKE L, BEHELA S VICERE S
mm OREHT, THCREEEAL, ERT1~2H
B LKL -ABHOERE 2R, R P-450 £

WEDERLABERICLDEEL 2. BAREO 9000
xg FiEITi3 0.4% cholic acid K ¢f0.2% Emulgen
911 ZEHIML TH W,

X B B R

1. 1,2,3,7,8-PenCDD &t M

Fig.2 12 1,2,3,7,8 PenCDD J 1 2,3,7,8-TCDD
27hFENn 0.1 umol/kg TI v b OEMAIIZ 1 EH
SELLBAONHBEOoKERINIMEE T, ™
PCOD # Tl IhdHE5H1IHETRELS Y, FEL
R R 2R L2, T%b%, MEHET29H
Bic# 215 g#mL 7zowextL, 1,2,3,7,8-PenCDD
BEHTII191g, 2,3,7,8-TCDD 58 TIX 93g 12
BERmol, ZOFEE®S, 2,3,7,8-TCDD QA
1,2,3,7,8-PenCDD i thx, T v F DR RIZTE
g BN LR,

wiz, 1,2,3,7,8-PenCDD & Uf 2,3,7,8-TCDD #%
5#%S5HERUIBBOEHFEEX B L, 2
Tz, 2,3,7,8-TCDD #57 v + TIRFIEXR, MO
EEHPEEINT LAY, Tablel KRT L1, 2,
3,7,8-TCDD #Cii 5% 5 HETI CuHFERR

3001
—_ control
D 200;
£ A 12,3,7,8-PenCDD
© *atar
o
-
£
2
o
3
> 2,3,7,8-TCDD
T
3 100
m
o-l T T ¥ ¥ Ll T
o} 10 20 30

Days after administration

Fig. 2 Effects of 1,2,3,7,8-PenCDD and 2, 3, 7,8-TCDD on body weight gain in rats
Both PCDDs were injected i. p. at a single dose of 0.1 ymol/kg. Each point represents the mean of four

rats.

* Significantly different from the control, p<0.05.
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SHRBED 1.45 {510, F7-HIBRIEIBRED 490% N L &
LSl L T Wi, —H, 1,2,3,7,8-PenCDD BT %
2,3,7,8-TCDOD Bl LB T 2 BB 2B EE s
fo. Thabb, MEFCHLFEEIL1.26THD,
7o MEBRE 50% L BREL T de, BEICHL Tk 2,3,
7,8-TCOD#ETEFERLE > s, 1,2,3,7,
8-PenCDD #H# TR EMIZ R oo, %530
HETI, M PCDD&#EHE b5 HEICEHE I L
HREEFTHY, BBREEOELRIEFTLEALHES
N oz,

2. 1,2,3,7,8-PenCDD O B¢ HE A

1,2,3,7,8-PenCDD K 14 2,3,7,8-TCDD 0 # 51
SHEB®»2 Wiz 30 HE @B W THF 9000 xg L& %R
L, i PCDD 2 EMRBBRRRCREITZE L
&7 (Table2), {585 HBD P-450 8&Ei13 2,3,
7,8-TCDD BETHMEREEDH 3.3 1%, 1,2,3,7,8-PenC-
DDRETHI 295 Th -7, /o, MCEFEERTEL
{FHEExh 2 BP3-kE{biEH £ DT-diaphorase &
MixFhFh, 2,3,7,8-TCDD #5812 B > TIINER
HorBEruUuEchy, Znwexl 1,2,3,7,
8-PenCDD B EH TR Z N Z B BTLEHIOET
Hol:, 5% 30 HEB TR, 2,3,7,8-TCDD &£ 580
DT-diaphorase &SRO K 16Z & 5 HEHDOFH

=

564

EHRBERF SN THORML, P-450 2BR U %
DHOEEIZWTHO PCDDREHTYH 5 HEOKN
60% 2 5 50% LT~ BT L T 7z, —7, phenobar-
bital BIFEF|THIFEHE N D H, M MC BIFHE
KITEMRET 22172 BZ N-F A F VbiEMIR, 58
HOW PCOD#TIXIZ L A Y EERZ T2 o72 48,
¥5% 30 HE® 2, 3,7,8-TCDD B Ci g ERE % 7=
L, T0&51i21,2,378-PenCDD ix2,3,7,
8-TCDD It 5 13 LB WFEFEEF L T,
3. 1,2,3,4,7-PenCDD 0 2 t¢ Bt &t FBEFHE
1A
1,2,3,4,7-PenCDD (0.28 umol/kg) % HERERICHE
5L, 5% 5 BEOGERMMKREBR L. 20
%, 1,2,3,4,7-PenCDD ¥ 58413, 2,3,7,8-TCDD
(0.28 umol/kg, ip) BEMTEEANEFL WKE
BIHNEZREZ 2B o nd, NEFEL2ELUE
FRMdRER LA (Fig. 3), REEHREE~OHE
RN, Table3 2R3 £9142, 1,2,3,4, 7-PenC-
DD # 58 CiaiRo i PCDD 2 & 0 R & iz PR
R, BROEHE L CORBEEOE LI E<BHES L
gipode, o FEMAHBRERCRIZTRES
Al & 2 %, BP 3-kE{biE S & U DT-diaphorase &
METTHE & U COEON 2 BOEERIBEHE S

Table 1 Effect of 1, 2, 3, 7, 8-PenCDD and 2, 3, 7, 8-TCDD on the tissue weights of rats
Tissue weight (g/100 g body weight)
Treatment
Liver Thymus Spleen
On 5 days
Control 3.10+0.15 0.340%0.023 0.288+0.068
(100) (100) (100)
2,3,7 8TCDD 4.48+0.33* 0.168+0.039* 0.254+0.025
(145) ( 49) ( 88)
1, 2, 3, 4, 8-PenCDD 3.92+0.19* 0.171%+0.013* 0.325+0.069
(126) ( 50) (113)
On 30 days
Control 3.22#0.20 0.181%+0.026 0.253+0.026
(100) (100) (100)
2, 3,7, 8-TCDD 4.40+0.53* 0.078x+0.016* 0.328+0.034
(137) ( 43) (130)
1, 2, 3, 4, 8-PenCDD 3.89+0.15* 0.111+0.006* 0.246+0.026
(121) ( 61) (97

Both PCDDs were injected i. p. at a single dose of 0.1 zmol/kg.
Each value represents the mean+S. D. of three or four rats and those in parentheses are the relative

ratio to the control.

* Significantly different from the control, p<0.05.
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Table 2 Effect of 1, 2, 3, 7, 8-PenCDD and 2, 3, 7, 8-TCDD on the enzyme activities of 9000 xg
supernatants of rat liver

Treatment P-450 BP 3- BZ N- D.T~
content? hydroxylase? demethylase® diaphorase®
On 5 days
Control 0.149+0.026 28.8+10.0 0.664+0.071 0.130£0.046
(100) ( 100) (100) (100)
2, 3,7, 8-TCDD 0.493+0.039* 747.9£71.2* 0.612£0.049 1.798+0.476*
(332) (2594) (92) (1384)
1, 2, 3, 7, 8-PenCDD 0.431%0.045* 727.6+48.1* 0.620+0.042 1.298+0.301*
(289) (2530) (93) ( 999)
On 30 days
Control 0.177%0.016 67.4+22.5 0.995+0.163 0.089£0.023
(100) ( 100) (100) ( 100)
2,3,7,8-TCDD 0.393+0.057* 708.4+87.5* 0.678+0.208 1.383+0.515*
(230) (1052) ( 68) (1552)
1, 2, 3, 7, 8-PenCDD 0.3824+0.049* 814.4+73.8 1.179+0.140 0.505+0.210*
(216) (1209) (118) ( 567)

Both PCDDs were injected i. p. at a single dose of 0.1 #zmol/kg. Each value represents the meant
S. D. of three or four rats and those in parentheses are the relative ratio to the control.
Y nmol/mg protein, ® pmol/min/mg protein, ¥ nmol/min/mg protein,

4 umol/min/mg protein.

* Significantly different from the control, p<0.05.

Table 3 Effect of 1, 2, 3, 4, 7-PenCDD on the tissue weights of rats

Tissue weight (g/100 g body weight)

Treatment

Liver Thymus Spleen

Control 3.144+0.06 0.302+£0.037 0.364+0.039
(100) (100) (100)

2, 3,7, 8-TCDD 4.72+0.42* 0.131%£0.020* 0.281£0.041*
(150) (43) (71

1, 2, 3, 4, 7-PenCDD 3.09£0.12 0.264%0.035 0.320+£0.038
(98) (87) (88)

Both PCDDs were injected i. p. at a single dose of 0.28 #mol/kg. Each value represents the mean=+S. D.
of four rats and those in parentheses are the relative ratio to the control.

(13)
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Fig. 3 Effects of 1,2,3,4,7-PenCDD and 2,3,7,
8-TCDD on body weight gain in rats
Both PCDDs were injected i. p. at a single
dose of 0.28 ymol/kg. Each point repre-
sents the mean=+S. D. of four rats.
* Significantly different from the control,
p<0.05.

F @r6H

31, 2,3,7,8-TCDD iz 10, 32.2 KU 100 ug/kg D>
THOHAZTLEREREDH 46~62% 0¥ 5% 5 HE
Off TR E NI, ZhiextL 1,2,3,7,8-PenCDD i
10 2 * 35.6 ug/kg DRAET, #h 2N 8% K% T 93%
BRI Ttz £, #5% 30 HEHORF T,
2,3,7,8-TCDD 3 580K 2% #5588
50%LATF A LTtz a8, 1,2, 3,7,8-PenCDD i3 #
S520849%TH D, %55 BHD 50~60% xR &
nTwiz, ZO/ERIZ, 1,2,3,7,8-PenCDD OFF~D
A0S 2,3,7,8-TCDD Tk, v D BN 2 L 275
LTw3,

—75, 1,2,3,4,7-PenCDD i, 10 B U* 100 ng/kg O
WITNOREOHEICYH, BESEEOHCRRSE
DRI 1B L AL Twish iz,

5. 1,2,3,7,8-PenCDD R0 2,3,7,8-TCDD #% &
Sy b AF000xg EFHP-450c RUP-450d D E
2

MC #UzEEae 254 5 PCB R Uf PCDF &1k,
Sy bFS 70— 40 P-450 2 FREOHF T I,
P-450 a, P-450 ¢ RUP-450d # BEE WM& ¥ 3 2
EDNH SN TWBHIY Fi EES BFFERESEL
< B\ 2,3,4,7,8-PenCDF 28, P-450 > FED > b &
LEEEDEWP-450d =AML D 1 THELT
W3ZErEHELMKLTWSE®, 22T, 1,2,3,7,
8-PenCDD J& 152,3,7,8-TCDD# 5% 305 H O
T FHFED 9000 xg EEERBL, ThicdEns
% P-450 3 FHER R LENFRC LIV ERELL, £
DOHEFR, Table6 1Rt &5, MBHTCHBELER

Table 4 Effect of 1, 2, 3, 4, 7-PenCDD on the enzyme activities of rat liver

Treatment P-450 BP 3- BZ N- DT-
content? hydroxylase? demethylase® diaphorase®

Control 0.184+0.024 33.9+ 9.1 0.778+0.018 0.096+0.003
(100) ( 100 (100) ( 100)

2,3,7 8TCDD 0.501£0.027* 614.2+£91.9* 0.532+0.065* 3.538+0.834*
(275) (1812) ( 68) (3676)

1, 2, 3, 4, 7-PenCDD 0.171+0.024 64.4+22.9 0.722+0.080 0.229+0.076
(93) ( 190) (93 ( 236)

Both PCDDs were injected i. p. at a single dose of 0.28 zmol/kg. Each value represents the mean+
S. D. of four rats and those in parentheses are the relative ratio to the control.
Y nmol/mg protein, ¥ pmol/min/mg protein, ¥ nmol/min/mg protein,

4 mol/min/mg protein.

* Significantly different from the control, p<0.05.
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(0.002 nmol/mg protein) PAF T&H -7z P-450d K&
U P-450c #8, 2,3,7,8-TCDD | EHEETRFNF N
0.142% 1% 0.388 nmol/mg protein ¥ ZE L {FEah
Twi, ThoDEIRZENFNERP-450 0D 5% &
%% THo7. —5, 1,2,3,7,8-PenCDD 58T H
2,3,7,8-TCDD £ & [ &1z P-450d & U' P-450 c ©
ELnEMBEE IR, FRFIEP-450 2D 26% &
8% E HHTWwWi, ZD X5 K PCDDEOHFF
P-4500 5 5, WiFiLh P-450c R P-450d 2 £ &
RHFREICE-TED, B2 P-450c & &1k P-450d
SEBOH3I/BTH o1, B, 1,2,3,4,7-PenCDD B
BEIRD L 312, &I P-0EXFHEL 2o
25, MP-450 28D 5 b P-450c R U P-450d i3\ ¥
NOYBRHBRAUT CH -7 (F—5 FEH).

% 3

2 f&®m PenCDD, 1,2,3,7,8,-PenCDD K 1* 1,2,3,
4,7-PenCDD 0 F v M B 2 &HEM, FEEHFE
RERURFERE 2~ 2,3,7,8-TCDD 0 £ h & thE
L7,

1,2,3,7,8-PenCDD i3 FFAEX, MBROZERHEL © OB
RERX 2 AMEEOBEBERLLEE, 2,37,
8-TCDD b ¥ ML D IZT %83, ZNIIEET 51F
FOBMWENRERETAIEMNHO L ER T, ZOR
£ik58D McConnell 52 DFERL—HT 2D TH
3, 3, FREEZERIIOVLVTH INETORE? &
ARz, 2,3,7,8-TCDD IClEREFHF DD, 21
CINE T 2RO THol, Zh o DRI, PCBs
D 3,4,3,4-TCB % PCDFs @ 2,3,7,8-TCDF o #
GrizE%Y, 2,3,7,8-TCDD @ 1 fii~OBERBHI

Table 5 Concentration of polychlorinated dibenzo-p-dioxins in rat liver at 5 or 30 days after a single

i. p. injection

Dose % of dose
Compound
(ug/kg) 5 30 (days)
2, 3,7, 8-TCDD 10 45.671+25.48 —_—
32.2 62.49+23.72 22.14+ 3.91
100 49.21+12.61 —
1, 2, 3, 7, 8-PenCDD 10 77.98%+ 9.21 —_—
35.6 92.94+10.19 49.33+12.79
1, 2, 3, 4, 7-PenCDD 10 0.13+ 0.16 —
100 0.06+ 0.08 —_—

Each value represents the mean+S. D. of four rats.
——, not determined.

Table 6 Immunochemical quantitation of two forms of P-450 in liver 9000 xg supernatants from
1, 2, 3, 7, 8-PenCDD- or 2, 3, 7, 8-TCDD-treated rats
Total P-450 P-450d P-450 ¢
Treatment .
(nmol/mg protein)
Control 0.177%+0.016 <0.002 <0.002
2,3,17,8,-TCDD 0.406+0.058 0.142+0.043 0.388+0.029
(100) ( 35) ( 96)
1,2, 3,7, 8-PenCDD 0.38210.049 0.099+0.017 0.326+0.057
(100) ( 26) ( 85)

Rats were killed on 30 days after a single i. p. dose of 0.1 x#mol/kg of PCDD. Each value represents the
mean=S. D. of four rats and those in parentheses are the relative value to total contents of P-450.

(15)
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Effects of 3-methylsulphonyl-4, 5, 3’, 4’-tetrachlorobiphenyl and
7, 8-benzoflavone on Aryl Hydrocarbon Hydroxylase Activity
in Ah Responsive and Ah Nonresponsive Strains of Mice

Junya NaGcavyaMA and Ken-ichi WADA

Laboratory of Environmental Medicine, School of Health Sciences, Kyushu University 90,
Higashi-ku, Fukuoka 812
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Daiichi College of Pharmaceutical Sciences Minami-ku, Fukuoka 815
Sumio HANDA

Laboratory of Animal Experiments, Faculty of Medicine, Kyushu University 60,
Higashi-ku, Fukuoka 812, Japan

In general, C57BL/6NQdj (C57) and DBA/2JCrj (DBA) strains of mice are considered to be
the aryl hydrocarbon (Ah) responsive and Ah nonresponsive strains of mice, respectively, which
are determined by whether the hepatic aryl hydrocarbon hydroxylase (AHH) activity is enhanced
(Ah responssive) or not (Ah nonresponsive) after the treatment of 3-methylcholanthrene (MC). In
this study, first, we examined that the Ah responsiveness was systemically regulated in the lungs
and kidneys as well as in the liver and observed its systemic control in these three organs in the
two strains of mice. Then, we prepared the hepatic microsomes of the two strains of mice after
the treatment of MC (42 mg/kg, once), 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD, 20 rg/kg, 6
times) and 2, 3, 4, 7, 8-pentachlorodibenzofuran (PenCDF 60 pg/kg, 6 times) in order to investigate
the effects of 3-methylsulphonyl-4, 5, 3, 4’-tetrachlorobiphenyl (3-MSF-TCB, 1.5~45 pg/ml) and
7, 8-benzoflavone (ANF, 1.4~42 pg/ml) on the respective hepatic microsomal AHH activities and
the following results were obtained.

1. As compared with the control enzyme activity, TCDD-induced AHH activity was the highest,
PenCDF-induced one the second and MC-induced the lowest in both strains of mice. The
inductions of the enzyme activity by these chemicals were much more remarkable in the Ah
responsive C57 strain than those in the Ah nonresponsive DBA strain.

2.3-MSF-TCB and ANF enhanced or reduced the enzyme activity depending on both their
concentrations and kinds of microsomes, namely, those prepared from untreated control mice
and mice treated with MC, TCDD or PenCDF. ANF showed higher potency for both the
enhancement and the inhibition of the enzyme activity than 3-MSF-TCB. The hepatic
microsomal AHH activity of TCDD or PenCDF treated animals seemed to be more greatly

(19)
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reduced by both 3-MSF-TCB and ANF than that of MC treated ones.

3. The effects of 3-MSF-TCB and ANF on the enzyme activity of the MC treated DBA mice and
of the nontreated control C57 mice were quite similar and their effects on the AHH activity of
the PenCDF and TCDD treated DBA strain were also almost the same as those of the MC and
TCDD treated C57 strain, respectively.

The experimental results mentioned above accorded with the results previously obtained in
our similar investigation, in which we used different strains of mice, and the following considera-
tion will be possible again.

1. The stimulation and/or inhibition of the AHH activity by 3-MSF-TCB and ANF seems to
depend on the quality and quantity of cytochromes P-450 (p-450), which are key enzymes for
AHH activity, in the microsomes.

2. When the main P-450 in the microsomes is LM3C, the enzyme activity will be probably
enhanced well by 3-MSF-TCB and ANF, and when it is LM6, the enzyme activity will be
strongly inhibited by them.

3. The kinds of P-450 induced by some chemical are also considered to depend on the grade of the
Ah responsiveness of the host and we think that in general MC possibly induces LM3C, LM4
and LM6, and TCDD and PenCDF more preferentially induce LM6.

Some investigators observed that no or less toxic organochlorine compounds such as polych-
lorinated biphenyls (PCBs) and some isomers of polychlorinated dibenzofurans (PCDFs) inhibited
the induction of monooxygenases including AHH by highly toxic organochlorine congeners such
as TCDD and PenCDF, and speculated that cytosolic Ah receptor played an important role in the
inhibition of the enzyme activity possibly due to the competitive displacement of TCDD or
PenCDF by PCBs or less toxic PCDF isomers in the complex of the Ah receptor and the ligand.
The cytosolic Ah receptor, however, is considered not to be present in the hepatic microsomal
preparations used in this study. Hence, we think that the Ah receptor is not involved in the action
of 3-MSF-TCB and ANF on the AHH activity and that the two compounds seem to act directly
on P-450 enzyme system.

One of the most important problems to be solved will be the biological and/or health
consequences of the mixed contamination of the organochlorine compounds such as PCBs,
methylsulphonyl PCBs, PCDFs and polychlorinated dibenzo-p-dioxins (PCDDs), particularly for
the descendants since our human bodies have already been contaminated by these compounds and
several flavonoids, which are similar to ANF in chemical structure, are normally occurring
constituents of the human diet.

-methylsulphonyl-4, 5, 3'-4’-tetrachlorobiphenyl (3
-MSF-TCB) #5t b U > 850 AHH EMH 25 L

T L ®»

HERE B L UEEE OIS - ##s 5 polychlor-

inated biphenyls (PCBs) OfX## % % methylsul-
phonyl PCBs (MSF-PCBs) 2% - EE23NTED,
ZOBERVNILVENEIENI ENFEINTL
239409 L, MSF-PCBs O£ FAERIZIZ & A
CHBER TR, ZRET, fi72 513 MSF-PCBs
DB DPOEMBIZDOWT e b Y SRR S
B0ET Y AD 70V — ADFERRAKENKRS
1tEE=% (aryl hydrocarbon hydroxylase, AHH) %
Mot s 2EREHEL, BRI 2MEBEMEL TS
Ferones - AHH i3 50 3 R BREdE R LY E
DEFNIZEB T 2 RBOER b2 c@lE5 T2 2 em
TRENTOLIHERHIBHETHS, InE TORL
HOMFTWE Y, MSF-PCBs &4 D 2 Tk 3
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E L, B i22,3,7 8-tetrachlorodibenzo- p-dioxin
(TCDD) & % v» ik 2,3, 4,7, 8pentachlorodiben-
zofuran (PenCDF) iz X b8 a3 AHH EHE I &
LHEISHESN S Z BT 5N T 1910,
f72, 7 ADHEE, 3-methylcholanthrene (MC)
BH5w LD, i AHH ESESEHE s 3 28 (Ah 02
TR LFHEI AR ORM (AhFEICEERE) OH
EFENCRFaNS, ZOMBPHEOY T AO 22
vy —u AHH EM et d % 3-MSF-TCB OfER i3,
R L DEET 2, D 0, AhEE RO C3H
2 ATk MC % % i3 TCDD 5% 0BRGN
FRExh 22, AhFEICEMERFDO DDD v 2 Tl
TCDD # 5% DOBREROASHEES NS, ZOWE
T AMCERERHKEZEZ 6N T0E0Twv A
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JUAWFFICEURFE L EZ 51 Tw5 DBA® Y R
12 MC, TCDD % % \»iZ PenCDF 285 L, #h oo
FFirwy—s AHHEMRICH T 3 3-MSF-TCB &
& 107, 8-benzoflavone (ANF) OIER % thEHIZE L,
HhHMAEBLOT, TOWPERBREICOVTH
T 5,

® B ¥ &

1. E¥EL

3-MSF-TCB, TCDD # & U PenCDF [Z38H & A
Sl (B—ERRERE, BH) ko#tsahni, #
BRAFAZOT 7774 =12&D, ThZEh 9%,
99%, 95% T &% 3. 3-hydroxybenzo(a)pyrene (3
-OHBP) 3R FE#FRELE (FUNRFEERWEIARF
EREE, | L v #5537, benzo(a)pyrene (BP)
B L UMC i3 the Sigma Chemical Co. (St. Louis,
Mo, USA) & 9, %72 ANF 8 X " NADPH 13 /1568
HETZE M) (KR XOBALL, 20Mfiod~ToD
ERBIUREZITHR I N TH 2 REREEEHA L,

. $HORFTELEHORS

Ah e RHK O C57BL/6NQd) (C57) i3 fullk
E LM BB YRR R (FBR) L D, 7z AhFRILE
%o DBA/2]Cri (DBA) {2 BA Charles River

R (BER) XD, Z2hFholErBALL, B
17 —YHD 4~5KREe LT, T4 ARy —YER
TEE L, HHERIEE(22+1°0) & BE (55+5%)
TR D, BEOYA 7 vk 12 BR/12 /e L
7-. 8B CE-2, HA Clea (#%) (EF), &KiEEH

WCER SR,

MC 2 8 EE ORI D = 7 A2 42 mg/kg KE %
1 BRSNS L, 72, ZONBHCREEDL U —~
7 (8.0ml/kg AE) ¥ | HEEAKRS L. BE50
JERCEMEETOBREIC L D ERL, I, vk
UBEEHL., 27, 8#EE» o4 ) — 7 HICiEE
L7z TCDD (20 ng/kg #65) % % \>id PenCDF (60 u
g/kg AE) % 2B LE, &3 6 DEMENES L
7o, EBCEEYRSHLFEROSI A LAY a—
MZEDEEDOA Y — 7 (8.0 ml/kg hE) % EIEA
BE LI, ZEERED 3 BRIz Y A REHOBAI
L OERL, e,

3. AHH EH#aflE

FEIAED, MeBE4FDKRS0.02MN-2
-hydroxyethylpiperazine-N’-2-ethanesulphonic
acid (HEPES) £#&¥% (pH 7.4, 0.15 M KCl #&¢»)
WEDKREYFA AL, 2OXREIFZ— % 4C, 9,
000 g T 15 4305057, L3 (S-9) % AHH &
BEWCHW, 72, FF870Y—2a13 Noshiro &
Omura (1978) OAE'? w L VREL, BREENE
Wi, AHH EHRAIERRIGE (1.05ml) DR
RO LD TH 3, 125 pmol @ HEPES (pH 7.4),
0.53 umol & NADPH, 3.6 pmol o MgCl,, 100 nmol
OBPBLUEHEEL L T4~8mg/ml D S-9, »
50 1~30 pug/mlOFI 70y —L4THB, FF3 2
uy— 2 AHH E# x4 % 3-MSF-TCB & 2 v i3
ANFOEREH~BEICE, LRORER I3
-MSF-TCB # 1.5, 3.0, 15, 45 ug/ml, %7213 ANF

Table 1  Effects of 3-methylcholanthrene (MC) on aryl hydrocarbon
hydroxylase (AHH) activity in the liver, lungs and kidneys of
C57 (Ah responsive) and DBA (Ah nonresponsive) strains of
mice.
AHH Activity*
Organ Treatment C57 DBA
Liver Control 220+9 112+6
MC 24574209 95+8
MC/Control 11.2 0.8
Lungs Control 6.6+0.7 6.8+0.4
MC 32.9+3.4 15.1+1.3
MC/Control 5.0 2.2
Kidneys Control 0.24+0.01 1.8+0.3
MC 3.5+0.3 1.7+0.2
MC/Control 17.5 0.9

* 3-OHBP formed, pmol/min/mg protein (mean+S. E.)
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% 1.4, 2.8, 14, 42 pg/ml N2 7>, BREEAEED
iz Nagayama & OFFZE™® LEETH 3.

® B & R

1.
DEAL

EBER® Table 1 12/RY, MREONBEETIZT
DEEEEH L < C57; 2208 L UDBA ; 112
pmol/min/mg protein, 2 \» THiC57 ;6.6 8 & Of
DBA ; 6.8 pmol/min/mg protein, & » & & & <
C57;0.238 X *DBA ; 1.8 pmol/min/mg protein
Thol., EEo k> iz, B AHH EH TR,
BBV THREEOEEL (1.8/0.2=9) &% b K
<, DWTHF(220/112%=2), B ZIZFEBEE QBN
TH o7z,

MC #5112k 0, AhIGEWRHKD C57 T, » IR
DS THBREELE 2D, WEBEOFEEIC A
TETIEFKI8E, FTEKNILE, MTbisEs<
ToTwiz, &7z, AhFEREFEFREED DBA Tid MC
BEIC L HPBEREEDO PR EBTHE >R
ShT, MTH2ESL 22BETH- 72, —RIZ,
AhIGEMOEHEEZ MCREIZL D IFO AHH FiEL
LRET 2B THESNE S, FFLUADOHCETY
FeERROERC S 5 LT H sl

2, MC,TCDD & & U PenCDF 25 #05F: 20
Vv—L AHH EM T F 3 3-MSF-TCB & & U
ANF o1EH

1) AhIEEMRFEDO C5T DT

EBRERE® Fig. 1 axd, SEREE MCHRSE
TCDD # 58 & U PenCDF 1 5 DfFz 70 vV —
4 AHH JEHE 2 #4466, 12,386, 31,601 8 & U
12,867 pmol/min/mg protein TH -7, 2% H, MC
& B3 PenCDF 12 & b 27~28 f, % 7: TCDD iz &
DR O EBRERENE Lo T3, ZOX3IL, &
HTBREESRKEIBRLTWSEDT, ZhZho
FFs2ov—4 AHH iEMA~® 3-MSF-TCB # & U
ANF OER %l #8514 %2 72 12, 3-MSF-TCB %
5 WLiE ANF 2L 2 WIBSORBOBREE 25
# (1.0) *TA5HEMWAHHERZHOTRRLE:

(Fig. 1).

BEOIF 7 o0yY — A%z BAuvBREMEIERNE
Iz 3-MSF-TCB % 1.5~45 ug/ml iz % &, R
HOBAEREN 2EE 2228, TOMOETIE3
-MSF-TCB o#flE & & icBERFEIET L 2. MC
5B TIZH50%, TCDD 58 CIa# 70%, %7-

MC#5#%DEF, s & UEDS-9 AHH EH

' &
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4 A

Relative AHH Activity

Concentration of 3-MSF-TCB and ANF (ug/ml)

Fig. 1 Effects of 3-MSF-TCB and ANF on AHH
activities of hepatic microsomes from
untreated, MC-, TCDD-and PenCDF-trea-
ted C57 mice.

Untreated mice; @: 3-MSF-TCB and
O: ANF, MC-treated mice; A : 3-MSF
-TCB and A : ANF, TCDD-treated mice ;
W 3-MSF-TCB and [J: ANF and PenC-
DF-treated mice; % : 3-MSF-TCB and

Y% : ANF.
ol
100
Concentration of 3-MSF-TCB and ANF (ug/ml)
Fig. 2 Effects of 3-MSF-TCB and ANF on AHH

activities of hepatic microsomes from
untreated, MC-, TCDD-and PenCDF-trea-
ted DBA mice.

Untreated mice; @: 3-MSF-TCB and
O: ANF, MC-treated mice; A : 3-MSF
-TCB and A : ANF, TCDD-treated mice ;
B : 3-MSF-TCB and (J: ANF and PenC-
DF-treated mice; % : 3-MSF-TCB and
¥ : ANF.

PenCDF # 58 T4 0% DEMHEE»NEE S bz,

Wiz, BEEEHEAKG® I ANF % 1.4~42
pg/mlilz % &, NBRHTREEER 148202
8 ng/ml) TEERIFEULHIMEEL 255, SBEE
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(14 B L U 42 pg/m]) TIIRIFEEIET L, 8
AHH EXMEREEE (1.0) 2k 3, £/, 20
MOBTIE ANFEBEOMINL LI, TAOHICE
FEEBETL, WThOBET L RENICH 0% DE
HREELTED & 417z,

2) AhFEICEMRED DBA DT

RERRER % Fig. 2 1R T, wtEEE MC #:5.8¢, TCDD
BEBEB L CPanCDFRE#HOF I 70y —2Aa
AHH &3 #h 2 H 360, 448, 902 ¥ X UF 748 pmol/
min/mg protein TH -7, FLEWHE I L 2 BERE
HEROESIE ALIREERHKD COT LB L Th
BOEL, MCiwXh#1.245 TCDDw Xn#y2.5
%, 7 PenCDFIZ X D #2.115H < 22 RBETH
5. DBA 03B& b, C7T 0BG LR, SEEOF
s 7av—xsAHHEY A~ D 3-MSF-TCB 3 & %
ANF OEf % i #5757z 012, 3-MSF-TCB %
2wk ANF 2HNL 2 WBEOEHOBREEL &
¥ (1.0) &35/ AHH 2BV TERL R

(Fig. 2).

BEOIF: 7 0V — a5 AviBREENERRGE
¥z 3-MSF-TCB # 1.5~45 ug/mlimi % &, X8
BOBREHIINBBECHEL TESNCEH D,
BRI o7, &/, MCREERTIZL.S
~15 pg/ml OBEHFE TREREEE 2.1~2.3FB LS
{7 otes, 45 pg/ml TREE LROESNETLH
1.7 TH»72, TCDD & & 1f PenCDF #5871 3
~-MSF-TCB 0E#E < %5 & & 12 AHH iEiEss
ETL, ML & BRI T0%DEEEELRD &
iz,

EBOF : 70y — 4 AHH S x4 5 ANF
FRIEODLWTRUTOL Y Th-o7, MEHEBS LU
MC # 58Tz ANF OKEBES 1.48L0°2.8 1g/
ml) TREZEEESERL, FhFNN1.445, 13
EEL ol BEEE (14 8 XU 42 wg/ml) TiE
BREEOEENBE SN, BN L MC#&
SEOMNMY AHH FHER 2204805 1.1
&7t -7, TCDD ¥ X ¢* PenCDF # 58 Tt ANF 38
BEone &b cBREEMETL, BRIczAE
K 90%, #85%DEMBENBES NI,

% -

v AT MCiz & 20 AHH FBE MR
IVBEFZHCRZL I LMNBESNTEY, AhE
By AhFEEE RO RIS 5h, O AHHE
B EROKEERBET S EEZSNTHEY, &
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OWFFETIE, 27, AhEEUERHFEO C57 & AhFLE
WD DBA 2w T MCHBEBROIF, L UE
DOEREEOFEMHIC DV THEAN, FOFRE, Ah G
BEHRFRBCBLW IO EABOERERT Z &4
B ahs (Tablel),

TOLIRFEREOTTAILDNWT, HohnUbE
#5 MC, TCDD % %\ >3 PenCDF 2## 5L, #h %
NOBRESHOBY» S 7ay —A2HBL, &3
O3 7oy —4 AHH EH iz 5§ 3 3-MSF-TCB
BXUOANF QEBR2HANTOTHE, Zh i TOH
2, i uay—2u AHH EWREEDO KGR E
WOWTHRE L TWBEDT, ZOMETH, F0OZMH
o TEEREMEEEIEL 2, LROBFER TIE Ah
IBEERFEO< Y A L LT C3H %, Ah FEIE M RH
DOvvALLTDDD 2FH\w, 70, B S L%
#i3x MC £ TCDD T4 b, PenCDF 0of51kfTbh
Twikhot, 22T, &7, AiEeSEOERKED
=Y AL DWT, NBEE, MC #4585 XU TCDD #
EBEOF 7o) —Ai AHH B2 33 2 3-MSF
-TCB & ANF eIz > T HEg - #BatLTH 3, 3
-MSF-TCB &% % i3 ANF 202 2 W& OBRIE
i3, BiE & ER, AhIEE RSO C57 T4 Ah
ISEMRHED DBA Tb TCDD BE5HPRLE L, D
WT MC 58, WRHEOETH D, Bz C57 T MC
HH i3 TCDD 2 & 2BHEHO LA E b TH
EThD, £/, BRHKOBRHOH I 72V — 4 AHH
EM WY 2 3-MSF-TCB 8 X ¢ ANF OfER & &
EOEHER FEBLL Tw/, D% D, 3-MSF-TCB
& ANF i3 AhJEE RO C57 OXHEEEE L AhJEIG
EMERFEODBAOMCES#OF 70y —A
AHHEMH L T, 7, CSTOMCH %5 v id
TCOD £ 5.8 & DBA®» TCDD# 5#OF 1 7 u
v —i AHH M LT, b THEML-BRE
HOLE® D IIHEEER 2R LA (Figs.l 8L
2)., AHH EHiciz v arnwa 3 FfED cytochrome
P-450 (P-450) »BES L T %2920 R0 & 5 42
TEERICETWT, C57 ONIERE - DBA ©» MC#5
BEH 513 C57 0 MC 8 £ " TCDD # 58 + DBA
O TCDD % E5#OEF I 70V —LZIIEBL H I
BLO P-450 WFEET 2 L EZL S,

C57 ® PenCDF ¥t 58D ¢ 7 v v — 2 AHH E
#12 3-MSF-TCB & ANF OF{b¥MBIc LV EL
IEMMSET T 5. 20EER TCDD B 5HOBERE
HOFNEREZHIC LR > TS, 20X 5 KB
Bzt b ok EMREO AHH &% % PenCDF
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KEDBELLBOBRREE T % 3-MSF-TCB
DIEBIZDWTHBRESNLT VB, %/, DBAD
PenCDOF# E# O AF 3 7 o v—2 AHHE H &
3-MSF-TCB % 2 2 iz ANF Iz & ) & « RIGHICET
L, s N3, 3-MSF-TCB iz £ 3fa%z TCDD #%
S80S LABETH S, ANFOZhix TCDD
BEBOBELD)PRRETH S,

T FOELZOP-4501 £ 3 AHHES T+ 2
ANF O 2 i5kkE» 5, ANF i3 P-450 @
B TH LM3C e L 2BEFEE*ED, LM6 L 3
BREERTITIZEEEEL, 72, LM4 L 5BH
B D TIZABRE T o220 - = = TORFFRIC
FHIE, MCH20ig TCDD iz L EEEI 2 ERP
-450 43 LM4 & LM6 &£ 2 5T w39, Linl,
3270y —2s AHH &Mt 3 % 3-MSF-TCB %
ANFOERBICHET 2 COMERRELEET 2 &,
MC, TCDD » 2\ i PenCDF it L hF#E a2 P
-450 1%, BRI H BRI LHEL TWw 3 2 L RB &
n3, 20, AhEEURFEDO C7 Tl MCiz kb
Fiz LM4 & LM6 »sgEE &, TCDD % % > & Pen-
CDFick b IM6 3 E b TEANKFEEEN S &
Ezohd, i, AhFELEERFEO DBA Tz MC
& D EKRLM3C & LM4 »sgEE s, TCDD 53 >
3 PenCDF Iz X D W LM6 W EE s 2 EE2 5
nd, Z0kdE, B—OtFEWETH->THBEED
AhEEBEO Vv VIZ &, BEaEN S P-450 DT
LEVPELTAARMOH S Z L, RIBOMFE® &
R, ZOMECL > Ty RBE N,

TCDD 7z ¥ &4 @ & > polychlorinated dibenzo
-p-dioxins (PCDDs) % polychlorinated dibenzofur-
ans (PCDFs) ic X v F® a5 AHH #5123 PCBs
REFENO PCDFs w L 9 FEHIH &, 2D LD
ZITEIERIZRED Ah V&« 79 — 52N L TRET
BEEZOSNTWAM ZORF%ET, fhi-brtHmalL
7Y —ARECRHRBEREEL VDT,
AWV 278 —bTFEHELRWEEZ NS, 5T, Bl
E DR R®  [EfE, C57 % DBA @ TCDD % 3
Wit PenCDF £ 58 0fF 2 7 o v —2 AHHEM
%14 % 3-MSF-TCB %* ANF OEMSEEEREOFKE
WALV 7y -5 LT 5 ¢, mEyER P
S BERCBBEHAL VW LEZ SN,

A1z 3-MSF-TCB 7z £ ® MSF-PCBs i2 & D ¥
T, 7R ODERIATHE9 37, ANF b2
HEH»HELT 2 flavonoids SEAPICHEET A2 &
LHIS N T 597, &4, MSF-PCBs ® flavonoids @

E» 4 A
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The Synergistic Effect of Chlorinated Chemicals (Trichlorosalicylanilid,
4-Chloro-m-Cresol, Trichlorophenoxyacetic Acid, Trichloroethanol,
Trichloromethiazide, Trichlorofon and Trichloroacetaldehyde) and

Low Concentrations of Griseofulvin on Porphyrin Metabolism

Naoko TsSUKAzAKI, Shigeo NONAKA, Taro OHGAMI,
Hiroko IRIFUNE, Keiichi TANAKA, Mitsumasa YANO
and Hikotaro YOSHIDA

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

Abstract The synergistic effect of chlorinated chemicals and 0.1% griseofulvin (GF) on porphy-
rin metabolism was investigated. Drinking water containing 0.03% trichlorosalicylanilid, 0.1% 4
-chloro-m-cresol, 0.1% trichlorophenoxyacetic acid, 0.3% trichloroethanol, 0.1% trichloromethi-
azide, 0.3% trichlorofon and 0.1% trichloroacetaldehyde was given separately to dd-y strain
mice. Each group was divided into two subgroups, one treated with feed containing 0.1% GF and
the other treated with normal feed. The treatments were continued for 45 to 165 days, after which
porphyrins in the erythrocytes, feces and liver were analyzed by a chromatographic method.
In the 0.03% trichlorosalicylanilid and 0.196 GF group, 0.1% 4-chloro-m-cresol and 0.1% GF
group, 0.1% trichlorophenoxyacetic acid and 0.1% GF group and 0.3% trichloroethanol and 0.19%
GF group, a slight elevation of fecal coproporphyrin and protoporphyrin was seen. There was no
elevation of hepatic and erythrocytic porphyrins. This result shows that the chemicals used in
this study did not have a potential for porphyria, but that they are capable of inducing slight

porphyrin abnormalities in a synergistic reaction with 0.1% GF.

Introduction

Yusho is a disease induced by polychlorinated
Chlor-
inated compounds such as benzene hexachlor-
ide,
and hexachlorobenzene exert an influence on

biphenyls (PCBs) contamining rice oil.

dichlorodiphenyltrichloroethane, diedrin
porphyric metabolism?*?”, PCBs also display
KC-400,
contaminant in rice oil, has been shown to

a porphyrinopathic effect®*. a

affect the hepatic porphyrins?. Furthermore, a
combination of certain chemicals and a low
concentration of griseofulvin (GF) sometimes
induces protoporphyria when the chemical
It is
speculated that the use of low concentrations of

alone cannot induce an abnormality®.

GF in addition to chemicals may be useful in
elucidating the porphyrinopathy of those chemi-

cals. In a previous study, we investigated

whether or not simple chlorinated compounds
affect porphyrin metabolism when a low con-
centration of GF is added to each chlorinated
chemical?. The result showed that three chemi-
cals, that is, 4-chloro-m-cresol, cumarone and
trichloroacetic acid, did not seem to affect
porphyrin metabolism as much as chemicals
like PCBs, estrogen, ethyl alcohol and iron.
However, the insufficient number of animals
made it impossible to confirm the porphyri-
In this
study, we investigated seven chlorinated chemi-

nopathic action of these chemicals.

cals for porphyrinopathy and employed a
different procedure for the analysis of porphy-

rins.
Materials and Methods

1) Animals
One hundred and fifty dd-y strain mice weigh-
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ing 20 to 30 grams were used in this study.

2) Chemicals

Griseofulvin (GF) was provided by Fujisawa
Pharmaceutical Co. Ltd., Osaka, Japan. Trich-
lorosalicylanilid (TCSA), 4-chloro-m-cresol
(CMC), trichlorophenoxyacetic acid (TPAA),
trichloroethanol (TCE), trichloromethiazide
(TCM), trichlorofon (TCF), and trichloroacetal-
dehyde (TCAA) were purchased from Nacalai
Tesque Inc., Kyoto, Japan. Porphyrin ester
chromatographic marker kit was purchased
from Paesel GmbH Co. Frankfurt, Germany.

3) Feeds and drinking water

Normal feed was purchased from Oriental
Yeast Co., Tokyo, Japan. GF was mixed into
the feed in a concentration of 0.19% by the
Oriental Yeast Co. TCSA, CMC, TPAA, TCE,
TCM, TCF and TCAA were dissolved in drink-
ing water in concentrations of 0.03%, 0.1%, 0.
19, 0.3%, 0.19%, 0.3% and 0.1% respectively.

a) The first experiment

The mice were divided into 8 groups. Group
A was a control without any treatment. Group
B was treated with 0.1% GF, group C with
0.03% TCSA, group D with 0.1% GF and 0.03%
TCSA, group E with 0.1% CMC, group F with
0.1% GF and 0.1% CMC, group G with 0.1%
TPAA, and group H with 0.1% GF and 0.1%
TPAA.

Liver, feces (1.0~2.0 g)
i)

b) The second experiment

The mice were divided into 5 groups. Group
I was treated with 0.1% GF, group J with 0.1%
GF and 0.3% TCE, group K with 0.1% GF and
0.1% TCM, group L with 0.1% GF and 0.3%
TCF, and group M with 0.1% GF and 0.1%
TCAA.

4) Quantitative analysis of porphyrin

Fach mouse was anesthetized with ethyl
ether and sacrificed after treatment. Liver
tissue, feces, and blood were taken as samples
for the analysis of porphyrins. The method for
erythrocytic porphyrin-analysis has been de-
scribed in a previous study®, and that for liver
and feces is shown in Fig. 1. Porphyrin marker
kit was used as the standard marker in the thin
layer chromatography (Fig. 2).

Results

Results of the first experiment are shown in
Tablel. In normal mice, the mean liver/body
weight ratio was 5.49%. Hepatic uroporphyrin
(UP) could not be detected. The mean value of
hepatic coproporphyrin (CP) and protoporphy-
rin (PP) was 0.16 nmol/g wet weight and 0.75
nmol/g wet weight. Fecal UP could not be
detected. The mean value of fecal CP and PP
was 0.23 nmol/g wet weight and 0.57 nmol/g
wet weight. The mean value of erythrocytic CP

Extracted with ethyl acetate and 2.5 N HCl

Adjusted to pH 3.5 with saturated sodium acetate

!
Absorbed into talc

|
Dried at 42°C

Esterification by 5% sulfuric acid methanol (v/v) over night

i

Extracted with 5ml of chloroform

!

200 z1 of the above extraction

)
TLC development (Toluen: Ethyl acetate : Ethyl alcohol

i

=80:15:5v/v)

Chromatoscanning at 405 nm (Shimadzu CS 9000)
Fig. 1 Scheme of chromatographic porphyrin analysis
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and PP was 5.07 ng/dl packed cell volume (pcv)
and 40.39 pg/dl pcv respectively. There was no
difference in mean liver/body weight ratio,
hepatic CP and PP, fecal UP, CP and PP, eryth-
rocytic CP and PP between groups A and B
(0.19% GF group).

In group C (0.03% TCSA), group E (0.1%
CMC) and group G (0.1% TPAA), there was
also no difference in mean liver/body weight
ratio, hepatic, fecal and erythrocytic porphyrins
compared with group A. In group D (0.1% GF
and 0.03% TCSA), the mean liver/body weight
ratio was 6.21%. Fecal CP and PP were 0.78
nmol/g wet weight and 1.46 nmol/g wet weight.
There was a slight elevation of the mean value
of liver/body weight ratio and fecal CP and PP,

Fig. 2 Chromatogram of porphyrin marker kit but no difference in the mean value of hepatic
using SHIMADZU CS5000 and erythrocytic porphyrins between groups B
Abbrebiations : up=uroporphyrin, hept

P=uroporpiy and D. In group F (0.1% GF and 0.1% CMC),
-p=heptacarboxylporphyrin, hex-p= ]
hexacarboxylporphyrin, pent-p= fecal CP and PP were 1.50 nmol/g wet weight
pentacarboxylporphyrin, cp=copropor- and 6.72 nmol/g wet weight. There was a slight
phyrin, pp=protoporphyrin elevation of fecal CP and PP in group F as

compared with group B, but, hepatic and eryth-
Table 1 Summary of fecal, hepatic and erythrocytic porphyrin levels in the first experiment (mean+S.E.)

LIVER FECAL HEPATIC ERYTHROCYTIC

No. | DAYS | BODY | LIVER | /BODY PORPHYRINS PORPHYRINS PORPHYRINS

TREATMENT | OF OF |WEIGHT|WEIGHT [WEIGHT (nmol/g. w. w) (nmol/g. w. w) (ug/dl pcv)

MICE |TREAT-| (G) (G} | RATIO

MENT %) Up CP PP up Cp PP Cp PP
49.75 | 2.63 | 5.49 0.23 | 0.57 0.16 | 0.75 | 5.07 | 40.39

A (-) 15 + + + t + + t + + + +
8.20 | 0.32 | 0.74 0.21 | 0.44 0.11 | 0.29 | 3.68 | 22.90
55.64 | 2.96 | 5.34 0.11 | 0.59 0.42 | 0.38 | 3.19 | 33.65

B 0.1% GF 9 165 + + + t + + t + + + +
8.96 | 0.48 | 0.33 0.06 | 0.66 0.74 | 0.07 | 1.90 | 11.42
52.35 | 2.48 | 4.75 0.28 | 0.71 0.14 | 0.61 | 6.74 | 60.09

C | 0.03% TCSA 10 51 + + + t + + t + + + +
4.33 ] 0.18 | 0.39 0.27 | 0.52 0.06 | 0.17 | 5.09 | 41.92
46.46 | 2.88 | 6.21* 0.78 | 1.46 0.17 | 1.33 | 3.85 | 31.55

D| o, 1| s + i 4 t SIS ¢ ¥ ¥ + +
08% 3.12 ] 0.40 | 0.48 0.28 | 0.63 0.08 | 1.73 | 2.84 | 13.61
47.42 | 2.45 | 5.19 0.44 | 0.94 0.20 | 0.66 | 11.46 | 38.07

E| 01% CMC 10 52 + + + t + + t + + + +
3.19 | 0.18 | 0.76 0.21 | 0.61 0.17 | 0.42 | 6.71 | 27.91
42.01 | 2.22 | 5.26 1.50 | 6.72 0.15 | 0.87 | 5.01 | 26.06

F ooi%/%c%/[Fc 15 52 + i + t i | Ee t + * ¥ +
70 5.39 | 0.60 | 0.99 0.94 | 8.88 0.08 | 0.75 | 4.45 | 16.68
50.14 | 2.75 | 5.50 0.55 | 1.02 0.14 | 0.48 | 3.80 | 38.67

G| 0.1% TPAA 10 50 + + + t + + t + + + +
440 { 0.36 | 0.75 0.20 | 0.42 0.08 | 0.15 | 1.74 | 15.18
01% GF 43.63 | 2.86 | 6.51* 0.33 | 1.90 0.15 | 0.50 | 4.35 | 60.05

H| 015 TPaA 14 59 + + + t +* +* t + + + +
1% 5.95 | 0.70 | 0.91 0.17 7| 1.34 0.12 | 0.30 | 2.44 | 45.83

(t=trace) (*p<0.05)

(29)
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rocytic porphyrins were not elevated. In group
H (0.1% GF and 0.1% TPAA), the mean liver/
body weight ratio was 6.51%. The mean value
of fecal CP and PP was 0.33 nmol/g wet weight
and 1.90 nmol/g wet weight. A slight elevation
of the liver/body weight ratio and fecal CP and
PP was seen.

Results of the second experiment are shown
in Table 2. The data obtained in group I (0.1%
GF) was similar to that in group B (0.1% GF) of
the first experiment. In group J (0.3% TCE and
0.1% GF), there was no difference in the liver/
body weight ratio and erythrocytic porphyrins
compared with group I. There was a silight
elevation in fecal CP and PP, but hepatic PP
was relatively reduced. In group K (0.196 TCM
and 0.1% GF), the mean value of liver/body
weight ratio was reduced. There was a slight
elevation in hapatic CP but no difference
between group I and group K for either hepatic
PP or fecal and erythrocytic porphyrins. In
group L (0.3% TCF and 0.19% GF), liver/body
weight ratio and hepatic PP were decreased.
There was no difference between group [ and
group L for other hepatic porphyrins and fecal
and erythrocytic porphyrins. In group M (0.1%
TCAA and 0.1% GF), liver/body weight ratio
was slightly elevated, but hepatic PP was rela-

N. Tsukazaki et al.

tively reduced and there was no difference for
other hepatic porphyrins and fecal and eryth-
rocytic porphyrins.

Discussion

In this study, TCSA, CMC and TPAA alone
did not induce any abnormality in porphyrin
metabolism. By the addition of 0.1% GF to
these chemicals, however, a slight elevation of
fecal CP and PP appeared. TCE and 0.196 GF
induced a similar abnormality in fecal CP and
PP. TCM, TCF and TCAA with 0.1% GF did
not induce any abnormality in porphyrin metab-
olism. In a previous study, mice treated with
CMC and 0.1% GF showed a slight elevation of
erythrocytic protoporphyrin level?. In the pres-
ent study, however, there were no changes in
erythrocytic protoporphyrin. This may be due
to the fact that the exposure time of CMC in
this study was shorter than that in the previous
study. Fecal porphyrins were analyzed in addi-
tion to hepatic and erythrocytic porphyrins,
fecal porphyrins were also analyzed in this
study. Furthermore, a chromatographic proce-
dure was used for the porphyrin analysis. Each
porphyrin can be separated more accurately by
the chromatographic method than by the
extraction method. The fecal porphyrins in the

Table 2 Summary of fecal, hepatic and erythrocytic porphyrin levels in the second experiment

(mean+S. E)

LIVER FECAL HEPATIC ERYTHROCYTIC

No. DAYS | BODY | LIVER | /BODY PORPHYRINS PORPHYRINS PORPHYRINS

TREATMENT/| OF OF |WEIGHT {WEIGHT |WEIGHT (nmol/g. w. w) (nmol/g. w. w) (ug/dl pev)

MICE |TREAT-] (G (G RATIO

MENT (%) up cp PP Up Cp PP CP PP
46.34 | 2.45 | 5.34 0.50 | 1.17 0.09 | 0.69 | 7.44 | 47.18

1 0.1% GF 10 108 + + + t + + t + + + +
6.81 0.38 0.59 0.31 0.38 0.08 1.70 8.33 36.28
0.1% GF 55.23* | 2.87* 5.26 1.46 2.94 0.35 0.50 1.78 37.26

J 0.3% TCE 11 {96~102] + + + t B T+ t + +* + +
o 6.60 0.36 0.84 0.94 1.96 0.32 0.24 0.55 26.43
48.35 | 2.27 | 4.71* 0.91 | 2.20 0.27 | 1.64 | 2.30 | 36.63

K 001‘3/%TGC§VI 11 110~118 =+ + + t + + t +* + + +
0 3.83 0.22 0.36 0.81 2.11 0.21 2.24 0.95 23.85
0.19% GF 46.03 2.13 4.70* 0.77 1.74 0.26 0.50 6.89 56.67

L| (3% TCF 11 92 + + + t + + t + +* + +
e 9.64 0.66 0.45 0.76 1.23 0.34 0.26 3.43 31.49
47.17 | 2.81 | 6.20* 0.67 | 1.85 0.16 | 0.41 | 2.71 | 45.11

M P8 ER, | 10 fermee| £ x| x t ey t e e R
e 4.11 | 0.56 | 1.15 0.42 | 1.47 0.10 | 0.19 | 1.61 | 17.41

(30)

(t=trace) (*p<0.05)
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groups of three chemicals, that is TCSA, CMC
and TPAA, with 0.1% GF showed a similar
slight elevation, but the level of hepatic and
erythrocytic porphyrins did not change. In
some mice treated with TCSA or CMC, how-
ever, an accumulation of porphyrin was obser-
ved in the liver by fluorescence microscope.
Thus, it is speculated that the elevation of fecal
CP and PP in the mice treated with these chlori-
nated chemicals and 0.19% GF is due to an
increase of fecal excretion from hepatic por-
phyrins. It is also considered the hepatic por-
phyrin level does not increase if porphyric
excretion into the feces is active despite the
acceleration of porphyrin production in the
liver®. It is necessary to investigate the mecha-
nism of these changes in further studies.

The seven chemicals selected in this study do
not seem to affect porphyrin metabolism as
much as chemicals like PCBs, estrogen, ethyl
alcohol and iron, which induced severe porphy-
rinopathy by addition of 0.19 GF®. The chemi-
cals used alone in this study did not display any
potential for porphyria. These chemicals may,
however, be able to induce slight porphyric
abnormalities by the synergistic reaction with
another chemicals such as GF. Some poly-
halogenated chemicals have a strong potentia-
tion for porphyria, but there is a great
difference among chemicals. Patients with
porphyria cutanea tarda are exposed to many
chemicals including ethyl alcohol, estrogen, and
other polyhalogenated chemicals. We consider
it important to investigate chemicals not yet
reported as porphyrinopathic substances. This
was underlined by one of our collegues, who
discovered the porphyrinopathic potentiation of
isonicotinic acid hydrazide!®.  People are
exposed to a tremendous variety of chemicals
in daily life, including drugs, food additives and
environmental pollutants. The seven chemicals
used in the present study are only a fraction. It
is important, therefore, to investigate the por-
phyrinopathic potential of various other chemi-
cals, especially chlorinated chemicals.

(31)
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15 % 1t& % (Trichlorosalicylanilid, 4-Chloro-m-Cresol, Trichloro-
phenoxyacetic acid, Trichloroethanol, Trichloromethiazide,
Trichlorofon, Trichloroacetaldehyde) & {&;&/& Griseofulvin @
FLT7 1) KRBT IESES
BRA SR SRR
B E T -5 E M KM KES

A M Bh 7o H R
XK B Ot B HHEKRR

RIS E 0.1% griseofulvin DRV T7 4 U R
@it AEEER 2 L7, 0.03% trichlor-
osalicylanilid, 0.1% 4-chloro-m-cresol, 0.1% trich-
lorophenoxyacetic acid, 0.3% trichloroethanol,
0.1% trichloromethiazide, 0.3% trichlorofon, 0.1%
trichloroacetaldehyde % ¥&fEL 72K EHKIAE LT
dd-y He v ARG L1, KHEEI S 2TV,
—BE1T 0.1% griseofulvin &R %, MIHCIZER
SRS U7, 45 B4 5 165 HHEER, ZRILE,
#E, FEToRrv 7 o) vifEraR ST 4 —
BEEHWCAEE L.

FDEE, 0.03% trichlorosalicylanilid, 0.1% 4
-chloro-m-cresol, 0.1% trichlorophenoxyacetic
acid, B & ¥ 0.3% trichloroethanol & 0.1%
griseofulvin 2 L - B TIZEMEF coproporphy-
rin & protoporphyrin OEE O LR A S, Rl
B, HEORV7 1) MEO LR 2o, LD
e SAAVLERLEMRIRLT 1+ ) VEEF
FEFTEEEFTE Lo L2L, 0.1%
griseofulvin & DEAEAC L > TEEDRL T 4 )
CREEEEFISRILES Z ESHBELR,
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In this study, first, we investigated the effect of 7, 8-benzoflavone (ANF), mitomycin C
(MMC), a well-known genotoxic compound, and ANF plus MMC on the induction of sister
chromatid exchanges (SCEs) in human whole-blood cultures. Second, we examined the effect of
mixture of organochlorine compounds, which very resembled their contamination of healthy
people in its composition, on the induction of SCEs in the same blood culture system in order to
clarify their genotoxicity as a whole. The following results were obtained.

1. ANF and MMC significantly enhanced the number of SCEs/cell at the concentrations of 4 X103
M and 1078M, respectively. When both of the compounds were simultaneously added in the
blood cultures, their effects on the induction of SCEs seemed to be additive.

2. Without ANF in the blood culture system, namely, an usual system of the SCEs experiment, we
could not find a dose-response relationship between the concentration of the mixture of
organochlorine compounds and the induction of SCEs/cell. With ANF, however, we observed
a fairly good dose-response relationship between them:.

3. In the whole-blood culture system with ANF, we found significantly great number of SCEs/cell
at the level of twenty times higher concentration of the organochlorine compounds than the
ordinary level.

According to the results described above and of our other studies, 50% effective concentra-
tion (ECs, about 2 SCEs/cell higher than control SCEs/cell) of the mixture was considered to be
about 5 times greater level over the general one.

We have already reported that methylsulphonyl polychlorinated biphenyls (MSF-PCBs), one
of the major metabolites of PCBs, which are also one of the main contaminants of human body
among organochlorine compounds, show almost the same enhancing and inhibiting effects on aryl
hydrocarbon hydroxylase activity both of cultured human lymphoblastoid cells and of hepatic
microsomes prepared from mice as ANF, so some of MSF-PCB isomers will be expected to elicit
similar clastogenic effect to ANF in the induction of SCEs. One of the most important problems

(33)
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to be solved will be the comprehensive genotoxicity and/or health consequences to the descen-
dants of the mixed contamination of the organochlorine compounds such as PCBs, MSF-PCBs,
polychlorinated dibenzofurans and polychlorinated dibenzo-p-dioxins since our human bodies
have already been contaminated by these chemicals and several flavones and flavonoids, which
are very similar to ANF in chemical structure, are normally occurring constituents of the human

diet.

& L & I

EE, FLOREBAER L L UIRREBIELHE

(sister chromatid exchanges, SCEs) &R »ER X
nT &7, 20 SCEs Higkit, 1938 &£ McClintock
P maize (M ETaY) OB S BIREAKE
DOEEEL»S, ZOFEEEZFAL TV LD TH
20, BEREICHBBEEN R F R BT BRI Z
? SCEs OB RERE L 72D1F Taylor TH - 122,
L» L, Taylor D8iZE» 5 10 U Ly O/, Z0HE
RUEFELFACEA SN 2 Ehie T2, 1972 4,
Zakharov & Egolina® = X b SCEs 81& 0 L » #§{F
BTEBEENRE SN0 22z, SCEs oY %
HERRTR B E -7z, 851, o 0FFER Latt®
% Perry & Wolff'? ki vdkB&h, =2 10&LE,
SCEs el ild B CE LOBERREE L - T
w3,

SCEs & i3 ORI & > TR—DHEEM 5 4
U7 ABR 2 e sk (ghEsid) »5, #OMERE7%
—ESEMHAECTET 2HETH 5 (Fig. 1 8H). <
DOFAR G, ik DNA oYl & BiE 0BRE
DG L Twa DT, SCEs D533 DNA 53 #1 % #

Fig. 1 Harlequin stained chromosomes of a meta-
phase. Arrows show some SCEs.

AR T 5B C T SN ERAERTH S, IT
&, SCEsERMERRAFRL 2 VIHEEE L DF L
R 2 DEFIC DWTEES N L I8 L U, SCEs
SMBEREEYE, BEEWEIC LS5 DNAEE
TS —FIRBEOMBERE L THEEBENS LD
W27 o fo o,

ST, TTRHLLOBFFEEL OBRERI(E
WEIW L DERSRTWS (Table2 281), T
DRI B OWIFE S, BMTIE S 2BOBRERCE
bERIZE%LTY, MOBSERREYEBEE
TRBEWE, FHMAH 2 W IZHEMCER 2 RiET
ZEEREEDTVEY, 2L RHFRECES, 20
METIE, RO EDBEEFRL TV 35S
FREEDEOER OBREEMRFTT L2 L0 B,
27, TOL RERERRAEEDEN SR LLT,
FOREORGHEEERA 2RI »EMETZ 2L 2H
BEL, BEEHoREL LT SCEsHFHEMLAwvi.
FOWRERBRICDOVTEE T S,

x B F &

1. EFES

Table2 W&+ Tw 3 polychlorinated bi-

Table 1 The effect of ANF, MMC and ANF plus
MMC on the frequency of SCEs in cul-
tured human peripheral blood
lymphocytes

SCEs/Cell (Mean+S. E)
Subject ; Sex, Age, Smoking Habit
. Male, 45, Male, 48,
Chemical Nonsmoker 20 cigarettes/day
Control 7.0+£0.9 10.7+1.3
ANF (4x10-°M) 10.1+0.9* 15.7+0.6**
MMC (10-*M) 19.941.5** 19.9+£1.2%*
ANF (4 x10-°M)
+ 23.6%1.7** 28.2+1.2%*
MMC (10-*M)

* ! Significantly different from the corresponding
control value at P<0.05 (Student’s t test).

** : Significantly different from the corresponding
control value at P<0.01 (Student’s t test).
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Table 2 Mean concentrations of PCBs, PCQs?,
PCDFs, PCDDs and coplanar PCBs of
the adipose tissue samples® and the com-
position of the mixture® of these organo-
chlorine compounds

8;%;;35%0“% é\gizg- Composition
ntration
PCBs 891 ppb 8.9mg"
PCQs 4 ppb -
PCFDs
2,3,7,8-tetra 6 ppt 60 ng
2,3,4,7,8-penta 22 ppt 220 ng
1,2,3,4,7,8-hexa 9 ppt 90 ng
1,2,3,6,7,8-hexa 7 ppt 70 ng
1,2,3,4,6,7,8-hepta 3 ppt 30 ng
Octa 0 ppt —
PCDDs
2,3,7,8-tetra 2 ppt 20 ng
1,2,3,7,8-penta 8 ppt 80 ng
1,2,3,6,7,8-hexa 27 ppt 270 ng
1,2,3,4,6,7,8-hepta 33 ppt 330 ng
Octa 781 ppt —
Coplanar PCBs
3,4,3 4'-tetra 30 ppt 300 ng
3,4,5,3',4'-penta 192 ppt 1920 ng
3,4,5,3',4',5 -hexa 139ppt 1390 ng

: Polychlorinated quaterphenyls.

: The adipose tissue samples were taken from
eleven healthy people who were living in Fu-
kuoka, Japan.

. The mixture was used in this study

. The mixture of the same quantity of Kanech-
lors 500 and 600.

phenyls (PCBs, Kanechlor 500 & 600 ® % & &
1), polychlorinated dibenzofurans (PCDFs), poly-
chlorinated dibenzo-p-dioxins (PCDDs) ¥ & Uf Co-
planar PCBs (Co-PCBs) & EM:Aki3 FERFFEE D
HWHEABIE X D iEfta iz, PCDFs, PCDDs 8 & U
Co-PCBs EEMFEDOHER T A 70~ b5 7 4 —
F99%LL £ T &% 3, 5-bromo-2’-deoxyuridine
(BUAR) 1 the Sigma Chemical Co. (St. Louis, Mo,
USA) & 9, phytohemagglutinin M (PHA) % Difco
Laboratories (Detroit, Mich, USA) X b, penicillin
& streptomycin ¥ & tfF RPMI 1640 £33 GIBCO,

A7 Ty oAV Ty (BE) &b, i,

mitomycin C (MMC), demecolcin B LU 7,8
-benzoflavone (ANF) i3 FIEMBE T 260 (KIR) £ D
AL, TOMOESR, BERSRTRIATH2
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2, b FEREMY) BROBEEE SCEs OEH

NSRBI Y Vo SEROBEEII SIMEEEC L DIT-
7z. 2% b, RPMI 1640 553t (4-B5 2 & 15%, penicil-
lin 100 U/ml X % streptomycin 100 xg/ml % &
34,5 ml g 0.3 ml, BUdR 100 M, &fED(L2E
MEHDVIIZEERES X UOPHA0.15ml (RREE
3%) ®hz, ¥ET L (£E5.0ml), ¥EEEFIRE
B 37TC, BF 100%, —BILKRS%THS, Zo2m
BRIz - SEOFYEOBERLUTOLEEBD
TH% ; ANF4x10°M, MMC 10*M, ANF 4x10°°
M+MMC 10°°M, & tf Table2 o/ kL - EH#IASE
FRACEWEIC & 2 FHPARBRL R_LD 25520
20 fEOBREDRSER. 69 85H%, 2iBER
demecolcin (2Xx10-"M) #f0%, %o 3EMEBCEE
BAEIET S,

emEEEEEELL, FEERET, 0.075MKCl5
ml 20z CHE#L, 37°C T 15 HEBET ., ELD
BIEREIC—ELTEY, 1,000r.p.m. T52ETH
5, COREWIZHN / THEEE: =5 /=1
SOEAGEERSSml £f0z, BHL, 57MERTE
BT 3. ok, EEL, LBERETC, AL TE10
ml 0z, 8%, 30 4 LR THET 2, Eik
DS AN TIRGIOBRIER b > —EREL, V>
NERHRROBEE AT T T 5.

HorpUoOAY /) —=VZREL, ~20C THEAL TH
WIREBEAAT A RS Ao T REEMER
BRE2Ey FHo 3, BrHL, ZREEECLD
AZ4 KT o AEARRER T 5. Hoechst 33258(1/15
M ) vEEREER W 50 pg/ml) BRI A A RS F R
EAY 18 5EL, tub-water IC L D ET S, 20D
AZA4 RIS AEREW1/15M U > BEE®E (pH
8.0) % 3WMEL, #N—FFABDITE, D, 60
C @ hot-plate ¢ 8 SFRISEIMERE L, ki 1/156M
) EBREEIE (PH6.8) i TH N—27 T A 23T,
W 3% F L9 (1/15M V) >~ EEER, pH6.8) i
15 3R L, FAFREEITH, TORAERE, 6FXKD
PBfR DR - 72 53 ZER I b 2 kT SCEs % [ —#£1c
D& 25 MBI EEH T 2 (SCEs mEHAICE T 2 #ik
BERTERZERD, RELTW3), &8, IO
W74 RTFTC2320MBECLIVEF v
N,

STHRRE & OFETFHIE R Student O t HRE
) kDR Lo,

(i
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1. ANF & &0 MMC o) SCEs 5%
46D BIEIERE S L AS RO BHBREE (5920
K/H) ORMEMY >S8R O SCEsFEFE M T T 2
ANF, MMC 8 & t' ANF+MMC OfERIZDWT, #
DOEEERS Tablel wxRT., ZOWLOHERHO
SCEs/#ifa L JEMEE T 7.0, BHEZT 1.7 THY,
JEEE O FNEE (P<0.05) {EWEERL .
ANF (4X107°M) &% OXEEE L gL T, SCEs
BREEECED, BEHCBCT LAEOEGHAT
Bz, MMC(107*M) b SCEs EE # B & (P<0.01)
Eo ik, TO%E, WEO SCEs/MMEHE CEE
(19.9) #m;RU 7z, %72, ANF (4x107°M) & MMC
(10°M) #[FERRC Y Y SBRICER S R REE b,
SCEs/#ifgix & (P<0.01) &L &DH, Z0BE
T EE ORI TH - 7z,
2, AREFRELTVCH>ERERRELEME
%) SCEs Z& M4
26 B0 BMFERAH © 36 O IR E O RAY
mY > 38k SCEs FRM I T 2 @EZHERIFRL T
VB EBERAMUEMERSGER (Table2 28) 0
ERIZDWT, #DERER%E Table3 Ry, A
BERMCEDERSBROBE I AMMBLRL ~LD 2
& (Mixture 1) & 204 (Mixture I1) 2H Wiz, @
¥ SCEs EBA T ANF @RI hR0DT, %

8 Ay
REBE

Table 3 The induction of SCEs in cultured
human lymphocytes exposed to the mix-
ture of the organochlorine compounds or
the mixture plus ANF

SCEs/Cell (Mean+S. E.)

Subject ; Sex, Age, Smoking Habit

Male, 26, Female, 36,

Treatment Nonsmoker Nonsmoker
Control 8.8£0.7 10.9£0.4

Mixture I* 10.7+0.8 13.8+0.8**
Mixture I1? 10.0+0.5 11.9+0.8
Mixture I+ ANF® 12.8+0.7**  11.2+0.7

Mixture [I+ANF*  15.1+0.8** 16.5+0.8**

a: Mixture I and II contain twice and 20 times
higher concentrations of the average level of
the organochlorine compounds, respectively,
listed in Table 2 in the adipose tissue samples.

b: Concentration of ANF is 4x107° M.

. Significantly different from the corresponding

control value at P<0.01 (Student’s t test).

[EA

(36)

56 A

+, BEOERBRRTORER TR T 2. ﬁ%ﬁ@
SCEs/#ili3 B & b b ZHE B THOEMAIICSH
ﬁ,:n@@@ﬁ%%wiof%ﬁgén1w6~%
B ERTH 22, BEO SCEs EB R TRERBRED
Mixture [ D 3 3 BEE O Mixture 1 £ D
SCEs FHMNBVLHEMICH D, FUXEOHEITR
WEEEEL D LEE (P<0.0D) KE<kof. DED,
FEoEEATEDE - RIGEHESED S,
# D SCEs E8%12 ANFUX10°M) 21z % &, IE
D& - RICE@EsIEECEE s, B TIE Mixture
I £ IO HT, 2T Mixture 1L OBE I IHIREE
FHEL THEE (P<0.01) 12EV SCEs OFHERD
shi, FED L2 nREER, 5, ANF 3EBER
AW EOBLENIERA % SCEs BREMEHBEL L
THES 258, LETTROCEMETHD EEL
sz,

bt

% =

—f%iz, SCEs WREERRMWE B & URERIR
HE~DANHOBE %53 2 7200, B THE
AHFECENERETCHL LEZLNTVEY, R
1E % CiiTbiic SCEs i+ 2 ERBEIC B LT,
SCEsFpic & RFT £ &2 o2 NEHOER
&, M, £, ECNERZETHO, FiHAEED
BRI, BE, SEORE, 1 —-BRESTH
zm20 _pER R L B T, SRR ENE L, FiE
D E L Seventh-Day Adventists (SDAs), 8 & 42,
BT AEREEDAL, T SCEsHHBELH
B EEERT.

RS DTFFEFERINOD © FIEIC, TOMFRICB LT
b, B I JEREE L 0 b SCEs A S <, 2otk
FEE LD & E W SCESE # 7~ L7z (Tablesl &

3), 2512, MMC & 107*M & v 5 BV BE TEEE
B L UIEREZ O SCEs{E # HE 12 F 7z (Table
., TOLIREBRFERCLY, IOMRICBOTH
Wiz HIBE R g B & U SCEs HRIEAIE 4301 E%E
TELVANEHEEELD,

ANF ¢ SCEs oBfficBIL Tz, 7 2 U »ARE
@ National Institute of Environmental Health
Sciences(NIEHS, [ES7BBEMFETZEAT O Lucier O
Wge /N —FI & DL DFFRREN L I N TS,
Wl gy, FEREY, MEEEER L UREEDR
I Y > Bk SCEs e %, U v/ SBROEFERI
ANF £H12 72358 LA 2 0BE I DV THEBIRE
L, ANF %5025 2 ok b, B - SCEs FHFHM

- 5y
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EDE - RIGEFRPEHEE 2D, BES T 2R
BRENEBECHEL Z L 2HELLY, BERITE,
BHOSCEsEBR T 1 A 20 KL L OBE T2 0
CIRREE L LT, BEISV SCEsENE SN
s, ANF 226280k b, 1S ABREOR

HETHHRZE SCEsEXRBONL LWVIDTH S,

Wiz, #6432, 3,7, 8-tetrachlorodibenzo-p-dioxin
(TCDD) OS5 L-T v b S LRI v b O
m¥g v »8k@ SCEs M I DO THE - %L
727 LT, Mifgisgdnc ANF 2002 2 0iBeicid
0~30 ugTCDD/kg iz BT, WNHBBEELHERL TFE
12w SCEs iz s o7, ANF 20z 3
£ 0~3 ugTCDD/kg DHHET, & RIGHEFE b -
T, TCDD iz & v SCEs »#EF s h . ZDHE,
3~30 g TCDD/kg i SCEs B3 1312 U B % R~
L7z, EBEOIZREE R0 EE O MERER & D
MTHEEINRY, DED, FBIMY >/ SBROBEEH
12 ANF 20z &k, miEo SCEsEICZER
EEEs sz, ANF A2z 52 Lk VlESR
EFD SCEs {EEE (P<0.001) K& k-7, b
D& ICEEOBEECY, £, TCDD 5B DH
fEBH (PCDFs s HERMETHZ eFEZ 50TV D)
DFEWH ANF 2 BRIz 22k, BE
BROEGEEMEREERDFELD B TERE
WHRHATBETH D 2 D LNT S,

4X107°M iz 8\ T, ANF IR &5 & UBEE
DY > oSERME D SCEs % 2 ZNLOSTREEOE X
NyEZICFHD(Tablel), ANFioksz0L5%
VERE FERD & 512 Lucier ORIV — 710 & - T
bELeENTWE, #LT, ANFizxsZ0 L5 %
clastogenic 72 {Ef i minor 2 AE Y TH 2 9, 10-di-
hydro-9, 10-dihydroxy-ANF @ & 3 o R##ic L v
EF2EEZSNTWBY, Table3 I RENT 5 L
9z, —EH7s SCEs HRRA CH ERERRFYE
REEWIC L 5 SCEs MW E - MTBEREIRD 5
ny, U SEEBEDHHE SCEs M %= 18
EHBEEs NI, Ly L, BH 0O SCEs EE% iz ANF
EMz5 &b, BREERCPYERESERD
L SCEs ZRMUOMICEDE « RIGEESHED 5
naEokoiz, 20L& - FUCERE S 512
MR L s & 25, fEkd SCEs EERR T, &-
RinBERzgREs Y, ANFErHWEZ Z oLt
BRREWE RICHEESRED s, ZO%EOER
RIS D EBERREYERAERC & 5 SCEs 3%
FHD 50%EZNEE (1 2 SCEs/MKEOEM 1337

DAEBR L NVDRISEDE 2510 H D I LS milg
SRz,

PCBs O TREEFEVEEZ SN T3 3,4,
3’, 4’ ~tetrachlorobiphenyl (3,4, 3", 4’-TCB), Co
-PCBs AR D—FE, 13V > SERISEMBA THRAK
YisrE R % = ¢ 23, Co-PCBs T iZ 242,52,
-TCBitiz 2z &) REBRBERa >, L
L, MEEEERRICY o BICERS R 2 &,
34,3, - TCBOBEHEMMBEMEENIIEL 2o
7219, 7, PCBs KRB L /- - E 2 o2 HBEETR
fes & ras LW EEGTHROEHEAMBETIIR
Hah, BEOVAIZNEL ko>Tw3EEILNT
WY, 5 PCBs OB TH D, AMEE»ZDE
BEIEYL Twb methylsulphonyl PCBs (MSF
-PCBs) i3 ANF A OBRESLERAS L UH
EERAOHZ BB 5N TWEY 0T, MSF
-PCBs iz & ANF ¥ [F#® clastogenic 72 {EE 5 2
TREEDE Z o b, BERERRENEORERED
ZLNEETENT2ERR, BE—0fEHE OV
TOHFRT 5D Tk, EENLARBELEEERE
LTSRS 528, OTEETHS., £/, ANF
WARFREYE DS FEL L TV 2 flavones % flavonoids 2%
BAR, ERBFRECLIFEELTBY, Zhodfb¥
VIBDOH2EREERICHRAERFEEDH 5 2 EWRE
ENTWEYY, -7, AMEEBELROAZ ST, B,
SOMOMEMEDOEBRLER L7z, L VRENLEE
H S BRERREDEOBEHEEER L THAD
MEERHET LI ERBRLEELREO—-DOTH2
EEZD,

&

#

t hERMEM Y »oSER O MmEEEE E F v T ANF,
MMC, ANF+MMC 8 & UPAKEFRL T 61
BRAMEMERSEROBGEEER & Wik R Es
AL (SCEs) BFME#IE L L THI%EL, TE0 &
S RHFREENG e Lz,

1. ANF@R4x100°M D E T, % 72 MMC i
WM OEETEERE L SCEsFERM R L
o, %72, ANF & MMC % [z U o/ SERIRRE L
WL o3E, W EWE I & 2 SCEs ¥
I TH - 72,

2. MEEBERL T2 EBERR/EMERAE
WD SCEs ZEFM iz 0w Tid, B¥ o SCEs £
FTEE - RICEAGRSRED suedp o728, 20D
FIZANF 2122 2 L0k D, HEHRWIED
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ANF %2/0z 7 SCEs EBR R I BT, Hiig
FREEWEREHEDOABIER LD b 2045
B THE (P<0.01) icE v SCEs F3 4
DEEs L,

DD LMERERB X U b OMOTRER 5
5, ERERZEMERELEED AMRERL ~v
DRISED & 2512 S0%AERNBE (9 2 SCEs/fifan
BIm»nbHsrEz6NS, £/, PCBs ORI TH
% MSF-PCBs 212 ANF LRI BEREHIER B
S UTHEERAMNH 2 Z L5, MSF-PCBs i & ANF
& [FIFRD clastogenic Z2fERH 2 AJEEMEN H 5, &
512, ANF o b s 8005 2 flavones $H3873%
BEWRELSAHELTWwS, DED XS 2R s2HRE
TEZLD L, BERREYEOBGESEERPT
BNOHEBEEMRT 286, AMEBRIZTTEL,
BY» o OMOIFYEOBI G YL EE L, kb
BRENTES» S DRSS E L EELEEDO—DTH
LEEZONS,

3.

# 23

SCEs 12§ 2 EBREEIC DL TR ARKFE E L IR E
EFHE (HFARBEE) OBFEO AR ICKRESESRI

NELEDT, ZTIZWEELTFEHBLET.
X oy
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Influences of Polychlorinated Dibenzofuran on pUC18 Plasmid DNA

Makoto Horl, Masako UpoNo, Hiroyuki TOYOSHIMA,
Ryoji HIROSE and Hikotaro YOSHIDA

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

We investigated an effect of polychlorinated dibenzofuran (PCDF) on pUC18 plasmid DNA.
The mixtures of pUC18 and PCDF were introduced into the competent cells derived from E. coli.

The competent cells were cultured on Luria-Bertani agar plate containing ampicillin.

The

number of colonies was not decreased in compared with it of E. coli inserted non-treated pUC18.
The pUC18 re-extracted from the E. coli with PCDF-treated pUC18 were digested with 15 kinds
of restriction enzymes and agarose gell electrophoresed. As the results no changes were found
in compared with non-treated pUC18. Those findings suggested that the PCDF did not react with

pUCI18.

FIEWE IS DNA WEBFR L (URBEFHTL L
D&, TOMBERERBRHET 58 CHETLEY
HDNAWHEBLUTHRER S LOTHED 2HE,ND
59, LTRIZLTYH, REWE IR S»DFETDNA
WAER L, 7 OHEERSIC mutation ¥2|EB 1T
EB—RNICED ONTET NS,

4@, bbbt polychlorinated dibenzofuran
(PCDF) #35 vector T#% % pUC1S8 plasmid DNA (L
TpUCLS) e »rDEENLIERAE2 LOTHELE
pUC18 & # @ competent cell T 5 E.coli #{EHL
THET L7z, &7z, b MEMEK DNA o3 2 PCDF
DFESOERE? 72 DI HNNEHIC & 5 BLEH
RERRETL 72,

ERMEE Fik

1. pUCIS8 (=347 3 PCDF MR
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In Vitro Analysis of Polychlorinated Biphenyls (PCBs) and 2,3,4,7,8
-Pentachlorodibenzofuran (PCDF) Cellular Toxicity in
PLC/PRF/5 Cell Proliferation
——The Effect of Ursodeoxycholic Acid, Inchin-Gorei-San

and Shou-Saiko-To on Cell Toxicity
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(Divector : Dv. N. Hivola)
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(Divector : Prof. H. Yoshida)

Fumio MURAYAMA

Division of Dermatology, Sasebo Gemeral Hospital, Sasebo, 857
(Divector : Drv. H. Suyama)

Abbreviations PCBs, polychlorinated biphenyls, PCDF, 2,3,4,7,8-pentachlorodibenzofuran,
DNA, deoxyribonucleic acid, RNA, ribonucleic acid, EDTA, ethylenediamine tetra acetic acid,
HBsAg, hepatitis B surface antigen, HBcAg, hepatitis B core antigen, HBV, hepatitis B virus,
EtOH, ethyl alcohol, PCR, polymerase chain reaction

Abstract We investigated the cell toxicity of polychlorinated biphenyls (PCBs) and 2,3,4,7,8
-pentachlorodibenzofuran (PCDF) as an indicator of the quantity of m-RNA, which synthesizes
the HBV core antigen region, and secreting protein, which is an HBV surface antigen in PLC/
PRF/5 cells. The determination of m-RNA was conducted according to the methods of reverse
transcriptase and polymerase chain reaction. Furthermore, the reductive action of ursodeoxy-
cholic acid, shou-saiko-to and inchin-gorei-san on the PCBs and PCDF toxicity was investigated.
The cell number of 1X10°/ml and concentrations of 200 .g/ml for PCBs and 500 «M for PCDF
were used in these experiments.

The titer of HBsAg was gradually increased from 1 in 1X10°/ml of cell numbers to 100 in 1 X
10/ml of cell numbers. The curve became a plateau in 1Xx10%/ml of cell numbers. The cell
number of 1X10°/ml was used in the experiments. The titer of HBsAg decreased following in the
increase of concentration of PCBs. The HBsAg, even in the PCBs concentration of 1000 xg/ml
showed a titer of 22.5%. However, the highest concentration of PCDF in this study, that is, 500
#M of PCDF, did not show any decrease of HBsAg activity. The concentrations of 200 rg/ml for
PCBs and 500 «M for PCDF were used in the investigation of drug effects.

A high titer HBsAg was observed in high concentrations of shou-saiko-to in comparison with
a control group. Ursodeoxycholic acid and inchin-gorei-san exhibited a similar tendency. HBsAg
titer increased to 40 to 509 with the addition of inchin-gorei-san or shou-saiko-to.

The m-RNA sythesis increased following the decrease of concentrations of PCBs and PCDF.
The slope of the curve for PCBs suddenly increased in comparison with that for PCDF. The
concentrations of 100 xg/ml of PCBs and 1 mM of PCDF were used for the observation of m
-RNA synthesis. Ursodeoxycholic acid and inchin-gorei-san alone suppressed m-RNA synthesis
at the concentration of 0.02X272 to 0.02X27%9%. The concentration of 0.02X27%9% to 0.02X27%%
of ursodeoxycholic acid inhibited the suppression of m-RNA by PCBs and PCDF toxicity.
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Introduction

Many attempts have been made to treat
Yusho (PCBs poisoning) patients. The produc-
tion of PCBs themselves is now prohibited, but
PCBs compounds are still serious environmen-
tal pollutants. The investigation of acute and
chronic toxicity of PCBs by animal experi-
ments is hampered by the risk of environmental
pollution. In western Japan, especially the
Nagasaki area, many cases of Yusho were
caused by rice oil contaminated with PCBs?,
and the establishment of a therapeutical meth-
odology is urgently required. We already
attempted a drug screening system in vitro by
the colony formation method in cell culture®.
However, the results are not applicable to clini-
cal use because the concentration of drugs was
too high in the experimental condition. In this
study, we investigated the cell toxicity of PCBs
and PCDF as an indicator of the quantity of m
-RNA, which synthesizes the HBV core antigen
region, and secreting protein, which is an HBV
surface antigen, in PLC/PRF/5 cells”. The
determination of m-RNA was conducted
of

transcriptase® and polymerase chain reaction”.

according to the methods reverse
Furthermore, the effeect of ursodeoxycholic
acid and the chinese herbal medicines (shou-
saiko-to and inchin-gorei-san) on PCBs and

PCDF cell toxicity was investigated.
Materials and Methods

1) Culture cells

Using culture petri dishes, five centimeters in
diameter, we cultured the 3x10° PLC/PRF/5
cells in 5ml of RPMI-1640 (Nissui Co., Ltd.,
Tokyo) with 20% fetal calf serum in a CO,
at 37°C. After
monolayered condition, cells were harvested
with 0.019% trypsin and 0.02% EDTA in phos-
phate buffered saline (pH 7.4) and culture was

incubator achieving a

continued with a new medium of 10% fetal calf
serum in the appropriate culture dish.
2) Determination of HBsAg titers
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In the 24 culture dish wells, 1 X10° PLC/PRF/
5 cells were seeded by ten-fold dilution. After
seven days, the titer of the hepatitis B surface
antigen (HBsAg) in the supernatant of the cul-
ture medium was determined. Assay for
HBsAg titers was performed by enzyme im-
munoassay using a commercially available kit
(Auszyme II, Daiabbot Co., Ltd., Tokyo).

3) Reagents and Drugs

Polychlorobiphenyl tetra (Wako Chemicals,
Osaka) was diluted with 10% dimethylsulfoxide
in phosphate buffered saline (PBS, ph 7.4). 2,3,
4,7 8-pentachlorodibenzofuran was kindly pro-
vided by Prof. Y. Masuda (Daiichi Pharmaceuti-
cal College, Fukuoka) as aceton solution.
Ursodeoxycholic acid (98.5%, Tokyo Tanabe
Co., Ltd., Tokyo), inchin-gorei-san (870117001
Tokyo)
(714332, Tsumura, Tokyo) were supplied by the

PO, Tsumura, and shou-saiko-to
respective company.

4) Purification of HBV DNA fragment

HBV-DNA from the recombinant plasmid
adr-125, containing full-length HBV sequences
cloned at the Bam HI site of the pBR322 vector,
was supplied by Dr. T. Yoneyama®. The adr
-125 was digested with 4 units of the restriction
endonuclese Bam HI (Bethesda Research Lab.
Inc.) in 40 gl of buffer (100 mM tris-HCI, pH 7.2,
5mM MgCl, 2mM 2-mercaptoethanol, 50 mM
NaCl) for one hour at 37°C. Purification of the
DNA fragment in 5 ul of the mixture was
confirmed on a 0.7% agarose gel for visualiza-
tion by the staining of ethidium bromide.
Electrophoresis was carried out at 5 mA per gel
using a tris-borate-EDTA buffer (89 mM tris
borate pH 8.3, 2.5 mM Na, EDTA). Purification
of the remainder was performed by a second
preparative gel method.

5) Extraction of HBV DNA from sera

The HBV DNA was extracted from the
plasma of a HBeAg positive carrier according
to the method of Kaneko et al®. 100 ul of
proteinase K (100 pxg/ml, Boehringer Mann-
heim, Germany), 0.5% sodium dodecyl sulfate, 5
mM EDTA and 10 mM tris-HCI (pH 8.0) was
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added and digested for three hours at 70°C.
HBV DNA was extracted with phenol and
chloroform from the aliquate, precipitated with
EtOH, dried and resuspended with 100 £ of 100
mM tris-HCI (pH 8.0) and 1 mM EDTA.

6) Extraction of cellular DNA and RNA

The extraction of DNA and RNA in prolifer-
ated PLC/PRF/5 cells was performed using the
standard techniques in the method of Maniatis
et al¥,

7) Synthesis of template DNA

cDNA was synthesized wusing Ohara’s
method®, so that 5 ¢l of total-RNA was incubat-
ed with 20 4l of buffer (1 mM dNTP, RNasin
1 unit/ z1, random hexamer 100 pM) and Moloney
murine leukemia virus reverse transcriptase
(BRL, MD, USA) 200 units for one hour at 37° C,
and treated for 10 minutes at 95°C.

8) Synthesis of PCR primer

HBV core antigen region oligonucleotide
primers were synthesized to HBC-1 (GAGTGT-
GGATTCGCACTCCT, 2140-2159) and HBC-3
(TCCCGAGATTGAGATCTTCT, anti-sence,
2292-2311) using a DNA synthesizer (380 A,
Applied Biosystems, CA, USA) and purified by
high performance liquid chromatography (150
A Applied Biosystems, CA, USA).

9) Polymerase chain reaction (PCR)

PCR was performed in a total volume of 100
w1 of reaction mixture. Amplification was
carried out in a DNA thermal cycler (Perkin-
Elmer, Norwalk, USA), that provided, per

cycle, 30 seconds of incubation at 94°C to de-
nature DNA, 37°C to anneal primers, and 70°C
to extended primers. After the last cycle, the
samples were incubated for an additional 5 min.
at 70°C for final extention. Detection of
amplified DNA was perfermed by electrophor-

esis as described above.
Results

1) HBsAg-secreting ability of PLC/PRF/5
cells in normal medium

The HBsAg-secreting ability of PLC/PRE/5
cells is shown in Fig. 1. The titer of HBsAg
gradually increased from 1 in 1X10%/ml of cell
number to 100 in 1Xx10°/ml of cell numbers.
The curve became a plateau in 1 X10%/ml of cell
numbers. Therefore, the cell number of 1x10%/
ml was used in the subsequent experiments.

2) HBsAg-secreting ability of PLC/PRF/5
cells in the medium with PCBs and PCDF

The data on PCBs or PCDF toxicity is

showen in Tablel. The titer of HBsAg de-
creased with the increase in the concentration
of PCBs. Even in the PCBs concentration of
1000 xg/ml, HBsAg appeared at a titer of 22.5
%. However, the highest concentration in this
study, that is 500 uM of PCDF, did not show
any decrease of HBsAg activity. Therefore, the
concentration of 200 x#g/ml on PCBs and 500
M on PCDF were used in the subsequent
experiments.

3) The effect of drugs on PCBs and PCDF

100

EBsAg
titer

10

! )

L L

10 10+

10® 10¢

Cell pumber of PLC/PRF/5 cells

Fig. 1 HBsAg-secreting ability of PLC/PRF/5

cells
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Table 1 Effect of PCBs and PCDF toxicity on PLC/PRF/5 Cells
Concentration of PCBs (ug/ml) 1000 500 250 125 100 50 0
Titer of HBsAg (%) 22.5 64.3 76.8 76.8 84.3 95.0 100
Concentration of PCDF (xM) 500 250 125 62.5 31.5 0
Titer of HBsAg (%) 98.7 102.4 99.5 107.3 96.8 100

100

HBsAg
titer
(% )

50

© :Shou-saiko-to alone

@ :Shou-saiko-to + PCBs

4 [ Shou-saiko-to + PCDF

L 1 1 1 1

Concentration of Shou-saiko-to (

S 6 7 8

0.2x 27*%)

Fig. 2 HBsAg-secreting ability of PLC/PRF/5

cells

(Shou-saiko-to+PCBs or PCDF)

cell toxicity

The effect of three drugs, that is, shou-saiko-
to, ursodeoxycholic acid and inchin-gorei-san
on PCBs and PCDF toxicity is shown in Fig. 2
to 4. The HBsAg titer in the shou-saiko-to
alone showed a high level at the concentration
of 0.2X2749% to 0.2X27°%. With regard to the
effect of shou-saiko-to on PCBs cell toxicity
(Fig. 2), a high titer of HBsAg was observed at
high concentrations of shou-saiko-to as compar-
ed to the control group, although the reason for
the downward shift of shou-saiko-to with PCBs
in the low concentration of shou-saiko-to was
not clear. A similar tendency was observed in
the shou-saiko-to with PCDF group. Both shou-
saiko-to with PCBs and with PCDF showed a
decrease of HBsAg titer in the high concentra-
tions of shou-saiko-to.

The effects of ursodeoxycholic acid and
inchin-gorei-san on PCBs and PCDF toxicity
are shown in Fig.3 and 4. Ursodeoxycholic
acid and inchin-gorei-san showed an elevation

(47 )

of HBsAg titer only at the concentration of
0.02x27*% of ursodeoxycholic acid and 0.2 X
27%% of inchin-gorei-san. PCBs and PCDF with
ursodeoxycholic acid showed a similar eleva-
tion at these concentrations. The increase in
HBsAg titer reached 40 to 509% with a concen-
tration of 0.02X27%% to 0.02Xx274%
sodeoxycholic acid.

4) Quantization of m-RNA

The resuilts of the quantization of HBcAg
region m-RNA are shown in Fig.5. The Ist
lane, shows purified HBV DNA, the 2nd
extracted HBV DNA from HBeAg positive
carrier serum, the 3rd synthesized c-DNA from
m-RNA of PLC/PRF/5 cell, and the 4th to 10th
synthesized ¢c-DNA from m-RNA of PLC/
PRF/5 cells in PCBs concentrations of 1000,
500, 250, 125, 100, 50 and 0 rg/ml respectively.
M shows ¢ x174/Hae III of the sized marker.
The band thickness of 171 base pair in the 7th to
10th lanes was macroscopically graded into a

of ur-

score of 1 to 4, where no band was score 0.
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150 —~
100
HBsAg
(%)
S0 —
O : Urscdesoxycholic acid alone
® : Urscdesoxycholic acid + PCB
4 : Ursodesoxycholic acid + PCDF
I 1 1 ! ! ' !
1 2 3 4 S 6 7 8 9
Concentration of Urscdesoxzycholic acid (0.02x 2-2%)
Fig. 3 HBsAg-secreting ability of PLC/PRF/5
cells
(Ursodesoxycholic acid+PCB or PCDF)
100
HBsAg
(%)
50— O'Inchin-gorei-san alone
® . Inchin-gorei-san + PCBs
Allnchin-gorei-san + PCDF
1] 3 1 L L L L ] A

Concentration of Inchin-garei-san (0.2 x 2~ M%)

Fig. 4 HBsAg-secreting ability of PLC/PRF/5
cells
(Inchin-gorei-san +PCBs or PCDF)

5) The effect of PCBs and PCDF on m-RNA
synthesis and the efficacy of drugs on PCBs and
PCDF toxicity

The effect of PCBs and PCDF on m~-RNA
synthesis is shown in Fig.6. The score of m
-RNA synthesis rose with the decrease in the
concentrations of PCBs and PCDF. The slope
of the curve for PCBs showed a sudden increase
as compared with that for PCDF. The concen-

Fig. 5 Photograph of electrophoresis gel after trations of 100 xg/ml for PCBs and 1 mM for
PCR PCDF were used for the m-RNA synthesis.

(48 )
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Fig. 7 The efficacy of ursodeoxycholic acid on
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The efficacy of ursodeoxycholic acid on PCBs
Ur-
sodeoxycholic acid itself suppressed m-RNA

and PCDF toxicity is shown in Fig. 7.

synthesis at the high concentrations. There was
a slight elevation in the score for the effect of
ursodeoxycholic acid and inchin-gorei-san on
PCBs and PCDF toxicity at the concentrations
of 0.02Xx27* to 0.02x27%% of ursodeoxycholic
acid or 0.2X274% to 0.2Xx27°% of inchin-gorei-
san.

Discussion

We confirmed in this study that PCBs supres-
sed the titer of HBsAg while PCDF did not.
Unlike that of PCBs, the concentration of
PCDF may not be sufficient in the measurement
of HBsAg titers. The maximum concentration
used in the measurement of HBsAg titers was
that of the original solution of PCDF supplied
for this study. Higher concentrations of PCDF
should be investigated in future studies. PCBs
and PCDF both supressed the production of m
-RNA. This means that PCDF inhibits the
production of m-RNA but not protein synthesis,
while PCBs inhibits both. It is very interesting
that there was a different reaction between
PCBs and PCDF. It is possible that the indica-
tor used in this study differs from the indicator
that expresses the relationship between m
-RNA and protein synthesis. Basically, an
indicator that expresses the same m-RNA,
protein and DNA should be selected. However,
DNA to HBV surface antigen is less stable than
that of core antigen. We chose DNA to HBV
core antigen as an indicator of cell toxicity for
this reason. In a previous study, PCBs supres-
sed cell growth®. This means that PCBs supres-
sed cell functions as well as cell growth. Our
data shows that this system can also be utilized
for the detection of PCBs cell toxicity.

In the effort to find chemicals that exert a
reductive effect on PCBs and PCDF cell toxi-
city, we tried a drug screening system in vitro
using the colony formation method in culture®.
However, the result could not be applied to

(50)
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clinical use because the concentration of drugs
was too high in the experimental condition. We
selected three drugs in this study, that is, shou-
saiko-to, inchin-gorei-san and ursodeoxycholic
acid, and investigated whether or not these
drugs exert a reductive effect on PCBs or PCDF
toxicity. The result showed that inchin-gorei-
san and ursodeoxycholic acid reinstated the
supressed synthesis of HBsAg protein by PCBs
and PCDF.
decrease of m-RNA expression of HBcAg by
PCBs.
systems, that is, the colony formation method

These drugs also relieved the

It is very interesting that these two

and protein synthesis method, showed similar
results. Ursodeoxycholic acid and inchin-gorei-
san are drugs for the treatment of obstructive
bile duct or hepatic dysfunction. These drugs
may have a possibility to utilize for the clinical
use. Further clinical studies and animal experi-
ments are necessary, therefore, to elucidate the
mechanism of these drugs in the reduction of
PCBs and PCDF toxicity.
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B o O - R MR OK BB - HHEARRR
PERITSIR AR IR (5% | L)
L se 5B

PCBs, PCDF o#ifa# %% PLC/PRF/ 5 #fifan#k
HEB (HBsAg) 57WEE, BEIFRY A VR 3 7HIR
R EGHKT 2 m-RNA £ 2EIEE UTHRETL 7.
m-RNA o #5E i% BLU
polymerase chain reaction EXHWTIT-7z, &6
= ursodeoxycholic acid, BEEEATEL /NEHEHS
PCBs, PCDF &M 2% 2 &I D TR L
7-. PLC/PRF/ 5 fifa#kid 1x10°/ml %, PCBs (i
B 200 ug/ml, PCDF O 500 «M % A7z,
ATSEEE & U TR ALE © HBsAg g 2 8ET L
7z,

HBsAg @ 43 W EE 13 1 X 10°/ml @ # fa % © titer 1
25 1X10°/ml DIk gk T titer 100 £ TEF L 7.
1X10° /ml a7 b —i2E L 72, iR, L
BROKE T 1X10°/ml DHEBES % v 7z,
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L THIfEREE £ 17572, HBsAg SibgEid PCBs
BESIEINT 2 1> TETF LA, LaL, 1000 xg/
mOPCBsEEICEB T HEMER D22.5%0D

reverse transcriptase

HBsAg 5yibfe % 7% L 72, PCDF i3 5 B (500 M)
TH HBsAg 53 AE DK T I3 7R & % » o7z, PCBs,
PCOF #M I 3T 2 EHORER TS 2012,
PCBs i3 200 #g/ml, PCDF iz 500 «M DB E % v
7z,

Ursodeoxycholic acid, Rk %E, /8% %
NENERETICHRMNT 2 &, HBsAg 36813 JUE
U7z, B AAHE, /NEEA% Tid PCBs, PCDF Bl
BT 40~50% DIE M TIHE R A7z,

& 512 PCBs, PCDF &712 & 2 m-RNA &5 %8
£95% L, PCBs, PCDF BEHNE 23> T, m
-RNA GEHE s vz, 20 H — 7 DOAFg: PCBs
A PCDF 2 lbkRTHE L <, ¥4 b % PCBs#t PCDF
WA Tm-RNAGRKZ L D& L LIEIL 7. Ur
sodeoxycholic acid, BEFEAZE O BIMARING 0.02X
272% %> 5 0.02X27 % D B E T m-RNA &5k % #1#]
L7z, Lanl, 0.02X27%, 5 0.02X27 5% DiEE T
PCBs, PCDF #Mi2 & 2 m-RNA &5DET %85
ZHFEIL 7z,
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REBIEICH T 2XREMEBD PCDF (2 & 3 Z{LDi%ET

REAFRFHEEHFEE (B SHERIHE)
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A Study of Epidermal Alterations Induced by PCDF
on Experimental Carcinogenesis

Ryoji HirosE, Makoto Horl, Hiroyuki TOYOSHIMA,
Tetsuo SHUKUWA, Masako Ubono and Hikotaro YOSHIDA

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

An effect of 2, 3, 4, 7, 8-pentachlorodibenzofuran (PCDF) as a promoter on a course of
experimental skin carcinogenesis in mice by chemicals 20-methylcholanthrene (MC) has been
proved by our previous studies.

Details of ultrastructural epidermal alterations induced by MC and PCDF were observed and
an attempt to differentiate benign tumor from malignant one in which a combined application of
MC and PCDF on mice skin resulted was done electron microscopically.

Four significant findings as follows were detected. First of all even the epidermal cells
without tumor had some atypicality. Secondly both of benign tumor and normal-appeared skin
without tumor had giant and round-shaped keratohyalin granules (KHGs) which show a tendency
of less keratinization. Thirdly cytoplasmic projections of epidermal cells increased in number
and sparse tonofilaments scattered in the cytoplasm of benign tumor. This is also an appearance
of mucous metaplasia of keratinocytes as well as the form of KHGs mentioned above. Finally
benign tumor had thick horny cells including numerous lipid droplets, and that is a sign of
acceleration of epidermal turn over. Since epidermal cells have little chance to be exposed to
carcinogens when they quickly keratinize, they rarely form a cancer.

When epidermal cells have such tendency as less keratinization or more keratinization, they
are supposed to be less sensitive to any stimuli of carcinogens, and consequently they incline to
be benign tumor instead of malignant one.

EIRET L7z,

& L »

B2 KEOREMEO D EDTH2 2, 3, 4, T, REMH L&

§-pentachlorodibenzofuran (LI PCDF) 23 &g D ¥
BIZES L TWw 2 hE»RRETL T & 7209, b
FHHEF| 20-methylcholanthrene (LITMC) ic k 2 <
A DR EREFERTE W PCDF 2 fHEAB T2 2 212
& 0, PCDF 2% promoter IR %R ¥ 2 & % 3 2R
EHELI. AR TIE PCDRIC L 0 y 705 315 R AR
D Z5{k= PCDF % promoter & L THEELEEOD
SHLEHERBEEFTAEL L 2 5 REFNLES
BB ERENE L, EBRREEYFVTZOHM
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HIEREY B W TEM 2R L 7228, ddy =7 X 210
VERRD 7T DO, AMEL, ERIZALERER
4:BE, 3#EH, 12EEERRL, BRELLERCD
WCEEARL 2.

B I1-aB:0.3%MC 1 E%®A LE0.5ppm
PCDF % 2 [

B 1-bEE:0.3% MC 1%, L%k 1 ppm PCDF
%A 2 [E ¥ A

BI-ci:0.3%MC 1[E%EMH, &5 ppm PCDF
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%18 2 E¥A
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ppm PCDF 3 2 %7
FI-bEE:0.3% MCHE 2 [@%Am, 8 HFHE 1 ppm
PCDF 3 2 &1
BI-c#E:0.3% MCE 2 RI1gf, 8HEfHE##5ppm
PCDF 3 2 B1%45

HIEE : 0.3% MC ¥ 2 E®&A
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1 #1-af¥ PLER EEME J<4LBD R BI-b#E P RER, EERE.
tonofilament & %% ribosome («) %* & HFEEREA » R EREOEME R T, (X1.
%, (X4.200) 500)

ER] BI-bE, P HEE, BE~EAE.

EI0X FU-bE:, P REE, ZE@i.
AEMIRAICS < O lipid (<) 2&ATH LT bR R
5. BB 1 AT 0 KHGs % & tonofilament («<) 34 7% 4%, desmosome
5' (%1500> - RN TV B, (X4.200)

(55)



244 oW 'R — E»LA

(5K, EEBOMBIG/NEIOMREZE Y 25K
ET 39, BBLRERERECENT 2 (EeN)., &
EMEOMIEEN X tonofilament 3 T < AR S
NE2DOHTH3H, desmosome Z72BHEFELNT
Vv 3, HIRSE 22k 3B T, E R & ribosome 23
Hiz->Tws (BT7K),

2) ZII-b#t (MC+1ppm PCDF 12 B/ &) -
BEE 20 BLL LRz, AEMEAICES O lipid
2EATHS, FRMEES  ORBMEO KHGs %
FERLTwa (F X)), EERBOMIMRMBEAYS
<, MRREEELEML TV Y, RIEEERD
v (B9, EFEMMBAIIE tonofilament 2347
V23, desmosome IZEET 5. % 7% < ORI/
& ribosome 24 % (F10K).

3. K®ER

1) Z1-bE (MC+1ppm PCDF 12 EHM®AA) ©
b THMMOEHZEE T 2 BEME» Y — MR
ZER A R RE L T b, IR I A B
ELTBY, &L IZEHRL L tonofilament b A 51 5

B 1 HI-b B, K AR, EER, MIOvERLE (£ 11 H)., BEEMEOKIZWUDTHY, BMER
2ETAHBOMEESRT. & SRKERLE nucleolonema »MEFh 2EE* 25 2. HEENI

tonofilament () %23, (x1.500) tonofilament 3 & HE/NMakz EnL s B (E12

).
% =3

MC+1ppm PCDF iz & W #4 L - KAEEE T
DARTEE RS U MC B THA L - KEESY &
B L, ZABHELBHBEOELEELL &
T E ot Lizd- T PCDF W & 2 ELEED
MEEIH G I T 20T, X XICHRL LI pro-
moter & L COEEEETH 2 0.5ppm B L UF+4
7 promoter FHE O A 5 7z 1ppm & 5ppm D
PCDF 2 MC t R L e HE&O PEEE S L UVEE
FEECBEsholtHEC O TEMET 22T
&z, O PCDF % [F—HAf8AR L7223, MCi34]
\ic 1 EOAERL, RBEBCES K0 8% T
Bicfwlk, 2595 2 LD REBEABICET 2
PCOF OfER 2SI T B I ERNTED EEZLT
DTH5B.

FORRE, NEEFCILLAERRE2EUCLEHEENU
TR, FEERMZ W,

1) ER~EFHEBEcs»2HMEORE (EEL

E12R HIU-bE, KHEE, EHMAE LvwA),
ELDTHU DB EKRED nucleolonema BERER ALY AFBIIBOTEZLED
() E&D. (x4.200 MRS BT T BRI IE L TR D LD,



FfEiRTE

PCDF i3HeE o £ #Hifgc damage 252 T3 2
EVEH SR o,

2) R#ML, MHE L 72 KHGs (PREE < X,
BER L~ ADWE)

EHEECBV TR KHGS RETREREL TV
2, BREETNOMBE TIEA® O KHGs 2 R4 £ &k
5¥, Lizpd- CHFEO KHGs 28§ 2 Ml 3 T
BtHig s L CORRBERBRL THE X5 ICE 23,

3) MBSO OMM (PREE~ Y R)

AR I3 7Tk desmosome 2 L D BEELTE
h, desmosome 3% ¥ D tonofilament = & H #EF| X
NT»3Y9 UL LEESZ, vitamin A BOFEHR T
H 5 retinoid 2=V AKBEIEHILL I LICLD,
REMBAOBEX L SR OMRERLZD HELHETEL
T 39, & 5142 retinoid I2 X 2 FfEINGDY 2EE o
LEAS ML TE DY, ZOIERAE, retinoid 2 A{Ll
fa% FMERcE e w20 EEZTHWE, L
25T KHGs OEHREL e TE L2 £, MC K
& 2 EA~DBEET, PCDF 2 & 2 IBHIEE/L®
HoieBs, BHOKAEERER T L%, B
HOPEBEELrZ2bDLERT,

4) AHEMEAO lipidd OHIR (P RBEE <~ )

%&%ﬁﬂ@bi%ft‘ﬁﬂﬁ@f‘%%bf & X WRR 2 AT

EERTHEND D, TOMKETVLIELLZET
b, REFPETI2HHELCHEEE G220, %
e ZQRBICE W T AEMIINC S < 0 lipid 2583
W2 ENHONTHWEY, $LFFEI7 P-4
KEROEBEC BT RO ARA lipid %R
LTEY, ZOX3BATRIENEE LD parakeratosis
& EERIC turn over DFIEE R T EBLEEMR LB
bhad, Lizs->7T PCDF & turnover £ X ¥ 2
B ® 2 LEZS, ThHhbOLREBERBEZT 2l
DB REIED EFBOF v+ VAT EEZ2 2
7250, turn over BT A I L L D BIERIEE
FFgbsEZENLD,

Plbotnd, REMzEAERES Uh S aifild,
D F D BRMEERAOE®L, H20IEALOEL WILE
DT OBELRT 26, FBEABUINT 2 8Z
HHELS 2D, 2OKE, RELEEIREO P
BECL2bDEEZT:,

2B B FEEMIEO PCDF iz & 2 & (hoEt

245

£
aff

&

PCDF s ¥ 2 Z X W NIRNKER 2%
B3 208N, $TRBRAMAE T AMlENER LB
WHIRL Tw2 2 edbhol, £7:MEO KHGs @
BEPSHOREMIEOMINEREOHIH L wo &
HALT b BMRLEOFRELLED lipidd 245
T L AEMIRO B & v o7z turn over OFLE I EE
DERUTH2 I ERE®RT 2 L Ebni.

K

3

Wr#zzwsni-v, PCOF 2 HRHET & > o E—KH
REBFEEBA G DIOEHRL 7,

X ik

1) Bollag W: Prophylaxis of chemically in-
duced epithelial tumors with an aromatic retinoic
acid analog (Ro010-9359). Europ. J. Cancer 11:721
~724, 1975.

2) Braun-Falco O and Christophers E: Struc-
tural aspects of initial psoriatic lesions. Arch.
Derm. Forsch. 251 :95-110, 1974.

3) BE #.BRKEOEEOANM:, EE,
SR AR, p.225, 1979,

4) A B IREACHBEOME . EEOEE
DHDTz, BHHE, £FHKR, p.6, 1979,

5) JL#E% . At F & &l 20-methylcholanth-
rene FFE~ v AKFEFKE I RIZT vitamin A D
BB 2%  BETEMBFRCOVWC HESRE 9
1433-1440, 1985,

6) LWEE—, Y& EH, BHEAX, UM, B
B4, SHEANS : PCDF OB kT HE—1E
BRAEZ - AENBSENRST— BHER 78:
43-50, 1987,

T REET, B K, EEiMT, BRTLE, B
BT, SHEKRES | EROBFE < k2T PCDF

DHEB-ZTDREZEDKRT . BHEEE 80:
246-254, 1989,

8) 4 K, BEME, LWHE—M, B &, L
MR, EntE, BEIMT, SHEKES: HEHRL
FEBELEY, BLUZOEMUYWED methyl-
cholanthrene induced mouse skin cancer DF 41z
By gz onT, mAESE 76 | 208-214, 1985,

9) Lasnitzki I: The influence of a hyper-
vitaminosis A on the effect of 20-methylcholanth-
rene on mouse prostate glands grown in vitro. Br. J.
Cancer 9:434-441, 1955.



246

RBEES 82(5) @ 246-250, 1991

2,3,4,1,8-HiE{I>RY TS5 0L01,2,3,4,7,8-X181L
SRV TISDTy PA~AOEOREIZL 3 EEM
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Carcinogenicity of 2, 3, 4, 7, 8-Pentachlorodibenzofuran and
1,2, 3,4, 7, 8-Hexachlorodibenzofuran When Given by Gavage to Rats

Masahiro NISHIZUMI
Department of Community Health Science, Saga Medical School, Saga 840-01

Previous studies showed that 2, 3, 4, 7, 8-pentachlorodibenzofuran (PenCDF) and 1, 2, 3, 4,7, 8

-hexachlorodibenzofuran (HCDF) could produce tumors in the liver and subcutaneous tissues of
rats by subcutaneous administration. The present study have examined the carcinogenicity of the
same compounds in rats by oral administration.

Wistar strain male rats were sacrificed at two years after oral administration (0.2 mg/rat) of
2,3,4,7,8-PenCDF or 1, 2, 3, 4,7, 8-HCDF. Among rats given 2, 3, 4, 7, 8-PenCDF, a cholangiohe-
patoma and a osteosarcoma were revealed in a rat each. Moreover, a few hepatic nodules were
found in two rats in each experimental group. These results suggest that these compounds of

polychlorinated dibenzofurans have a tumorigenic potency by oral administration.

F L & &

FVHEY RV 75 (PCDFs) 13, #UiEy
NV YFF vy (PCDDs) L EVEMAEY 2 =
L (PCBs) BLERBERYEAD 1 D sk s h, TR
BEEYFEATORED PESWEEE L2 2T 5,
FOEEICDBTIR, EBRAIZIE, PCDFsD > 5T
EEMMOHLED L DIF, BEN L HCHAOERE
EDFERRE SN T 3279, 5, PCDFs i3 HHERFED
FERFEMEDO 1 DL LTHBZEIND LI W% ->T
KTWwBEY s, ZOWBEOENE, RICREEEED1E
BN D TR S8 E 0,

Frid, RCHEREFENICLEET D LHBESN
Twb, 2,3,4,7,8- ALY~V 7 5 (PenCDF)
BELU1,2,3,4,7,8 By~ 7 5 (HCDF)
7y MCET®RS LIEG, HTEELHCIFEES
DREZHTZERRELLYM, 2>TETY P
OROABGBWTLHEEORE S R 2 & 2k
T5,
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EEBRM# S LU HE

EERICHEA L7 2,3,4,7,8-PenCDF 8 & 18 1,2,3,
4,7,8-HCDF i, fIEOEBHHEAL - b O LFH—0
LOTHBY, Thoid, RFnFIECA Y — 7
Img/ml DERE 2 BC8BBL, 1END 2D 0.02
ml %, A2 BOEET, SEMCED,ZT10HE, T v

b E A EHIEA L 2.

EERE L LTI,
A HERD 3BE

(1) 2,3,4,7,8-PenCDF & 558

(2) 1,2,3,4,7,8-HCDF 58

(3) #V — 7 EMIES (W) B
WHGER L, R, 17 —Y%h 2~3EFo L
L, Big22£2C, fHMBE SS5E5%DERNTIT R -
7o, fENIEREE CE-2 (A2 L 78) % KEK L
iz, BHCERE €.

B SHG%, SEYERY 128/ I2EE 1 E,
Plagid 28 1, RERIERTS L4k, KB
TETEHREOBEEFE T, EBRKETECETL
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7o 7w Mg L0 BEROE M EHERL, EBH
A% 104 BTERT v b EBR U, MiE, BEIEAESE
BIIAIRN L B OERRERE, M, B, BiiEE
EEFHEEL, BOBRILBECIEL, 0% 7 11~
DU TEITE L, e i/ X7 7 4 /Ay E
B, ~<hFy) ety (H-F) #EE17
W, FEEBFRCEHEL T

® R & R

2,3,4,7,8-PenCDF # 580 7 v b X, 1,2,3,4,7,
8-HCDF #5885 L USIERD 7 v M sk, EEB
i 8B & 50 I T EE (P<0.01) ZAEEREM
oM &H SN (Fig. 1), ZOMEMIE, ZOHkbE
%, 2,3,4,7,8-PenCDF 5B BRERICLL L, EBR

D ~I
(@] O
O (@]

ar
(@]
(@]

Average Body Weight (grams)
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T (104:8) ORFRETHERE (P<0.05) LEERD
Rz, EERERIT, 1T, E2HTIL,
SHRREET 2R 7 v b BSIHEREE W & DT L 7228,
I EBR T CERL, 20M, ARLREES
oot

104 BTOERR, EBRBETEIFERNA25N, 2,
3,4,7,8-PenCDF #58%, 1,2,3,4,7,8-HCDF #: 58%
TOZ v PHMEEL(EE 100g H90) ik, ThzFhd.
49+0.72, 4.24%0.66 TXHREED 3.69+0.41 kL,
BE (P<0.05) WRKTH-7z,

EBRETAH LN EBEERIL, 2,3,4,7,8-PenCDF
BEFTCTERTmmONEE BT 57 v b Al
HEIC TR, BB L RELCER 2.5cm OFEE
PHT27 v b8 1T D& SNz (Table D), AR

400 —  2,3,4,78-Pen-CDF
o—o 1,2,3,4,78-HCDF

300 x—x  Control

200

100}

0 N . .
10 20 30 40 50 60 70 80 90
Weeks

Fig. 1 Body Weight Curve of Rats given 2, 3,4, 7, 8-PenCDF and 1, 2,3, 4,7, 8-HCDF by Gastric Intubation.

Table 1 Tumor produced in rats given 2, 3, 4, 7, 8-PenCDF or 1, 2, 3, 4, 7, 8-HCDF orally.
Gr Number Number of rats Number of Liver tumors Other
NOUD Chemicals Treatment of rats sacrificed at rats bearing rumor
o used termination tumors Nodules CH®
2,3,4,7,8-Pen- 20 pg p.o.X by
1 CDF 10 12 8 3 2 1 1
1,2,3,4,7,8 20 ug p.o.X
2 HCDF 10 12 9 2 2 0 0
g olive ofl g mipo. 10 8 0 0 0 0
only

4 Cholangiohepatoma
® Osteosarcoma

(59)
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B, FHEERREBEOA o5 BARAE (Fig
2) T, MENEEIERE (Fig.3) ofz Rk,
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BN EREE T Mk 10 BEEEL T 24
FAREPEIES 230, /NEEOBEGNEL & 617,
BB, LB, BoHTETATR2EDT v b
T, REEOWR, FEENECEORYEDOTLE L
HICEPREETRERD, o8, < DI v ' B
T, ME~0/INHEBIROBERS S,

nE, HBEOI v TR, FriUoSEERC

i oE

=
=
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BEOCEREFISAT, HBFWCLEE2REOL
oz,

Z =

%2, 2,3,4,7,8-PenCDF 72 & 1842 1,2,3,4,7,
8-HCDF ©Z v b ~DETHEITL Y, BATDEHER
fE, #HEE, 2o URBHELR CofRE L XICHERED
FREFRE LY 2, SE, F—0WE 7 v bARD
BHCHE 35 20k 0, PETED 2 0HEREOFR
EBHoNI LR, Ths{LEIFRELEET
5lb%, FOVHBECRLLLDEEZ TR, KX
BTIHMLAYMOAFECRAN D -2 2 L >, 8BS
HORENRKESICEHBEL LW b, EEE
Y, BEEZSVBRSEHRLERLFFIZ E
B EE T SEMEEARONKRERE0.2
mg/rat i, 2,3,4,7,8 PenCDF B L T I3 EE RN
OMFILASME, D EF s RoFEEE RS T, 1,2,3,
4,7,8-HCDF i DWW C A EMINOMG s 8 E T

Fig. 2 Cholangiohepatoma in the rat given 2, 3, 4,

7, 8-PenCDF,
differentiation together with infiltration of
the surrounding parenchyma. H-E
stain, x100.

showing glandular

(60)

Fig. 3 Osteosarcoma in thoracic cavity of the rat
given 2,3,4,7,8-PenCDF, which is com-
posed of osteoid tissue and pleomorphic
malignant stroma comprising tumorous
osteoblasts and spindle cells. H-E stain, X
100.
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Fig. 4 Hyperplastic nodule in the rat liver given
1,2,3,4,7,8-HCDF. The cells are exten-
sively foamy in character. H-E stain, x
100.

Hote, fEoT, HARESREE L RTEORESN
PEREELLOTE, FERTORSEBOHBLUL
DEEEPLBETHA D, AERT, R 1HDA
THoth, — RO ENRECERL TILE - /G
BEssH2 2 rrs, MPELe, B5EOHEEBICL
DEBERARLEINT 2 EEZ6ND, &2, BFK
PR T v I B TIZ RSB0 T RTERR M
DEEHTIATHE) Zens, 3B
&5 140 life span KE2BHEXFI 285G, BAD
HEEOTREMEEZ T E» 3.

Z o, 2,3,4,7,8-PenCDF #5805 v b 1 G
HonkMEROERER, 104 TREYEI X
BZRBEEMIET D I LIEHEL VY, Ty P IBUS
BAFEEE: L CEXEIC LT, ko Ing
TO wistar 25 v 1,000 CISEOEIOHRTHS R
el el MO THERbOLEZONS, T,
2,3,4,7,8-PenCDF O 5. & 1% 5 0 BE % 5 EE
TAHELENDS S, EROBERE, REHEwEe 2,
3ORBHECEWHE, VOOV ALAITLBRE

(61)

Fig. 5 Another hyperplastic nodule in the rat
liver given 2, 3,4,7,8-PenCDF. The nod-
ule is composed of moderately large he-

patocytes with cytoplasmic ‘ground glass’
appearance. H-E stain, x100.

BHISNTWED, BOMCEZTT Y bOBEED
FE 4 % 2D - DX 1- (2-hydroxyethyl) -1-nitrosour-
Al L ZHREY DA THZDT, KEBOKE LHL

B,
¥ &

2,3,4,7,8-PenCDF 7z > L 1,2,3,4,7,8-HCDF %
v M IS BT (. 2mg 2EOCEEL, 2
EHCERLUERE, 2,3,4,7,8-PenCDF 25 L 72
Zy MEET, FHELE, BRE LA SN, 2O,
FroNEE 2B T 2 S SRR 2 09 DB s
N, ORI, WWE, i 2,3,4,7,8-PenCDF
OMFBESTRET2H0EEZ 515,

X (73
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Polychlorinated biphenyls (PCBs) RU"
*DEAEILLEME & RIE
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Carcinogenic Effects of Polychlorinated Biphenyls (PCBs) and
Their Derivatives, Including Carcinogenicity to the Lung

Yoichi NAKANISHI and Nobuaki SHIGEMATSU

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

PCBs are compounds whose physical/chemical properties led to their wide spread commer-
cial use. The persistence and stability of PCBs have resulted in a world wide distribution.
PCDFs, ones of PCB derivatives, are primary causal agents of mass food poisoning, called Yusho
in Japan and Yu-Cheng in Taiwan. Several epidemiologic studies on the carcinogenicity of PCBs
in both occupational exposure and accidental intoxication suggest that PCBs might be a potent
carcinogen in liver and lung. Many investigators reported that PCBs induced hepatocellular
carcinoma in rat and mice. Although either mutagenic or genotoxic effects of PCBs are not
definit, their tumor promorting effects have been repeatedly demonstrated in the liver. The
effects of PCBs as tumor promoter in the lung have also been reported. PCB congeners that
efficaciously promote carcinogenesis increase cytochrome P-450-dependent monooxygenases,
which are abundant both in bronchiolar Clara cells and in hepatocytes. PCB congeners which are
inducers of P-450 may be active as tomor promoter by inhibiting intercellular communication
and/or by stimulating cell proliferation. Furan derivatives like PCDFs have high affiinity to
bronchiolar Clara cells and hepatocytes. PCDFs induce necrosis and epoxide formation to their

target cells, which might result in carcinogenesis of liver and lung.
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PCB i3 1929 &£ — A TOEEISHFHE S LT
Xk, SeEEEGLE, ZES, EBWmORng, £
#i, ERLHEAOHRIF, ZoMiAh{ERINT
&7, F LT, 1970 R 2SR AEE TR R L
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BB ERY RRALRBERT A LR TER Y,

AZBTBREOFERMFIE, 1968 EFRFRI BT

GMEE), 1979 FE BBV T (Yu-Cheng) FE4£ L
Foiu2029200 3 1968 ELIBBRIE 21 U & L
T EARZHIZE  OBRFEERD, 1983F £ TiT 1,
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821 HMEEFINTB D, FIFEL D 23ENEBEL
TEETYH, WELCEEZOMOBREREEL T
WELONRESNE, FLT, SETOWFRCLIHE
FEDE7 2 ERYEZ Polychlorinated Dibenzofur-
an (PCDF) TH 3 & HfERH & 11T & 722039,
1979 F W BB T2,000 % U Lo HRETHEL 2
Yu-Cheng'? &, HUE & AR KA»HICBALR
PCB, PCOF R EHTH 2 LRESN T 5E®, %
7z, FESMEIC B 2BEN PCBRBESEFCRITT
FECETIWME L RohnTwnwa297 PCB, PCDF
EZQEEERMAT, ERNCREECD > TERE
T5IEPREDD sNTBY, BERICST LR
FEEORIE L SE R ZER review 25H DY, Ihd
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PCBz s 2 OEEMBE 2 BN IEL MEZ O
HOBEFIBOTE, SEROFBEDOY A7 LS HiZ
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RIEDRAEREFER E ( IZRBIZOVLT
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MmEL EDREL PCB, PCDF IZ2W T

413 1970 420 & 1989 F12 > 1F T AN AR ZEH B
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PCB & & U PCDF REDH#F

PCB iz L 2 & MHIZ DWW T Armes 512 & > TH
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W 3 7 oY — 4 aflotoxin Bl @ dihydrofuran
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(=128

3) PCBUH Bz W TE & L T promoting
activity 23 5 L &3 1T 3,

4) PCDF iz Dw»Tid furan SFEE&EH 7 5 5 HIE
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Immunohistological and Histopathological Study of the Effect of PCB
on the Periodontal Tissue
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We performed immunohistochemical and histopathological investigation on the inflamed
gingiva from the patient with Yusho and on the periodontal tissue from PCB poisoned rats
respectively. The results obtained were as follows.

1) In the gingiva from the Yusho patients, the proportions of plasma cells, B cells, T cells
in the inflammatory cells and CD4/CD8 ratio were 47.9%, 18.3%, 10.7%, and 2.84, respectively.

2) In the periodontal tissue from rats with experimental periodontitis, we found no
definitive difference between the PCB poisoned rats and the clinically healthy rats.

4L ® RrfToTe,
FEEE O OMAFE L LT, MADGRLE, =BT OK
WFOERE, WEOKIECERORERE . by 1. REREEALRETEEC LT

BFon3Y, —F, MEREORBEICIL, LIDRE
Digtic b F IR, BAEBRSHLE o 7ovbd
BB EERO
2 i3z PCB @AM RIZTIER RN T 2 700
2, MEREEEARBRER Y RN R
T 5 & kb ICERWEAL & B S SRR

FLZLEELS A>T oD, £ T45MH,

(68)

WERELRESNL B FOLEL D, HEECEA
DOFEFRBEENEDO SN 10mm U EOECEREYT v
FEEL, BEOINGERER L2k an 1 oERA
PEERE T CERLL., GELDPHEEL L
AMex Bzt > TEEHRTEL, ESH 6 «m O
WhEEREL -, BEBWWER L —RyuRE, ®Y 2



EREESCRIZT PCBOEECDNT 257

o—F ks LT DAKO #8y  FHikt ~ IgA,
IgE, IgGBXUVIgM 2 E /7 u—FAfitke LT
Becton-Dickinson ## Leu ) —X, =7 Aft b
Leu4+5b (T #ifa : CD3, CD2), Leuld (Bififa:
CD22), Leu2a (T S/C#Hf4 : CD8), Leu3ax3b (T
H/T# K CD4), LeuM; (EH#i~ 27 v 77—V !
CD1le) vy, ABC B0 THREHBFHNBRE LT
Fz. FLTH00 EEEMBF T CImm WG Y v
RO SRS, RS- ) HNOXB
MEHRRCE AL, BUEREY O OREREESE I
HBEREFEH LY, BBYFO—ERE, ~TbF
v e ok Yy RE R URIEEBRFEARER T
o

7. ERMEREXICEITS PCBOPEIZOVLT
EEREYE L TRERESOWKARS Yy I+ &
BT, MFOZo0Besg CHELT 72,

1) PCBi#58

KC 400+ PCDF %% # @ » L, 50 mg/kg &
EERCES L.

2) PCB 358

PCB 58 ABOY S M EENICERS L.
FEH2BEDOT v M B THRS 1 A%k, THEL
KEE M) L52KAE (M,) BERETRERD—
iz h =4 FNO1/2DT 7> Fo—2HLTERN
INERTR L. MEBEED SEEREAER (7Y x
vy oGz, ME®RS BRUVI0HBE
27, TEBRHEBE 10%TERL) VEES &
WEDTA BRK 217272, #OHBECHE YT T 4
A ET, #96 pm OISR 2R LA
FEy Yy e 1A Y REETOEBRL L, RBNR
BELLT, EAEDE 2 KHK M) &F 3KRHAN
(Ms) O eRRIERsE R 2T L 72,

= B B R

1. ChEREENOREHEBENRE

O KEEMRORES EEAE L VERRBIRE
weh, EEEBEEBORASAHEIC S > T,
BEEMiao% < BEEMEE Y o oBRTHD, VN

Bk subset TiX BHIFIA THIAE L D IBAITH 7 (R
1), BEERE: LTk, 1gC HEM 42.0% (£
ERrahic 50 5 HE, BUTRL) eibv %<, Rv
< IgA {REHFE(4.6%), 1gM REMEZ0.7%), IgE
AWM (0.6%) OIETH -7, T MiaD subset &
LT, CD, Bt T H/I #liks 12.8%, CDs BiED
TS/CHifEs 4.5%x TH/I#R 2% {, CD,/CDs
2.8 ThHot.

2. EBMEREXORIZFNER

D R VNEIEEED

PCB #4588 L U PCB #5884, EBRHMzE
CTHAESRIIEREE 2EBHEEEL T (M
1), AFEMER I IZE=2ABOREELR>TED,
ELFRIF AN AV MERICAEL TB D EH
AT SR o T, REEMRER LEA B
FUVLEFETRBRL THEs N2 0EREd7% <,
¥ 1R AR ETOENLEEE ORI S Fd
Bpizh o,

2) EEEE (UNEEED

i) 584

PCB #5835 £ U PCB 3 58 & 4 13 IZRBRD AT
REBLTW, ALEDBERLERBICEROEAD
H oD, LEMENOFELITIZ=AETHD,
MFELERIF AN s XY PERICMBL T,
SAETEMIBIRE O TR 2 diH AT O E1TH & U8
EEORERINEHLESETH - (K2),
i) 10 B

ZOBHIZR S L, 5 BEICHE L TR O EAL
k DEMIzED s, FREC EEORRMS M
MOEHHEE LRV BEEINS LTk
(€ 3). g7, EEMBEOEEREC > T8 LK
DIRRAINOEEDBAETESTRD Sz, MATH
RIZK FARHE B DB I b B O KE MG O RB PR
WOEFIOELN L w o IR B SN, REEE
OELRED N Ao (K4), HLOFEBTIEE
HMBE*BT 204 THo728, PCBRESHO—ED
BV T, & DEHLERERIEHEINS D
OMb ot Trbb, REERROFTLEREEIZE

® 1 REMEIC LD 2 B REH SO LR

AL PEMER TR

Biifs ~zrsuvyr—y FoOM

HE (%) 47.9 10.7

18.3 4.6 18.5




1 NEFEERE (PCBREH) 1 NERE%S B4 (PCB R5E)
EFEZEFEBFREEL T35, EARR (1) »EEIND 2, EHLHEBE
M. : 5 2 KREI8R, M, : 5 3 REH, LB Sy, M, 8 1 KEH,
B t#EE (xX94) M, : %2 K8, B:&EE (X94)

=

AENRS,, AN

MizAV G2 e ,
3 /NEEE 10 B (PCB %58) 4 /NEFRE 10 AF (PCB 58
EARR (1) OBIEA iz, EEORM EFRORIBRIORAETE (1) sEEI D,
PR TREDRTIDELNLTED 6N B, BEEREROZELIIRD 5w,
M, © 81 KETf, M, I 52 KEH (X140) M, B 1REHE, M, 52 KEH,

B EE (X940

(70)



HAERICRIZT PCBOEE Iz DT 259

dennboo, M, flOEBAKEREDENIE
BHenb, #nEERCM, iEEEs X UHELTT 2
M, $ERRHIZ BN AR & LRI D R#E O HF b EL T
Wiz (EF5).

= 2=

1. HEBEERICREITHECOVT

RESD ZBEREOEAR 7 v + 2 E L LERE,
AmmUEORT Y P EETL2HONBEELVILE
FEECHED SN LB T V5, KHZEERT v b
DI, BHNOFRREECHEE, EH ORI &Y
ATHRBROEEZGERERO—D L &N5. HHAR
REORKE LTR 7S — 7 hOMBEOEEREERR
HEWDH 2 0IELPS 2 ¥ oMifak s nEz o0 b —
H, M X e SR RIC I E T R
BPE{EL T3 tEZohL LI Wh>TE Rk,
SN0 BRI T 5 BEOWE Tk, EIT
LeERATCRPEMR: BEESEETHIEZ L8N
Twd, SROKELZ DRETLHEORBESE S 1,
BRERMIRR R & —Z L Tz, IEFRERIIEC W T
IS IgA E, IsM EAE T L Tw 5 Z L8 Esh

5 UNEFZEE: 10 HE (PCB #58%)
WK FERRE ORI IORN S ER E 2 D, BR
(1) sRdohs,
M, : 5 1 REMH, M, E2REHE (X949

TWaPY, BR2OBRTOLELYDHF LT
[gA B8 & U IgM REMBO LLFEMEWEEZ R LU, L
»L, ERBDLZL, EhfEs o) SEERRD
R L TRA—ENA SN S Z & N0 JHERE
SEL LB T 2 LIMFHOESERMT Y 2 L
»6 PCBOEEICLLD RS TCEY, EHK
EEDTLESH B,

LIAT, IFFEOREFNFEOFRKMEICL D AR
REL—TTHG B-cell lesion i3k < THAL EE
BIREERLLTHAZENESAIIE-TETH
D9, SEOKRTH THEY BHZRWTEHR
ootz REY FEARRERKbETO2E
B OK 35% N THIIE TH 2 LHHEL T 525,
BAOBRTRIGLOBE»Z D EVELTL .
PCDF 2= 7 A& ES L HHm LY omEGic k3 &,
MEFO THEOHEOFISEC THD, LirL T
DL~ A-THEOE L2 DTHD, ¥
Ty —THIBOBA 5K E 2o SRORER &1
BR2b0TH%, LEALCTFHES'? OHEDOTT,
FAER 4 ERBLHERERBO CREEE L
NFFRCEEEFR L2 e85, PCBOERIZL 3
HEOBYTRRWTHS D, b5V fiERED
BENEL 2 2o TREMEOREIN THiZ0E
MED b ERY, ZOEEL L TCTHIEOLED
BAODBEL D BT WS, SEREL RN
FEZE L OREMEOBENED 54, » DEKH
KHFHCEEORARDIEREE L T2 ehb,
FIERIG O ER & I R YR O JfE 1 22 b 4
UHRE LT THREEDRIPES LD EERS
b, THE® subset @5 HANN—THfZEL 7
Ly — THIFEO R I ERESE O N7 » X %R
T—DODEEL SN TS, RADOERTIZIDLE
12284 EBEWEERL TV, 202 LR EFFORE
AR o PDEENH LI LERBLTHEO
PHHENE VY, SEEBRELRVWERARESEA
THEBROERZ2RT I ERRES A TE YO MHE
BEUBEORERLZIEZAZVTHAES, —AH, &
TERRIAREE L S COmMmERERBM T~
SN—THENE 7y 4 —THREECED 2T
L, ZOEEZMHP PCBEENSWEZIIBHLTE
WEBTH -7, RERAT L RBIMO THIAZD sub-
set DHFEERELEZ LW IHEL ALY, Lr LR
BRI TORENE X REIERRD 5 O F%FH S
ORIEEZ T TR END Z L L0, HBEIEE OV
IR Y v oSBROtER SR En S s E L o T



260 % O

OREFE LIERERBE UL LH D, PCB OEE
HEOEHBBENLEELRENEET LI LI TER
WTH25, SHRIEFREERL, ZhoDHCHE
LTRBERITI T LENH B,

2. EROWARCHEIIZEIZOWT

N—R Y —v — B T RSN & RS
L, BRFEARZFHR s CEBNERAL2ERS S,
RICBT A REEBFAIREIEECAGNEY, 2
NeORITBWTIE, EARRIIBRIICEMNL, »
DEHANLEAL T, Th - Tl EERS N
THEMETRIBLSEA L, FOREEEERRELSHE
TFLTWEEZSNTWS, SEOKRETY, 5 H
BlhDs 0BFOANLVELS AR PEREEEL
T8y, LEBOBE L MEF ERORRRNADRALE
EHATED SN, FLRBCEARETB~OEREDOLE
RO BB ORME & CERATHRED FITOEN
EBNBES I, —7, L OEBTHEIHEBEOZE
BiE&shgd 57208, FEY HRAKORCBWT, &
FEAZ1H& D REEEROERAOERECEES
OB AHSND Z EEREL T2, BEEBROK
B SEREEC L 2 AEFRENAS CEEL
THY, REEMEOBESEREEC RS EEE
OENEECB EEZSNT WD, BAY ZRV/IE
R TR ERAORENMROBHIRRD S e
BNTBY, H2ORTEEFOEATINGE < HHA
RO X 2 AEBOBIENE it ot tp b B
bbb, LIHTHORRTIEH 22, PCB&RSE
BT M, ficER/2BRGEES R, LaL
BR5, s ORENCB W T b EEO EREHEE

)

FTRSEWZLEEHRORERRD sz h o7z,

AT TREEHERRFCERCELS 375
DEHBENRI > Tway, SEM, flicECER
RN LR FORLBEC L > TERLINIZLO
TREVWIEEE ORMIBERNSTED S5k nw T
CSHLENTHS D, FEY IEEENRLEEEBR
ZERIBLREBVT, WHICEREEREORE
HESIZOED S THBMASERT 5 Z s R REL
THD, WRECT 2ERICE > TELUZDD &R
NTw3, B, BRROFD s sn»Tid
bR OBIEESEEATREORT DOFELA Y M, flicB
WX DEBLED SN Z LS, INEEERENC I
BROHIBROSAE TH D D72 M, I & Dy
BREAISIMbD 52728 D, H 5 WIZ/NERROE
WM& D EOIREBHES L > BRI LD D
by, —%, BREFERT2BFO—2 L

(72)

ES A

L THUMERROESHE T 5 5, Moyers &'
X, B THBNTHIERRMAEY CEREZER
¥L®, ZOKR, BHmMEL wEESS52 206
MRH DL EEREL T WS, 7 latropouls 57 12
Inid, PCB ##53 2 2 £ CMER A EER
EUdE0nd, eI ks PCB & M, Hl~DH
AR & OFFESRIC L - T L W EWEREENE
U, ZOERM, fleEFRINSECLAEELEET
20,

EZABTPCBESHIIBLTH M, & M, D&
BREG AR IR EE BRI B O N L & D,
Hie L HWARDREDHEIII PCBhHEL WS
2 ENEF LD L BEBIEEL & O RTEF35E < B
SLTORAREENRBR N, BECREHOSRE
BT LEREL EEbRE,

i 1%

AR BE T PCB O EIC D TR

HI R R BRI 21TV, RO & 5 2#ER1E
SNz,

1. MERFRBAERRNICE W TR, BEME
B R THIFEL % <R s hfz, ~o8—=T
Mg =V 7LV v~ THIEDOLHEIL 2.84 L E» o 72,

2. Iy rEBILIERNERALEOKRETE, PCB
BERLIERSHOMIFHLZEIRD sz o Te,

p's o

1) FRIERE, tE0 B, BIEMBBE, B EHE, 8
SE(ERL, BEAMT, FPLE  mEBRZOREEEC
BT 2 FRE (B 1), EMESE 76 © 248-252,
1985,

2) MW FEBRARAMESEE L O REERS
BRFSE—8 U £ 7V v S OEBEN 2 s VBT E
RUBEAT—, DEEfREE 32 1169-1190, 1989,

3) BERFERL I ARFEANEBEBC R TEE
WY A RN EESY MR EAREZ DY
wEHOMKOEC YW T—, BEEEE 30:
802-826, 1988,

4) Bl ZE, FEeAT, RIEEX, EFES:
MERBFCBS T 2 OBREOHE, BHESE 70:
187-198, 1979,

5) R HE, ENET, BTHBEE, REE, M
EEF, FHER  BERARCBY 5 HERMIEOE
FEICRAS 2 S RE IR SE 1. HARBlc A mE S

oY) CREMIBOLE, BHER 27 795-806,
1985.
6) REIRE I KBROAEFEAC LS EEMBO

T DT, HEAESE 26 201-222, 1984,



BRI RIZT PCB &Iz DT 261

7) latropoulos TG, Felt GR, Adams HP, Korte
F and Coulston F: Chronic toxicityof 2,5, 4’-trich-
lorobiphenyl in young rhesus monkeys. II. His-
topathology, Toxicol. Appl. Pharmacol. 41:629
-638, 1977.

8) BVHEESL I BAMEEARE CB T S MR
REDIRES, BRNBGFHEEE 32 496-513, 1987,

9) KHEEKRE HAXBRECES Y 2 REHYHE
OBE—T V8K, BY v 38, Fev e 7y &G
Mz OWT—, HEERE 24 :84-105, 1982,

10) deMEBE, EREETF, F OESHE, piEBE, &
R, FHIEER @ HEERBICB I 2 RERMIZOE
R 9 2 USRS, Tceell 472y b O
@47, BEAEE 29 : 1084-1093, 1987.

11) Moyers RE and Bauer JL: The periodontal

response to various tooth movements, Am. J. Orth-

odt. 36:572-580, 1950.
12) P, BEEES, #1159, EREH
HEWC BT B IERERZ > NI RBROEE, Fan

S UCHERRBFICOWT, BRESE 76 196-203,
1985,

13) Polson AM, Meitner SW and Zander HA :
Trauma and progression of marginal periodontitis
in squirrel monkeys. IV. Reversibility of bone loss
due to trauma alone and trauma superimposed
upon periodontitis, J. Periodont, Res. 11:290-298,
1976.

14) FEWRT, ENGEHE, BAF= HECBIT S
fETa 7Y AEIZDOWT, ERESE 63 408-411,
1972,

15) {EBRHE—, AH B, LESEE D S5 7 4 oY)
e R U RS, RE LR 6, BRETI
1 66-72, 1988,

16) Seymour GJ and Greenspan JS: The pheno-
typic characterization of lymphocyte subpopula-
tions in established human periodontal desease, J.
Periodont. Res. 14 : 39-46, 1979.

(73)



262

BEEL 82(5) : 262-268, 1991

wiE PCB hxmEBEE DM &+ PCDF RV PCB ORERE

FH—ERREMEI T ERE

BHEANBARLH-FHOE

Health and Welfare Canada
John Jake RyanN
TR EEE
FOEN

Elimination of PCDF and PCB Congeners in the Blood of Patients
with PCB Poisoning in Taiwan

Yoshito MAsuDpA, Hiroaki KUROKI and Koichi HARAGUCHI
Daiichi College of Phavmaceutical Sciences, Minami-ku, Fukuoka, 815, Japan
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The blood of 3 Yu-cheng patients sampled from 1980 to 1989 were analyzed for cogeners of
polychlorinated dibenzofurans (PCDF) and polychlorinated biphenyls (PCB) by high resolution
gas chromatography-mass spectrometry and gas chromatography-electron capture detection.
The high concentrations of 2, 3, 4, 7, 8-penta-, 1, 2, 3, 4, 7, 8-hexa- and 1, 2, 3, 4, 6, 7, 8-hepta-CDF's
(15.4, 37.7 and 4.8 ppb in lipid basis, respectively) were eliminated from the blood at half-lives of
2.14, 2.56 and 2.32 years, respectively. The high concentrations of 8 PCB congeners in the blood
were also decreased with time at half-lives of 1.16~4.56 years. The half-lives of retainable PCB
congeners were about 2 times longer than those of the PCDF congeners.
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FIROEEBREOmMES PCB OEBER U/ SS — 12,
B W32 THEORMEEERL THEY, L
U, EFKEE, 5 EMIZIMIETO PCB DA S
Nz»p-707T, ZOFOMET PCB 0BEElL X
o Tz, 8O PCB Tk, has(Enmi
FLVLEHOBFEOMPELPRNTE DT, e
T5ZEWE DY Akt PCB Btk igEE
BHIEEHRETLIILNTETCHS, B, ALE
BomERE» S MEHSRE SN, THSDOMmMET
@ PCDF 2O BE *@moMEr R 7o /3
7 HBESTRC I DD THFT L e TE I,

72, PCBEMEKIZOWTH 10 Efich 7 2 BEE
IEESMT2IENTER. ZhoDOBEHERICOWL
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THREL, AFCB) 3 PCDF XU PCB EHEAEDHE
FERBEHET B,

® B 7 &

1. BEEMmE

EEOEFEPCBAREIL LD, 1980FE5 Axs
1989 £ 12 A » iF CHEIMIR # BREL L, BESEREFL
7 BEOAERIZ BS 2196242 A,RK 1 & 1954
E8H, SS: B1M6ESBTH 3,

2, PWFHE

1) PCDF 4347

m#EFs5ml 275 A3 BY, 2,3,7,8 DIENE
B3 i B*C-PCDD & ¥CI-PCDF % 50~250 pg
D—FEMZ 2. ZOBWIZLy /—n50ml, ~F 3
> 100 ml R UBIRIGRES 7 > € = v A8 50 ml % fil
2, REYF 4 ¥ — (Polytron) TEREL-. BEL
THEELR, EBRSRL, TRIZEANFY 100
ml 2z CEEME L. ZoAF P UiHEE S D
¥, A20ml T2 EEEE L%, 250ml 7 5 X 2 TR
ETEBEL, NEOENRES MY v A TERL:.
IDONFY VBRSO UHFELZ0mMlI 7 F A
aRBL, BERPFTRWERIE, ZO77RX30
EEN B RHEEL, BEITBEOES:
Ktz BEEIEHE~F ¥ 150 ml iEH» L, 250 ml
DA T— MNIBL, BREE20m] LIEE ) LR, B
WERIZ T Tz, T OBERERIC & %I AF VU IER
DEPIC B ETS5EREDE L, IOANFH ER
ZNEOK, 1%KEEED Y Y LER, KTIEREY:,
BT 1~2ml CEE L 7.

AFYUIBEEIRIRD 2 O0EFE LA T A RBLI,
FBIOASLIHBOSg 2y Y A VBIER
Y TAOSEEREAR VIS N EEBE LD,
F20HT AT I0C TEEE DL TTYYLLS
gEDODRLDTH 3, ANFHUBEREL, FE1AT LK
AN, MEBEE 2L I ACEBRASE.. Bl
SAE, B 8mlOAF IV ERLTE2 AT LKA
Nk, WKV B20h I a3 2%y 700 xy
V/AFY Y 20ml BF LB, S0mlY ooy v
THEHE R, JOBERIZERVEBLINY VL F
3> (PCDD), PCDF, ¥ PCB#& iz, 20OV
souRY VIEHNBERESCEBEL, ~NFH 12
ml iCE» L7, ZONFY R % 18% Corbopack
C0.25g% €54 b5 ICRE ST EHER
BT AZFEANLUT, BERAY T LiE~FH 2 2ml, ¥
rza~Fhreyrsouxy (1:1)1ml, Y7

(75)

DAY e Xy /) —Lebry (75:20:5) 1ml K&
P hxy 15ml TIHREHR S, 2O MLV Vg
W21k PCDD, PCDF, FHE PCB & ¢h 3. bax
VB R BITERL 2%, 1,3,6,9-tetra-CDD, 1, 2, 4,
6,7, 9-hexa-CDD & 1f *C-2, 2, 4,5, 5 -penta-CB @
&5pg/ul N AT UVER 3~5 Ll BEIML T, T
WZENE OEINERRET 200D TH S,

HAZa= b5 712HEF LT DB-5 #RE X 5L
VARV IAFPETY—H T A (0.25mmXxX25
m P EE_EREESMET (VG Analytical
-T070EQ) WHEALULEBERMELL., ¥+ )74
AW I Y 7 A 30~45 cm/sec k B\, BFEEET
4 F b L, SEREE2,000 THHT L 72, VG 11/250
F—F VAT LATHBEILIZEA 4 VRRHEEEBY,
PCDD kU PCB Tk "C-RU *C-0 2 Fhm b R
EVW2ODHFAL L TCEZY — L7, PCDF TiZ
PC-ORLREV2DDHFA A4 ¥ Cl-ORH K
E W FA A E#F L7, PCDD kU PCDF 0EE
X 38 © PCDD, PCDF 4 A > & 2C-% 723 ¥'Cl
-PCDD, PCDF A« # »ols& iz, nz - WEEYE
DEEREL, WEED C-% 7213 ¥Cl-PCDD, PCDF

(5 pg/ul) iE¥ PCDD, PCDF % ESMSIERE 0.1~25
pg/ 272 % & 3 W Z B O ST TR D 12 G E
Ty —KRUBELLRBEETHRLTRD:,

2) PCB @47

BEOMIK0.5g 2FEL, HBE LD, Zhi
AEMZT3ml L, ¥ /—)L3ml, KL bV
v A0.3g2MALLIRVIBY, BIoAEEE L L
72,3,4,5,6,2,5-Hepta-CB% 5ng #finL, 65 T2
BERAME L 7o, Wik, AF Y oml T2 EHEEL, ~
F4 v B10ml 27k 2ml TKEL, BAREF U Y
ATHERLIOL, BEHtLLy YA 5Ly (Va—7F
NV S-1, 130° 3RFM) 0.5gD A F L ax bS5
T4 =gz, AT AEANFY Y 25ml THH R,
BHEEAZ—F—H 6520 HRABRETIml £
TEFE L, 2hEAEy YEBRECRL, 60 IR
LTHO0.1ml g TEEL, ¥ A7 O= b7 T 70K
LU, Arzux b7 71358 GC-9A CETFH
RS CND 2 EE L b O RFERALL. 27 4
1, Hi-Cap CBPL, 0.2 mm x50 m (&), ¥+ J 7 —
H A 99. 99U mMBEER L A7, FAFEIL 0.83
ml/min Th o7z, » 7 AREIERY 1007 T 2 2R
#1,15/min OEET 280 £ THEL, ZDE—EW
otz EADBRER 300" T—F i L. EROEA
BAZY w b« A7) w b v AREFHEALZRE SPL-GY
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(B8 TiTik -7, % PCBEMEDOERIX, 7
EREC L aNEERIZLDITY, 2av by s C
-R3A (B#) CEEAEAUVES L.

wREEER

1. PCDF
B¥EO PCB h#E%E 3 LMK PCDF 244D
BEHESL, BEEEY/-D THELZ D% Table

BoH & A

1, BESULYTHELL D% Table2 IR T,

INODORERLESLDRTLT IR, 320D
PCDF MRz >nT, FNFNftErBEONE
L7257 % Fig.1 RO Fig. 2 R, hEEM4N
BEIDOIIIETHEDT, FOBED 1980 FT
W, BEMmMESO PCOF EEE 200ppt IET 25D
FTHD, FEREPo, £, FOED 1L BT

1Z 44

5L L BENELZ>TVEDH o7, 2D
Bz no PCDF BHAOEBE b R L ke
REALTW»A, U0 3EMIZ, WNEEED S
Z7TRTY, ZhoOWIBKEL, ZOROED
WIEARALNELS ST WS, Larl, 2FEics
% &, ¥+ PCDF Ox 808 & 1 Rl & s ss e
ERMCBILTu S, 3235, Rig—EERc
- TBREREL TS,

BEMWEH O PCDF RMEEO 2B H - 2 EH
H%stE L ¢, #n#h Tablel Kt Table2 &5
¥, 2,3,4,7,8-penta-CDF, 1,2,3,4,7,8-hexa-CDF
&V 1,2,3,4,6,7,8-hepta-CDF o ¥ th 243510 14 3
HOBEDFYT, BEREEYL ) TIZThER.14,
256 RU2.324, BEEYLO TEZzhEN2.12,
254 RUP2.23FETH D, IhsD¥EHIE Poiger

Table 1 Elimination of PCDF congeners in the blood of Yucheng patients (Lipid basis)
Concentration in lipid, ppb
Days after
Date of First 2,3,4,7,8-Penta-CDF 1,2,3,4,7,8-Hexa-CDF 1,2,3,4,6,7,8-Hepta-CDF
Sampling .
sampling
BS RK SS BS RK SS BS RK SS
May 28, 1980 0 15.30  12.90 17.90 35.60 35.00 42.40 4.37 5.01 5.07
November 15, 1980 171 18.10 13.20 16.30 48.00 43.40 38.80 4.43 4.93 3.09
July 27, 1981 425 11.40 8.71 35.00 30.90 2.97 3.16
April 12, 1983 1049 3.21 3.31 3.32 14.10 16.50° 11.60 1.48 1.56 0.95
December 13, 1985 2025 1.40 1.96 6.79 9.08 1.04 0.72
December 29, 1989 3502 0.58 0.78 0.97 1.97 3.97 3.56 0.45 0.18 0.17
Half life (Days) 682 850 813 769 1042 989 1053 721 771

Table 2 Elimination of PCDF congeners in the blood of Yucheng patients (Wet weight basis)

Concentration in whole blood, ppt

Days after
Date of First 2,3,4,7,8-Penta-CDF 1,2,3,4,7,8-Hexa-CDF 1,2,3,4,6,7,8-Hepta-CDF
Sampling .
sampling
BS RK SS BS RK SS BS RK SS
May 28, 1980 0 95.60 33.10 45.50 223.00 91.60 108.00 27.40 12.80 12.90
November 15, 1930 171 52.70  29.90 53.20 140.00 97.90 127.00 12.90 11.10 10.10
July 27, 1981 425 27.70  21.70 85.30  76.90 7.23 7.87
April 12, 1983 1049 7.06 7.57 12.90 31.00 37.70 45.00 3.26 3.56 3.67
December 13, 1985 2025 2.67 4.01  12.90 18.60 1.98 1.48
December 29, 1988 3502 1.80 2.36 2.81 6.08 12.00 10.40 1.39 0.56 0.48
Half life (Days) 619 923 782 688 1149 945 908 781 738
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Elimination of 23478-Penta-COF in the Blood Elimination of 23478-Penta-COF in the Blood
{(Lipid basis) (Wet basis)
* Patient B 20 Patient BS
—a— —
20 Patisnt RK o0 Patient AK
T FPatont 55 3 ¢ Patient S
N <
é s .§ 20
B Iy
] S
S S v
g g LF
§ 8 °
o5 [
2
02 L L L 7 I | L
0 1,000 2,000 3,000 4,000 o 7,000 2,000 3,000 4000
Elimination of 123478-Hexa-COF in the Blood Elimination of 123478-Hexa-CDF in the Blood
(Lipid basis) (Wet basis)
100 P 500 .
Patient BS Patient BS
Patient AK Patient AK
P R .
3 Patiegt S5 5
Y <
g g
£ g
3 8
7 L L L 5 : ) L
0 7,000 2000 3000 4000 0 7,000 2000 3000 000
Llimination of 1234678-Hepta-COF in the Blood Elimination of 1234678-Hepta-CDF in the Blood
(Lipid basis) (Wet basis)
10 e e
Patient BS 50 Patient BS
Patiept RK Patiept RK
EERE 20 P BR
Patient S§ B
3 ks 3 ol Pationt 55
< {
g g
8 g *
N g
8 ) 87
os| =
or L L L 02 L I L
o 1,000 2,000 3,000 4,000 o) 1,000 2,000 3,000 4000
Days after the First Sampling of Blood Days after the First Sampling of Blood
Fig. 1 Elimination of PCDF congeners in the Fig. 2 Elimination of PCDF congeners in the

blood of Yucheng patients (Lipid weight
basis)

5 P ABEEBRTHE L2 2,3,7,8-tetra-CDD D 4
BHEBEIAS.8E LD VEY, ThIZBENT L AL 4
WEBILCHEY 2 VET, 5O PCDF & 3EE
WHWIFTH 2 DT, PCDF O AfEH iAo LAY/
BLDTHhArHr:E26n3, 5%, BEEAND
PCDF BE®EA LT 513, FOEEERIZ 2,3,
7,8-tetra-COD O H L RIL L S KEL 23 TH
%95,

FEREE 10 ERE L7 1989 FOBE 3 A0k
T o 2,3,4,7 8-penta-CDF, 1,2,3,4,7,8-hexa
-CDF & 1* 1,2,3,4,6,7,8-hepta-CDF (D S B B # 4

(77)

blood of Yucheng patients (Wet weight
basis)

720 DBE L2 0 5 580~970, 1970~3970 K U°
170~450ppt TH o7, —BOAOMBEFDO Z 1 &
PCOFD@BEIC DWW T, Pipke ¥ 52 h # h
43.2, 17.5 % 1*23.8ppt, Nygren 5"V 3z 2 h
19.2, 11.5 RUF19.6ppt TH B LMEL T2, 105
BELLBEOMBEHPCOF EE I 75— B A D8
BED 10~200 fEEVIREETH 2, BEQBEFD MK
PCDF BES—BAD VNI 21212, S TOR
RTHETZEUTCEHETSE, Zhmd T~1TEHh
25, SHBEERNT PCDF 04BN S - s < 7
2LTBL, BUREABAL CHo—RAD LR
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Eix B,

2. PCB

EBDOIZDOBEC O THH L PCB EEAED
BE%L Table 31RT, 27, BERIOEELML
Fedi, £EREIZBIT 2 PCB EMEOLFEEHE
L7=-07T, Z#d Table3 i34, BEME+ o PCB
AMEBE R BN SIRELSL->TREI LD
205, 2D W0 EBTIEWTNLEFESR L HCEEL
T3, ¥ PCB g HEHiiE 3 20FHT3.79
EThD, ERMESE PCB EMiE, 2,4,5,2,4,5
-hexa-CB, 2,3,4,5,3,4, -hexa-CB, 2,3,4,5,2,4,
5’-hepta-CB K 1f 2,3,4,5,2, 3, 4’-hepta-CB o &
A FEEIR F 2 4.28, 4.21, 4.56 R 4.
12FETHY, ZNBRALEED PCDF B4k o EiHE
B12.12~2.54 EDH 2 TH 5. PCB EMAD 2
PCDF &5 & b $ AMAMB T OBRERE P2 <,

Er 44

ANEEBELNBVEZE LIRS,

HEQMET PCB /¢y — B fEbnd 3ED
PCB & % {£2,4,5,3,4-penta-CB, 2,4,5,2,4,5
~-hexa-CB & 1% 2,3,4,5,3,4-hexa-CB @ A {& £ &
WIOFHEX 1.16, 4.28 RU4.21ETH B, 2,4,5,
3, 4-penta-CB D g3 i> PCB Sk & ELE L
TEIZ/NE Ly, 20 PCB OEBERD I B X
DT, £ PCB dhHBEo ks PCB 0,5 — i
RERT O #28 & H B O ME B F O Mg+ PCB <
F—UEDW TR EEZOND,

PCB hEE A, 10FEB L7 1989F 12HD 3
ZOBREOMPE T PCB I EIZ 30~36ppb & -
Twd, ZOEREMAOMESE TRICEEDADRE
FER 10~20 ERE L 72 L SO METEEY LFAYHE
CvARLTHS, BROHMEREOH TEED ADR
DM T PCB 13 10~20ppb TH %2 O T,

Table 3 Elimination of PCB congeners in the blood of Yucheng patients (Wet weight basis)

Concentration in whole blood, ppb

Date of Days after ) 43 Tetra 24,534 Penta 24,5245 234,245
Sampling First -CB CB “Hexa CB “Hexa-CB
sampling
BS RK SS BS RK SS BS RK SS BS RK SS
May 28, 1980 0 10.88 8.24 10.33 71.59 25.63 20.15128.07 49.27 62.68 93.67 36.88 43.76
November 15, 1980 171 1.50 0.33 1.48 21.44 13.74 12.54 64.6545.46 74.91 55.32 36.26 58.23
July 27, 1981 425 2.51 5.08 10.19 9.29 59.02 47.21 44.32 35.55
April 12, 1983 1049 0.28 0.29 0.22 1.59 1.87 0.90 50.3943.31 41.43 36.52 33.85 27.67
December 13,1985 2025 0.33 0.46 0.80 0.76 50.00 32.53 37.05 20.94
December 29,1989 3502 0.19 0.22 0.29 0.07 0.07 0.08 12.2014.62 11.54 8.29 10.03 6.36
Half life (Days) 739 961 916 384 425 461 1323 1970 1394 1235 1801 1199
Concentration in whole blood, ppb
Dateof VST asaspe 2345245 2345234
Sampling First ~Hexa-CB ~Hepta-CB -Hepta-CB Total PCB
sampling
BS RK SS BS RK SS BS RK SS BS RK SS

May 28, 1980 0 34.50 12.78 18.25 33.20 12.67 18.14 25.9510.54 14.21 397.86 156.01 187.52
November 15, 1980 171 21.81 13.32 28.30 22.14 14.92 29.16 18.0712.13 23.55 204.93 136.16 228.17
July 27, 1981 425 16.28 12.19 15.94 12.51 13.1110.41 161.37 132.24
April 12, 1983 1049 13.28 13.26 12.05 14.92 16.15 12.50 10.9711.48 9.31 127.94 120.21 104.08
December 13,1985 2025 12.81 8.54 15.65 11.16 11.25 8.09 127.89 82.48
December 29,1989 3502 3.01 3.91 4.37 3.50 4.41 4.58 2.52 3.10 3.19 29.78 36.36 30.41
Half life (Days) 1199 1955 1460 1338 2096 1556 1249 1828 1431 1173 1692 1285

(78)



LB miERE O PCDF, PCB BEERE 267

EEOBREIZOEBEIVDLEREVRECH S,
# 1%

B0 PCB hEREDZHED 1980 £ & 1989 4
12 BT, 3ZOEEPFREOMBEE 5XIL6
E#REL, #o$a&zh s PCDF kU PCB Bk
DRELESEEN A0 77 - BEANEE
N@EHARZaw ST 7« BTHERKBTHITLL.

1. BEFEMEFOEEED 2,3,4,7,8-penta-CDF,
1,2,3,4,7,8-hexa-CDF & ©*1,2,3,4,6,7,8-hepta
-CDF (JeEE&Z Y0, Fhxh15.4, 37.7 R4,
8 ppb) X AEMRAERHANE N FIL2.14, 2.56 KU 2.32
HEOHEETHEAL, bR ARCEE L.

2, RUEBZEOMmMETD 2,4,3,4-tetra-CB R U 2,
4,5,3,4-penta-CB (¥IHEERE, BER YD 8~11
B U 20~72ppb) RN ZREN2.39 RV 1.16
FEOHBIEOEE TR L7,

3. M&EHD 2,4,52,4,5-hexa-CB, 2,3,4,5,3,
4’-hexa-CB, 2,3,4,5,2',4’,5-hepta-CB & 1r 2, 3,4,
5,2,3,4-hepta-CB (M B, BEEL D
11~128 ppb) DAEEFIHIAE 4.12~4.56 ETH > 7=,
Z i3 PCDF A0 EHRON2H{TH D, AN
TEE D MBIERITE L,

X [

1) Chen PH and Hites RA : Polychlorinated
biphenyls and dibenzofurans in the tissues of
deceased patient with Yucheng in Taiwan. Chemos-
phere 12 :1507-1516, 1983.

2) Chen PH, Luo ML, Wong CK and Chen CJ :
Comparative rates of elimination of some individ-
ual polychlorinated biphenyls from the blood of
PCB-poisoned patients in Taiwan. Food Chem.
Toxicol. 20 : 417-425, 1982.

3) RE#H—E, AXREA, BEER, SHB%
o, HEZEA BRRCEY A MERET — 5 DG
B, WRESE 74 296-301, 1983,

4) Kuroki H and Masuda Y : Structures and
concentration of the main components of polychlor-
inated biphenyl retained in patients with Yusho.
Chemosphere 6 : 469-474, 1977.

5) Kuroki H and Masuda Y : Determination of
polychlorinated dibenzofurans isomers retained in
patients with Yusho. Chemosphere 7 : 771-777, 1978.

6) WHEEA, T/, BENFTF, SHEBSX,

(79)

EEEMR  MERER L U—RADMEF DR Y HE
E7 z=—b, 1EEERE 65 25-27, 1974,

7) Masuda Y, Kuroki H, Haraguchi K and
Nagayama J: PCB and PCDF congeners in the
blood and tissues of Yusho and Yu-cheng patients.
Environ. Health Perspect. 59 : 53-58, 1985,

8) Miyata H, Takayama K, Ogaki J, Mimura
M, Kashimoto T and Yamada T : Levels of PCDDs,
coplanar PCBs and PCDFs in patients with Yusho
disease and in the Yusho oil. Chemosphere 18: 407
-416, 1989.

9) Miyata H, Murakami Y and Kashimoto, T :
Investigation of polychlorinated quaterphenyl in
Kanemi rice oils caused the “Yusho”. J. Food Hyg.
Soc. 19: 233-235, 1978.

10) Nagayama J, Masuda Y and Kuratsune M :
Chlorinated dibenzofurans in Kanechlors and rice
oil used by patients with Yusho. Fukuoka Acta
Med. 66 : 593-599, 1975.

11) Nygren M, Hansson M. Sjostrém M, Rappe
C, Kahn P, Gochfeld M, Velez H, Ghent-Guenther T
and Wilson WP : Development and validation of a
method for determination of PCDDs and PCDFs in
human blood plasma. A multivariate comparison of
blood and adipose tissue levels between Viet Nam
veterans and matched control. Chemosphere 17:
1663-1692, 1988.

12) KRAZEM, BAREH, KOk—, BHEA, #F
£7] . PCBHERE B} 2 Mg+ PCB EXEDE
EHR, \mEESE 80 : 281-286, 1989,

13) Pipke O, Ball M, Lis ZA and Scheunert K :
PCDD/PCDF in whole blood samples of unexposed
persons. Chemosphere 19 : 941-948, 1989.

14) Poiger H and Schlatter C: Pharmaco-
kinetics of 2,3,7,8-TCDD in man. Chemosphere
15:1489-1494, 1986.

15) LB AER: FE, MEES 68:93-95
1977.

16) Tanabe S, Kannan N, Wakimoto T, Tatsu-
kawa R, Okamoto T and Masuda Y : Isomer-
specific determination and toxic evaluation of
potentially hazardous coplanar PCBs, dibenzofur-
ans and dioxins in the tissues of “Yusho” PCB
poisoning victim and in the causal oil.

17) Wong CK: PCB poisoning special issue.



268 ¥OH & A B4

Clin. Med. (Taipei) 7:1-100, 1981.

18) HEFTIEME TS HERESER LS
AAFTANTOEENEOFENBRE, BEES
60 : 496-512, 1969,

(80)



EEESE 82(5) : 269-273, 1991 269

PCB AF ALKy N P ETYS S & hiE B EiAHE
2B BZRER D DL

BE—ERRTPYEONERE
FOEgE—-®BH=EA
A by 7 HN LR
Ake BERGMAN
Az —7 v BRER HYEE
Mats OLSSON

PCB Methyl Sulphone: Comparison of Tissue Levels in Baltic Grey
Seals and a Yusho Patient

Koichi HARAGUCHI and Yoshito MASUDA
Daiichi College of Pharmaceutical Sciences, Minami-ku, Fukuoka 815, Japan
Ake BERGMAN
Environmental Chemistry, Wallenberg Laboratory, Stockholm University S-106 91 Stockholm, Sweden
Mats OLSSON

Swedish Museum of Natural History, Section of Verterbrate Zoology,
Box 50007, S-104 05 Stockholm, Sweden

Methy! sulphone metabolites of PCB and DDE were isolated from different tissues of a Baltic
grey seal (Falichoerus grypus). Main components in the seal blubber were identified as 3-MeSO,-
2,2,4,5,5-pentaCB, 4-MeS0,-2, 2, 4, 5, 5’-pentaCB, 3-MeSO,-p, p’-DDE, 4-MeSO,-2,2’, 3, 4,
5-pentaCB and 4-MeS0,-2, 2, 3, 4, 5°, 6-hexaCB. Liver and lung in the seal contained different
MeSO,-PCB pattern compared to all other tissues. These levels in the both tissues were
estimated to be 28 and 15 ppm (lipid basis) which corresponded to the same level as the PCB.
Concentrations of MeSO,-PCB in any tissues of a Yusho patient were low compared to those in
the seal.

T3, T eBEL T, BEEOE N PCB-X F1U
ANRKRZDWTHERHS K, 7¥Zy, 470V,

F L »

IR CHEBERRCEMC X 3 EEERSELT,
BIC OV NBIRBEET 2 75 v RBABIZELA Y
v ODEEEOSEEE LRI LTwE, ZhikEr
LT PCBOEREFBRIC & 2 £EBEDET CER
TELEZONTWAY, 72k 21F, 5% Grey Seal ©
#HH® PCB DEREIF 30~70 pg/kg FEICHET
3 EHES N, JHBESETREFNERL T
BIGEWEY TH B, B D7V T v BERESE, BIR
BRERZREOBMBE2EL TV, T, Sweden TR
1988 v & Seal Project MFEE L, WBEEMOKRE
L PCBERL DRBBRICOVTOFENED ST

(81)

VR EOHBROBRERSOSE & CEERE
BITbh b kI Chots, KPR TRT V7 v OEH
WHEE T2 PCB-AF VALK Y DEES L UHEED
—EREHESMZT B L L biT, FRODKS, BEE
MEBEEBO Z L L HE LT,

X B F &

M. 7Y S v 1 (Halichoerus grypus), 2%, M
92kg, RA7 =7 ¥, Gavle JLZ8. BIE, 8178,
B, KRR, FPEE, WOER, R, M, B, RSt
&, 7%35 3> 2 (Halichoerus grypus), 1maitk,
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s

H#60kg, RA7 =7 ¥, Holmsund BH, Ask5
FEER 2 AR, TERE, 52 %, 1979 HESLTTHEATES, A
g, FERGHBERES SN2,

i

1) BREITNTREBESBRASFER L.

2) TNrOvNRTST 40— I NAF Ty NS,
Bio Beads S-X3 (200-400 # v 3 2) 50 g %~ F %
vivruwgxryry (1:1) BETEES LD
AT LICTIEL T,

3 TNEFATIAZORNT T T 4— I XNTH
7 (hitk, BFHEEL, 70-230 X v 2)3g %
HTAB T LCEATREL .

4) EHEE CAEH L L T 3-MeS0,-4-Me-5, 2,
3, 4,5 -pentaCB %\, BIFRED - » DIEHEAL
EWZLIENC &R L 724 83 D MeSO,-PCB % Fiw»
729,

SBE, FBEUK

1) #iH

MO U 20g 720D 5ml D7 & b >
~NFY Ly (3BI10) BERMZ, vEY S A ¥
(KINEMATICA GmbH) THit, 2L 7%, EE
FEHEAFY 2 10ml T2EHEBL 7. HEEE S
Wo—bcBLT, Bmlo) rEAEE 0.1M
H,PO,, 0.9% NaCl) #ziEL 5 &8, ~F4 B
EEEL, BOES RO~ F Y 20m]l THH %

BMORLL, olbER2BEL, BE ElD) %
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MeSO,-4-Me-2', 3', 4, 5, 5’-pentaCB) # Nz, IG5
Bz DOV TR DOEIGARNB SV B @EPSTVEF
7 LB S T2 T OO DV Tk 3)DMSO
T O RBNERRT TV FAERT o7,

2) AN BEE

JBRE05gE3mloAF v IV ran Ay

(1:1) BREE»L, DXXBRRB 5 /8—3 12—
YarAILTHEL:, BERERIVvETTAE

(SR 25/45, A 25 mm X450 mm, 7 7 V< ¥ 7T
FHE L, B2 LC-6A ¥ > 7 THi# % 4 ml/min i23%E
L, smloOF7a>r—F0F > 7ty
F—TEB R 7 LCBA LT, FHEIE UV 254 nm
TEZF—L, 7927y aravysy— (FRAC-100,
Ty 7) T 1l0ml §FORBREICSERL, PCBE
& U MeSO,-PCB 4@ (120~160 ml) £, EBHEL
7z.

3) DMSO

BEEPAFF VBB E0mD L, SHa— b
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BLIKk, YAFLANKFYEF (DMSO) 3ml %1
Z, BEIHHL, DMSO 2538t L 72, E 512 D#
EZ 2[E#EDEL, 57 DMSO ¥ % ~* %> 4ml
T2 [EEE L. ki DMSO RicEE&DEE A%
Zy, NFEF v tert-TF A A F LT —F L (9:1)
4ml T 3EHE L.

4)  EREBALE
BEEAFY > 0mIERE L, BREE4ml 202
THIHL, MEBES* L., SEEL-HBBCRE
DKAEMZ, B0BWHRL7ch e, ~FH>4mlT
3EIFE L7,

5 TNIFATZLZORTTT 54—
TNHIFIgrRATLA (HEIOmMm) KFEL, £
AKEEF PV v A lgRZOLREMLT, Y7un
AZ U R20ml TH T LAEEF LU, WRITA~FH 30
ml 2P UL L 72, SEeelmL. 29, ~F
HrivrzonAyy (92:8) S0ml 2L, DWT
YvruuXdr50ml T MeSO,-PCB 7% ¥ 2 iEH &
i, ZOWREBUICEFEL2H L GC/MS 721k
GC/ECD Toa#rL iz,

T, FEEX:

1) GC/MS
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L, —EKHE -7, & MeSO,-PCB 5 ORIEIR LI
AR -EEREEIEY o GCREFFME XL U2
NOEDTAARY U oHEL T,

2) GC/ECD
MeSO,-PCBOEE R ETFHREAREI A7 0~
25 7 (B GC-9A, Chromatopac C-R3A) % H
W7, AEOMEE LY — 7 ICT 2 BESY — 20O
HIbERD, Ho50UDERLIRER» S BE 25T
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PCB #—H W HE T 2 /FEDO—&TH Y, OH-PCB
OHEBRERFOEES L UBEMTEIC DL Tt
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FTHD, RMEETREEZREY A4 XE2H
7ods, BUBEEE-7Y 7 AV —HHTH O
B2Bk, Fig 17 ¥ v 005 % 3ml 0y
zanAyy i AFHERICE»L, GPC 2757
EEQruR NI LRRT.BESVERIO 4005
OmloBlHRHELTSsDicwL, PCBE X U
MeSO,-PCB i3 130 4» 5 170 ml DRz iEH L 72, &
BIFEA Z LANOBWEICRA BIFS 28 LIT) 5%
2H, BRBERSVWOT, ZONER, T0HET
NI FAIEIZ XY, MeSO,-PCB % PCB 4 & 5383
32T, TNEFNEBIMESTHHNTE S, —7,

DMSO ¥ Tz ~F % > ¥ DMSO @ S H e & -
T PCB & MeSO.,-PCB #5BL &5 £ T5H DT,

AEEBROBE, WBDRBAIBA~F Vv »s
DMSO izBfT L7z, ZOBITEBSIDI, bohL
BHAF Y WS 1M KOH : EtOH (21 1) IR THI
H4LERT 2 = & T, DMSO i 2 3 L % 13 T DRSS
DHI 0% HBRETTEETH 5. Z © KOH/EtOH it

Y812 OH-PCB O BEEMICEE& N LS L LT3,

7) ##iD MeSO,-PCB WRAE

Fig.2 w747 v OE, BFs X CHEREDE
Pt BE ¥+ % MeSO,-PCB & GC/ECD 7 o< + 7
FSARRT. TYIVOBEBFZR0BEU LD
MeSO,-PCB & 2 & D MeSO,-DDE #8tgH & f, =
RESOEERRO L S CHE ST, Peakl: 3-
MeSO0,-2,2, 4, 5, 5-pentaCB, Peak 2: 4-MeSO,-2,
2’,4’,5,5- pentaCB, Peak3: 3 - MeSO,- p,p-
DDE, Peak 7: 4-MeSO,-2, 2°, 3’, 4, 5-pentaCB,

Fraction Lipid (mg)
4 25
5 250
6 220
7 15

absorbance, UV 254 nm

1& MeSO2-PCB

| S N S N N S (VN AN U DRSNS I SN SN AU NN S W S S I |

2 4 ] 8 10 12 14 B 18 20
fraction number (10 ml)

Fig. 1 Gel permeation chromatography of seal
blubber (0.5 g).

Peak 8: 4-MeS0,-2,2, 3,4, 5, 6-hexaCB, Peak 9:
4-MeS0,-2,2, 3,3, 4", 6-hexaCB, 747 > OFiEs
& URfih DR 4rid 5 Hbik 1 f8 (Peak a), 6 Hfkik 2
#8 (Peakb,¢) B U 7#{bIA 158 (Peakd) 25 7%
D, EBFEBOZTNERES B IR Y~V ER
L7 (Fig.2), L»L, E»0 7TEOME EIF, #
AR, BB, TRE, BA, MBI UER) ROk s —
VIR OEN EEUL, 20 LD REEORN
EDH 2BEDFEIZ MeSO,-PCB 2B EMNIZF
BT Y BOEER VRS S, —H, WER
ZREN5 T MeSO,-PCB @ F ik 4313 4-MeSO,-
2,2',4,5,5- pentaCB, 4 - MeSO,- 2,2',3,4,5 -
pentaCB, 4-MeS0,-2, 2, 3,3, 4, 6-hexaCB 72 ¥ T
D, 7Y VHEBPOERSSTTHS 3-MeS0,-2,2', 4,
5, 5-pentaCB @ Eic L B a i o7 (Fig.
2), INSORSLIZBEOHBEI TR E LRI
ANtz 72 3-MeSO,-p, p’-DDE & £
POBERSO—DOTHY, ZOBHICOVTHEE
ENT»3Y,

3) MeSO,-PCB B2E D&

Tablel 547U 7 ##H D PCB & & U MeSO,-
PCBOEE (BFEHZYD) 257, 7H7vOEHE
o PCB BEMIRI 572 0 2~28 ppm THLIS
RERBEZIR>NZVLOINL, MeSO,-PCB #
BREBETIZDFE->Tw3, i, FiEs LU
i MeSO,-PCB#E iz z vz, 288X U 15

1S

C

24 28 32 36 20 44 48 (min)

Fig. 2 ECD gas chromatograms of MeSQ,-PCBs
in seal liver (A), seal blubber (B) and
human adipose (C).
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Table 1 Tissue levels of PCBs and MeSO,-PCBs in grey seals and a
Yusho patient
. Weight Fat PCB MeSO,-PCB
Tissue
(2) (mg) (ppm) (ppm)
Seal 1 Blubber 9.2 7480 27.4 NA
Adrenal 5.8 860 9.8 2.7
Prostate 10.7 530 21.0 0.6
Intestine 10.9 70 17.3 0.7
Testis 10.0 120 15.3 0.7
Liver 10.4 140 27.1 28.5
Lung 12.3 80 20.1 15.0
Muscle 10.3 70 12.3 0.5
Brain 10.6 610 2.1 0.4
Kidney 10.6 200 13.8 1.5
Seal 2 Blubber 2.3 2000 NA 3.0
Yusho patient Adipose 15.2 10190 1.3 0.07
Liver 38.2 1040 0.9 0.16
Lung 28.1 990 0.8 0.67

NA: Not Analyzed

ppm EFERICEL, RUHEBZICEEN 2 PCBEEK
EWEERLE, BB TR PCBOM1/4 BEWCFST
% MeSO,-PCB #s#H &, D MeSO,-PCB BE
FBEEDHD THET S L 0.4ppm & 2 D 2B
FRLBE, 77 VOREDOEHL VEIBREORE
WWhkoThizosnTnad 2 L%#E2 5k, MeSO,-
PCB oS v EETE 2V, 7H¥ 7 VBB TI,
MEDOLV~NIVERIZTE 2oz, BOSTER»
5 MeSO,-PCB BEHII# 1/10 L HEE I Niz, 1976
£, Jensen 57 Y Z ¥ O FIC16ppm O
MeSO,-PCB (%% PCB £E0#) 1/20 2 #H%) #iRH L
720, BEOKTREO 7S YOl E ML ER,
£ 20 ppm O MeSO,-PCB 0 (GEHER) 1R
s5h, ZhoDEEIIEE, HE, FhE, BLUE
ERBUKRESUKETIEELOND, —H, BEOD
HH# D MeSO,-PCB & 12 i TH#EHIS <, PCB
ERICVy Az HDL00, FliEs XU TIR TS
S kDR DENMERRLL. ML 2 ERHIHE
EE, 0 ERCECLBEORYEMMOBRTH
D, —ADHEBF VAN ERELED SRV,

i

NIV NET YT VHBICSRBE TERY T 5 MeSO,-
PCB 0#gEn —E#%BH s » i L, HBHOBEs LU
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R & MAEREHBTO T LB L 7,

1) 7H7 v ORFEZTIZ30%ELL ED MeSO,-
PCB & 28D MeSO,-DDE 0BG MNHERE N, #
D E K4 iE 3-MeSO,-2,2', 4,5,5- penta CB, 4-
MeS0,-2,2', 4,5, 5-pentaCB, 4-MeS0,-2,2’, 3", 4",
5-pentaCB &  Uf 4-MeS0,-2,2, 3,4, 5, 6-hexaCB
EHEEL T,

2) THI7YOREE L Uit o MeSO,-PCB 0
FSE SR 15, 6Bk 2TEEB LU Tk
1@ o0, BHEFORSERES B oo, %
DELOEBHE T FEE O/ 8y — v KL,
BRI BT, o BE R FhFh 28, 15 ppm THRET
% PCB@BE T WERRLT,

3) HIE B E DS O MeSO,-PCB B 43 13 4-
MeS0,-2,2', 4, 5, 5-pentaCB, 4-MeS0,-2, 2", 3,3,
4,6-hexaCB 2 ¥ T, 7TH¥F7 v OB ENE L5 H
DbRLNF, Lal, BEOFELM CRERTO
o QBRI R oG o, FRODEBE
BT7HF73OFNED DR DEL oD, BTRED
Y% PCB v VTR WER R LT,

it 3

AW E £ L ¢ Swedish Environmental Protection
Agency 5 DBEHESKESI VO TH D, I BB L
7.
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HEBRERUNBEOE TIEFHEBSD
Coplanar PCBs, PCDFs % U PCDDs
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Coplanar PCBs, PCDFs and PCDDs in the Subcutaneous Adipose
Tissue of the Yusho Patients and Normal Controls

Hironori HIRAKAWA, Takahiko MTSUEDA, Takao Ipa,
Kazumi FuKAMACHI and Katsumi TAKAHASHI
Fukuoka Environmental Reseach Center, Mukaizano Dazaifu-shi, Fukuoka 818-01
Junya NAGAYAMA
Laboratory of Envivonmental Medicine, School of Health Sciences,
Kyushu University 90, Fukuoka 812
Takeaki NAGATA

Department of Legal Medicine, Faculty of Medicine, Kyushu University 60,
Maedashi, Higashi-ku, Fukuoka 812

3,4, 3", 4-tetrachlorobiphenyl (T,CB), 3, 4, 5, 3’, 4'-pentachlorobiphenyl (PsCB) and 3, 4,5, 3",
4’, 5’-hexachlorobiphenyl (H;CB) (Co-PCBs] in the subcutaneous adipose tissue of seven Yusho
patients and eight normal controls were determined to assess the contribution in the risk caused
by the Yusho causual agents (PCBs, PCDFs, PCDDs and Co-PCBs) by using high resolution gas
chromatography/high resolution mass spectrometry in selected ion monitoring mode.

3,4,3,4-T,CB, 3,4,5,%3,4-P;CB and 3,4, 5, 3", 4, 5-H;CB were detected in the subcutane-
ous adipose tissue of the Yusho patients at the levels, of 6 to 29 ppt, of 32 to 130 ppt and of 160
to 1,140 ppt, respectively. The TCDD-Eq (Equivalents) value calculated by TCDD-TEfs (Toxic
Equivalent factors) was from 8 to 30 ppt.

On the other hand, 3,4, 3’,4’-T,CB, 3,4,5,3",4-P;CB and 3, 4, 5, 3, 4, 5-H;CB were detected
in the subcutaneous adipose tissue of normal controls at the levels, of 3 to 9 ppt, of 41 to 280 ppt
and of 47 to 200 ppt, respectively. The TCDD-Eq value calculated by TCDD-TEfs was from 9 to
57 ppt.

In the Yusho patients, the average TCDD-Eq value calculated by TCDD-TEfs of the residual
Co-PCBs, PCDFs and PCDDs was 17, 491 and 24 ppt, respectively. Therefore, we concluded that
the typical symptoms for the Yusho patients are caused mostly by PCDFs.

dibenzofurans (PCDFs)”, polychlorinated quater-

G L & = phenyls (PCQs)®”, polychlorinated dibenzo-p-diox-
HEBRENEBIRLE:S A A4 40 (BERHE) S ins (PCDDs)” EEEAL Tz Z B emicd
polychlorinated biphenyls (PCBs)®, polychlorinated Twb, BALSIIERM» S Coplanar PCBs (Co-

( 86 )
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PCBs) # i L, /- BERCEEE» S b Co-
PCBs ##&H L 7299, £iT, Co-PCBs OHT 3, 4,5, 3,
4’-pentachlorobiphenyl @ % % 2% 2, 3, 7, 8-TCDD o
WAD1»5655301eF2 60", FHEATY
3,

HMEREIREHE» 2% D PCBs WML TH
DEBECHREZ TRASNTVS Y R 27§D ki,
B Co-PCBs e k2 FMEMEL THEED VA %
ST A LENHZDT, MELZTRASNTVEE
EMmEEEYE TH 5 PCDDs, PCDFs iz Co
-PCBs #/0z T4 L7z, 82 i3 BB O IEIHE#C D
W Co-PCBs, PCDDs 1 PCDFs »H3 L TH
FEL, XX LT 840K TR L o L
BMETL T, BETOHREEL-OTHRET 2.

£ B ¥ &

. H®#

1) KTHERS

MEFPCBs DA A7 a7 T ANHERED

BEHY — 7,85 — (Atype) 7R3 THROBED

B TEREs S E ATz, SO ARENCT o 1,

SRHEREFERIE 1986 E£E2 B TH 2, HEE L LTI,
WHEOBERENTGE S 2 HRfl» Sl sz ETF
RERAAHE E Avadz,

Co-PCBs, PCDDs K tf PCDFs o) #ZH#e 478 13 FuM
REGHER R OE—ERAAFEHEE L Vit5 3
7. U7z Co-PCBs, PCDDs K Uf PCDFs ¢ N #fi&
g 2 Tablel 1ZRLT:. 2035 5 Co-PCBs i34
—EPRRFEHER I VEES s, PCDDs R U
PCDFs i3 7V w74V b7 6 AF LI,

fOERALHEE ¥ YEEEOEER, BYE
PCB 4347 H b vz o, FIDEMISE THB OSBRI 7T
AAFH$1,000, 72 b21,000, 7o xy
1,000, FESBERNEMRBRRI 70 ONTH L.

3. EHouiEsik

BEREMHMIT 0.5~1 g 122w T, XBE K TIER
FEABIE 10~30 g WD WL THTERY WL TT R o7, 72
2L, WERZ O NI T 4 —EEIRTHER LS
HRBPE D VL THIEUEATEE S U 7 ARER
LTRW, 70l 9¥nadbsrav b r57 4—T
#Hi#% o PCDDs, PCDFsE4Ti3, FBE, BB X
LREETT o7,

4, GC-MS o#r

Varian 3400 # 2 7 v< "7 7 » Finngan MAT
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-90 BE4r47511C Quadrex M OV-17 ¥ v 5 Y —%
F A (FEE25m, WE0.25mm, [EE0.10 um) %5
v, BEREE selected ion monitoring (SIM) iz &
D ETR o7

Co-PCBs fIiE W 817 5 4 7 LIBESRMIX, 120C T
153RREEL, 260°C 2 TES 10C TRIER, 3512
260°C T 10 SRR L 72, GCIEA AR IR 260°C T,
FIYART 7 —F A EEE 250CIERE L 7.

PCDFs, PCDDs fIB BT 2 4 T ABESMEIE,
120°C T 1 5fREEE L, 180°C £ T&4 25°C, 240°C %
THS515°C, 265°C £ THE420C THE®R, S5
265°C T 10 43R L 72, GC AR T 260°C T,
FIVART 7—T4 VIR 2600C B E L.

BEANFHOEMHRIROEBY TH B, Bl 441k
E—RWT, 414 EEER 70V, IIFEEHEES
kV, 44 ACEFRIX 70 pA FEEEL, SHBEZIR 7,000
THoTz,

=Y —AF 2 OFEIZDOWTIE, Table2 ITRL
TEBHTH B,

BRCER

Table 3 WK TR D Co-PCBs O 43R % T
L7, TZOBE» I, 3,4,3, 4-tetrachlorobi-
phenyl(T,CB), 3,4,5, 3, 4-pentachlorobiphenyl (P
CB) &1r3,4,5,3, 4, 5-hexachlorobiphenyl (H;CB)
», £ Eh, 6~29 ppt, 32~130 ppt, & UF 160~1,140
ppt S h, WTROBETYH 3,4,5,3,4,5-HCB
O TE L, k23,453, 4-P,CBT, 3,4,3,4
-TCBEHEHEETHE ., ZhoDEE % Han-
berg 52 /R L 7z TCDD-TEfs (2, 3,7, 8-TCDD
-Toxic Eqgivelent facters: 2,3,7,8-TCDD #a& st
) #HBwT, TCDD-Eq (2,3,7,8-TCDD Equiva-
lents: 2,3,7,8-TCDD #25{#) w#E$ 3 &, 8~30
ppt Thotz, —H, 8HONBE T, 3,4,3,4-T,
CB, 3,4,53,4-PsCB & 10 3,4,5,3,4",5-HCB
W, FHEL, 3~9 ppt, 41~280 ppt K UF 47~200 ppt
wmiah, 3,43, 4-T,CBBHREHEL, 352413,
4,5,3,4,5-HCB 23,4,5,3,4-P;CB X © ® &
otz h, FOMIZ 34,53, 4-PCBARELE®-
7z, A%z TCDD-Eq #8425 &, 9~57ppt TH -
7z,

B EXEED Co-PCBs BE % FINE TR T 2
&, 3,43 4-T.CBIREENMHNBEL VN 2ESE L,
3,4,5,3,4-P;CB TR ESEE I ON2EES,
F7z, 3,4,5,3,4,5-H,CB Tz BENNEZE L DVH
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Table 1 Composition of internal standard Table 2 Monitor ion of compound
Concen- Compound Traget Internal standard
Noumber .
Compound 13 tration

of °Cg/ml) TCDDs [M-+2]+321.894 [M+2]+333.934
PnCDDs [M+2]*355.855 [M+2]*367.895
2,3,7,8-TCDD 13C, 20 HxCDDs [M+2]%389.816 [M+2]*401.856
1,2,3,7,8-PnCDD 3Ch2 20 HpCDDs [M+2]%423.777 [M+2]%435.817
1,2,3,6,7,8-HxCDD 3C1e 20 OCDD (M+41%459.735 [M+4]*471.775
1,2,3,4,6,7,8-HpCDD ¥C1, 20 TCDFs [M+21%305.899 [M+2]*317.939
OCDD 13Cy2 204 PnCDFs [M+21%339.860 [M+2]*351.900
2,3,7,8-TCDF 13C, 20 HxCDFs [M+2]*373.821 [M+2]*385.861
1,2,3,7,8-PnCDF 13Cs 20 HpCDFs [M+2]%407.782 [M+2]*419.822
2,3,4,7,8-PnCDF 15Cy 48 OCDF [M+41%443.740 [M+41%455.780

1,2,3,4,7,8-HxCDF 13Cs 20 3,4,34-T,CB [M]*289.922
1,2,3,4,6,7,8-HpCDF 13Ce 20 [M+2]%291.919 [M~+2]*303.960

OCDF BCi 20 3,4,5,3,4-P;CB [M]*323.883
3,4,3,4-T,CB O 50 [M+2]+325.880 [M+2]+337.921

3,4,5,3',4-P;CB 13C,, 50 34,534 5-H,CB [M]*357.844
3,4,5,3°,4’,5'-H,CB BCh2 50 [M+2]%359.842 [M+2]*371.882

Table 3 Levels of Co-PCBs found in subcutaneous adipouse tissue of Yusho patients and normal
controls (ppt)

Sex Age 34,34-T,CB 345,3,4-P;CB 345345 TCDD-Eq. ¢)
H.CB
Patient 1 F® 55 6 63 300 15
Patient 2 M» 50 13 72 220 16
Patient 3 F 45 29 130 570 30
Patient 4 M 54 8 44 190 10
Patient 5 F 50 8 32 160 8
Patient 6 M 45 9 75 470 18
Patient 7 F 43 8 73 1140 23
Mean 49 11 70 436 17
Control 1 M 19 5 59 58 12
Control 2 M 24 5 83 79 17
Control 3 M 2 8 180 100 37
Control 4 M 41 9 160 100 33
Control 5 M 52 6 280 200 57
Control 6 M 20 7 83 120 17
Control 7 F 20 6 190 82 39
Control 8 M 47 3 41 47 9
Mean 32 6 135 100 28

a) Female, b) Male
c) By Toxic Equivalancy Factors of Hanberg et al.
(Chemosphere 20 p. 1161-1164 1990)
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4 fEE o7z, TCDD-Eq THET % &, SEENSR
B 2EE»oT.

A EofER» S, BFELGEEICE T2 3ED Co-
PCBs OAEM LI FER KRR >THBD, BEWXEL-T
Co-PCBs B #EMMICE 2 L RV EELEFTlER WL
EEZ oD,

Table 4 1= fF FRERS D PCDFs OAM#ERE £ R L
7:. BETI, 2,3,7,8-TCDF, 2,3,4,7, 8-PnCDF,
1,2,3,4,7,8-HxCDF, 1,2,3,6,7, 8-HxCDF & tf 1,
2,3,4,6,7, 8-HpCDF #3, % #L Z {1, 5~34 ppt,
100~1,730 ppt, 77~1,100 ppt, 23~340 ppt U ND
~110ppt s/, s DEE % TCDD-TESs
ZHWTY TCDD-Eq #3845 &, 69~1,013 ppt T
Hote, —H, NBETIK 2,3,7,8-TCDF, 2,3,4,7, 8-
PnCDF, 1,2, 3, 4,7,8-HxCDF, 1,2, 3, 6,7, 8-HxCDF
K181,2,3,4,6,7,8-HpCDF 23, ####, 1~7ppt,
8~31 ppt, 3~13 ppt, 3~20 ppt KB * 2~8 ppt #H &
iz, BE LRk, xiEE D BgRit PCDFs @ TCDD
-Eq i3, 4~19ppt TH 7=, T PCDFs @BE D
WTBE L WEE D TCDD-Eq % FHE THE T 5
&, BEIRBEEDOH S EEWEERL I,

Table 5 1w TR D PCDDs D4R %73,
ZORIALIEIE, TEF4HOBE®S 1,2,3,
7,8-PnCDD %% 20~50 ppt DIBE T, e TDEH
T1,2,3,6,7,8-HxCDF X t* OCDD #38, # L Zh,
46~450 ppt & U 10~200 ppt DEEETHRE I Nz, =
5 OEE % TCDD-TEfs % 1> 7" TCDD-Eq i
WMET 2L, 5~70ppt TH-7z, HFICHWIBED
FERIERIAY 0.43g~1.02g LR KAV ETH -7 D
T2,3,7,8-TCDD O HRFMEH» 10ppt £ HL %
D, BETCHBRHETERL7:, —F, WBETIR 2,
3,7,8-TCDD, 1,2,3,7,8-PnCDD, 1,2,3,6,7,8
-HxCDD K 7f OCDD 3, #h#h, 1~5ppt, 4~18
ppt, 21~130 ppt K& OF 180~1,330 ppt Mt s h 7, B
FBOHE LR L TR 72 14883 o fgls ok PCDDs
@ TCDD-Eq ik, 5~24 ppt TH -7z, BE L WEEHED
Bgftith PCDDs BE 2D W, %45 O FHE THE
T3, 1,2,3,7,8-PnCDD T ¥ & WBFXERE
ETHb, 1,2,3,6,7,8-HxCDD T BENHEBED
K2 fEEWEE, %7 OCDD i eSS BE DK
5fEmVEERLU. %72, B8+ PCDDs o TCDD
~EqTit, BEINEERAREBE TH- .

Table 4 Levels of PCDFs found in subcutaneous adipouse tissue of Yusho patients and normal

controls (ppt)

Sex Age 2,3,7,8- 2,3,4,7,8- 1234,78- 12,3,6,7,8-1,23,4,6,78- TCDD
TCDF PnCDF HxCDF  HxCDF HpCDF Eq. ¢)
Patient 1 F@ 55 5 1290 500 130 29 709
Patient 2 M® 50 32 100 110 42 33 69
Patient 3 F 45 18 850 610 160 110 505
Control 4 M 54 33 160 77 31 0 94
Control 5 F 50 28 420 130 23 0 228
Control 6 M 45 24 1370 1010 300 0 818
Control 7 F 43 34 1730 1100 340 72 1013
Mean 49 25 846 506 148 35 491
Control 1 M 19 1 9 3 5 3 5
Control 2 M 24 2 15 6 6 6 9
Control 3 M 2 7 29 11 12 4 17
Control 4 M 41 2 31 13 20 8 19
Control 5 M 52 2 30 7 8 3 17
Control 6 M 20 1 19 6 8 4 11
Control 7 F 20 3 14 7 7 5 9
Control 8 M 47 1 8 7 3 2 4
Mean 32 3 21 7 9 5 11

a) Female, b)

Male, ¢) By International Toxic Equivalency Factors
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Table 5 Levels of PCDDs found in subcutaneous adipouse tissue of Yusho patients and normal
controls (ppt)
2,3,7,8- 1,2,3,7,8- 1,2,3,6,7,8- TCDD-Eq.

Sex Age TCDD  PncDD  Hxcpp  O¢PP 0)
Patient 1 F® 55 0 0 170 10 17
Patient 2 MY 50 0 0 53 120 5
Patient 3 F 45 0 27 170 150 31
Patient 4 M 54 0 0 46 200 5
Patient 5 F 50 0 20 65 46 16
Patient 6 M 45 0 20 150 130 25
Patient 7 F 43 0 50 450 64 70
Mean 49 0 17 158 103 24
Control 1 M 19 1 7 130 280 18
Control 2 M 24 2 10 120 550 19
Control 3 M 2 5 15 68 790 20
Control 4 M 41 3 13 55 1330 16
Control 5 M 52 3 18 72 180 19
Control 6 M 20 3 17 120 320 24
Control 7 F 20 2 14 79 520 18
Control 8 M 47 1 4 21 250 5
Mean 32 3 14 70 563 17

a) Female, b)

BER UNEEZ O PCDFs, PCDDs & Uf Co-PCBs
@ TCDD-Eq % Fig.1 KR Fig.2 2Rl 7. Fig.1
MEBS MR LI, RTOBRETHEBPCERS L
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Male, ¢) By International Toxic Equivalency Factors
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-PCBs in 7 Yusho patients and 8 normal
controls
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Studies on the Application of Residual PCBs,
PCQs and PCDFs Concentrations to Yusho Diagnosis

Reiko NAKAGAWA and Katsumi TAKAHASHI
Fukuoka Environmental Research Center, Mukaisano, Dazaifu-shi, Fukuoka 818-01

Results of Yusho annual inspection were reviewed from the view point of correlation of
PCBs, PCQs and PCDFs concentration in blood or subcutaneous adipose tissue and clinical
findings. To make discussion quantitative, fifteen terms of clinical findings on Yusho desease
were quantified on the severity by evaluating (+) as 2 points, (+ —) as 1 point and (—) as 0 point.
First, the temporal variations of the severity of clinical findings on 5 Yusho patients were figured.
Additionally, the temporal variations of blood triglyceride and PCBs concentration, and GOT
were also surveyed. The adopted terms of clinical findings were general malaise, cough, sputum,
headache, abdominal pain, peripheral neuropathy, soreness of joints, deformity of nails, comedo
formation, acne-like eruption, secondary infection, scar formation, disorder of Meibomian glands,
edema of eye lids and increased discharge from the eyes. During the investigated period from
1972 to 1988 the total score of clinical findings clearly decreased on two patients who had high
score, tended to decrease on two other patients, and was not clear on another patient. Secondly,
the correlation coefficients were calculated between each of PCDFs, PCBs or PCQs concentration
in subcutaneous adipose tissue or blood and the total score at the year in which the adipose tissue
and blood were taken. For the female patients the correlation coefficient of PCDFs concentration
in subcutaneous adipose tissue and total score of clinical findings was the highest of all (r=20.9885).
However, for the male patients it was not available because the number of the subjects was only
two. Thus far it has been reported that the powers of PCBs gas chromatogram pattern and PCQs
concentration as criteria for Yusho diagnosis are low as for the subjects who belonged to the
border area between Yusho patients and normal persons. This survey suggests that PCDFs
concentration in subcutaneous adipose tissue can be a potent criterion that has a high correlation
with the clinical findings of Yusho.

FERIN TR O TEGHRE LWL PCBHE L £ 2
SNTnY, B, RVELZ7FLT7 220

F L & =

1968 £ 8, AR —HTHREL 4 & S AFHETE
BR800 ADHEELZH L AREEZ LD T
Hot?, BBV ERBY KBV THRRD IA
AF AN L BEROPBRENFEELTBD, Zh
SOBHRVINLAAMMEORE TR THERS L
Te BRI S 4 AT A NMICBA LoDz U BE
THo7:. A3 IMTBEALLBERICIT 481
7 = == (PCB, $#7 l{b348 KC400, Fig 1)t

(92)

(PCQ, Fig.1) ® RV ELY >V 7 5 30

1 9 1
3 2 2 3 8 2
?
¢ 5 ‘ 7 |I 3
5 ) 3 5 4
(a) Biphenyl (b) Dibenzofuran

Fig. 1 Parent structures of PCB (a) and PCDF (b)
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Table 1 The concentration of PCBs and PCQs in the blood and subcutaneous adipose tissue of Yusho
patients, non Yusho patients and normal persons.
Blood Adipose tissue
No. PCBs (ppb) PCQs (ppb) PCBs (ppb) PCQs (pph)
mean+S. D. mean+S. D. mean+S. D. mean+S. D.
(Min. ~Max.) (Min. ~Max.) {(Min. ~Max.) (Mix. ~Max.)
Yusho patients Type A 7 9.65+6.34 6.97 +3.38 2,150%+1,660 1,060.00+469.00
(2.03~20.60) (3.86 ~13.89 ) (1,000~5,710) (555 ~1,997 )
Type BC 3 3.06+1.72 0.07540.067 1,183+ 268 23.08+ 24.11
(1.67~ 5.48) (0.010~ 0.168) ( 820~1,460) ( 1.38~ 56.70)
Type C 8 5.53+2.28 0.023+0.010 1,191+ 376 5.38+= 2.14
(2.22~ 8.80) (0.010~ 0.041) ( 580~1,750) ( 1.38~ 8.22)
Non Yusho patients 20 3.15+2.63 0.051+0.137 786+ 457 10.69+ 25.88
(1.00~12.00) (0.001~ 0.638) ( 178~2,217) ( 0.03~ 120.29)
Normal persons 11 3.84+1.32 0.021+0.012 893+ 262 4.15+ 3.82
(1.29~ 5.95) (0.010~ 0.051) ( 440~1,250) ( 1.65~ 15.20)

Takamatsu*® i k> T, BENICBESRTAD
M PCB @A ~#H ppb & TEv 2 &8RS
Bh, MEAFRPEEORRE & 2o ol 2B 7
& EERPRBAEE & TR WIS L, BEDOR
WEE L L TN TRW I eSS IN, —F
974 BB LD PEMLO T Lo T, HAKLH
EREOMPEO PCBH AT 75 L8F —2 3
BEEPHENCRBZ AN ACMBEOZNER ST
W3 ZEpnWEsn, 2iEEL p, p-DDED Y —
I oBAT2EBDY—2 b(2,4,5,2,4,5-Hexa
CBYDEE % 100 L L- & X, BETRERE TS
1&HOE—7 a (2,4,5,3, 4-PentaCB) &<, 5
EHOEY—2 ¢ (2,3,4,5,3,4-HexaCB) »F»E W
385 — > Th-te (Fig. 7). HEZAERAIHESRE
KRN —v2ArL, BEEIZRE>N D
5¥—>%C, #0HFEDAY - %2 B, BCETEIE
WkoT, MHPPCBRY—V%2RFITES I EER
L7z, 2@ PCB /S — v i3 E B O Mg hEg s
e & <AL, B CTHERATH L Z LA
BRa iz, Zihss, DUk PCB /8% — o H3JHE O M E 4k
YU THRASNTELFUTH L, 205 =20
RIS L T, FEERN 1 EL BB L 72 1969 £ 7
BB LR TIE LSRR S he HRPEERE
OREHEHOT A 70~ s 7T LS BA Y —
ERLTWSE L RRIAEESIRRVE L2, Zh
FEARLT NEEOEBMERECIBWT, hHER
0.5 TANY -V ERHLTWS Z X LIFIZF—EL

Yusho Patient

/p,p'-DDE
b
/.
c
Einie
' b
) Normal person
a
} e}
}
b
a KC500: KC600(1l:1)

T

20

min

Fig. 7 Gas chromatograms of PCB in blood.
Column 2% Silicon OV-1 chromosorb W
(AW DMCS) 80~100 mesh
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TWwa, WIZa, b, c REMEDHEINEE DWW TTR
Lzod Table2 TH 2, ZHhoHBI I XRT
1989-1990 EDHERB 2R R LAY A 7O BHE
DOIET, BEREMEME® TRLEL, ad 2,4,5,3,
4'-PentaCB T3 1 fl% k&, EEEOFEHMTER
(0.11ppb) @ 1/2ETHY, £7:CD 23,453,
4-HexaCB T3 % & OFHIIMBEEE (0.10 ppb) @
4~39 5 TH o7z, a pME L % 2 HEIZ PCDFY 37
5+ —PCBREH A IHFOERERSCE > THE
ankBRya 2RBLLERTHZI &2 60,
SHAYA TRBCBO TR IOEESEL T
ZIEERBLTOS, BREFEZEX Iy bl
FROWLEMERTLE » R L O, fLoREN
WHLABTHEBT 22 L 06, BYOEBADEE
PREBOMELHATI LT EEREETHS, L
»LESR I L, PEYFICEERTE >z a DM
ERE - BEEHOZR L BIOEEE B 2aD
ETEREC LT, LEEO X3 /2 CBELI, &
HED a OE T ER IR —2 I R BEERY 2 X0
ARRTFERT 202 LR,

— 5, ¢?2,3,4,5 3,4-HexaCB i3 & JH &9 1z
£ 7T, 3,4,5,3, 4-Pentachlorobiphenyl (PentaCB)
ZHARTZEOBRIBEVS, BEombcRsns
PCBoHTIZT v Mo B\ 2 BEFELE, FIEA, W
BEHEL RV OBEREEE TS0 THS LGS
nTw3, %7, Bimbaum 5V i k-7, 2,3,7,8
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-Tetrachlorodibenzo-p-dioxin (2, 3,7, 8-TCDD) &
OFRBHEET23,4,5 3, 4£-HexaCB 22,3, 7, 8
-TCDD &M (v 7 A0 OER) 2 HEMICHEET 2
ZrbHeMEZENRTLE, LEd>1T, 2,3,4,53,
4-HexaCB iZEDRK & an b PCDF o &M 218
BLTWLZOhs LRy, 8512, IhaBREIE
BRI ECMHS N R CBRIARIREL I E» S,
M2 E PCDF % Co-PCB &M tMEHEE I L
TRzewWkEwTH B,

DI 20 £ PCB Sy — > O X B 2 HE L
THERFLUTO LB Y THD, 1988-1990 12 HER
LRI MEREIZOVWTA S L, Tabled 2R L
fo & D0z, 1974-1975 2 A TH 72 A 1988 &£ LU
‘iz ATho7:0id 214H 174 (80.9%), B, BC
WERLOREL 34 (14.3%), 14 (4.8%) T
B2 BD1&ZIECRREMLTWR. BCO KD
WTIRRE LS 14 (12.5%), B, Cwg b0
£r 24 (25%), 5% (62.5%) ThH-otz, £-CO
24 ZIZ DV TR 234 (95.8%), BC ez kL
oD 1% (4.2%) Thot:, ZDEH1Z, 154
FlicE->TBB L% PCB /Y — v 3EEHND 7 B
ODTHRETHD &z, —5D B BC (A ixth~g
WHRBTH->TEBbhdd) O CADEZDNT
BB EOMOBRCL2bDEEL NS, £/
A » 5 BC AT L 7z 1 Bl RERMER TR » & 4
LR RC, FREBFHAIREETH - 72'9%0%, Z05e,

Table 2 The concentration of PCBs in blood of 10 Yusho patients who underwent the 1990 (or 1989)’s
medical inspection for Yusho
ppb
Subjects L o . (c)/(a)
Total PCBs 2,4,5,3.4’- 2,4,5,2' 4,5~ 2,345,334 *100(%)
PentaCB (a) HexaCB (b) HexaCB (c)

Patient 1 3.45 0.04 0.66 0.41 1020
2 4.02 0.05 0.93 0.82 1523
3 2.42 0.03 0.50 0.62 1976
4 2.90 0.06 0.73 0.46 709
5 2.54 0.05 0.54 0.58 1202
6 3.87 0.07 0.95 0.75 936
7 2.68 0.01 0.58 0.70 9936
8 2.01 0.05 0.48 0.39 722
9 14.00 0.06 2.75 3.89 6483
10 8.50 0.18 1.96 1.06 607
Normal persons 1.1 0.11 0.41 0.10 91

(mean, n=30)
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Table 3

Yusho patients

L FeE

wm x B

The transition profile of PCB gas chromatogram pattern of

PCB Pattern PCB pattern No. of %
in 1974~1975 in 1988~1990 subjects °
A A 17 80.9
A B 3 14.3
A BC 1 4.8
Total 21
B C 1 100.0
Total 1
BC BC 1 12.5
BC B 2 25.0
BC C 5 62.5
Total 8
C C 23 95.8
C BC 1 4.2
Total 24

BF o RBEPSHA® RETPCB, PCDF 2 EDJF
RYEcREantEZ2 o020, HENLBET
HolDT, HAHNEBEL L TR RL720TH
252k, ROUKOERBCHEBLETREEOE
KO L BHERBR 88— FLDOERLE
ATV :Bbhb,

BlEDz e 28 PCB /Sy — v 3 $RKE W I E 25
LY LTERT S 2 etiEant, Lo LBIES
D PCB/$F — iz onTiRFORBWIZERLZL
TREsRwI EdRBan:,

2) PCQizHwWT

PCQ i3 PCDF L E#HRET TPCB » 5457 5.
fRH & 129, PCQ »S#E M @ KC400 & T i 63 ppm

(0.0063%) TH 2Dz, BFEHRc L THAED
KC400 §1CiZ 60,000 ppm (6.0%) HIEIIL T3 Z
EREBLMIIL, & s RHERRMF I PCB 2
110 ppm, PCQ X 380 ppm SE &, I 5T TR
Miyata 52 S LB —HTH D TH -7z,
B 2% PCB 15 %35 @ i & PCQ #3 0.02 ppb K #i§ T
B o7z 23 Takamatsu 549 DIRER, WEBRED
MmE RBEEEDZNICELNZWERED PCQ 2
BH & =) Kashimoto & DEE® s, PCQ
PHECZKMOERZETE L TINBIERERAEN
7z,

PCQix PCB 0 2 3 FEEGMTH D, HEDKEPE
BABEOED» S ZOEMEROBEIBARLLOTHS
o, EELIRI6BOBEANRKE L TEREL
Foreoen 2 DFER, EAIRHE BE O K TR 2,
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2-PCQ, 2,3-PCQ, 3,4-PCQ #3 % % 128~460 ppb,
140~394 ppb, 120~439 ppb &, 2, 4-PCQ, 4,4
-PCQ, 3,3-PCQ o % 71~263 ppb, 53~246 ppb,

42~195 ppb IZEEX, L &N T Wiz, MIE TR 3,4
-PCQ i BRI TE SR s 2 A
MKESN, FOEBEIZ 1.09~4.43ppb TH - 7=, IfiF
PCQ o BHREMBIZL 5,85 — T3, PCB &%
b, BEHEOMPBENMEBE TH L OMERSE -

BEEEOZERZROWHET I LR TEkro7, 2B
BT T IERE T 555~1,997 ppb, M¥& T 3.86~13.9
ppb TH -7, ZHIZEEFEOFHYK TN PCQ
B (4.15ppb), Fiyif PCQ #E (0.021 ppb) @
F 2 134~481, 184~662 5 TH 5, 77, M PCQ 12
Bz PCB/.$% —>DBEETH 2 Y — & /b (Fig.
7) & X SFHBIL, BEQOHEFEELRED IS LLE
B S DEED ¥ B LicwmEBde., Lal, 4
AN BEZEORICIBBEDOREEE L v (~0.044
ppb'?) #E %, mD, PCB /¢y — > BC 2R T H D
bhol:, ZOBECIE TS PCDF » T

(BRHIBRE 10ppt) TH -7 &, —HRED PCB
Ny —RUPCQEELET 2 MEREDETIEW
Fizid PCOF B an - Z 2 itk - ¢, MB0O%E
BY 73 ¥ RIS AT REI 5 o 7232,

PCQ o bZME Tid, Tabled WwiRd L5, I
HRE/RTREETBEDOLBPCBDBE LY K&
WHERIZSFED 5B Z L e, PCB L b A Sk
EBATLRTWLEY THE Z L B ahE, 20
HE 12 PCQ OE B M+ PCB ® PCDF & 0 (B WEH
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Table 4 PCQs and PCBs concentration in blood and subcutaneous adipose tissue of Yusho patients.

PCBs (ppb) PCQs (ppb)
Subjects A=1000X/Y B=1000 X*/Y* B/A
Blood (X) Adipose (Y) Blood (X*) adipose (Y*)

Patient AF 20.6 5710 3.6 13.89 2000 6.9 1.92

AM 16.5 2360 7.0 6.70 970 6.9 0.98

BF 7.63 2250 3.4 7.69 1270 6.1 1.78

BM 4.23 1000 4.2 5.10 550 9.3 2.20

CF 5.15 1300 4.0 3.86 1000 3.9 0.97

CM 5.35 1220 4.4 4.37 760 5.8 1.32

DF 8.07 1180 6.8 7.16 860 8.3 1.22
Mean+SD. 9.65£5.87 2150%1540 4.8+1.4 6.97+3.13 10604436 6.7+1.6 1.48+0.45

Table 5 The correlation of the total score with PCDFs, PCBs or PCQs concentration in subcutaneous
adipose tissue or blood of Yusho patients.
Correlation coefficient (r)
Subjects  Male Female 55,70 193478 123678  Total PCBs  PCQS
pentaCDF HexaCDF HexaCDF PCDFs
AF,AM,BF

i ” 0.7484 0.5881
gy,CF, and 2 4 0.4836 0.4416 0.5291 0.4833 0.6386* 0.7499*
AF,BF.CF and 0.9063 0.8471
DF 4 0.9804 0.8645 0.9073 0.9885 0.9773* 0.9751*

The correlation values with the mark * are for blood, while values without * are for adipose tissue.

& dioo
OO OKD  OXOO

2,2'-PCQ 2,3'-vCQ 2,4'-PCQ

00@@%“&%%10

4,41-pCQ 3,3¢-PCQ 3,41-pCQ

Fig. 8 Skeletal structures of polychlorinated
quaterphenyl congeners

chEz NG, S RBUETE, PCQ ZBRHE
g8, HFAEK, MOfRssks, BEBIIMSIZ C2igEL L
T ERRAER D o BHELF I a B D,
BEFGER O EN OB E T 3R 2 HBIER L 3R D
AROCEENEUTLAIELELENES, LhLEFN
LS o%E ik PCDF ik %73 (Table 5) Z
&S EHREE GC/MS 2 0B X T 2% PCDF w2 kN
PCQ 3 fiFE 2 ¥IAIFE & L TREEY 2 Z L 3B ED
HERBZ TRENTWVS,
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3. PCDF oBiE¥IRaE

PCDF iz, 1)MEREMY Kk OWHIEBE O+
e hiz o b, RENRVENS 14 F 0T
H% 2,3,78-TCDD O MiBRERE, hENH, EHOA
Bk, FHIER, FERFEFEARUBGUER 2K
FPL-BEEEET S 28, £, HWMECERD—
OWNZANTIEATHD, 2,3,7,8-TCDD iz k 2%
EROVELC7aor7272Thr e, JEDZehs,
WMEDERZ2RAMEN PCDF TH 2 Z L BNRE s
N T &7, PCDF OfbZFE#MERICDOWTIZ PCB &
ETER->TWB I ebdoT Sk, 2,
Masuda 527 & > T, HEMERERKUERAMILE
BEOEZ OFER UK TREN ® @ PCDF 8 » #l
EFEANTWEY, FERICB W THEDRBED FE
TREHPEBE LY bEL, —H, BRATRKETIERF
BEOHANEWIE, 8812, Tv 2RV RERK
BT, PCDF (#5122, 3,4, 7, 8-PentaCDF) 235 A &
VFI P-450 (P-448) N EE T LI LD, B %
AT 5 L, PCDF 28, PCB » BEigEmittat
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U TETREBCERT 2 L@, —HCRITEOR
REOCHKEL s sRBEINTEERE T2 L0,
ELE_HAMEEELLRESLEWTHSL L2 5,
EE O IRER BERZBEL BERSE (EF AF
-CF kU 24) Ot 7840 K T gkt PCDF 28I L
TRER, s 4% PCDF (2,3,7,8-TetraC-
DF, 2,3,4,7, 8-PentaCDF, 1,2,3,4,7, 8-HexaC-
DF, 1,2,3,6,7,8-HexaCDF) ® 5 % 2,3,4,7,8
-PentaCDF OBE AR E W I E2FERL T 519,
EMICDOWTH, 2,3,4,7, 8PentaCDF 1% 2,3,7, 8

LoFew

-TCDD D2 530 1 YBWHE T L Ebh T3,

Lo, FEREM, REERUEEOE? S,
fETIZERIZ 2,3, 4,7, 8-PentaCDF ic & % BB &5
RKEWZEDREBEAND, EEOBELKXATATD
TECZ, AZ A4 7TREVGEEOMERE 114
RUEES 11 2529840 E FIEK S PCB, PCQ
KU PCDF &1, i PCB & Uf PCQ 5, PCB v —
7@t 1/2M (Fig. 7 B3 2 b0 —27 & d 3
aDVY¥—r &b L E%), PCB ¥ — 7 &tk 5/2 @ (Fig.
TRBUAbOE—I7BIINTZcOE—7REER
B)DTHEERFE-T, 20 1~3EEL SR LEHAE
b UM, E-rBk-1/2EL 52 EOHARDE
1HEUV2EEOHEASLYE 1HOEE 36 04 S
bEEED, ZOBRI DO TIHESRE LIEBEDH
BIRRE R R 7299, SEIMHE T 2 BHFIE» 5, 1~3
EHHERAWWIhOHEAGDHLE TYH PCDFEE %
EHAEb T OREBIEIMED 5 2, FICE TR
th PCQ #& %, PCDF BE LR UM+ PCQEED 3 HH
2 X A BIEE O RHBIR I £EE I X 2 2B
BHFEIZ R bES -, TS DFER» S b PCDF
BEFRERCEZECEb>TVLL 2 ESTHEANS,
%2 T, ETIEHRIE (1986 &£) OBERE» 515
sinl-8E - EMNER O FM & E & & PCDF,
PCB, PCQ B L OBE{RIc DWW TF~F, Tableb it
HEMMEREICS T 2 8H - MENEROFHESE
= (Score) & HIFE L 7 &LEWOBE & OMERES
RL7TtHDTHD, F—F2BLIEDTE2ER
(DF 387z il > CEH 6 Bz > T 3) OFE
Tk, Mt PCQIBRESS 0.7499 L & b H W BB 2R L
7z, 7o % DF 2 ik chERHI 38 FTh - 72, HHIT
B2y, wHEOBHE 4L TR, FTEKP23,478
-PentaCDF B R O'e PCDF BB kb F T ighs
Rum$o PCBLPCQBEL VbW HERBERL
jo. BN, HHEAGEH 4 PCDF BET0.9885TH D,
STEORMEDORTIX2,3,4,7, 8-PentaCDF £ E
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® x B

0.9804 BEDIKEDL o, BHIZODWTIZ 2R L0
THolelebEBTERM o7, Li-ht - THEHMH
FERE D 1986 EDMER OB & B £ TR T
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A Comparative Study on the Concentrations of Polychlorinated
Biphenyls (PCBs) and Polychlorinated Quaterphenyls (PCQs)
in the Blood and Hair of “Yusho” Patients and Inhabitants

of Nagasaki Prefecture
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Abstract The relationship between polychlorinated biphenyl (PCB) and polychlorinated quater-
phenyl (PCQ) concentrations in the blood and hair was investigated. The materials in this study
consisted of 49 blood samples and hair obtained from 27 patients with PCB poisoning (Yusho) and
22 normal controls. The alkaline decomposition method described in the official standard
analytical methods for the isolation of PCB and PCQ fractions was used. In the blood of the
control group, the mean concentration of PCBs was 2.25 ppb, while the concentration of PCQs
was too low to be detected by our analytical method. On the other hand, the mean concentration
of PCBs in the Yusho group was about 2.8 times higher than that in the control group. The mean
concentration of PCQs in the blood was 0.61 ppb in the Yusho group, but PCQs were not
detectable in the control group.

In the hair, the mean concentration of PCBs was 25.85 ppb and 9.41 ppb in the Yusho group and
control group respectively. The mean concentration of PCQs in the hair of Yusho patients was
0.44 ppb, but PCQs were not detected in the control group. The PCB level in the hair was higher
than that in the blood, but the PCQ level in the hair was lower than that in the blood. These
results suggest a difference of excretory system among polyhalogenated compounds such as PCBs
or PCQs. We consider that PCBs display a greater affinity than PCQs for the pilosebaceous
system of the human skin. On the basis of these resuits and speculations, as well as the ease of
collecting samples, we concluded that the long-term analysis of these chemicals in the hair is both
necessary and feasible.

Introduction

Almost 22 years have passed since the discov-
ery of the first case of Yusho (PCB poisoning),
a disease induced by the intake of rice-bran oil
contaminated by PCBs, PCQs and PCDFs.
Affected persons suffer from various symptoms
and still exhibit mild cutaneous changes. Clini-
cal diagnosis was relatively easy because of the
marked cutaneous manifestations in the intial
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stages, but this became increasingly difficult in
subsequent years. As a result, the concentra-
tion and the nature of PCBs and PCQs became
important criteria in the diagnosis of Yusho.
Recently, however, the concentration in the
blood has also diminished. Acne-like eruptions
and hyperpigmentation of the nails, which were
characteristic of Yusho patients, gradually
disappeared. We found large amounts of ac-
cumulated PCBs and PCQs in the subcutaneous
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fat tissue even 17 years after contamination®.
We felt, therefore, that an analysis of PCB and
PCQ concentrations in the subcutaneous fat
tissue might be useful in the diagnosis of this
disease and in the evaluation of the prognosis.
PCBs and PCQs accumulate in many other
organs. Almost twelve years ago, for example,
it was reported that PCBs had accumulated in
the hair?. It is important, therefore, to investi-
gate whether or not PCBs and PCQs are present
in the hair a long time after the intake of
contaminated rice-bran oil. In a previous study,
we investigated the relationship between con-
centrations of PCBs and PCQs in the blood,
subcutaneous fat tissue and hair. These results
showed that a high concentration of PCQs
remained in the hair of patients with Yusho®.
In this study, we compare the concentrations of
PCBs and PCQs in the blood and hair of Yusho
patients with those of normal controls.

Materials and Methods

1) Materials

Nine patients with PCB poisoning (Yusho)
and 18 normal controls in 1988, and 18 patients
and four normal controls in 1989 were used as
subjects.

2) Samples

Ten milliliter samples of blood were taken
from the cubital vein, and hair samples of more
than 1.0 g were taken from the scalp of the
Blood and hair
Hair

samples were not collected from people using

Yusho patients and controls.
samples were always taken as a pair.

hair tonics or dyes.

3) Analysis of PCBs and PCQs

The alkaline decomposition method de-
scribed in the official standard analytical
methods for PCBs and PCQs by Kashimoto and
his co-workers® was used for the isolation of
PCB and PCQ fractions. We described the
procedure for analysis of PCBs and PCQs in
human blood and tissues in a previous report®.
The analysis of PCB and PCQ concentrations in
the hair was performed by means of the method
of Asada and his co-workers®.

Results

The results are summarized in table 1,

1) Concentrations of PCBs and PCQs in
the control group

The concentrations of PCBs and PCQs in the
blood and hair of 22 persons were analyzed.
Eight of the 22 persons were residents of
Nagasaki City, six of Narushima Island (Goto
Islands), three of Fukue City (Goto Islands) and
The loca-
tions are shown in Fig. 1. The mean of age was
37.00 years.

five of Tamanoura (Goto Islands).

There were four females and 18
males. The mean concentration of PCBs in the
blood was 2.25 ppb, while that of PCQs was
below the limit set by our analysis. The mean
concentration of PCBs in the hair was 9.41 ppb
while PCQs were not detectable.

2) Concentrations of PCBs and PCQs in
the Yusho group

Twenty-seven cases of Yusho (11 patients
living in Narushima and 16 patients in
The
mean concentration of PCBs in the blood was

Tamanoura) were utilized in this study.

Table 1 Summary of PCB and PCQ levels in the blood and hair
Group (Number) Age P(Ij};OOd (f(;; PCI;IBair (pp;i:Q
Control (22) Mean B BB e L <ow
wow g Ow Sh on B o

(108)
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6.41 ppb while that of PCQs was 0.61 ppb. The
mean concentration of PCBs in the hair was
25.85 ppb while that of PCQs was 0.44 ppb.

In summary, the concentrations of PCBs in
the blood and hair of Yusho patients were 2.8
times higher than those of the control group.
PCQs were detected in the hair of 18 patients
with Yusho but not in that of normal controls.
The concentration of PCBs in the hair was
about 4.0 times higher than that in the blood,
although the concentration of PCQs in the hair
was lower than that in the blood.

Discussion

This study revealed that concentrations of
PCBs and PCQs in the blood of Yusho patients
are still high, and that PCBs and PCQs had
accumulated in the hair of these patients. Our
previous study showed similar results as late as
18 years after diagnosis®. Although the values
of PCBs and PCQs in the hair were lower in the
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present study, no PCQs at all were detected in
the hair of healthy controls. The fact that
PCQs are detected in the hair raises two possi-
bilities ; first, that it is a valuable diagnostic
finding of Yusho when there is no
epidemiological evidence of the intake of rice-
bran oil, and second, that it indicates the impor-
tance of the hair as an excretory pathway for
In 1976, Matth-

ews and his co-workers® reported that chlor-

polyhalogenated compounds.

inated hydrocarbon insecticides and PCBs were
found in human hair at concentrations less than
1.0 ppm, and they* speculated that excretion
via the hair may be a significant means of
eliminating chlorinated hydrocarbons that
resisted metabolism. In patients with Yusho,
high concentrations of PCBs were detected in
the sebum™ and in the contents of the tarsal
gland®. The present study showed that not only
PCBs but also PCQs were present in the hair of
Yusho patients. These results suggest that the
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pilosebaceous system may play an important
role as an excretory pathway for poly-
halogenated conpounds.

It is an interesting phenomenon that the con-
centration of PCBs in the hair was higher than
that in the blood of Yusho patients, while the
concentration of PCQs in the hair was lower
than that in the blood. These results suggest
that the excretory mechanism may differ
among polyhalogenated compounds such as
PCBs or PCQs. We consider that PCBs display
a greater affinity than PCQs for the
pilosebaceous system of the human skin. On the
basis of these results and speculations, as well
as the ease of collecting samples, we concluded
that the long-term analysis of these chemicals
in the hair is both necessary and feasible.
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In the previous papers, we demonstrated, by using rats, that squalane (2,6, 10,15,19,
23-hexamethlytetracosane) could stimulate the fecal excretion of 2,3, 4, 7, 8-pentachlorodiben-
zofuran, the most important etiologic agent of Yusho, which was accumulated in the body of rat.
We also reported that, in rats and dogs, squalane did not show any appreciable toxic signs during
3-month treatment, though a part of squalane was absorbed from gastrointestinal tract of dogs.
In the present paper, we have investigated the elimination of absorbed squalane in beagle dogs.

During the treatment with squalane orally at a dose of 1200 mg/kg/day for 14 days, the fecal
excretion of squalane per day was 65-90% of the daily dose. After the treatment (on the day 14),
squalane levels in blood and hair were about 30 ppm and 14640 ppm, respectively. On the day 56
after the first dosing, squalane was not detected in blood. On the day 70, squalane level in hair
was reduced to about 1% of that on the day 14. Squalane levels in skin, liver, adipose tissue and
small intestine on the day 70 were also reduced compared with that on the day 42. Moreover,
small amount of squalane was still excreted into feces from the day 15 to the day 70. These
results suggested that absorbed squalane was gradually excreted through feces and skin in dogs.

T BT, E—NREBIARRITID
B L o® = A R 7

A 2775 v (2,6,10,15,19, 23- Hexamethyl-
tetracosane, Fig. 1) 1%, &0+ XS BWER 2 L CE
FEEMEOHMEEEITO Z BT v FTHBEEIAT
WY, =7, BEEYIE A B W T b EMEFEICR
Biwbon, FOERIZ, WhO5HELFE~D
EWEELD e anTwa?, i, fitr—
TNRIEAZ T Z % 1200mg/kg HT1H 1E 38
FREORES T 5 L, #EKT 2EMEBCBLTLRE
FMeAWZEEL L CHE» o RHEE RS L1,

’
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HNEEEEHAS»I2T 2 BT, RMeE®E 1200
mg/kg H T 2BEMEOREL, 20%k 8 BMICH-
THREL, HSHHB & UREER BT 2 K1LEY
DENEIRE 2 iRET L7z,

e A

Squalane

Fig. 1 Structure of squalane
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R T 7, JUNKFEHETRITL Dt shi:
B (H#~ ) v ILEHEASH, Lot No. 610811, #
B 99%A L) 2EHA LA PCBAMTAY Y A5 L

(Wako-gel S-1) ixFIEMBETE (k) kv, F R
v b5 7 AFEFID 2% OV-17 Chromosorb W
AWDMCS iZ# A7 uT# %) ot ZNEAL
7o, ZOMOBEES L UVEBBERIBRAE T 1IHE
mEERLL.

2. EEREMH X EWiRS

Hazleton Research Animals, Inc. (Box 5 Cumber-
land, Va 23040, U.S.A) TEESI L5 2 ABOH
T — 7 VR 4 e et H KRR g E MR
Ff GRREREE X B HET 6-10-40) X D BEA L, WB&EH
fbLicnb, BERENRIFTHS I L EFERALT,
97 ABTRRICERL:. A2 73 v0REER
1200mg/kg & L, S&FMAE GE1EHE) 2 & 2ib
HELEHLT, 1/8F VR ¥5F 0 h ALt Tl

Lz, TREIBWCIAF VR~ EIF T ENIZ
FHEL, 1H 1M 14 BEREORE L,

3. SARBOERS L UE

A7 T UoREERER2, 7, 14, 28, 2 HE (L
b, &40, wteyERSE 56, 70 HE (KL,
F20L) WE, M, FEFERLL. Mk
BRYIEHESH I HECLERL:, ZRreEELH
L, KTHS50%FESA—bEL, DO 50ml
EOMAREEE L, BMIEEEESIRE 01T, %
MEF 10ml & L7, ERIEROHESL 5cmX5cem
OEHETHN L 72, ZBHEOLERIFREAELE
WWLTHEL ..

A7 T 7 HRKRES% 42 0B8ICT0HBIRE?2
Vo EM L, M eI L 72, bbb 16~18 B
BB, NN EY—L e F YT AR 3D
mg/kg & CHIRARS L CHBEL, BERIC A = 2 —
VEBAL THRMEBEGES ¥, /NG, B (WD 5cnXx
5cm), AP, B, B, BRI £ B 72,
LicEEREERHEL, 2-F0M0EBRIEESR
BFHIELIE, ZhFNN10g 2anAEER—E L.

Proetoidsizstrictt+ s 2 T-80C TH
WLUTRELR.

BERRDOR 77 F DT, WA SO T
fFote, TbbIAEHT INKEEREF LU v A 2¥
J—=n20ml 212 T, PEHEARETT 2 RHFEERBR,
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n-~FH 2 20ml FOT4~6EHE L, MEKES
L, FPOa-~FHTHEL A mML$2C3ME,
R R L 72, OB R AR M) VA
Tk, v—2 UKz VKL —F— (RE-46,
Yamato) CTHOH5ml ML T, ¥V A5 v (Wako
gel 5-1, FOBMETEERSHE) 0.5g 2FEL /-
BT AZEALT, AT L n-F Y2 40~100 ml
EEALTAZ 77 2BHL, BHBE2EEICRE
FREFRUC, KERA L MBREBMIIR 7=
+ 275 7 (FID-GC) i TatiL iz, %, FID-GC iz
L 21X Tablel WWRTHRBTITo 70,

=

R

HEC—NVRIZA 2T Z % 1200mg/kg H T
14 BEESFERE L, A7 7 7 vo#Edihtts, mbig
ExiUHREFBESRANCHIEL . ZOBR%
Table 2 &R 7¥,

BERS WERS®B M BEET) DRI T 7
OEPHHEZFIEREED 65~90%HA T, Bk
Y WiFZ—B L7, YIRS 28 H B (R 2:8E)
BLU L2 HE KE4EHE) k8322770 0%
FHREE IR SRR BOKREED Z LT N 0.44%,
¥10.11%THb, 56 HEH (REEEE) 8L U70H
B (R¥E 8HE) w28 R, »wInbiy0.02%
THo7z.

A2 77 OIPBER, FIEES% 1 HE TH4.5
ppm TH D, Pk, EEZEELHICONTLERL, 14
HEW# 30 ppm iZ:E L 72, K¥E2:HE 6 £ U 4:8HE
DIFHA Y 7 7 »BEEH 1ppm T, (RE 6 HES &
U8 EE TIRREBR (0.1ppm) DT Eizo7:,

AT VvEHERSETHE 2 CRRERSED
HI3%ABUBEBICBITL, D VEH, FORDE

Table 1 Conditions of flame ionization detector-
gas chromatography using in the study

Apparatus Hitachi 263-80 type

Glass column 3mmXx2m
2% OV-17 on
Chromosorb W AW
DMCS

Carrier gas N,, 30 ml/min

H, 1.2 kg/cm?

Air 1.0 kg/cm?

Column temperature 250°C

Injection port temper- 270°C

ature
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Table 2 Time course of fecal excretion, blood concentration and hair distribution
of squalane in beagle dogs
Fecal excretion Blood concentration Hair distribution
9% of dose ppm ppm
(% of camulative dose)
Day 1 4.48+ 0.36 1474+1360
(3.24+3.06)
Day 2 65.29+11.06 5.84% 0.96 30311254
(3.61+1.56)
Day 7 85.93+ 3.16 12.63+ 2.76 14417+ 6860
(3.67+1.68)
Day 14 89.56+ 5.96 29.86310.55 14640+10701
(1.97+1.41)
Day 28 0.44+0.46 1.29+0.23 254241956
Day 42 0.11+0.04 1.520.08 890+ 603
Day 56 0.02 N.D. 156
Day 70 0.02 N.D. 126

Dogs were administered squalane at doses of 1200 mg/kg/day for 14 days.

Each value represents the mean+standard deviation of 4 dogs, and figures at the
day 56 and 70 represent the mean of 2 dogs.

N. D., not detectable {detection limit <0.1 ppm}

SEOH IR T OBEBIEBIT LI LS, Ly

B Table 3 Tissue distribution of squalane in

U & D AHBRIBIBATT 2 BT THLOT, beagle dogs
1HS D, ERPUORT T 5 R EBRBIIRITT S At day 42 At day 70
», EECBTHETHS, THEUBRIESKTD 14 p—
HEHE TR 77 OfEhREIERRE 2 -7, Skin 120.30 N.D.
RE6BLURHEEDBEICBITZ A2 75 VIBER, Liver 1115.92 81.66
ZHE N 156 ppm, £1126ppm, k, 14 HEO LR Lung N.D. N.D.
(% 14640 ppm) © 1/100 BECET L7, % 5, Kidney — N.D. N.D.

i i i . Adipose tissue 90.19 28.01*
VE#EE 7T HEE» S HMENEEAI N, KE2 Small intestine 20.68 N.D.

BEEK ML L.

REAVGEEB LU SBHICBIT R A2 75 v O
g% Table 3 [Z/R7.

I 4 HE (WEBES®% 2 BE) B3 3FFAY
77 BRI 1116 ppm (3R 5E D 0.13~0.20%)
TH-oleDixt LT, K3 8EE TIEHY 82 ppm(
580 0.001~0.01%) TH-7.

REABEHIZBOT, A2 77V 3EE, BHEERE
BB L NEr o Eh, ThASDBEREAZTA
#7120 ppm, #7 90 ppm, #) 21 ppm TH -7z, KE 8
BH (IEEES®T0BE) T, 2@F 1 Ins
DHB» SR 27 I ik ahiab >/, FlO 1H
TRBRIEASH O Ah 5 A 7 7 5 v AMRH & L7z h3,
ZDEEIH 28ppm T, REABEBD 2O 7 -2
(#7390 ppm) EEb2 E{E» o7z,

2
o)
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Dogs were administered squalane at doses of
1200 mg/kg/day for 14 days. Each value
represents the mean of 2 dogs.

The value is from one dog and that of the
other is N. D.

N.D., not detectable (detection limit<0.1
ppm)

1 2
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Sy FBLUAXERAVTIEREN TR, 203
L5y NTE, A7 TS IIEAE»SIEE A YR
ENRVOERALTY, 4 X TROT AR S R,
NEo ER#ER SN L2, KEFIEE»S
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1200mg/kg T 1 H1E 3:EM, BOFSLLZ
%, HERTHRIAHOEREVLTY, KTE (73450
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DHBRFINO F RN 5 2 L SRS T,
REHR Iz BT, A7 77 v O¥EDHMEITEAY
WY L7zs, RESEBRBWTHRE, b¥hk
BoRY e, KREHMcBI2EDR 2 75 Vi3,
BEHMPORNGO—HirEEt a3 itk B L
Erohb,
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Concentration Profile of PCBs in the Digestive Tract of Rat Fed with
Cholestyramine and Rice Bran Fiber Diet

Yukinori NARAZAKI, Kunimasa MORITA, Kazumi FUKAMACHTI,
Hiroshi Tokiwa and Katsumi TAKAHASHI

Department of Health Science, Fukuoka Environmental Research Center, 39
Mukaizano, Dazaifu, Fukuoka 818-01

The aim of this study is to examine the inhibitory effect of rice bran fiber (RBF) and
cholestyramine for intestinal absorption of polychlorinated biphenyls (PCBs).

Sixteen rats were orally given at the dose of 100 mg of PCBs per kg of the animal, and were
divided into four groups (A-D): Rats in each group were housed with the normal diet for the first
7 days, and subsequently, were given with the same diet as control for group A, with the diet
containing 10% RBF for group B, with the diet containing 5% cholestyramine for group C and
with the combined diet containing 1096 RBF and 5% cholestyramine for group D for the next 10
days.

All rats were sacrificed on the 17th day after PCBs administration, and PCBs in contents of
the digestive tracts were determined : small and large intestine resected was divided into two
parts each of the same length, and the contents were chemically analyzed to determine PCBs.

PCBs concentration in rats of group A decreased in order of upper portions (1.0 xg/g) and
then lower (0.6 ug/g) of small intestine, and upper (0.5 «g/g) and then lower (0.4 ug/g) of large
intestine. Decreasing the PCBs concentration might be due to re-absorption in the intestine.

In the case of groups B-D, PCBs concentration was in order of upper and then lower of small
intestine, and large intestine.

It was indicated that PCBs re-absorption in intestine is inhibited by the intake of RBF,
cholestyramine, and RBF and cholestyramine.
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Table 1 Body weight gain and food consumption of rats administered with PCBs (100 mg/kg, p. 0.)
Diet Body weight Food consumption
ie
first final from 1 to 7 days  from 8 to 17 days
Control diet 69.9 186.8 94.7 137.3
10% RBF diet 72.0 167.7 92.9 127.7
5% Cholestyramine diet 71.3 163.2 107.7 136.9
10% RBF and 5% Cholestyramine diet 69.5 169.9 109.3 143.1

Each data represents the mean value of body weight (g) and food consumption {(g) for four rats.

Table 2 Distribution of contents in digestive tract of rats
Small intestine Large intestine
Diet Stomach

upper lower upper lower
Control diet 0.692 0.130 0.279 0.402 0.862
10%RBF diet 0.318 0.052 0.156 0.260 0.500
5% Cholentyramine diet 0.782 0.084 0.383 0.516 0.645
10% RBF and 5% Cholestyramine diet 1.742 0.180 0.473 0.469 0.586

Each data represents the mean value of dry weight (g) of content for three or four rats.

Table 3 Excretion of PCBs into digestive tract of rats
. Small intestine Large intestine
Diet Stomach

upper lower upper lower

Control diet 123.4 121.0 270.7 179.1 294.8
10% RBF diet 160.7 24.4** 169.7 341.9* 664 .4**

5% Cholestyramine diet 132.7 34.2%* 272.6 436.9* 513.2
10% RBF and 5% Cholestyramine diet 272.7 151.3 413.2 608.3** 725.4**

Each data represents the mean value of PCBs (ng) for three or four rats.
* Significantly different from the control (p<0.05)
** Significantly different from the control (p<0.01)

DIEFEREAMW £ ) RBF B LRI 2
LiclerHHans,
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Control diet

10%RBF diet

5%Chotestyramine diet

10%RBF and
5%Cholestyramine diet

2.0

Concentration of PCBs (ug/g)

Fig. 1 Concentration of PCBs in digestive tract in rats
Stomach,
[ Small intestine (upper),
§3s%)Small intestine (lower),
E== Large intestine (upper),
74 Large intestine (lower),
% Significantly different from the control (p<0.05)
% * Significantly different from the control (p<0.01)
PCBs concentration histogram was represented as the

mean value for three or four rats.
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KO T7PANRN—BLVALAFS IV ERAWE
S pEFEHRAD PCB HEH{EE

BERGEAELY S —
MHhEE-HFHEE-EHRE

Stimulation of the Fecal Excretion of Polychlorinated Biphenyls (KC-600)
by Diets Containing Rice Bran Fiber and Cholestyramine

Shigeyuki TAKENAKA, Kunimasa MORITA and Katsumi TAKAHASHI

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

Among the eight kinds of dietary fiber tested, rice bran fiber (RBF) mostly bound Kanechlor
600 (PCB) n vitro. The PCB bound to dietary fiber was in proportion to the lignin content in
dietary fiber. We investigated whether RBF, lignin, cholestyramine and their combination
stimulate the fecal excretion of PCB in rats.

In the group fed a diet containing 10% (w/w) RBF, fecal excretion of PCB was stimulated.
In the group fed a diet containing 10% (w/w) RBF and 5% (w/w) cholestyramine, more PCB was
excreted in the feces. However, the group fed a diet containing 10% (w/w) RBF and 5% (w/w)
lignin excreted the same amount of PCB as the group fed a diet containing 10% (w/w) RBF. The
total PCB excreted into the feces for 21 days in the groups fed 109 (w/w) RBF, 10% (w/w) RBF
and 5% (w/w) lignin, 5% (w/w) cholestyramine and 10% (w/w) RBF and 5% (w/w) cholestyr-
amine diet was 3.4, 3.8, 2.3 and 5.7 times, respectively, that of the control. The stool transit time
of rats fed 10% (w/w) RBF and 5% (w/w) cholestyramine diet was one hour faster than that of
rats fed a 5% (w/w) cholestyramine diet. Therefore, we concluded that RBF has the greatest

effect when administered in combination with cholestyramine on the fecal excretion of PCB.
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Fig. 1 Correlation between the content of lignin
and the binding of PCB in various dietary
fibers.

PCB dissolved in methanol was added to
the dietary fiber (40 mg), and the final con-
centration in the incubation medium was 1
ng/ml of PCB. The incubation mixture
was incubated at 37°C for 30 min, and
centrifuged at 2,500 rpm for 10 min. A 2%
(w/v) of sodium sulfate solution was added
to the upper layer, which was then extract-
ed with »-hexane. The x-hexane layer
was treated with conc. sulfuric acid, and
analyzed by ®*Ni-ECD-GC (Shimadzu GC
-6A). Lignin was analyzed by the methods
of Van Soest et al{Ref. 8 9, 10) Each
point represents the mean of two determi-
nations.
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Fig. 2 Influential rate of RBF containing in diet
on the fecal excretion of PCB in rats.
-0- Group A (Control diet), -o— Group B
(109 RBF diet), —a- GroupC (5% RBF
diet), ~@— Group D (1% RBF diet)

Each point represents the mean (% of
dose)+SD for four rats. Each group was
given its diet on the 8th day following the
administration of PCB (100 mg/kg). The
fecal excretion of PCB for 21 days of the
diets for GroupsB and C significantly
differed from that of Group A, p<0.05.
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Fig. 3 Stimulation of the fecal excretion of PCB

by the diet containing RBF and cholestyr-
amine in rats.
—®— Group B (Control diet), —0—- Group C
(10% RBF diet), GroupD (10%
RBF +5% lignin diet), —~&- Group E (5%
Cholestyramine diet), —o— Group F (10%
RBF+5% cholestyramine diet)

Each point represents the mean (% of
dose)+SD in three rats. Each group was
given its diet on the 8th day following the
administration of PCB (100 mg/kg). The
fecal excretion of PCB for 21 days of the
diets for Groups C, D, E and F significantly
differed from that of Group B, p<0.01.

—A—

(125)

313

o748, 10% RBF & 5% 2V A+5 3 VHEAHT
B5%aVAF T EMARICIAN, 2.5 F0EF T
O PCB oHEft sz &, av bo—LaRE
DB T 10% RBF &, 10% RBF & 5% 7 = >}
A&, 5%V AFI I vRBLEU10%RBF & 5%2
VAFT L UHARBTENER, 3.4, 3.8, 2.3 8k
V5. 70 EFE R~ D PCB OH MBI ED & h iz,
LU, 20 PCBDEFERHEMEEE bR L 7 #EE
HEOEMELT L HFMEEL T o ¢, PCB DfE{E
ENPREETH -7 10% RBF & 5%V /= AR
HOEFEEN IV Mo —LBEO2.6EH 0K
L, f& b PCBHEMAR#EZIR 238 » - 72 10% RBF
ESRAVAFT I CHERBOEFERERRZN2ET
ot LrzdioT, PCB O#EFER~OHERNE 3%
FEEOHEMBSHEEL TWwa LIRS RV ES I HEREN
Bahi,

4, ALRFSIvELVY I FMRBF &I
&3 PCBOAZRES LU - AERCRET
o

Table 1 it 38/, &REHTPCB (100 mg/kg)
EROZ/EENL T v D REE LIBOERRNICEE T
5PCBOBEATRLL., RLEZEZELED SN
DEF/PBT, 10% RBFREN 2> b o— RO
2/5, 10% RBF & 5% Y 7" = v HHREIIHN 1/5, 5%
2VAFT I rRERKS3/108 L U10% RBF &
5%V AF T I HERBEN2/S OBETH -,
Z DO - B TREZE 2 ZEED oo/,
MNEIERBF, V7 =vBLU0avAFS I v OER%
EHEACRZITE D, Table2 WRLAZL D, G
ORBEEN IBEMOAEHEE > ro—1RED
1.2~1.6 513 LML T 7z,

5, EEEOHILEASRBHEMICREIT RBFA&, O
LRFZI6840U 7= EMRBF 2O E

Table 3 & REH 0.5% AV 2 > vy KEHMN
LToZvy b5z, SAESHLESH, EFLLTH
W2 s & TORMEBEENRERME U TRLL.
ROELEEREEREAIEL - B3 10% RBF &
5%V S = B RAEHTIY b LEBEIDNLE
FERTER (EEMHEENEBBRL . &7, RbLE
Dol 5% AV AF T I AR 2.2 BREEL,
ZhiZ 0% RBF #(FH 2 2 L TH 1 IFHERCE
FErghta s Z b oz,



314 e« ZRH - B8
Table 1 Distribution of PCB in the rat blood and tissues on the 28th day after a single oral dose of PCB
(100 mg/kg)
Group D Group E Group F
GI;?;‘S’S %2";‘;0113 lg(;)‘chF 10% RBF 5% Cholesty- 10% RBF+5%
° +5% Lignin ramine Cholestyramine
Blood 0.36+£0.07 0.25+0.07 0.22+0.04* 0.2840.18 0.18+0.10
Lung 2.43%0.53 2.10%£0.62 2.01+£0.31 2.12+0.64 1.934+0.63
Spleen 0.86%0.18 0.46+0.07 0.39+0.06" 0.52£0.30 0.39+0.27*
Kidney 1.87+0.42 1.28+0.32 1.66%0.19 1.70+0.49 1.71+0.21
Thymus 2.45+0.97 2.54%0.94 1.48+0.10 1.87+0.26 1.30+0.91
Liver 2.41%0.26 2.78+1.02 2.51£0.26 2.30%1.03 2.49+0.55
Small intestine 2.57+£0.33 0.93%+0.12** 0.59+0.06* 0.71+0.23** 1.10£0.13**
Adipose tissue 79.8+10.8 73.7x£10.5 71.9+£3.32 72.6x20.0 71.0+6.57

Each value represents the mean (ppm)+SD of 3 rats.
* Significantly different from the control (Group B), p<0.05.
** Significantly different from the control (Group B), p<0.01.

Table 2 Effect of diets on relative tissue weight in rats on the 28th day after a single oral does PCB

(100 mg/kg)
Group D Group E Group F
Groups Diets Group A Group B Group C 109% RBF 5% Cholesty- 10% RBF+5%
Control Control 10% RBF .. . .
+5% Lignin ramine Cholestyramine
Lung 0.52+0.02 0.49+0.02 0.53+£0.01 0.45%+0.02* 0.614+0.02* 0.57+0.02*
Spleen 0.26+£0.02 0.26+0.02 0.27+0.01 0.26+0.01 0.27+0.02 0.27+0.01
Kidney 0.83+0.08 0.96+£0.10 0.83x0.04 0.84%0.04 1.01+0.18 0.85+0.01
Thymus 0.24+0.08 0.32+0.08 0.26=0.03 0.26+0.02 0.29+0.07 0.28+0.01
Liver 4.82%+0.25 4.56+0.23 4.62+£0.06 4.28%+0.18 4.74%0.21 4.58+0.08
Small intestine  2.10+0.05 2.08+0.04 2.54+0.21* 2.54+0.15** 3.28%+0.10** 3.11+0.24**

Each value represents the mean relative tissue weight (g/100 g body weight)+SD of 3 rats.

* Significantly diffrent from Group A, p<0.05.
** Significantly diffrent from Group A, p<0.01.

Table 3 Stool transit time in the digestive tract
of rats fed diets containing RBF,
cholestyramine, RBF plus lignin and

RBF plus cholestyramine.

Diets Time (hr)
Control diet 7.0+0.1
109% RBF plus 5% lignin diet 4.4+0.1
10% RBF diet 5.4%40.1
5% Cholestyramine diet 9.24+0.3

109% RBF plus 5% cholestyramine diet 8.24+0.1

Each value represents the mean+SD of 4 rats.
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Therapeutic Trial for Promotion of Fecal Excretion of PCDFs and PCBs
by the Administration of Cholestyramine in Yusho Patients

Takao Iipa, Hironori HIRAKAWA, Takahiko MATSUEDA,
Reiko NAKAGAWA, Shigeyuki TAKENAKA, Kunimasa MORITA,
Yukinori NARAZAKI, Kazumi FUKAMACH]I,

Hiroshi Tokiwa and Katsumi TAKAHASHI

Fukuoka Environmental Research Center, Mukaizano Dazaifu-shi,
Fukuoka 818-01

Hidetoshi YOSHIMURA

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

Any effective therapy for elimination of causal agents remaining in Yusho patients was not
found until now. To know the profile of fecal excretion of polychlorinated dibenzofurans (PCDFs)
and polychlorinated biphenyls (PCBs), the amounts of PCDFs and PCBs in the stool of the six
Yusho patient with the typical symptoms were determined. The stool samples of Yusho patients
were colleted in 1989. PCDFs, i. e, 2, 3, 7, 8-tetrachlorodibenzofuran (TCDF), 2, 3, 4, 7, 8-penta-
chlorodibenzofuran (PnCDF), 1, 2, 3, 4, 7, 8- and 1, 2, 3, 6, 7, 8-hexachlorodibenzofurans (HxCDFs),
1,2, 3,4,6, 7, 8-heptachlorodibenzofuran (HpCDF) and octachlorodibenzofuran (OCDF) were
detected in all of the samples. PCDFs found in the stool samples were mostly PnCDF and
HxCDFs. Of PCDFs detected, PnCDF and HxCDFs contributed to 42+4.7% and 43+5.5% as
mean+SE, respectively. The fecal excretion of PnCDF and HxCDFs in Yusho patients was 720+
490 pg/day and 7904620 pg/day as mean+SE, respectively. On the other hand, the fecal excre-
tion of PnCDF and HxCDFs in normal controls was 32+13 pg/day and 47+5.2 pg/day as mean+
SE, respectively. The fecal excretion of PnCDF and HxCDFs in Yusho patients was about 23
times and 17 times each higher than that in normal controls. The fecal excretion of PCBs in
Yusho patients and normal controls was 400+430 ng/day and 150+39 ng/day, respectively, as
mean=+SE.

In order to promote the excretion of these toxic chemicals in the stool of Yusho patients, the
patients were continuously administered with cholestyramine, an anion exchange resin, at a dose
of 4g, 3 times a day, for 6 months. At the time of 2, 4 and 6 months after the beginning of
administration, the stool samples of patients for 6 days were collected and analyzed. In the cases
of two samples, by the cholestyramine administration, the promotion of PnCDF excretion in the
stool was at the rate of maximal 36%. In the case of one sample, the promotion of HxCDFs

(129)
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excretion in the stool was at the rate of maximal 42%. In the cases of two samples, the promotion
of PCBs excretion in the stool was at the rate of maximal 46%. On other hand, the promotion
of PCDFs and PCBs in the stool was not found in the other four cases.
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dibenzofuran & U*'1,2,3,6,7,8-Hexachlorodiben-
(HxCDF) 23, ##h%#h, 160~3000 ppt,
54~1000 ppt & T 16~220 ppt & ) BEE TERF L
TEH, ThsOEOTHEREEED T & T
#7100 & ¥, PnCDF KU HxCDF B HEENE WV &
E2HNTED?, 2,3,4,7,8-PenCDF K14 1,2, 3,4,
7,8-HxCDF G FBEHELRBIN TV, 206D
EEMIBREOMBEFC L ppt DEE L NIV TR
HENTEDY, HESOER L TEERXRITL
Twb ZedERENS, £ 2T, PCDFs o#kfttiRE
ZIRET 20 BERUVBEZBEOEEF PCDFs E%
BEL, HEOLE®{T-7:. &/, PCDFs &[R4
EE T EEbhn3EMFEF Polychlorinated bi-
phenyls (PCBs) i2 oW THHIEL 72, &858, s
ORFRMEOHRMNFREAEENELT, ®aVvATu—
VIEEREE TERERRBRERHEOBREC L EbN
TW3aVAFI I eBECREL, KFEHED

zofuran

EFERAOHMEEE AL/, 2V RS T I KR EH
Wk, 24 H, 4PARVE6AREOBREZEOREERD

PCDFs R U'PCBs B2 fIEL, a2V A5 7 2 V&S
W& B 2 s DAL EROPREERIR 2 RET L L.

® B OF F

1.z
MEFDOPCBs DH A7 T b2 F L8y —2h
A% 4 7 ERT 3HOKE (BT 6 82) RUEH REE
NELI—DBEILERRE LT,

2. ALAFSIrDiks
BEOAKIZALT9g (TVARPL=A T —
A () WL XFFI04gE0) RARCEER
¥, 1H3EAREEAS S,

(130)

3. REDFER

(1) BEEFE

AVAFZIURETIO6AMOEREL IV AFS
SURESHIE®B2 A, APARVEAHBEDERG
HEo®Ez, 1AEIC, #hzh, #RLL, 21
AFZIUREMEAVRAFT IV REHIERIIA
HoWmkiz lHOOEEY 1AL LTHHLL, 4
HRBERV6 A BEOKEIT 1 BAOEEL & < EM
L, 2O8E» S, BEED550 12T 258F0Th
HRLTEDbY, 1KLL THMILL.

(2) BEEEME

6 HMOEFES 1 HECHERL, 1HH0EFEL X
CIBFIL, ZhZNOBE»S, BEED 250 18X
2, 3DD1IEBTOEFNFTIEERLALE T 1A
ELTHaHLI,

4. HRE

£/ L 7: PCDFs ONEIEHEME % Tablel R,
IR DEEHEZSTRE YTV v P74 Y b—
THETHD, HMOFERLRER S S bR
BERSF vy, FOGMETEMEERESNA
10000 ¥ /—), ~NFH, Ty, Voo R
gy, BEBEMFAN0DIaaRL A, AF /) —
W, 7l PN, EEEBSNARE, Y1 A&y
SREEHRERY Y A7), PCBAAY Y 27 L
S-1 &V PCB 7 ¥ VMERABAROKERE S Y VAT
H5.

5. Sk

(1) PCDFs

#EY AOACHICHE>T?, Z70uk b ARAS
= THIE L, WMERCEEAKENZ T ook
LEEDNEES ST, U2 0o kL AR EKERR
F MY ATERL, Tablel 2R L 7z NEMEE

Table 1 List of the stable isotope labeled
PCDFs used as internal standards

18Cs-2, 3, 7, 8-Tetrachlorodibenzofuran

13C-2, 3, 4, 7, 8-Pentachlorodibenzofuran

183Cs-1, 2, 3, 4, 7, 8-Hexachlorodibenzofuran

18Ce-1, 2, 3, 4, 6, 7, 8-Heptachlorodibenzofuran

BC,-1, 2, 3, 4, 6, 7, 8, 9-Octachlorodibenzofuran
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3,7,8-TCDF, 2,3,4,7,8-PnCDF, 1,2,3,4,7,8-% U
1,2,3,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDF J& ©*
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Fig. 1 Fecal Excretion of PCDFs in Yusho patients and normal controls

2,3, 7,8-Tetrachlorodibenzofuran
2,3,4,7, 8-Petachlorodibenzofuran
1,2,3,4,7,8-Hxachlorodibenzofuran

and 1,2, 3,6, 7, 8-Hexachlorodibenzofuran

7o fe, BEHEMES PnCDF £ i3 200~1380 pg/ B
T, ZiE, EEEZEOEMES PnCDF OFE 32 pg/
H (19~49 pg/H) L HART, H6~43 BBV ETH-
72, %72, BEOZEES HxCDFs i3 190~1530 pg/ B
T, Thi3, EEHOEES HxCDFs 0O F15fH 46 pg/
H (42~54pg/H) AT, 94~BEEVETH-
7z, fi 5, B #F o #E + HpCDF X U OCDF i3,
28~130 pg/H K UF 31~231pg/ AT, Zhsi3, BE
% o 3 f# th HpCDF @ ¥ #7{& 35 pg/H (28~46 pg/
B) &1 OCDF 0F#){# 72 pg/A (28~121pg/H) &
T, #hEh, 0.8~3. 7RV 0.4~1.7THTH
0, #EFO HpCDP &k 1* OCDF T3, BE L EF
ZOBCEERD SN b o, BEDHEMEF PCDFs
t%, PnCDF Jz tf HXCDFs 2 #8912 % <, & &
b, RIREOEBHRE STz,

(2) #EfFEh 1 H¥ PCBs HRitE

Fig. 2 wBE L UMEYEO PCBs 1 HEFEPHME
DFEHERRT., BEDOHEMES PCBs B13, 320~1370
ng/BC, Zhid, #EEOFHYE 150 ng/H (100~180
ng/B) EHART, 2.2~9.3EFETH 7.

1,2,3,4,6,7, 8 -Heptachlorodibenztfuran
1,2,3,4,6,7,8,9-Octachlorodibenzofuran
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# HET 1170 pg/B (16%%), 4 # HEH T 1460 pg/H

(42%), 6 »ABT 1220 pg/A (18%3) £ =h,
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PCBs excreted into the stool of Yusho
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Fig. 2 Fecal Excretion of PCBs in Yusho patients and normal controls

TCDF excreted into the stool of Yusho
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Fig. 3 Fecal Excretion of 2,3, 7, 8-tetrachlorodibenzofuran in Yusho patients

Before the administration of cholestyramine

Two months after the administration of cholestyramine
Four months after the administration of cholestyramine

Six months after the administration of cholestyramine
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4 Fecal Excretion of 2, 3, 4, 7, 8-pentachlorodibenzofuran in Yusho patients

Before the administration of cholestyramine

Two months after the administration of cholestyramine

3

Four months after the administration of cholestyramine
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Six months after the administration of cholestyramine
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Fig. 5 Fecal Excretion of Hexachlorodibenzofurans in Yusho patients

Before the administration of cholestyramine
Two months after the administration of cholestyramine
Four months after the administration of cholestyramine

Six months after the administration of cholestyramine
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Fig. 6 Fecal Excretion of Heptachlorodibenzofuran in Yusho patients

E] Before the administration of cholestyranine
Two months after the administration of cholestyranine

Four months after the administration of cholestyranine

Six months after the administration of cholestyranine

2000

OCDF excreted into the stool of Yusho

patients (pg/day)

Ya-Mi Yu-Mi Ma-Ko Ch-Ko To-Ma Em-Ma

Fig. 7 Fecal Excretion of Octachlorodibenzofuran in Yusho patients

Before the administration of cholestyramine
Two months after the administration of cholestyramine
Four months after the administration of cholestyramine

Six months after the administration of cholestyramine
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Fig. 8 Fecal Excretion of PCBs in Yusho patients

Before the administration of cholestyramine

Two months after the administration of cholestyramine

Four months after the administration of cholestyramine

Six months after the administration of cholestyramine
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Treatment of Yusho Patients with Cholestyramine

Koichiro MuURAI, Hiroshi Tsuj1 and Masatoshi FuJjisHIMA

Second Department of Internal Medicine, Faculty of Medicine,
Kyushu University 60, Fukuoka 812

Six typical Yusho patients (3 men, 48~58 years old, and 3 women, 45~55 years old) were
treated with cholestyramine, 8~12 g/day, for 24 weeks.
Improvement of some symptoms, such as arthralgia and malaise, was observed in 2 men,

although this effect was non-specific.

None of the patients showed increment of excretion of

polychlorinated biphenyl or polychlorodibenzofuran into feces.
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Effects of Rice Bran Fiber and Cholestyramine on Peripheral
Blood Cells and Biochemical Parameters in Yusho

Hiroshi Tsuj1i, Kensuke NoMivamMma, Koichi IKEDA,
Toshiharu KawaToko, Jian Ping CAl and Masatoshi FUJISHIMA

Second Department of Internal Medicine, Faculty of Medicine,
Kyushu University 60, Fukuoka 812

Katsumi TAKAHASHI
Fukuoka Environmental Research Center, Mukaizano Dazaifu-shi, Fukuoka 818-01

To investigate clinical effects of rice bran fiber and cholestyramine therapy in Yusho,
peripheral blood cells and biochemical parameters were studied before and after therfapy in
eleven healthy volunteers and four patients with Yusho who were treated with rice bran fiber 30
g/day and cholestyramine 12 g/day for 7 days.

In healthy volunteers, a significant elevation in total leukocyte counts as well as lymphocyte
counts was observed after therapy (leukocyte p<0.005, and lymphocyte, p<0.01). In lymphocyte
subpopulations, significant elevations were found in CD3- and Bl-positive cells (CD3, p<0.05 and
B1, p<0.001). However, no significant effect of the treatment was observed in reticulocyte counts
or platelet counts. In biochemical parameters, total cholesterol levels decreased significantly,
from 208436 mg/dl (mean+SD) to 173+30 mg/dl{p<0.001), after therapy. HDL-cholesterol
levels were also reduced significantly after therapy (from 50+12 to 46+13/mg/dl; p<0.05).
Serum triglyceride levels increased significantly, from 155496 to 195+133 mg/dl (p<0.05), after
therapy. A significant increase was observed in serum levels of alanine aminotransferase, while
significant depressions were found in serum levels of total bilirubin, total protein, y-globulin,
creatinine, and calcium.

In four Yusho patients who received rice bran fiber and cholestyramine therapy twice with
more than one month interval, the clinical effects of therapy in addition to biochemical effects
were studied. An only significant effect was observed in serum levels of total cholesterol. The
increases of bowel movements and abdominal distention were observed in these patients as well
as healthy volunteers.
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D) THEL, HEERFEICIE paired Student’s t test
RV, BEDD L VIEEROMEE EERE & K
L7z,

& S

BERA LGS T 7 HREOKX0n7 74
N— e AVAF T I VHARENKRT Ui, BEER
TIEET I EEE R 6 B, EEE ARk
2, WTNLEBETH o7, REDOIHEOKITFES
1.47+0.75 8/ £ {EFERTO ¥ 1.03+0.56 B/ H i<

HREEOREN (p<0.001) 237, BEFKOE

Table 1 Effects of Rice Bran Fiber and Cholestyramine on Peripheral Blood Cells in 11 Healthy
Volunteers

Before After P
RBC (X 10*/mm®) 476+ 41 469 35 NS
Hb (g/dl) 14.6+ 0.9 14.5+ 0.8 NS
Ht (%) 45.2+ 2.6 44.5+ 2.5 NS
WBC (/mm?) 5409+1044 6100+ 996 <0.005
Neutrophil (/mm?) 2784+ 851 3106+ 757 NS
Fosinophil (/mm?®) 2194300 140£199 NS
Basophil (/mm?®) 10422 0x0 NS
Monocyte (/mm?) 311+135 332+144 NS
Lymphocyte (/mm?®) 2077+ 600 2544+ 435 <0.01
T cell (/mm?) 1436+ 456 1718+ 407 <0.05
B cell (/mm?®) 242+114 380+ 94 <0.001
Platelet (x10*/mm?) 22.3+ 3.5 22.3x 3.5 NS

Statistical comparisons between pretreatment levels and posttreatment levels were made using

the paired Student’s t-test. NS ; not significant.
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Z{t% Table 1 .ZR L7z, FRIMER, ~EZoby, ~
2 b7 Yy b BXUIIMICE IR A 5 iz o F2 08,
I BK 28 35 B R 5,409+41,044/mm® & b ¥ #E % 6,
100£996/mm’ L BE OB (p<0.005) 258D 72, i
BOC L DAFRER, FEREK, IPIEEEER, HERCEE b
Ao, U ERAIGHET 2,077+ 600/mm® X Vi
Btk 2,544 +435/mm® & HE WM (p<0.01) LAz Z
L&D, U oSEEIE MBSO RER £ 2 Sh
fz. Bz, Y v BREEFORE TIE CD3 Bk
THRs I UBIGBEBHREE b CEEORM
(CD3, p<0.05: B1, p<0.001) %7 L 7=, ML
ERBEMBOERFHROEL%E Table2 R L. £
VAT a—id B BRI 208+36mg/dl X D S %
17330 mg/dl L 17T%DEEDET (p<0.001) %
2o, HDL 2V R 51— L & ¥ERT 50+ 12 mg/dl &
DiEHER 46113 mg/dl 8B DEEDET (p<0.

#

E»6 A

05) %37z, PEBEHILEERT 155496 mg/dl & b
B 1951133 mg/dl HEEDO LE (p<0.05) %
w7, GPT D LR, BEYVE Y, BEQ, y-ora 7
Vo, JvF7ZFZvBIUAN Y7 LDET 2D
2, WTFhOE(LYEETH -7, GOT, LDH, 71
HUT AT ¥ —¥, y-GTP, EEE Y LE Y, O
Yy A77—+¥, RIETE, 773y, 735—
Y, MY, REER, KB, MV, AUTL,
za—n, VYEERDERASNE LT,
HEREBRE 4 Fllct T oK 7 74 /8— oL
AFZ I oHARE TR, BEEHEE 1REoRS
iz 4 Bl 2 BlicBeb7z0s, 2EBIZEA SN LD
fo. WMEPOHEFEREUI LY 1.0410.60 [E/ A & hHE
BT 0.86+0.59 [B]/ H i Lb~BEHME S % T ed 72 53,
EETHEZ»- T, 58 EDOREEICH T 2 BENE
OEEMFRCELEZASNT, REFECRKI L
ATU—LDAHACEEDET (p<0.001) 2EHIEE
AT 231239 mg/dl & v ¥ 189+28 mg/dl ¥ % -

Table 2 Effects of Rice Bran Fiber and Cholestyramine on Biochemical Parameters in 11 Healthy
Volunteers

Before After p
GOT (1u/ 1) 26+16 26112 NS
GPT 1g/) 23+17 33+17 <0.05
LDH (Iusr) 419+127 373+ 45 NS
ALP Iu/1) 164+ 21 172+ 22 NS
y-GTP 1a/s1) 27%15 32424 NS
Total bilirubin (mg/dl) 0.940.3 0.7+0.2 <0.05
Direct bilirubin (mg/dl) 0.24+0.1 0.2+0.04 NS
ChE U/ 1) 363+ 86 361+ 84 NS
Total cholesterol (mg/dl) 208+ 36 173+ 30 <0.001
HDL cholesterol (mg/dl) 50+12 46+13 <0.05
Triglyceride (mg/dl) 155+ 96 195+133 <0.05
Total bile acid (eM/ 1) 2.8+2.8 2.2+4.3 NS
Total protein (g/dl) 7.6+0.6 7.4+0.5 <0.05
Albumin (g/dD) 4.6+0.3 4.5+0.3 NS
y-Globulin (g/dY) 1.0+0.2 0.9+0.3 <0.05
Amylase qusit) 89+ 18 9117 NS
Glucose (mg/dl) 73+ 7 71+ 5 NS
BUN (mg/dl) 14+ 3 13+ 4 NS
Creatinine (mg/dl) 0.9%0.1 0.84+0.1 <0.05
Uric acid (mg/dl) 6.1+1.2 6.0+1.1 NS
Na (mEq/ 1) 145+ 1 144+ 1 NS
K (mEq/ 1) 4.0+0.2 4.0+0.2 NS
a (mEq/1) 108+ 1 108+ 2 NS
Ca (mEq/1) 9.240.3 9.01+0.4 <0.05
P (mEq/1) 2.9%0.2 2.9+0.4 NS

Statistical comparisons between pretreatment levels and posttreatment levels were made using

the paired Student’s t-test. NS ; not significant.
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Fig. 1 Sequential determinations of total choles-
terol (mg/dl) in each patient with Yusho
who received rice bran fiber (RBF) and
cholestyramine therapy for 7 days with

more than one month interval. 0——0;
casel, ®&——@ ; case?2, O o ; case 3,
= s ; cased.
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Associations between Blood PCB Level and Symptoms of Yusho Patients,
Twenty Years after Qutbreak

Yoshio HIROTA, Tomio HIROHATA
Kyushu University, School of Medicine, Department of Public Health
Kyoichiro KATAOKA, Shiro SHINOHARA, Katsumi TAKAHASHI
Fukuoka Ewnvironmental Research Center

To investigate relationships between blood PCB (polychlorinated biphenyls) level and symp-
toms of Yusho patients, twenty years after outbreak, a comparative study was designed in
accordance with the results of medical examination conducted in 1988. For this examination,
standardized forms were introduced in 1986, and a whole system for data-processing has been
completed through two-years’ efforts. Study subjects were 259 Yusho patients (male: 136,
female : 123) for whom PCB concentration in blood was reported, among a total of 285 patients
examined (91%). And 31 examination items which correspond or relate to the diagnostic criteria
for Yusho (1976) were selected from the examination form for analysis. Mean blood PCB
concentration in the subjects was 4.78 ppb ranging 0.6~32.0 ppb. The subjects were stratified for
four blood PCB levels, =2.6 ppb; =4.0 ppb; =6.0 ppb; >6.0 ppb, by dichotomized categories
(normal/abnormal) for the results of each examination. This two-by-four table was transformed
to two-by-two table with a cut-off point where the largest y*-value was obtained. Then the odds
ratio (OR) adjusted for gender and age was calculated for the examination item which showed a
statistically significant decrease or increase in crude odds ratio, to assess the association between
blood PCB level and symptoms of Yusho patients. Higher blood PCB level was associated with
positive signs for general fatigue (OR: 1.8, 959%CI: 0.9~3.7, 90%CI: 1.0~3.3) ; heaviness in the
head or headache (2.1, 1.1~3.9, 1.2~3.5) ; abnormality of breath sound (7.6, 1.0~57.1, 1.4~41.5) ;
tendency of suppuration (2.9, 1.3~6.1, 1.5~5.4); comedones in face (2.8, 1.2~6.4, 1.4~5.6);
comedones in trunk (4.5, 1.2~16.4, 1.5~13.3) ; acneiform eruptions in genital region (4.3, 1.2~15.7,
1.5~12.8). The respiratory and skin symptoms seem to be strongly associated with higher blood
PCB leve! and to be pathognomonic for Yusho, even twenty years after exposure.

DERRNT-2HMERR INECRITsh, B

@ L o» e 1976 EiC IEESHE I N T WD, 2 2EOMERSE
BP0 HE B E Y 1968 i8R E & T LA, 1990 XY AR OBETO N T & 0, BMEROER
EFTOBRBERERIT 1,862 AIGEL T30, 4 WINZ TRBEORRERL2 DRUITOEEL» S,
LIk, ESRIOEE & b I ED AR T B L8 1985 FiC I3 B — R EHER 2 1, 1986 F 5 2E—
WRERNEEE SO TEL I s, YHPFERITI X BCAFE—REELRAOTREVSTORE ko
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AT R E O M+ PCB EBE O 54 1E iX 0.6~32.0
ppb TH D, ¥ 4.78 ppb (FE#IFEE3.50) TH-
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Table 1 Relationship between blood PCB level and positive sign in medijcal examination
(Internal medicine).
ltems of examination PCB level (ppb)®  OR® 95% CI© 909% CI®
Subjective Symptom
General fatigue® >2.6/<2.6 1.84 0.91- 3.71 1.02- 3.32*
Heaviness in the head or headache® >2.6/<2.6 2.07 1.09- 3.92* 1.21- 3.54*
Numbness® >2.6/=2.6 1.63 0.84- 3.15 0.93- 2.84
Abnormality of menstruation®? >2.6/£2.6 0.40 0.09- 1.81 0.11- 1.43
Objective Sign
Abnormality of breath sound® >4.0/=4.0 7.60 1.01-57.13* 1.39-41.52*
Enlargement of the liver® >6.0/6.0 1.63 0.58- 4.59 0.68- 3.90

a) PCB level in denominator corresponds to the unity in odds ratio.

b) Odds ratio was adjusted for gender and age through the Mantel-Haenszel’s method.

¢) Confidence interval was calculated through the Miettinen’s method.

d) Referent sign of the diagnostic criteria for Yusho.

e) Sign related to paresthesia of extremities, bronchitis-like symptoms or decrease of serum

bilirubin of the diagnostic criteria for Yusho.

f) Data for 83 reported cases. Data were unreported for 40 among 123 women examinees.

* Statistically significant.
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Table 2 Relationship between blood PCB level and positive sign in medical examination

(Dermatology).
Items of examination PCB level (ppb)®?  OR® 95% CI® 90% CI©

Subjective Symptom

Tendency of suppuration® >6.0/=6.0 2.85 1.34- 6.08* 1.51- 5.39*
Objective sign

Comedones (face)® >6.0/<6.0 2.77 1.21- 6.35* 1.38- 5.57*

Comedones (auricle)® >6.0/=6.0 2.32 0.84- 6.39 0.99- 5.45

Comedones (trunk)® >2.6/<2.6 4.47 1.22-16.37* 1.50-13.33*

Acneiform eruption (face)® >2.6/£2.6 0.73 0.15- 3.62 0.19- 2.81

Acneiform eruptions(genital region)® >4.0/=24.0 4.33 1.19-15.67*  1.46-12.78*

® PCB level in denominator corresponds to the unity in odds ratio.

® (Odds ratio was adjusted for gender and age through the Mantel-Haenszel’s method.
9 Confidence interval was calculated through the Miettinen’s method.

9 Important sign of the diagnostic criteria for Yusho.

* Statistically significant.

Table 3 Relationship between blood PCB level and positive sign in medical examination

(Ophthalmology).
Items of examination PCB level (ppb)®?  OR® 95% CI¢ 90% CI¢
Objective Sign
Pigmentation in palpebral conjunctiva® >6.0/£6.0 2.81 0.74-10.66 0.92-8.64

® PCB level in denominator corresponds to the unity in odds ratio.
® Odds ratio was adjusted for gender and age through the Mantel-Haenszel’s method
9 Important sign of the diagnostic criteria for Yusho.
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Ocular Manifestations of Yusho 22 Years after the Onset

Toshihiko KoHNO and Yoshitaka OHNISHI

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

Ocular manifestations were studied in 91 Yusho patients who took the contaminated rice oil
22 years ago. Tear film dysfunction was examined using the rose bengal test.

Eighty-seven percent of the patients complained eye discharge, although edema of the eyelid
and pigmentation of the conjunctiva were rarely seen. Cystic swelling of the tarsal glands was
seen in 16 patients (18%) and white cheese-like contents in the tarsal glands were detected in 7

patients (8%).

Twenty-five patients showed positive staining with the rose bengal test, although the inten-

sity of the staining was slight.
dysfunction in Yusho patients.
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From this study it appears that there may not be tear film
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Dermatological Findings in the Annual Examination of the Patients
with Yusho in 1989-1990
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We reported the skin symptoms of the patients with Yusho in the 1989 and 1990 annual
examinations. We also studied the alteration of the skin symptoms in 33 patients followed up for

14 years (1977-1990).

Most of these patients showed obvious improvement in their skin symptoms during 12 years
(1977-1988). However, a remarkable improvement was not observed in recent 3 years and
approximately 40% of the patients still had comedones and/or acneiform eruptions.
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£E 19764 19794 19834 19884E 19894 19904
HEE Flg (%) B (%) Bl (%) Bl (%) Btk (%) g (%)
0 25(27.8) 38(34.5) 32(44.4) 50(50.0) 51(47.2) 53(58.2)
0 1 12 9 12 10 8 3
(30.0) (19.1) (41.7) (17.0) (11.1) ( 6.6)
I 15 12 7 4 3
I I 4 5 1 0 10 7
(15.5) (18.2) (12.5) (18.0) (16.7) (14.3)
I 10 15 8 18 8 6
I I 14 10 4 2 12 10
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H 90 110 72 100 108 91
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B Bl (%) B (%) B (%) BlE (%) B8 (%) B8 (%)
0- 1 32(31.1) 44(40.0) 43(59.7) 74(74.0) 70(64.8) 66(72.5)
2+ 3 35(34.0) 29(26.4) 21(29.2) 20(20.0) 33(30.6) 20(22.0)
4+ 5 22(21.4) 15(13.6) 5( 6.9) 4( 4.0) 4( 3.7 4( 4.4)
6+ 7 7( 6.8) 13(11.8) 2(2.8) 0 0 0
8- 9 5( 4.9) 6( 5.5) 0 1¢ 1.0 0 1( 1.1
10~13 0 10 0.9) 1(1.4) 1(1.0) 1€ 0.9 0
14~ 2(1.9) 2( 1.8) 0 0 0 0
g 103 110 72 100 108 91
R 3.13 3.10 1.54 1.08 1.17 0.96
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(A) 1977 (B) 19794 R (C) 1983%F

I8E— iz S5, 28T Bl B Ny — Galk SEH
A 55 3.91 A 51 4.31 A 26 2.69
B 10 1.90 B 8 1.88 B 4 0
BC 5 2.60 BC 11 1.45 BC 1 0
C 30 2.33 C 40 2.18 C 16 1.56
5t 100 3.17 B 110 3.07 £t 47 2.02

(D) 19884 R (E) 19894 (F) 1990

Y= ik RS Y=y Y= il S, Ny — ik F 5T
A 37 1.41 A 31 1.29 A 37 1.24
B 13 0.92 B 20 1.05 B 17 0.94
BC 2 0 BC 6 1.05 BC 3 0.33
C 48 0.92 C 50 1.00 C 33 0.64
5t 100 1.08 B 107 1.16 5t 90 0.93

%4 [ PCB,s# —> » PCB e

(A) 1977TEE (B) 19794 (C) 1983

R — Bk TR Y= Tl TR 8H = Lilk' SR
A 56 6.77* A 51 6.04 A 31 7.38
B 10 3.00 B 8 2.15 B 4 5.00
BC 5 2.20 BC 11 1.82 BC 1 5.00
C 30 2.96 C 40 2.75 C 18 2.83
=t 101 5.04 Ei 110 4.14 £t 54 5.64

(D) 19884Ef (E) 19894 pF (F) 19904 g

Ry = ks s 8y — ks T Ny — Bk B
A 37 6.40 A 31 5.73 A 37 6.00
B 13 4.23 B 20 3.84 B 17 3.94
BC 2 0.85 BC 6 5.05 BC 3 3.49
C 49 2.89 C 50 3.26 C 33 2.59
5t 101 4.35 5 107 4.19 g 90 4.20
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