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Foreward

Hidetoshi YOSHIMURA

Chief, Study Group for the Thevapy
of “Yusho”, the Ministry of Health and Welfare,
and Professor, Nakamura Gakuen College, Fukuoka 814-01

This is the 14th collection of reports of study on “Yusho” conducted by the members of the
Study Group for the Therapy of Yusho. It deals primarily with the results obtained during the
past 2 years from April 1991 to March 1993. During this period, our major efforts were made to
establish therapeutic methods which can accelerate the fecal excretion of PCBs, PCDFs and the
related compounds still retained in the body of Yusho patients, because it seems that these
compounds are still exerting some toxic effects on the patients and are also known to be liver
carcinogens in animals and possibly in humans. Following the several animal experiments, a
clinical trial was made to examine the stimulatory effect of a combination of rice bran fiber and
cholestyramine on the fecal excretion of these compounds. The results obtained were not
conclusive, but showed a tendency to be rather effective, although the patients examined were
only two couples. For obtaining the definite conclusion for this effect, larger numbers of patients
were necessary to be examined. Furthermore, these patients should have considerably high blood
level of the causal agents, since this method is based on a precise analysis of each congener of
these compounds excreted into the feces of patients. We are therefore promoting a cooperative
work with the investigators in Taiwan, in order to apply our method to Yu-Cheng patients.
Yu-Cheng, which is known to be the same food intoxication as Yusho in Japan, occurred in
central Taiwan 11 years after the outbreak of Yusho in 1968. Therefore, there should be more
patients having still high blood levels of the causal agents in Taiwan than in Japan. Other
valuable findings of the basic researches for better understanding Yusho are also described in this
issue, together with some clinical reports. We would sincerely appreciate the comments and
advices of readers regarding our studies.
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Inducing Ability of Co-planar PCBs toward Bilirubin
UDP-glucuronyltransferase
of Liver Microsomes : The Remarkable Difference hetween
Guinea Pigs and Rats

Kazuta Ocuri, Yoshiko Koca, Minoru Tsupa,
Noritaka Arrvosui, Yuji Isan and Hideyuki Yamapa
Faculty of Pharmaceutical Sciences, Kyushu University 62, Fukuoka 812

Hidetoshi YosHIMURA
Department of Food and Nutrition, Nakamura Gakuen College, Fukuoka 814-01

The induction of liver microsomal UDP-glucuronyltransferase (UGT) activity toward biliru-
bin by pretreatment with 3, 4, 3’, 4’~tetrachlorobiphenyl (TCB), 3, 4, 5, 3’, 4’-pentachlorobiphenyl
(PenCB) and 3-methylcholanthrene (MC) was studied in guinea pigs and rats. In addition,
microsomal benzo(a)pyrene 3-hydroxylase and cytosolic DT-diaphorase activities were also
measured for the comparison. All of the PenCB, TCB and MC significantly induced the bilirubin
UGT activity of guinea pig liver microsomes. The highest induction (6-fold over the control) was
seen in the PenCB-treated animal, and MC (3.2-fold) and TCB (2.4-fold) were less effective. On
the other hand, the induction of benzo(a)pyrene 3-hydroxylase and DT-diaphorase activities of
guinea pigs was not so remarkable as that of bilirubin UGT activity. In the guinea pig, the
inducibility of bilirubin UGT activity seemed to be correlated with the toxicity induced with
PenCB, TCB and MC. In contrast to the guinea pig, UGT activity toward bilirubin in the rat was
significantly decreased by the treatment with the inducers described above. These results suggest
that bilirubin UGT activity in the guinea pig can be an index for the toxicity of polychlorinated
biphenyls as like as benzo(a)pyrene 3-hydroxylase and DT-diaphorase activities in the rat.
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Fig.1 Effects of pretreatment with 3-methyl-

cholanthrene, 3, 4, 3’, 4’ -tetrachlorobi-
phenyl and 3, 4, 5, 3, 4-pentachlorobi-
phenyl on the body weight gain in guinea
pigs (A) and rats (B).

PCBs were injected i.p. at a dose of 0.5 mg/
kg and 25 mg/kg, respectively, to guinea
pigs and rats. MC was injected i.p. at a
dose of 20 mg/kg for 3 consecutive days to
both animal species.

Each point represents the mean+S.D. of
four animals.

*Significantly different from the control
(P<0.05)

**Significantly different from the control
(P<0.01)
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(A)

Relative liver weight
Relative liver weight

control MC TCB PenCB
Fig. 2

control MC TCB PenCB

Effects of pretreatment with 3-methylichol-
anthrene, 3, 4, 3, 4’-tetrachlorobiphenyl
and 3, 4, 5, 3’, 4'-pentachlorobiphenyl on
the liver weight of guinea pigs (A) and rats
(B).

The same animals as described in Fig. 1
were used in this experiment. The animals
were killed one day or 5 days after the last
injection of MC or PCBs, respectively, and
starved for one night prior to sacrifice.
Liver weights are expressed as the relative
values to the control (=1.0). Each bar rep-
resents the mean®S.D. of four animals.
The liver weights (g/100g body weight) of
control guinea pigs and rats were 3.12+%
0.19 and 3.8240.19, respectively.
*Significantly different from the control
(P<0.05)

**Significantly different from the control
(P<0.01)
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2 ERR, BROBRFEMRELE T 50T
b DTIRHBD, EALEY MIHT 5 TCB O%R
DAHARSEPBEYPIORIT TH S, TELEY VBLUS
v P FhZBWT b PenCB LEED A ICBERE
FEIIEISES st (Fig 1), 72, ELEY b
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BLUMRERE, 7y TR IEMEEH TR
BEELZELEERLRL, ZOBEIIMCE LU TCB
BIZIEFREBETHY, PenCB BF NI ETHRVEET
&7z (Fig. 2B, 3B). €N%E v b Tl PenCB 48
DAREERBHREELTELED Sz, (Fig 24,
3A), £, ENEY PTRI Y FERZ-T, MCO
FHH TCB &Y b REVERELERTHALED &
niz.

2. FABESHEER

TCB, PenCB % & * MC ALEE1# O BR-UGT

(5)
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Relative thymus weight
Relative thymus weight

0.0 4
control MC TCB PenCB

Fig. 3

0.0 4
control MC TCB PenCB

Effects of pretreatment wiht 3-methylchol-
anthrene, 3, 4, 3’, 4’-tetrachlorobiphenyl
and 3, 4, 5, 3", £-pentachlorobiphenyl on
the thymus weight of guinea pigs (A) and
rats (B).

Treatments of animals were same as de-
scribed in Fig. 2.

Thymus weights are expressed as the rela-
tive values to the control (=1.0). Each bar
represents the mean+S.D. of four animals.
The thymus weights (g/100g body weight)
of control guinea pigs and rats were
0.020%0.002 and 0.331+0.034, respectively.
*Significantly different from the control
(P<0.05)

**Significantly different from the control
(P<0.01)

WMER Fig. 4 WRT., RIBNCIT- L EBRERY & B
2, ENEY O BR-UGT EMHIZ MCEIc L - T
SHEEORK 3 ML 72, SEE7zi{T-> 72 TCB
B LU PenCB LB T b RIGEHIZH S it FEH I L,
ULad, BEEEIESEO TCB N 2ETHLO
AL, EEEO PenCB TR 6 I HEL. Ly
L, 2v M ®BR-UGT M & MC, TCB® & O}
PenCB DWW Iho#E5 1 L>THHA LI, 2D BR
~UGT st 28081, TNE Y b OBSHIHFHEEK
THY, £{HENTH- /2, TLTY PO AHHE
1% PenCB B & - TH 2 5@ L 7228, TCB
BILUMC & 25FE50813, PenCBUTTH, 5
ETCBOEERBEMBHLIECU VYL THS 2
(Fig.5). PenCB iZ & % £ 1€ » b DT-diaphorase
EHOFTEIAD Sk d o7 (Fig.6A). 20
PenCB Iz & 5 DT-diaphorase i OZE&E L, 7 v b
(Fig.6B) TOBELURT 2 E LK Do,

% %

ENEY MBS BR-UGT #E#13, PenCB i &
S THRbLELFEHEIN, KT MC, TCB OIECER
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eeninsy  ERRRRCER B
controi MC TCB PenCB
Fig. 4

control MC TCB PenCB
Change in the bilirubin glucuronyltrans-
ferase activity of guinea pig (A) and rat (B)
liver microsomes after pretreatment with 3

-methylcholanthrene, 3, 4, 3’, 4’-tetra-
chlorobiphenyl and 3, 4, 5, 3’, £-pentach-
lorobiphenyl.

Treatments of animals were same as de-
scribed in Fig. 2.

The activities are expressed as the relative
values to the control (=1.0).

Each bar represents the mean+S.D. of four
animals. The bilirubin glucuronyl-
transferase activities of control guinea
pigs and rats were 0.151+0.023 and 1.06 =
0.05 nmol/min/mg protein, respectively.
**Significantly different from the control
(P<0.01)

REMEASRD SN, kT, IhoOFEERE,
BoBE, flXEEEIIHORE L L SHEEL
Twi=(Fig. 7A). Z DEHE X BR-UGT OiF NS
B EBELEY PTRPCBO L WEMBEL &2
ZHEEMETRBELTWS, UL, SEIEPCB L LT
2BEOILEYM AT EFCHERLI:DATHEDT,
DR, 55%% < ORBE, BiEEEAuTEIR
NT2UENHL, —F, 7y MB8T5 BR-UGT i
1% PenCB ZCHl-> CRA L. UL, 7y D%
&% BR-UGT EHOBRP ORBE LM ORE £ O
AR (2 0%E HERE) 280 st (Fig
7B). A 7/5 9+ —PCBOENLEY FRTy MizxtT B
FEMFEI L BR-UGT OEENEDO L5 BEL Tn
0O EEBEATERETH S, 1272, BhoHaH»
ENEY FET Y PTRERNTHZ ZL256, R
ZOBRL NV OEH Y PCB OFHFEH cA»EE
REBEMND-E LT, ZOBBREEMECEYR
LHOrETFEANT,

UGT 2 id P450 £ FARRICH FEREVELEL, — K
BEOEMHCEI2 UGTIB LI U UGT2 020D

Ty LY —HEENTWE?, UGTL 773U —0O

X

(6)
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control MC TCB PenCB

Fig.5 Change in the arylhydrocarbon hydroxy-

@

lase activity of guinea pig liver mi-
crosomes after pretreatment wiht 3-meth-
ylcholanthrene, 3, 4, 3, 4’-tetrachlo-
robiphenyl and 3, 4, 5, 3’, 4~pentachloro-
biphenyl.

Treatments of animals were same as de-
scribed in Fig. 2.

The activities are expressed as the relative
values to the control (=1.0).

Each bar represents the mean+S.D. of four
animals. The arylhydrocarbon hydrox-
ylase activity of control guinea pigs was
0.107+0.013 nmol/min/mg protein.
*Significantly different from the control
(P <0.05)
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Relative DT-diaphorase activity
&
L

o
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I

Fig. 6

(B)

Relative DT-diaphorase activity
&

N 1 :
control MC TCB PenCB
Change in the DT-diaphorase activities of
guinea pig (A) and rat (B) liver microsomes
after pretreatment with 3 - methyl-
cholanthrene, 3, 4, 3, 4’-tetrachlorobi-
phenyl and 3, 4, 5, 3, 4'-pentachlorobi-
phenyl.

Treatments of animals were same as de-
scribed in Fig. 2.

The activities are expressed as the relative
values to the control (=1.0).

Each bar represents the mean+S.D. of four
animals. The DT-diaphorase activities of
control guinea pigs and rats were 23.24+1.4
and 69.8+7.9 nmol/min/mg protein.
**Significantly different from the control
(P<0.01)

control

PenCB
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Bilirubin UDP-glucuronyl-
trasferase activity
(nmol/min/mg protein)
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control (B)
TCB
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Bilirubin UDP-glucuronyl-
trasferase activity
(nmol/min/mg protein)
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Correlation between the toxicity and the
bilirubin glucuronyltransferase inducibility
caused by pretreatment with 3-methyl-

cholanthrene, 3, 4, 3, 4’-tetrachloro-
biphenyl and 3, 4, 5, 3, 4’-penta-
chlorobiphenyl.

A : Guinea pig; B: rat

Hic it TCDD B80S FEMNE N, £/, J07
7 2 Y —® UGT # T 4-methylumberiferone {2 5&\>
fEEEE R R T O TR AV E T Y — %N T 55
BT DORESTHEIN T 22, KFEORE K
272 BR-UGT $ FEEUGT1 77 2V —WEL, 2h
DOFBFLH N Ah-v 2 78 — %N 7T 2R 3 +5
Zzo5h3, —F, 7v b®BR-UGT ¥ i clofi-
brate ED~VVA F ¥V - AREEIC L 5> THEHS L
LZZEBHIGNTHEY. Ty MEYA MY iR
IRBEDNT F Y — DR EE T 2 v 2Ty
— (peroxisome proliferator-activated receptor,
PPARYBEHET A oM, 27/5 1 —PCBIck
% BR-UGT OZF&H» Ah-v & 7% —Tidixl, <D
PPAR NI HHRETFET L LTRETHS .
% 7z, H D LHD 5, PCB A hemeoxygenase %
e s eBMehTn39, Kz, BR-UGT ©
FIHEVEANDO BREKZ &> THREZNTWEDTH
i, 277+ —PCB W & % BR-UGT DR &
hemeoxygenase DFEHE & 2§ { BR 2D
EOIHEERL DS, 20X, SEEEL 2 BR-
UGT i OE BB DWW T IRE D OBENTE
SN, ZHNDENPIRHET 272D SROME
BRETH 5,

AHFFETHE, T v Mz IF 5 PenCB OFHZE®

(7)
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BET 501 2% 25 meg/kg DRETHRSL /-,
UL, UEKEDODETOFRRERIIC LN, benzo(a)-
pyrene KEE{LIE M B & UF DT -diaphorase 1% 1% 0 8
ERFER Ty P ITICE3~10mg/kg BED
RETHHTH S I EDREN T LM020 WK
22 TH, 3mg/kg TEBREIT- M, ZORETIHA
RO BERFELER TR ho o, £72, 25 mg/kg @
AETOERIHREELIAD SN, BFERHLL
PenCB O#E i3, E&, HMHKRILES & UEIHRRIL
DEARYZ MVTHERELTH 5,

w2 &

PenCB, TCB B X ' MC @ BR-UGT &M+
LEEMERENEY FBIUT Y b EAWTEAN.
%72, ZOEMEOERE & benzo(a)pyrene KB LIS 1
¥ & U* DT-diaphorase OFEM N VHHEFKROEE
ROLTHELE TR L, TheDEE»S, R
D& AR EE:.
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wEY O BR-UGT EHEERIC LR S, &
HOBE X PenCB I 6 B THRLE L, RTMC

(3.2f%), TCB(Q2.44%5) DETH -7, —F, benzo
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o 2 5LT). BR-UGT EirommoRE i, i
FIMOBE BT 2 L5 wEBbhi,
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2,4,6,2’,4, 6’~-Hexachlorobiphenyl W4 X (Z& T3
In Vivo R & ¢ hIZBAET 3
Cytochrome P-450 9 F 10 Fffhyi&Et

FMA LI AL - BHEEEE
AHER - EEET-NE—-K
H S B AR B R YR LR
SRS

Metabolism In Vivo of 2, 4, 6, 2°, 4, 6’-hexachlorobiphenyl in Dog
and Partial Characterization of Cytochrome P-450 Isozyme
Responsible for Biotransformation of the Congener

Noritaka Arrvosai, Machi SHiGETo and Kazuta OGURI

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

Hidetoshi YosHIMURA
Department of Food and Nutrition, Nakamura Gakuen College, Fukuoka 814-01

We reported previously that the dog is a unique species which can metabolize 2, 4, 5, 2’, 4,
5’-hexachlorobiphenyl (HCB) by unusual mechanism via 2, 3-arene oxide intermediate formation.
2,4,5,2,4,5-HCB is known as one of the PCB congeners showing the highest concentration in
the blood of Yusho patients at present. Therefore, further investigation on the mechanism of
biotransformation of PCB in the dog is very useful to obtain informations about metabolic fates
of persistent congeners in the bodies of Yusho patients.

In the present study, we examined iz vivo metabolic pathways of 2, 4, 6, 2’, 4, 6-HCB in a
dog, and also a role of cytochrome P-450 isozymes in its metabolism. In these experiments, three
major metabolites were found in feces of the dog. These were identified to be 3-hydroxy-2, 4, 6,
2,4, 6-HCB (M-1), 4-hydroxy-2, 6, 2’, 4, 6’-pentachlorobiphenyl (M-2) and 3, 4-dihydroxy-2, 6,
2’, 4, 6'-PenCB (M-3), which were previously identified as the major metabolites in vitro. 4-
Hydroxy-2, 3, 6, 2’, 4, 6'-HCB has also been isolated as a metabolite in vitro, but not detected in
this i vivo study. In conclusion, the present in vivo study supported the previous iz vitro results
that the dog metabolizes this congener at least two mechanisms including direct hydroxylation
and arene oxide formation. It was also indicated that cytochrome P-450 isozymes responsible for
metabolism of this congener may be in part different from those catalyzing the 2, 4, 5, 2’, 4, 5’-
HCB metabolism.

S2TWw3W, ZOEHRIZEENY I KC400 FoE

# By Ch o e MERBE T T Cre RIS RE, RS

2,4,5,2’,4,5-Hexachlorobiphenyl (LA HCB &
B9 RHERKE R T7ARFANVGFOH X271
— IV (BUT KC EB8T) 400 DERD TIRE A, JHE
FEELEF L D 20 BUEFE R B L LB O B E O I
FrrRbo b bERECHRESNIBEED 1 DR

NTLE-7cDExL, ZAPCB 2 REKETHEH5ER
BE7 2=V EE LI ABVLRETH 2D EEZS
ha, Lirl, 4 XERBEEEERIEL R, R
TEAHZRALEFLTEY, T TCxbhbhbhid®h
B PCB ORF T b T LN 2,3-arene oxide
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R R T AR AR REE S i L,
L,

B 2,4,5,2,4,5-HCB L RIBRICHBRICE S BY
LCw 2 BEEE, RESHFEREIPCB THD, Zh
5 BMEAE T coplanar PCB @ & % 12 TCDD ¥ O &k
BHEARIZOWED, Z2BEDICEANTEERN
b5, HEOWMEREE, BEAVUVE CEERE
ZEEL TWBHBSE WL, —HMOBERKRELT
&M HEERICE LA TR S, 2R SER L EE
HTHERNCEBE, BESL VWL EERLEE 722
& OIERER REBIR TR 7228, B, JEFEA PCB
1714 coplanar PCB iz i3 s WEME B i ST %
72 Z &% R0, coplanar PCB < TCDD D{ER] #8558 3
ZEHEENVT R Z e Jo B nF 2 5k,
IS REEOENER L RBI T b cikudd,
coplanar PCB & [EkEIZ # OBHM{EEN SR E2N N 5
NETHDLEEZOND,

AFRE, 23 LeEE0b CHETEEAEERLEYE
7 VESIERECAH, BEfTES A X BV,
FNBEDL IR A AL TIThbL T3 R KkE
L, &85k%hizBb 3% cytochrome P-450 5-FHE iz
DO TTFHENRES 2MA 72 b DTH 5.

® B F &

1. RE&M#

2,4,6,2’,4,6-HCB 8 X 1} 2,4,5,2’,4,5-HCB i
Ullmann KIG!Y & & V&L, i UV, 'H-NMR
BELUFE-MSA~NZ hVIZXDEERL L 3-
Hydroxy -2, 4,6,2’, 4,6~ HCB & Cadogan K It® &
£ D, ¥ 7 4-hydroxy-2,6,2, 4,6~ pentachlorobi-
phenyl (BUF PenCB & &) 1 Colbert 3 12 & D &K
%, BEERELL, 2NN H-NMR I & > THEE 2 1E
L2, PCB &R T R TR TR 5
3>, chloramphenicol (AT CAP LB&9) 34 7
4T A78 GEE) &b, & 512 NADP, glucose-6-
phosphate (G-6-P) 13 FI%EEM (RE) L DBAL
T2bDERWE, ZOMOREITROSRHAES A
W 7z, Kieselgel 60 38 & UF Kieselgel F,g, 13 Merck
AG (R4, Darmstadt) &V, %7z Wakogel S-1
IFDEE TR (KR L 2hZhEAL .

2. ERBYCEMIRES LUMITARBOERR

Hazelton Research Animals, Inc. (Box 5 Cum-
berland, Va 23040, USA) THE & LM Begale
Rz HARERZEEMERBI VAL, -7
7—AIRI M) - AW TEEILE, BEREXR

i

[

(10)

&5 3 A

FTHsl L e L TS A AR THRBRIZHERAL 2,
Phenobarbital-Na (UAF PB £889) BRFAEER D
LWL EEASEH L, Duignan 5 DFEY @ Lizss o
T 2 BERER RS %, 2,4,6,2,4,6-HCB % 1/4
FVADETFH T RNVICFEEL, 200mg/kg HT
1EREO#®E L7, PCBESH»S 5 O 0#, B &
VRz2BHEINL, 2L TERE THEEFELZ.
FBEHEEE L TOES L URIZIPCBRERTH I
EREL U 72, & 72BN M Beagle X 2 B2 L, 1V
FEREFESO PBALEOAFKL, o 1 PLidRMNE
TERL THE:2E 7, FEEY 2K s S ciEE,
ABMREKTERL T IA4 74 A TREEESEL T,
R ET-80°C THEL®.

3. RELUEPRBYOHE

Bonhl-s HEORZ2Zh TN 2fEED 7 n ok
LA TTRAOTRET 5MF% 5 EATS & £z & 0 #HHER
FHY R, AKBCBERENZ TREBESSX L
T, AR L 2 BEMBIKRSEL, Bustk LER
BRIC 7 0 ok A TIEEGREROREY 2R L.
Bon - HHERIAKTH RS, BESHEERLL
DOHEREIE A Y / —NMIZEEL, phenyltrimethylam-
mmoniumhydroxide AW TH A7~ 777 4
— (GLC) oEAOTAFVEL, ZhFAFHD
BEET .

HIIHBEREO: s 828N K& 3 1cykL,
HRET CRTIRDERIEDLHROI—t
—INTHBEL, Yy ZAV—fHEEHAws 0O
ROV AT 10 B 21T - 7o, 72 72 LEED & 13l
BEREYI O B 2R U Tz, SOKTERE Tk, IR X
%, BEEZ7 2 VRBRL, REBYVVLABETY
AFNVERERT 2 FHIMBEERT 2 Z sk b 2 F ik
%, Kieselgel 60 12 UK bikE & CRED 2 5
WALAE% n-hexane THEH T2 2 &k -T2 V) — v
YA S

4. HRo2avw bt 557 1— (GLC)

SEEITETHEN 1 4 g (ECD) & B
GC3BEBZAZu= NI 7%MHAL, #7513
mmX2.1mDHF T AH T AL 1.5%0V-17 23 —F
4 > 7 L7z Chromosorb W (AW-DMCS) (60-80
mesh) #FEL THW:, F3¥ U7 —F AR N, #
v, ¥HEZ20ml/min, & J ARE 235°C T{T-
7z,

5. HRIAZ P57 4—TRXRARZ PR ALY

— (GC-MS)

EEEEGCMS-QP 1000 2FHL, #7 4%



EREZFLE 7 o104 X280 28

3.3mmX1.1m DT T AH T AW 2% OV-17 23—
7 4 >~ 7 L7z Chromosorb W (AW-DMCS) (60-80
mesh) 2FIEL 2V, F3 )7 —FARIE He &
Bv, FEIZ 38 ml/min, & 7 AEE 200°C T{T-
Jo. A4V EBREEFEEA 4 e ED HEHV,
44 ALEBEIR 70eV TiTo 72,

6. ERRBHOER

—HI A FMELEREEE R RERIETY
V=7 w LI, BEREERECEEL, BERE
NENIEFER 20ml O 27 0o RV AREREL, 205
5 0.2ml ZEERAFEE LTREL, BY 3T
FWYOBERECHER L, EEARAR» S 7ok
WAEFECEEL, 5% 2HHOEMOA 1ml,
3I~5 HEORFIZZ 4 0.1 ml @ n-hexane X5
TR, OB BEEAE GLC KL TEE L. &
B, EEEFRL I LABER 215 CITFIFTTo 7,

7. $onY—46 (Ms) TORS, CAPICL 3

PR RER

RUER X O PBALE A XL D EHFIC LI
Ti7uy—AiA(Ms) 2HEL, ZhZThd Ms 5mg
T in vitro R &1T -7, 2,4,6,2,4,6-HCB
B RIEBE20uM, 2,4,5,2,4,5-HCB 3KREE10
uM E L, PCB D carrier E LTV IME7 VT I v
% 0.8 mg/ml DEETHZ, 50 mM HEPES buffer

(pH 7.4) T NADPH 452 (NADP 0.33 mM,
glucose-6-phosphate 8 mM, MgCl, 6 mM, glucose
-6-phosphate dehydrogenase 2.5 unit) #&ML, &
AR Sml, RIGHRIX 2045 & U, 7 PBALEA
XHFMs #HWT 2,4,6,2,4,6-HCB 8 £ 12,4,5,
2,4, 5-HCB Of#EHw L1 7T CAP OREZRET L /2.
CAP =%/ — VB E L, BBEIZS0uM &Lk,
ZFOry /—)ViEE d final 0.1%&%5 L350,
CAPHM#EISE 7LV 4 Fa—varik
NADPH &F 22 CRIGEBE L Tz, oMk
LRRERRRICIT o 7.

X BR B R

1. RPERBYO%SE

PSR S L UBROR L D 7 ook ATHIEL
ez o &, zhEhxfBROZAE GLC T
BRI LIEZ 2, WFhbE-sR{EAED 7o~ b
77 LERUI(T I REBE). UEOKERE»LH4 X
RORS L 722,4,6,2,4,6-HCBiEA %< kb
GLC TR L 5 2B ITREAE S (B Juak
baEd) bRt shnwZ b6 n R

(11)
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7z,

2. ¥EDRBHPDIRTE

ERHHY O X F VFHE B R Kieselgel 60 T2 Y
—>7 v 7, GLC kLR % Fig. 1L KRT, &
NEDIELNE LS, R IIRELD 2,4,
6,2’,4’,6'-HCB %k & RE MBI ITEAS R
WIDDERE -7 EED, b 300RBEWE
EZoNBE—71DE GC-MS A 21T-o oER
#Fig. 2 wr_s, 2 FVEM-1 35 FA A E—2
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Fig.1 Gas chromatogram of methylated deriva-
tives of fecal metabolites of 2, 4, 6, 2", 4, 6
-HCB.
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Fig.2 Mass spectra of three major fecal

metabolites of 2, 4, 6, 2°, 4, 6’~-HCB.
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Fig.3 Mass spectra of methylated derivatives of
synthetic 3-hydroxy-2, 4, 6, 2’, 4, 6 -HCB
(a) and 4-hydroxy-2, 6, 2, 4, 6’-PenCB (b).
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ETh B2,

M-2 3D AARZ PV X DEFEH 1 DBEET
b ABEN 1 DBEAINLAEYEEL N
B8, F DA FVES X U TMS 1Lk O RFEER (7
— & K58, 51 EI-MS A< b)v (Fig.3b) &
OB, 5 M-2 O#EYE X 4-hydroxy-2,6,2°, 4,6~
PenCB & [6 & & 1 72, 4-hydroxy -2,6,2°,4’,6"-
PenCB @ EI-MS A7 d LV —f&HI & Bz b Fl4
B (M*-15 OFEZERE—~2%2 L) THDDT?, DI
hebeTHERLTBL., &8, ‘H-NMR A2 bV
BEERE BB INT LD,

BRI M-3 ORBIEDT AARY MV LD, EHR
DL DEREET 2 L & bICKBEY 2 DBEA S A
MrEzoh, ZOGLC KB LIRS b
vitro fXBCRIE X v iz 3, 4-dihydroxy-2,6,2°, 4", 6~
PenCB &z oz, BWKH 3 Z iz, RAHDIE2
F& ™ mono hydroxy metabolite (M-1, M-2) DO3tiE
D2RNRBEBITHRZEHEZHN, TTRHRELTY
59,

In vitro @ metabolite £ LTRIESNT W3S 4 &
H o #Y), 4-hydroxy-2,3,6,2,4’, 6-HCB? 1341
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4. HBRBY M1 LU M-20OEE

#ORFWOI bREAL 2 20PNz DX
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Table 1R, 2,4,6,2,4,6-HCB #%5% 5 HfE D
WA ORI E XRS5 ED 0.01% LT THD, &
DI EIDEORE L 54K PCB ORIz s 7% H &

Table 1 Fecal excretion of two major monohydroxy-metabolites of 2, 4, 6, 2, 4, 6’ -HCB
in a dog pretreated with phenobarbital

Excretion amount (nmol)

Metabolites

Days after administration of HCB

Total
1 2 3 4 5
3-Hydroxy-
2,4,6,2, £ 6~HCB (M-1) N. D. 119.3 10.2 8.7 9.1 147.3 (0.0040)
4-Hydroxy-
2.6 2, 4, 6-PenCB (M-2) N. D. trace 16.1 9.7 14.4 40.2 (0.0011)

N. D,, not detected.

Values in parentheses are % of the dose administered to a dog.
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Hol-OTRTVHEHEI N,
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TELLIFHEINE2BY 777 3Y) —DP-450 T
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B b % P-450 TR, RO b % <
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2) EyHBEREERN OZE

A XD2BY 7773 Y—P40RBZHhET
Halpert?, H'7, g% S5z k> THBEI LTV S
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0% E o7, CAPIZZ v MIFD P-450 2 B W
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7 3V — P-450 DEEIZ L 2 b Db, HBHVIXHLEE
P-450 OE W & 2 EARBET CIRES I TE LD

> 7z,

Table 2 Effect of phenobarbital treatment on the metabolism of 2, 4, 6, 2°, 4, 6 ~-HCB and
2,4,5,2,4,5 -HCB by dog liver microsomes

Substrate disappeared (pmol/min/mg protein)

Treatment
2,4,6,2, 4, 6 -HCB 2,4,5 2,4,5 -HCB
Untreated 236.9+12.1 17.7£ 1.5
Phenobarbital 796.1+11.0 ***t (3.4) 119.44+14.5 *** (11.3)

Each value represents the mean+S. D. of three diterminations except with mark (1), which repre-
sents the mean=®S. D. of four determinations, and figure in parentheses are relative.ratio to the

untreated value.

*** Significantly different from the untreated value. (p<0.001)

Table 3 Effect of chloramphenicol (CAP) on the metabolism of 2, 4, 6, 2, 4, 6-HCB and
2, 4,5, 2, 4, 5’-HCB by phenobarbital-treated dog liver microsomes

Substrate disappeared (pmol/min/mg protein)

Inhibitor
2,4,6,2,4,6-HCB 2,4,5 2,4, 5-HCB
None 796.1111.0 (100) 199.0+14.5 t(100)
CAP 637.0 7.7 *** (80.0) 61.8+ 6.5 *** (31.1)

Each value represents the mean=+S. D. of four determinations except with mark (1), which repre-
sents the mean=+S. D. of three determinations, and figures in parentheses are percent of the no
inhibitor value. Concentration of chloramphenicol was 50 M.

*** Significantly different from the control. (p<0.001)
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Frequency of Micronuclei Induced in Cultured Lymphocytes
by Highly Toxic Organochlorine Congeners

Junya NacavyaMma and Mayumi NAGAYAMA

Laboratory of Envivonmental Health Sciences, School of Health Sciences,
Kyushu University 90, Fukuoka 812

Yoshito Masupa
Daiichi College of Pharmaceutical Sciences, Fukuoka 815

Abstract Our human bodies have already been contaminated with various chemicals including
highly toxic organochlorine compounds such as 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD),
2,3, 4, 7, 8-pentachlorodibenzofuran (PenCDF) and 3, 4, 5, 3, 4 -pentachlorobiphenyl (PenCB). In
this study, in order to evaluate the genotoxicity of these three chemicals, we examined their
effects on the induction of micronuclei, which has frequently been utilized as indicator of
biological and genetic damage due to exposure to carcinogens or mutagens, in cultured human
lymphocytes in the absence or presence of a-naphthoflavone (ANF) and the following results
were obtained. 1)4X10-* M ANF alone significantly enhanced the frequency of micronuclei and
the combination of ANF and either of TCDD, PenCDF or PenCB seemed to be additive as
micronuclei inducers. 2)TCDD, PenCDF and PenCB significantly increased the frequency of
micronuclei with almost the same dose-dependent manner in terms of the concentration of TCDD
toxic equivalent. 3)TCDD, PenCDF and PenCB were considered to be very potent inducers of
micronuclei, because their values of 509 effective concentration in micronuclei enhancement
were around only 10 times higher concentration than that in healthy people, namely, 70ppt as
TCDD. Consequently, the respective TCDD toxic equivalency factors of 0.5 and 0.2 for PenCDF
and PenCB seemed to be reasonable so far as the induction of micronuclei was employed as an
indicator of their genotoxic potency. The three chemicals were regarded as highly genotoxic
ones and one of the most important problems which should be solved is further comprehensive
genotoxicity and health consequences of the mixed contamination of these chemicals to the
descendants.

(PCDFs) and coplanar polychlorinated bi-
phenyls (Co-PCBs)¥'%. In this study, we inves-
tigated the

Introduction

Micronuclei enclose acentric chromosome induction of micronuclei in

fragments or whole chromosomes that have not
been incorporated in the main nuclei at cell
division, and enumeration of micronuclei in
mitogen-stimulated lymphocytes provides a
simpler and statistically more precise method
than karyotypic analysis for quantitation of
chromosomal damage.

Our bodies have already been contaminated
with numerous chemicals and one of those are
the highly toxic organochlorine compounds
such as polychlorinated dibenzo-p-dioxins

(PCDDs), polychlorinated dibenzofurans

(17)

mitogen-stimulated lymphocytes by 2,3,7, 8-
tetrachlorodibenzo-p-dioxin (TCDD), the most
toxic congener among PCDDs, 2,3,4,7,8-
pentachlorodibenzofuran (PenCDF), the most
toxic congener among PCDFs and 3, 4, 5, 3, 4’
pentachlorobiphenyl (PenCB), the most toxic
congener among Co-PCBs in order to elucidate
their genotoxicity!®.

Materials and Methods

1. Chemicals
TCDD and PenCDF were synthesized by Dr.
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Y.Masude and PenCB was purchased from
Cambridge Isotope Laboratories, Woburn,
USA. Their purities were over 999% by gas
chromatography. The sources of chemicals
used in this work were as follows: 7, 8-benzo-
flavone (ANF) from Wako, Osaka, cytochalasin
B (CYB) from Sigma, St. Louis, phytohemagg-
lutinin M (PHA) from Difco, Detroit, and peni-
cillin, streptomycin and RPMI 1640 from Gibco,
New York. All other chemicals and reagents
were of the highest quality commercially avail-
able.

2. Mutagenic treatments and lymphocyte
culture

We assumed that the total concentration of
the organochlorine compounds in the tissues of
Japanese people was 70ppt as TCDD toxic
equivalent concentration on fat weight basis
and that toxic equivalency factors (TEFs, rela-
tive to TCDD) were 0.5 for PenCDF and 0.2 for
PenCB'™,
micronuclei in peripheral human lymphocytes

Their effects on the induction of

was examined at doses of about 5, 25 and 50
times higher concentration than 70ppt in TCDD
toxic equivalent. Therefore, human lym-
phocytes in whole-blood cultures were treated
with TCDD at 364, 1,470 and 2,940ppt, with
PenCDF at 784, 3,948 and 7,896ppt and with
PenCB at 1,750, 8,750 and 17,500ppt. These test
chemicals were added at the beginning of the
culture time and left until harvesting.

Lymphocyte cultures (5.0 ml) were initiated
from whole blood (0.3ml) aliquoted into culture
tubes containing one of the three test chemicals
and RPMI 1640 medium (4.5 ml) supplemented
with 15% fetal calf serum, 100 units/ml penicil-
lin and 100xg/ml streptomycin, in either the
presence or absence of 4X107®*M ANF. 0.15ml
PHA (a final concentration ; 3%) was added at
culture initiation. The whole blood cultures
were then incubated at 37°C in 5.0% CO, and
100% humidity. At 71hr after the commence-
ment of the culture, 74M CYB was added and
the incubation was further continued for addi-
tional 26hr.

(18)
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3. Slide preparation and scoring

At the end of incubation, whole blood cul-
tures were centrifuged (1,000rpm, 5min),
resuspended in 0.1M KCI hypotonic solution for
16min at 37°C and centrifuged. Then cells were
fixed 3 times in fresh fixative (methanol : ace-
tic acid, 3: 1) at room temperature. Samples for
microscopic observations were obtained by
carefully dropping cell suspension from a Pas-
teur pipette onto wet clean slides. Slides were
dried in vapor of water and stained with 3%
Giemsa (Merck) in distilled water.

Slides were coded and scored blind under a
magnification of 1,000 <. A total of 3,000 binu-
cleate lymphocytes with preserved cytoplasm
were scored for each experimental point.
Criteria for micronuclei evaluation were those
suggested by Countryman and Heddle?.

4. Statistical analysis

The results are expressed as the average
number 8. E. of micronucleated cells, from 3
observations of 1,000 cells each on different
slides from the same culture tube. Data were

statistically analyzed by Student’s ¢-test.
Results

1. Frequency of micronuclei induced by
TCDD, PenCDF and PenCB in the absence of
ANF

The experimental results are shown in Fig. 1.
The frequency of micronuclei in the control
culture was 3.1+0.3%, the greatest induction
was observed at the highest concentration,
about 50 times over the average one in healthy
Japanese people, of each chemical and those
were 6.0+0.7% for TCDD, 5.7+1.5%, for PenC-
DF and 5.34+0.8% for PenCB. Only TCDD
significantly induced the micronuclei at the
lowest concentration, about 5 times more than
In the whole-blood
culture without ANF, the frequency of micronu-

the control healthy level.

clei in the lymphocytes seemed to increase in
almost the same proportion to the concentra-
tion of TCDD, PenCDF and PenCB in terms of
TCDD toxic equivalent.

Therefore, our
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assumption that TEF values were 0.5 for PenC-
DF and 0.2 for PenCB was considered to be
acceptable.

Based on these findings, we recalculate the
frequency of micronuclei at each concentration,
adding up the micronuclei values induced by the
three chemicals at the same concentration in
TCDD toxic equivalent and the result is shown
in Fig. 3. The frequency of micronuclei in the
acetone treated control group was 3.11+0.3%,

»
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PenCB (O) on the induction of micronuclei
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(@) and ANF (4X107°% M) on the induction
of micronuclei in human whole-blood cul-
tures

% P<0.05
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compounds (TCDD, PenCDF and PenCB,
O) and these compounds plus ANF (@) on
the induction of micronuclei in human
whole-blood cultures

*: P<0.05, **: P<0.01

enhanced in proportion to the concentration of
the chemicals and at the highest concentration
that was 5.7+05% which was significantly
Fifty %
effective concentration for the induction of

greater than that in control culture.

micronuclei in the lymphocytes cultured in the
absence of ANF appeared to be only 7 times
higher concentration than the average one in
Japanese people, namely, 70ppt as TCDD.

2. Frequency of micronuclei induced by
TCDD, PenCDF and PenCB in the presence of
ANF

The experimental results are indicated in Fig.
2. The frequency of micronuclei in the solvent
(acetone) treated control group was 4.8+0.4%,,
the largest frequency was observed at the high-
est concentration of each chemical and those
were 7.0+0.7% for TCDD, 6.7+ 0.8%, for PenC-
DF and 7.0+1.4%, for PenCB. At the lowest
concentration, the frequency of micronuclei
was somewhat smaller in TCDD treated one
than that in the control one. In general, how-
ever, the three chemicals enhanced the fre-
quency of micronuclei in the lymphocytes of
whole-blood culture with ANF with almost the
same dose-dependent manner in terms of TCDD
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toxic equivalent. Therefore, our assumption
concerning TEF values for PenCDF and PenCB
seemed to be reasonable not only in the absence
of ANF but also in the presence of ANF.

Based on the finding mentioned above, we
reevaluated the frequency of micronuclei at
each concentration, adding up the micronuclei
figures of the three chemicals at the same con-
centration in TCDD toxic equivalent and the
result is indicated in Fig. 3. The frequency of
micronuclei in the control culture was 4.8+0.4
%o, increased in proportion to their concentra-
tions and at the greatest concentration that was
6.9+0.5%0, which was significantly higher than
that in the control group. Fifty % effective
concentration for the induction of micronuclei
in the lymphocytes cultured in the presence of
ANF seemed to be 14 times higher concentra-
tion than the average one in healthy Japanese
people, that is, 70ppt as TCDD.

Discussion

The development of TEFs for the toxic
halogenated aromatics has been necessitated by
the identification of complex mixtures of these
compounds in almost every compartment of the
global ecosystem. PenCDF is the most highly
toxic PCDF congener and it’s proposed TEF
value is 0.5'®. PenCB is the most greatly toxic
PCB congener and a range of it’s proposed TEF
value is 0.1 to 0.4¥'®. In this study, we assumed
that TEF values for PenCDF and PenCB were
0.5 and 0.2, respectively and this assumption
seemed to be reasonable because TCDD, PenC-
DF and PenCB enhanced the frequency of
micronuclei in almost the same dose-dependent
manner in terms of TCDD toxic equivalent
concentration, as indicated in Figs 1 and 2.

PCDDs, PCDFs and PCBs did not hind
covalently to DNA, did not produce effects on
the sister chromatid exchange (SCE) frequency,
and were negative in other short-term genotox-
icity tests™?®, Contrary to the findings concern-
ing SCE frequency mentioned above, more
recent investigations indicated that PCDDs,

J. Nagayama et al.

PCDFs and PCBs significantly increased the
frequency of SCE in cultured human lympho-
cytes!¥191919) and that of micronuclei in vitro'#,
and cytogenetic analysis of peripheral blood
lymphocytes demonstrated that accidental or
occupational exposure to PCBs and/or PCDFs
resulted in an enhanced frequency of SCE®®).
Findings of the present study also indicated that
TCDD, PenCDF and PenCB were considered to
be very potent inducers of micronuclei, because,
as shown in Fig. 3, their ECs, values of micronu-
clei enhancement were around only 10 times
higher concentration than that in healthy peo-
ple, that is, 70ppt as TCDD. In the presence of
ANF, this modification greatly enhanced the
sensitivity of SCE assay in detecting effects of
cigarette smoking and accidental exposure to a
mixture of PCBs and PCDFs in peripheral
lymphocytes®®. Therefore, we expected that
ANF also increased the sensitivity of micronu-
clei assay in detecting genotoxic effects of
halogenated aromatics such as TCDD, PenCDF
and PenCB. As indicated in Fig. 3, ANF signifi-
cantly enhanced the frequency of micronuclei in
the absence of TCDD, PenCDF or PenCB and
the combination of ANF and either of the three
chemicals was considered to be additive as
micronuclei inducers.

Several, however, of these chemicals are
carcinogenic in animal models, where they have
been classified as tumor promoters rather than
initiatorsV®1917_ Taking account of recent fin-
dings described above and the results of this
study, we had better consider that these
halogenated aromatics are carcinogenic partly
as tumor promoters and partly as tumor initia-
tors, because they are probably strong genotox-
ic compounds and sometimes seem to act
through mechanisms involving direct genetic
damage.

Human breast milk has been contaminated
with PCDDs, PCDFs and PCBs'®'V and daily
intakes of these oraganochlorine chemicals in
breast-feeding babies of healthy mothers were
estimated to be about 100 to 200 pg/kg/day as



Micronuclei and Organochlorine Congeners

TCDD equivalent values (TEQs)'?. These
TEQs values were about 100 to 200 times
greater than the acceptable daily intake (ADI)

value, namely, lpg/kg/day. Therefore, we

should give due attention to the comprehensive
genotoxicity and the possible health conse-
quences due to PCDDs, PCDFs and PCBs in the
breast milk to breast-feeding babies.
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Effects of 3-methylsulphonyl-4, 5, 3’, 4’,-tetrachlorobiphenyl
and 7, 8-benzoflavone on Aryl Hydrocarbon Hydroxylase
Activities of Murine Hepatic Microsomes Prepared
from Inbred Strains with Different Ah Responsiveness

Junya Nacavama

Laboratory of Environmental Health Sciences, School of
Health Sciences, Kyushu University 90, Fukuoka 812

Yoshito Masupa
Daiichi College of Pharmaceutical Sciences, Fukuoka 815

Abstract In this work, we employed three Ah nonresponsive strains of mice, AKR, DBA and
DDD, and three Ah responsive ones, C57, BALB and C3H, and prepared hepatic microsomes after
the treatment of 3-methylcholanthrene (MC; 42 mg/kg, once) and 2, 3, 7, 8-tetrachlorodibenzo-p-
dioxin (TCDD ; 20 ug/kg, 6 times) in order to investigate the effect of 3-methylsulphonyl-4, 5, 3,
4’-tetrachlorobiphenyl (3-MSF-4, 5,3, 4-TCB; 1.5-45 ug/ml) and 7, 8-benzoflavone (ANF ; 1.4-42
ug/ml) on the hepatic microsomal AHH activities and the following results were obtained.

1. In the Ah nonresponsive strains of mice, 70 and 209% of the induced AHH activities with
MC and TCDD, respectively, were attributable to the basal control enzyme activity and in the Ah
responsive ones, only 4.2 and 1.49% of the induced activities with the two chemicals to the
untreated control one, respectively.

2. 3-MSF-4,5, 3, 4-TCB and ANF enhanced or reduced the enzyme activity depending on
both their concentrations and kinds of microsomes employed, namely, control-, MC-and TCDD-
microsomes. ANF showed higher potency for both the activation and inhibition of the AHH
activity than 3-MSF-4,5, 3", 4£-TCB.

3. The effects of 3-MSF-4, 5, 3, 4-TCB and ANF on the enzyme activity of the MC treated
Ah nonresponsive mice and those of the untreated control Ah responsive animals were quite
similar and their effects on the AHH activity of the TCDD treated Ah nonresponsive strains were
also almost the same as those of the MC or TCDD treated Ah responsive ones.

Based on the experimental results in this study and the findings reported by other scientists,
the following considerations will be possible.

1. The stimulation and/or inhibition of the AHH activity by 3-MSF-4, 5, 3’, £-TCB and ANF
seems to depend on the quality and quantity of cytochrome P-450 (P-450), which catalyzes B(a)P
metabolism.

2. When the main P-450 in the microsomes is similar to P-450 IIIA6, the enzyme activity will
be probably enhanced well by the two chemicals, and when it is P-450 1 Al type, the enzyme
activity will be strongly inhibited by them.

3. The kinds of P-450 induced by MC and TCDD are considered to depend on the grade of
the Ah responsiveness of the host and we think that in the liver of the Ah nonresponsive mice, MC
seemed to induce P-450s similar to P-450 IIA6 and P-450 1 A2 and TCDD preferentially P-450 I
Al type one, and in the liver of the Ah responsive ones, MC was considered to induce P-450s
resembling P-450 IIIA6, P-450 1 A2 and P-450 I Al and TCDD exclusively P-450 I Al type P-450.

The murine Ah locus has been considered to regulate the activation or inhibition of monoox-
ygenase enzyme activities such as AHH by BP, MC and TCDD via a highly specific binding to
the cytosolic Ah receptor. However, the microsomes used in this study did not contain the Ah
receptor and the two chemicals enhanced and/or decreased these microsomal AHH activities.

(23)
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Therefore we think that the Ah receptor is not involved in the action of the two compounds on
the AHH activity and that they seem to act directly on P-450 enzyme system.

Introduction

Methylsulphonyl polychlorinated biphenyls
(MSF-PCBs) have been determined at relatively
high concentration in several tissues of both
Yusho patients and healthy subjects as one of
the major metabolites of polychlorinated bi-
phenyls (PCBs)?®®. There were only two stud-
ies about the biological or biochemical effects
of one methylsulphonyl polychlorinated bi-
phenyl, namely, 4-methylsulphonyl-2,5,2’ 5’
tetrachlorobiphenyl (4-MSF-2,5,2’, 5-TCB), in
rats® and in mice'® before our first report con-
cerning the inhibitory effect of some MSF-PCB
congeners on aryl hydrocarbon hydroxylase
(AHH) activity in cultured human Ilymp-
hoblastoid cells was published in 19879,

Since then, we have reported four papers
relating to the effects of MSF-PCB congeners
on AHH activity'?®917  In the last three
studies among ones mentioned above, we have
employed three Ah responsive strains of mice,
C57, BALB and C3H, and three Ah nonrespon-
sive ones, AKR, DBA and DDD. Effects of
3-methylsulphonyl-4, 5, 3’, 4’-tetrachlorobiphen-
yl (3-MSF4,5,3,4-TCB) and 7, 8-benzofla-
vone (ANF) on the hepatic microsomal AHH
activity seemed to vary depending on the Ah
responsiveness of the host not only in nontreated
control mice but also in ones treated with
3-methylcholantherene (MC) or 2, 3,7, 8-tetra-
chlorodibenzo-p-dioxin (TCDD)'®®1%  There-
fore, in this paper we would like to complete the
action of 3-MSF-4, 5, 3°, 4-TCB and ANF on the
murine hepatic AHH activity.

Materials and Methods

1. Chemicals
3-MSF-4,5,3, 4-TCB was synthesized and
purified as previously described®. It’s purity

was greater than 999%, as determined by gas

(24)

chromatography(GC) and GC-mass spect-

rometry. TCDD was synthesized by chlorina-
tion of dibenzo-p-dioxin and the purity was
more than 99% by GC. The sources of chemi-
cals used in this work were as follows: benzo-
(a)pyrene (BP) and MC from Sigma chemical
Co., St Louis, Mo, USA, 3-hydroxy-BP (3-
OHBP) from Dr. N. Kinoshita, school of Health
Sciences, Kyushu University, Fukuoka, Japan,
and ANF, NADH and NADPH from Wako
Pure Chemical Ind. Ltd., Osaka, Japan. All
other chemicals and reagents used were of the
highest quality commercially available.

2. Treatment of animals

Three Ah responsive inbred strains of mice,
C57BL/6NQdj(C57), BALB/cCri(BALB) and
C3H/HeNQdj(C3H) and three Ah nonrespon-
sive ones, AKR/JSea(AKR), DBA/2JCrj(DBA)
and DDD: Qdj(DDD) were obtained as descri-
bed before!»®1n,
in disposable cages (4 or 5 mice/cage), and
maintained as mentioned before!®. At 8 weeks

These animals were housed

of mouse age, TCDD dissolved in olive oil was
given IP at a dose of 20 xg/kg once every two
weeks (6 times). Control mice were given the
vehicle alone in a similar volume and on the
same time schedules. MC dissolved in olive oil
was given IP once at a dose of 42 mg/kg. Three
days after the last treatment, the animals were
killed by cervical dislocation.

3. AHH assay

The livers were excised, rinsed, weighed,
minced and homogenized by the method de-
scribed before' and every hepatic microsome
was prepared as reported by Noshiro and
The reaction media for the AHH
assay consisted of 1 to 30 ug of microsomal
protein, 100 nmol of BP, 1.1 umol of NADPH
and 12.8 gmol of MgCl, in a final volume of 1.1
ml of 50mM Tris-HCI buffer (pH7.5) containing
0.8 mg/ml of bovine serum albumin in company

Omura'®.
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with 3-MSF-4,5,3,4-TCB (final concentra-
tion; 0, 1.5,3.0, 15 or 45ug/ml) or ANF (final
concentration ; 0,1.4,2.8, 14 or 42 ug/ml). The
enzyme activity was determined as stated
previously'®, using a Hitachi spectrophotofluor-
ometer (model 650-10S, Hitachi Ltd., Tokyo,
Japan). Specific AHH activities of microsomes
prepared from the untreated control, MC and
TCDD treated mice (control-, MC- and TCDD-
microsomes, respectively) were quite different
each other, the enzyme activity of the control-
microsome was the lowest and that of the
TCDD-microsome the highest. Hence, in order
to evaluate the effects of 3-MSF-4, 5, 3", 4-TCB
and ANF on the respective AHH activities,
each of the enzyme activities of the three kinds
of microsomes incubated with solvent(acetone)
alone was regarded as the standard(1.0) and the
AHH activities in various concentrations of the
two chemicals were revealed as the proportion
to the respective standards, namely, relative
AHH activity(REA).

4. Statistical analysis

Statistical differences among AHH and REA
values were determined using the Student’s
t-test.

Results

1. Effects of MC and TCDD on hepatic
microsomal AHH activity

Experimental results are summarized in
Table 1. Untreated control AHH activities of
both Ah nonresponsive and responsive strains
of mice were not so different each other, name-
ly, in case of the Ah nonresponsive animals, the
mean of the enzyme activities was 278 pmol/
min/mg protein and in the Ah responsive ones,
the mean was 222 pmol/min/mg protein. After
MC and TCDD treatment, however, the enzyme
activity was very much different between both
strains of mice. In the Ah nonresponsive ani-
mals, the enzyme activity induced by MC was
only 1.4 times higher than the control activity
and that induced by TCDD about 5 times
greater than the control one. In the Ah respon-
sive strains, both MC and TCDD markedly
enhanced AHH activity, that is, those activities
were 24 and 74 times more than the control,
respectively. These differences in the hepatic
enzyme induction separate the strains of mice
into Ah responsive and nonresponsive ones.

2. Effects of 3-MSF-4,5,3,4-TCB and
ANF on AHH activity of hepatic microsomes
prepared from untreated control mice

In order to easily understand the action of

Table 1 Effects of 3-methylcholanthrene (MC) and 2, 3, 7, 8-tetrachlorodibenzo-
p-dioxin (TCDD) on hepatic aryl hydrocarbon hydroxylase (AHH)

activity of Ah nonresponsive and responsive strains of mice.

Specific AHH Activity?

Strain Control MC TCDD
Ah Nonresponsive® 278+135 3951198 1,340 £974
(1.4) 4.8)
Ah Responsive® 2224153 5,334%3,772 16,399+9,368
(24) (74)

Figures in parentheses indicate the relative retios of MC and TCDD induced AHH
activities to the respective control enzyme activities.

a: 3-OHBP formed, pmol/min/mg protein (mean+$S. E.)

b: AKR, DBA and DDD strains of mice

c: C57, C3H and BALB strains of mice

(25)
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3-MSF-4,5,3,4-TCB and ANF on the hepatic
AHH activity, relative AHH
activity(REA), which was explained in Mate-

microsomal

rials and Methods, was employed in this study.

Their effects on the enzyme activity of the
untreated control microsomes (control-
microsomes) were indicated in Fig. 1 in terms of
REA. Inboth the Ah nonresponsive and respon-
sive strains of mice, 3-MSF-4,5,3,4-TCB en-
hanced the AHH activity roughly in proportion
to it’s concentration. In the Ah nonresponsive
strains, 3-MSF-4,5,3,4-TCB significantly in-
creased the enzyme activity at the concentra-
tions of 15 and 45 uzg/ml and the REAs were
1.28+0.06 and 1.36%0.09, respectively. In the
Ah responsive strains, 3-MSF-4,5,3,4-TCB
significantly elevated the AHH activity even at
the lowest concentration (1.5 gg/ml)} and the
range of REAs was 1.52 to 1.95. ANF, however,
maximally enhanced the enzyme activity at the
lower concentrations (1.4 or 2.8 ug/ml) in the
Ah nonresponsive and responsive strains of
mice and the highest REA values were 1.47+
0.06 and 2.84+0.22, respectively. On the con-
trary, at the higher concentrations (14 and 42
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Fig.1 Effects of 3-MSF-4, 5, 3, $-TCB and ANF

on hepatic microsomal AHH activity in
untreated control mice of Ah nonrespon-
sive and responsive strains.
3-MSF-4,5,3,4-TCB: (O) Ah nonre-
sponsive, (@) Ah responsive, ANF: (A)
Ah nonresponsive, (A) Ah responsive
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ug/ml), ANF lowered the AHH activity and in
case of the Ah nonresponsive strains, the REAs
were less than 1.0, namely, 0.81+0.05 at 14 ug/
ml and 0.51+0.06 at 42 pg/ml.

3. Effects of 3-MSF-4,5,3,4-TCB and
ANF on AHH activity of hepatic microsomes
prepared from MC treated mice

Results are shown in Fig. 2. In the Ah nonre-
sponsive strains of mice, 3-MSF-4,5, 3, 4-TCB
enhanced the AHH activity in almost the same
manner as in the Ah responsive untreated con-
trol animals (Fig.1), and ANF significantly
raised the enzyme activity at lower concentra-
tions (1.4 and 2.8 xg/ml) and lowered at higher
concentrations (14 and 42 xg/ml) as those obser-
ved in the Ah responsive control mice (Fig. 1).

In the Ah responsive mice, both 3-MSF-4, 5,
3, £-TCB and ANF inhibited the AHH activity
in proportion to their concentrations and ANF
was much stronger inhibitor than 3-MSF-4, 5, 3,
4-TCB, namely, at the highest concentration,
REA for ANF was 0.14+0.03 (P<0.01) and that
for 3-MSF-4, 5,3, 4-TCB 0.54+0.04 (P<0.01).
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Fig.2 Effects of 3-MSF-4, 5,3, £-TCB and ANF

on hepatic microsomal AHH activity in
MC treated mice of Ah nonresponsive and
responsive strains.
3-MSF-4,5,3,4-TCB: (0O) Ah nonre-
sponsive, (@) Ah responsive, ANF: (A)
Ah nonresponsive, (A) Ah responsive

*: p<0.05 % : p<0.01
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3-MSF-4,5,3,4-TCB: (O) Ah
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4. Effects of 3-MSF-4,5,3,4-TCB and
ANF on AHH activity of hepatic microsomes
prepared from TCDD treated mice

Results are shown in Fig.3. 3-MSF-4,5,3,
4.TCB and ANF lowered the enzyme activity
clearly in proportion to their concentrations in
both the Ah nonresponsive and responsive ani-
mals. ANF showed much greater inhibition
than 3-MSF-4, 5, 3, 4-TCB, that is, at the high-
est concentration, REAs of ANF were 011+
0.05 (P<0.01) for the Ah nonresponsive strains
and 0.094+0.01 (P<0.01) for the Ah responsive
ones, and those of 3-MSF-4,5,3,4-TCB 0.37+
0.09 (P<0.01) and 0.40+0.07 (P<0.01), respec-
tively.

Discussion

As shown in Table 1, in the Ah nonresponsive
strains of mice 70 and 20% of the induced AHH
activities with MC and TCDD, respectively,
were attributable to the noninduced control
enzyme activity and in the Ah responsive ones
only 4.2 and 1.4% of the induced activities with
the two chemicals to the untreated control one,

respectively. Therefore the MC- or TCDD-

nonre-

(27)
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induced enzyme activity in the Ah responsive
mice were considered almost completely differ-
ent from the noninduced control AHH activity.

The variations in the basal, MC- or TCDD-
induced enzyme activity suggested underlying
differences among these three microsomal prep-
arations in the concentration of a P-450
enzyme(s) that catalyzes BP metabolism.
Treatment of rabbits with TCDD elevated the
concentration of hepatic microsomal P-450 I Al
and TA2® and enhanced the concentration of
pulmonary microsomal P-450 I Al but not that
of P-450 1 A2V. ANF at the concentration of 10
#M or 25 uM markedly enhanced BP metabo-
lism catalyzed by P-450 IIIA6 and almost com-
pletely inhibited that catalyzed by P-450 I Al in
rabbit liver microsomes™?®, They also obser-
ved similar effects of ANF on BP metabolism
by P-450 1IB4, P-450 IIC3 and P-4501 A2
dependent monooxygenase systems and con-
cluded that the enhancement and inhibition of
ANF on BP hydroxylation depend on the type
of P-450(s) used in the enzyme system. Figs 1, 2
and 3 indicate the same kind of effects of 3-
MSF-4,5,3,4-TCB and ANF on the AHH
activities of hepatic microsomes prepared from
untreated control-, MC- or TCDD-treated mice.
ANF, however, appeared to have higher
potency than 3-MSF-4, 5, 3, 4-TCB in the acti-
vation and inhibition of the enzyme activities
(Figs. 1, 2, and 3). According to the experimen-
tal results, the three types of microsomes, name-
ly, MC-
seemed quite different each other in both quan-
tity and quality of P-450s. Based on the results
mentioned in this study and our other results
reported before!s"®17  together with the find-

control-, and TCDD-microsomes,

ings reported by other scientists and described
above, in the liver of the Ah nonresponsive
strains of mice, MC seemed to mainly induce
P-450s similar to P-450 IIIA6 and P-4501 A2
and TCDD preferentially P-450 I Al type one,
and in the liver of the Ah responsive animals,
MC was considered to induce P-450s resembling
P-450 IITA6, P-4501 A2 and P-4501 Al and
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TCDD exclusively P-450 I Al type P-450.

The murine Ah locus has been cosidered to
regulate the activation or inhibition of monoox-
ygenase enzyme activities by polycyclic aro-
matic compounds such as BP, MC and TCDD
via a highly specific binding to the cytosolic Ah

receptor®®. Therefore we investigated the

effects of 3-MSF-4,5,3’,4-TCB and ANF on
the AHH activities of several types of hepatic
microsomes, namely, control-, MC- and TCDD-
microsomes, which did not contain the Ah rece-

ptor. As shown in Figs 1, 2 and 3, the two

chemicals enhanced and/or decreased the
enzyme activities, depending on both the he-
patic microsomes employed and the concentra-
tions of the chemicals, so the Ah receptor
seemed not to participate in their effects on the
AMH activity and they were considered to act
directly on P-450 enzyme system.
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Effects of Methylsulphonyl Polychlorinated
Biphenyl Homologues and 7, 8-benzoflavone
on Aryl Hydrocarbon Hydroxylase Activity

Junya Nacavama® and Yoshito Masupa?

Y Laboratory of Environmental Health Sciences, School of Health Sciences,
Kyushu University 90, Fukuoka 812
8 Daiichi College of Pharmaceutical Sciences, Fukuoka 815

Abstract First, we investigated the effects of eleven methylsulphonyl polychlorinated biphenyl
(MSF-PCB) homologues at 1.5 ug/ml and 7, 8-benzoflavone (ANF) at 1.4 ug/ml on 2, 3,7, 8-
tetrachlorodibenzo-p-dioxin (TCDD, 15 ng/ml)-induced aryl hydrocarbon hydroxylase (AHH)
activity of cultured human lymphoblastoid cells and the following results were obtained. 1) The
relative AHH activity (TCDD-induced AHH activity treated with each of the MSF-PCB com-
pounds or ANF/ the enzyme activity treated with acetone, %) of the ANF-treated culture was
the smallest value (about 99%). 2) Among MSF-PCB homologues, 3-MSF-4, 5, 3’, 4-and 4-MSF
-3, 5, 3’, 4'-tetrachlorobiphenyls (TCBs) showed the highest inhibition and their relative enzyme
activities were about 2094. 3) In the rest of MSF-PCB compounds, the relative AHH activities
were as follows: 4-MSF-3,5, 3", 4, 5’-pentachlorobiphenyl (PenCB); 37%, 3-MSF-4,5,2", 3, 4'-
PenCB ; 509%, 3-MSF-4, 5,2’, 3-TCB, 3-MSF-4, 5, 2", 3°, 4, 5’~-hexachlorobipheny! and 3-MSF-4,
5,6,2,3,4, 5-heptachlorobiphenyl ; 60 to 64%, 4-MSF-2,5,2’, 3, 4-PenCB ; 77%, 3-MSF-2, 5,
3, 4-TCB; 88%, 4-MSF-2,5,2’,5-TCB; 93% and 3-MSF-4, 5, 3’, 4, 5-PenCB rather enhanced
the TCDD-induced enzyme activity.

Second, we prepared the hepatic microsomes of BALB/c (Ah responsive) and AKR/J (Ah
nonresponsive) strains of mice after the treatment of olive oil (as control), 3-methylcholanthrene
(MC, 42 mg/kg, once) and TCDD (20 xg/kg, 6 times, once every other week) in order to examine
the effects of 3-MSF—4, 5,3, £-TCB (1.5 to 45 ug/ml) and ANF (1.4 to 42 xg/ml) on the respective
hepatic microsomal AHH activities. The experimental results in this study accorded well with
the results previously obtained in our similar investigations, in which we used different strains of
mice, and the following considerations will be possible again. 1) The cytosolic Ah receptor is not
involved in the action of these chemicals on the AHH activity since the Ah receptor is considered
not to be present in the hepatic microsomal preparations and they appear to act directly on P-
450 enzyme system. 2) The stimulation and/or inhibition of the AHH activity by them seems to
depend on the quality and quantity of cytochromes P-450 (P-450s) present in the microsomes used.
3) When the main P-450 in the microsomes is similar to P-450 III A6, the enzyme activity will be
enhanced well by these chemicals, and when it is P-450 1 Al type P-450, the enzyme activity will
be strongly inhibited by them. 4) The kinds of P-450 induced by some chemicals are considered
to depend on the degree of the Ah responsiveness of the host and we think that in general, MC
possibly induces P-450s similar to P-450 III A6, P-450 1 A2 and P-450 I Al, and TCDD much
more preferentially induces P-450 I Al type enzyme.

(PCBs) have been determined in several tissues

Introduction A . . .
of patients with Yusho, polychlorinated diben-
Methylsulphony! polychlorinated biphenyls zofurans (PCDFs) poisoning that occurred in
(MSF-PCBs) which are one of the major western Japan in 1968'29 and of normal
metabolites of polychlorinated biphenyls people®®®  According to their analysis, the

(31)
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concentration of MSF-PCBs was much lower
than that of PCBs in the liver and adipose tissue
of both Yusho patients and healthy people. In
the lungs and blood, however, the concentration
of MSF-PCBs was comparable to or higher
than that of PCBs.
human beings have already been contaminated

Thus, several tissues of

with MSE-PCBs at comparatively high concen-
tration. Therefore we should give due attention
to their biological and toxicological action.

It has been reported that there is a good
correlation of toxicity of some organochlorine
congeners such as PCBs and PCDFs with their
inducing potency of microsomal mixed-function
oxidase activities such as aryl hydrocarbon
hydroxylase (AHH) and 7-ethoxyresorufin o-
deethylase (EROD)V'®. We also have already
investigated the effects of some compounds of
MSF-PCBs on AHH activity in cultured human
lymphoblastoid cells and in hepatic microsomes
prepared from both aryl hydrocarbon (Ah)
responsive and nonresponsive strains of
mice!®®2Y  Qur previous studies mentioned
above indicated that some of the MSF-PCBs
decreased the enzyme activity in cultured
human lymphoblastoid cells and 3-methylsul-
phonyl-4, 5, 3, 4'-tetrachlorobipheny! (3-MSF-
4,5,3, 4-TCB) showed the most potent inhibi-
tion among the five homologues examined so
We also observed that AHH activity in-
duced by 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(TCDD) was much more lowered by 3-MSF-4,
5,3, 4-TCB than that induced by 3-methyl-
cholanthrene (MC).
we examined the structure-activity relationship
of the potency of the MSF-PCBs with regard to
TCDD-induced enzyme inhibition by using the

far.

Hence, in this work, first

eleven homologues in cultured human
lymphoblastoid cells. Second, in order to clari-
fy whether cytosolic Ah receptor is involved in
the process of the AHH inhibition by MSF-
PCBs or not, we studied the effects of 3-MSF-
4,5,3,4-TCB and 7, 8-benzoflavone (ANF), a
well-known modulator of AHH and ERQD##27

on the enzyme activity of hepatic microsomes

J. Nagayama & Y. Masuda

prepared from untreated control, MC- or
TCDD-treated BALB/cCrj (BALB), Ah respon-
sive and AKR/JSea (AKR), Ah nonresponsive
strains of mice?®.

Materials and methods

1. Chemicals

Eleven MSF-PCB homologues used in this
study were synthesized and purified as previ-
The purities of the MSF-
PCB compounds were greater than 99%, as

ously described®.

determined by gas chromatography (GC) and
GC-mass spectrometry. TCDD was synthesized
by chlorination of dibenzo-p-dioxin and the
purity was more than 999 by GC. The sources
of chemicals used in this work were as follows :
benzo(a)pyrene (BP) and MC from Sigma Chem-
ical. Co., St Louis, Mo, USA, 3-hydroxy-BP (3
-OHBP) from Dr.N.Kinoshita, School of
Health Sciences, Kyushu University, Fukuoka,
Japan and ANF, NADH and NADPH from
Wako Pure Chemical Ind. Ltd., Osaka, Japan.
All other chemicals and reagents used were of
the highest quality commercially available.

2. Treatments of cells

Human lymphoblastoid cells derived from
apparently healthy volunteers were established
and cultured in RPMI-1640 medium as reported
before'®. The cells were seeded at a density of
approximately 3X10° cells/ml and then TCDD
(final concentration, 15ng/ml) dissolved in
acetone were added in two or three flasks (in-
duced culture, 10 ml each). Incubation was
continued for 48h period at 37°C in an atmo-
sphere of fully humidified air with 5% CO,, then
the cells were harvested by centrifugation and
washed twice with RPMI-1640 medium. The
cells were seeded again at the same density,
each of eleven MSF-PCB homologues (final
concentration, 1.5 #g/ml) or ANF (final concen-
tration, 1.4 gg/ml) dissolved in acetone was
placed in one flask (treated culture, 10 ml), and
to the other flask acetone (5 ul) alone (control
culture, 10ml) was added. Incubation was
continued for an additional 48h period, then the
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cells were harvested. The viable lymphob-
lastoid cells were counted by the standard
trypan blue dye exclusion criteria.

3. Treatments of animals

Two inbred strains of male mice, BALB and
AKR were obtained from Charles River Japan
Inc., Atsugi, Japan and Seiwa Experimental
Animals Ltd., Yoshitomi, Japan respectively,
housed in disposable cages (4 or 5 mice/cage),
and maintained as described before!”. At 8
weeks of mouse age, TCDD dissolved in olive
oil was given IP at a dose of 20 ug/kg once
every two weeks (6 times). Control mice were
given the vehicle alone in a similar volume and
MC dissolved in
olive oil was given IP once at a dose of 42 mg/

on the same time schedules.

kg once. Three days after the last treatments,
the animals were killed by cervical dislocation.

4. AHH assays

The cells from each culture flask with over a
9094 viability were used for the enzyme assay,
using a fluorometric procedure as previously
mentioned'”. In order to show the rank order
of the potencies of the MSF-PCB homologues
in their enzyme inhibition, the AHH activities
of the treated cultures were indicated as per-
centages to that of the control culture, namely,
relative AHH activity (1) (REA (I)). The
relative enzyme activity was determined three
to eight times depending on the MSF-PCB
compound.

The livers were excised, rinsed, weighed,
minced and homogenized by the method de-
scribed before'” and every hepatic microsome
was prepared as reported by Noshiro and
The reaction media for the AHH
assay consisted of 1 to 30 ug of microsomal
protein, 100 nmol of BP, 1.1 xumol of NADPH
and 12.8 gmol of MgCl, in a final volume of 1.1
ml of 50 mM Tris-HCI buffer (pH7.5) contain-
ing 0.8 mg/ml of bovine serum albumin in com-
pany with 3-MSF-4, 5, 3, 4-TCB (final concen-
tration; 0,15,3.0,15 or 45uxg/ml) or ANF
(final concentration ; 0, 1.4, 2.8, 14 or 42 yg/ml).

Omura?®®.

The enzyme activity was determined as stated

(33)
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previously'®, using a Hitachi spectrophotofluor-
ometer (model 650-10S, Hitachi Ltd., Tokyo,
Japan). Specific AHH activities of microsomes
prepared from the untreated control, MC and
TCDD treated mice (control-, MC- and TCDD
-microsomes, respectively) were quite different
each other, the enzyme activity of the control-
microsome was the lowest and that of the
TCDD-microsome the highest. Hence, in order
to evaluate the effects of 3-MSF-4,5,3’, 4~
TCB and ANF on the respective AHH activ-
ities, each of the enzyme activities of the three
kinds of microsomes incubated with solvent
(acetone) alone was regarded as the standard
(1.0) and the AHH activities in various concen-
trations of the two chemicals were revealed as
the proportion to the respective standards,
namely, relative AHH activity (IIXREA (II)).

5. Statistical analysis

The results are expressed as the average
number£S. E. of REA (1).
cally analyzed by Student’s #-test.

Data were statisti-

Results

1. Effects of eleven MSF-PCB homologues
and ANF on TCDD-induced AHH activity in
cultured human lymphoblastoid cells

We examined the effects of MSF-PCB com-
pounds on TCDD-induced AHH activity using
eight different human lymphoblastoid cell lines,
so at each time the specific enzyme activity was
observed to vary about a 5-fold range, 0.048 to
0.237 pmol 3-OHBP formed /108 cells/min, and
at each time five to nine homologues of MSF-
PCBs were examined. Table 1 summarizes the
effects of MSF-PCB compounds on TCDD-in-
duced enzyme activity in cultured human
lymphoblastoid cells, together with the effect of
ANF in the last three experiments. The REA
(I) of the same compound was varied to some
extent depending on the cell lines and seemed
not so great. Based on the average of the REAs
(1), we could find out relative potencies of
these MSF-PCB homologues with regard to
their inhibition of TCDD-induced AHH activ-
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ity.

The REAs (1) of 3-MSF-4,5,3’,4-TCB and
4-MSF-3, 5, 3’, 4’ -tetrachlorobipheny! (4-MSF-
3,5,3,4-TCB) was about 20 at the concentra-
tion of 1.5 #g/ml for 48h incubation and these
two homologues were the most potent inhibitor
among the eleven ones examined. The ranking
order of the rest of the MSF-PCB compounds
as the enzyme inhibitor was as follows : 4-MSF
-3,5, 3, 4, 5-pentachlorobiphenyl (4-MSF-3, 5,
37,4,5-PenCB) > 3-MSF-4,5,2", 3, 4-
pentachlorobiphenyl (3 - MSF -4,5,2’,3, 4~
PenCB) > 3 - MSF -4, 5, 2’, 3,- tetrachlorobi-
phenyl (3-MSF-4, 5, 2, 3-TCB), 3-MSF-4, 5, 2,
3, 4’, 5’-hexachlorobiphenyl (3-MSF-4,5,2’, 3,
4’,5-HCB), 3-MSF-4,5,6,2,3, 4, 5-heptach-
lorobiphenyl (3 -MSF -4,5,6,2’, 3,4, 5-
HepCB) > 4-MSF-2, 5,2, 3, 4'- pentachlorobi-

Table 1

Cultured Human Lymphoblastoid Cells

J. Nagayama & Y. Masuda

phenyl (4-MSF-2,5,2°, 3, -PenCB),> 3-MSF~
2,5, 3, 4-tetrachlorobiphenyl (3-MSF-2, 5, 3’, 4’
-TCB), 4-MSF-2,5,2’, 5’-tetrachlorobipheny!
(4-MSF-2,5,2’,5-TCB),> 3-MSF-4,5,3,4,5
- pentachlorobiphenyl (3-MSF -4,5,3, 4,5~
PenCB) and their respective REAs (1) were 37,
50, 60 to 64, 77, 88 to 93 and 118. As indicated
in the REA (I), 3-MSF-4,5,3",4,5-PenCB
enhanced the enzyme activity by about 20%
rather than decreased. ANF lowered the TCDD
-induced enzyme activity by over 909 after the
48h incubation at the concentration of 1.4 ug/
ml and gave about twice stronger inhibition
than 3-MSF-4,5,3, £-and 4-MSF-3,5,3", 4~
TCBs (Table 1). The chemical structures of 3-
MSF-4,5,3,4-TCB, 4-MSF-3,5,3,4-TCB
and 3-MSF-4,5, 3,4, 5-PenCB are shown in
Fig. 1.

Effects of eleven MSF-PCB Homologues and ANF on TCDD-Induced AHH Activity in

Experiment No. I 11

i

v v VI Vi Vi

Specific AHH Activity®

0.058 0.051 0.237 0.172 0.061 0.048 0.145 0.208

MSF-PCB Homologue and ANF Relative AHH Activity (1)° Mean+S.E.  Rank Order®
3-MSF-4, 5, 3’, 4-Tetra-CB 24 31 25 7 11 19 19 24 20.0+2.8
4-MSF-4, 5, 3', 4-Tetra-CB 7 22 25 17 17 17.6+3.0 } 1 _‘
P<0.01
4-MSF-3, 5, 3, 4°, 5’-Penta-CB 38 39 32 38 36 36.6+1.2 2 £|
P<0.01
3-MSF-4, 5, 2', 3’, 4-Penta-CB 40 54 67 41 47 65 42 45 50.1+3.8 3 :|J
P<0.05
3-MSF-4, 5, 2’, 3-Tetra-CB 67 67 52 70 64 64.01£3.1 J
3-MSF-4, 5, 2, 3°, 4, 5-Hexa-CB 50 63 81 55 78 54 53 72 63.2+4.3 ] 4
3-MSF+4, 5, 6, 2, 3, 4, 5’~-Hepta-CB 88 39 54 60.3x14.5 ——‘
P<0.10
4-MSF-2, 5, 2, 3°, 4'-Penta-CB 77 80 74 77.0x£1.7 5 :——|~|
P<0.02
3-MSF-2, 5, 3°, 4-Tetra-CB 86 98 81 81 93 87.8+3.4 } 6 ._I
4-MSF-2, 5, 2, 5’-Tetra-CB 93 87 98 92.7+3.2 j
P<0.02
3-MSF-4, 5, 3, 4, 5'-Penta-CB 108 114 133 118.3£75 7
ANF 13 8 7 9.3+1.9

a :pmol 3-OHBP formed/10°%ells/min

b : The definition is given under Materials and methods
¢ : The rank order in the inhibition of TCDD-induced AHH activity

(34)
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C Cl C Cl
OO AT
SOCH, ol

3-MSF-4,5,3’,4’-Tetra-CB

C Cl
OO
cl SOCH,

3-MSF-4,5,3,47,6"-Penta-CB

Fig. 1

4-MSF-3,5,3",4’-Tetra=CB

Chemical structures of 3-MSF-4, 5,3, 4’-
and 4-MSF-3, 5, 3, 4~TCBs and 3-MSF-4,
5,3, 4, 5-PenCB.

2. Effects of 3-MSF-4, 5, 3’, 4-TCB and
ANF on AHH activity of hepatic microsomes
prepared from untreated control, MC- or
TCDD - treated Ah responsive and non-
responsive strains of mice.

The lymphoblastoid cells themselves appear
to be a rather complicated biological system
and in order to investigate the action of 3-MSF
-4,5,3,4-TCB and ANF on AHH activity
more in detail, we prepared the hepatic mi-
crosomes, much simpler biological system for
the enzyme assay, derived from the Ah respon-
sive (BALB) and nonresponsive (AKR) strains
of mice after the treatment of MC or TCDD.
Their effects on AHH activities of the respec-
tive hepatic microsomes {(control-, MC- and
TCDD-microsomes) were examined and the
results are indicated in Figs. 2 and 3. Specific
AHH activities of control-, MC- and TCDD-
microsomes of BALB mice were 149, 3680 and
7320 pmol 3-OHBP formed/mg/min, respec-
tively and those of AKR were 60, 92 and 1168
pmol 3-OHBP formed/mg/min. These specific
enzyme activities were used as the standards of
the corresponding REAs (II).

In the control-microsome of BALB mice and
in the control and MC-microsomes of AKR
3-MSF-4,5,3,4-TCB enhanced the
AHH activities roughly in proportion to its

mice,

concentration and the range of REAs (II) was 1.
17 to 2.10. In the same three microsomes, ANF
maximally enhanced the enzyme activities at

(35)
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2 5 10 50
Concentration of 3-MSF-4,5,3’,4°-TCB and ANF(}9/ml)
Effects of 3-MSF-4, 5, 3’, £-TCB and ANF
on AHH activities of hepatic microsomes
from untreated control, MC-and TCDD-
treated BALB mice

Untreated control; @: 3-MSF-4,5,3", 4~
TCB and O: ANF, MC-treated; A : 3-
MSF-4,5,3,4-TCB and A : ANF, and
TCDD - treated; B : 3-MSF -4,5,3, 4~
TCB and [J: ANF

100

P S |

10 50 100
Concentration of 3-MSF-4,5,3”,4’-TCB and ANF(*9/mi)
Effects of 3-MSF-4, 5,3, 4-TCB and ANF
on AHH activities of hepatic microsomes
from untreated control, MC-and TCDD-
treated AKR mice

Untreated control; @: 3-MSF-4,5, 3, 4'-
TCB and O: ANF, MC-treated; A : 3-
MSF-4,5,3,4-TCB and A: ANF, and
TCDD - treated ; B : 3~-MSF -4,5,3, 4~
TCB and [J: ANF
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the lower concentration (1.4 or 2.8 xg/ml) and
the highest REAs (II) values of respective
On the
contrary, at the higher concentrations (14 and
42 yg/ml), ANF reduced the AHH activities
and in case of the control-microsome of AKR
mice, the REAs (I} were less than 1.0, namely,
0.73 at 14 yg/ml and 0.6 at 42 ug/ml.

In the MC- and TCDD-microsomes of BALB
mice and in the TCDD-microsome of AKR
mice, both 3-MSF-4,5,3,4-TCB and ANF
inhibited the enzyme activities in fairly good

microsomes were 2.63, 1.53 and 3.35.

proportion to their concentrations. In the same
3-MSF-4,5,3,4-TCB
lowered the enzyme activities by about 4094,
609% and 709, respectively, at the highest con-
centration (45 gg/ml). On the other hand, ANF
decreased the AHH activities by 60 to 709 at
the lowest concentration (1.4 ug/ml) and by
about 90% at the highest one (42 xg/ml) in the
three microsomes.

three microsomes,

ANF appeared to have much greater potency
than 3-MSF-4, 5, 3, 4-TCB in the enhancement
or inhibition of the enzyme activity of hepatic
microsomes prepared from BALB and AKR
strains of mice.

Discussion

The variation in the TCDD-induced enzyme
activity in human lymphoblastoid cells suggests
an underlying difference in the concentration of
P-450 enzymes that catalyze BP metabolism
among these eight lymphoblastoid cell lines
(Table1). Treatment of rabbits with TCDD
elevated the concentration of hepatic mi-
crosomal P-450 I Al and P-450 I A2 and en-
hanced the concentration of pulmonary mi-
crosomal P-450 I Al but not that of P-450 I
A2?, In human lymphoblastoid cells, TCDD
seemed to more preferentially induce P-450
similar to P-450 1 A1?Y. P-450 I Al has been
shown to be almost completely inhibited by
ANF at the concentration of 25uM or 10
u#M®?7_ Agindicated in Table 1, ANF (1.4 ug/
ml=5 g M) decreased the TCDD-induced AHH

(36)
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activity by over 909 and this finding may also
support the idea that TCDD exclusively ele-
vates the concentration of P-450 I Al type
enzyme in the human lymphoblastoid cells.
Therefore we seemed to examine the action of
the eleven MSF-PCB homologues mostly on P
-450 similar to P-450 I Al. A change in REA
(1) of the same compound in individual cell line
may indicate a difference in the proportion of P
-450 T Al type enzyme to the total P-450
enzymes.

Based on the ranking order of the MSF-PCB
compounds as the inhibitor of the TCDD-in-
duced enzyme activity (Table 1), substitutions
of one chlorine atom and MSF-group at 3 and
4 positions and of three chlorine stoms at 5, 3’
and 4’ positions in biphenyl ring appeared to be
required for the strong inhibition. We expected
that both 3-MSF-4, 5, 3", 4’, 5~ and 4-MSF-3, 5,
3, 4, 5’-PenCB showed the second potent inhibi-
tion because only one chlorine atom at 5’ posi-
tion was added to 3-MSF-4,5,3’, 4~ and 4-
MSF-3, 5, 3, 4-TCBs, respectively. 4-MSF-3,
5, 3,4, 5-PenCB lowered the enzyme activity
by more than 609% and was the second potent
inhibitor among the MSF-PCB homologues. 3
-MSF+4, 5, 3,4, 5-PenCB, however, enhanced
the enzyme activity by about 2095. The reason
of this difference is unclear at present. Both the
positional change in chlorine substitution and
the increase in the number of chlorine substitu-
tion usually decreased the potency of their inhi-
bition of the enzyme activity as compared with
those of 3-MSF-4, 5,3, 4~ and 4-MSF-3,5, 3,
4-TCBs, which were considered to be the opti-
mal chemical structure for the inhibition.

Among the eleven MSF-PCB homologues
studied in this work, five MSF-PCB com-
pounds, namely, 3-MSF-4, 5, 2’, 3-TCB, 3-MSF
-4,5,3,4-TCB, 4-MSF-2,5,2",5-TCB, 3-
MSF-4, 5,2, 3’, 4-PenCB and 4-MSF-2,5,2’, 3,
4'-PenCB were identified in the tissues of
healthy people, and 3-MSF-4, 5, 2’, 3-TCB, 3-
MSF-4,5,3,4-TCB, 4-MSF-2,5,2",5-TCB
and 4-MSF-2,5, 2’ 3, 4-PenCB were deter-
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mined at relatively high concentrations ; 0.14 to
0.62 ug/kg in the lungs, 0.12 to 0.47 ug/kg in the
adipose tissues and 0.05 to 0.24 ug/kg in the
liver®¥. The REAs (1) of 3-MSF-4,5,2’, 3"~
TCB, 3-MSF-4,5,3,4-TCB and 4-MSF-2, 5,
2’, 3", 4-PenCB were 64, 20 and 77, respectively,
on the average (Table 1). Although the levels of
these MSF-PCB compounds in the tissues of
healthy people is about 10~* power lower than
those used in this work, they possibly exert
some biological effects in human beings
because 3-MSF -4,5,3,4-TCB somewhat
lowered the TCDD-induced AHH activity in
cultured human lymphoblastoid cells at the
concentration of 1.5ng/ml, 107° times less con-
centration than that employed in this study*®.
Some scientists have considered that the
murine Ah locus regulates the activation or
inhibition of monooxygenase enzyme activities
by polycyclic aromatic compounds such as MC,
BP, TCDD and so forth via a highly specific
binding to the cytosolic Ah receptor!®?¥,
Hence, we investigated the effects of 3-MSF-4,
5,3, 4-TCB and ANF on the AHH activities of
several hepatic microsomes, which did not con-
tain the Ah receptor, prepared from Ah respon-
sive BALB and nonresponsive AKR strains of
mice. As shown in Figs. 2 and 3, the two chemi-
cals enhanced and/or decreased the enzyme
activities, depending on the hepatic microsomes
employed, so the Ah receptor seemed not to
participate in their effects on the AHH activity.
ANF at the concentration of 10 xM or 25 4 M
markedly increased BP metabolism catalyzed
by P-450 III A6 and almost completely inhibited
that catalyzed by P-450 I Al in rabbit liver
microsomes®?”. They also observed similar
effects of ANF on BP metabolism by P-450 II
B4, P-450 IC3 and P-450 I A2 dependent
monooxygenase systems and concluded that the
enhancement and inhibition of ANF on BP
hydroxylation depend on the type of P-450 used
in the enzyme system. Figs. 2 and 3 indicate the
same kind of effects of ANF and 3-MSF-4, 5, 3’,
4-TCB on the AHH activities of hepatic mi-
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crosomes prepared from untreated control-, MC
- or TCDD-treated mice.
experimental results, the three types of mi-

According to the

crosome, namely, control-, MC- or TCDD-mi-
crosome, appeared different each other in both
Based on the
findings reported by Huang et al.* and Rancy
and Johnson?”, in the liver of Ah responsive
BALB mice, MC seemed to induce P-450s simi-
lar to P-450 III A6, P-450 I A2 and P-450 T Al
and TCDD mostly P-450 1 Al type enzyme, and
in the liver of Ah nonresponsive AKR mice, MC

quantity and quality of P-450s.

was considered to mainly induce P-450s similar
to P-450 IOl A6 and P-450 I A2 and TCDD
preferentially P-450 I Al type enzyme. The
mechanisms of action of ANF and 3-MSF-4, 5,
3, 4-TCB on the enzyme activity might be
different to some extent because ANF appeared
to have higher potency than 3-MSF-4,5, 3, 4-
TCB in the enhancement and inhibition of the
AHH activities (Figs. 2 and 3).

We and others have reported that ANF
has some clastogenic or co-clastogenic poten-
cy'122229 50 some MSF-PCB compounds will
be expected to elicite similar clastogenic effects
to ANF in the induction of micronuclei (MNs)
and sister chromatid exchanges (SCEs). Such
kinds of subjects are now under investigation in
our laboratory.
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FEERRILKFEKEBILBEREECT S
methylsulphonyl polychlorinated biphenyl Ei&{* &
7, 8-benzoflavone D{EMA

TN B TR A S R R
&I E &
F—ERR WA FHE
WmEA

#H—z, 2,3,7, 8-tetrachlorodibenzo - p - dioxin
(TCDD, 15 ng/m)ic X DEEE X izt b Y v oSEREE
MR O A ERR KT KR LEER (AHH) EiEEw
¥ % 11 F¥E D methylsulphonyl polychlorinated bi-
phenyl (MSF-PCB)EI#& (1.5 ug/ml) & 7, 8-benzo-
flavone (ANF, 1.4 pg/ml)DEREWHEL, RO L >
RIERBPE SR, DAHH B OBEEM X ANF 28
BbHEL, F91%HEL /2. 2)MSF-PCB EEE T
3-MSF-4,5,3,4- % 4-MSF-3,5, 3, 4-tetrachlor-
obiphenyls (TCBs) DFHEM & b E <, K 80% D
EErLk, 3DEY OMSF-PCBREBEKRIZBIT S
AHH HEHBERIZRO LD TH-odz, () HREEE
T (%) %77, 4-MSF-3,5,3, 4, 5-pentachlorobi-
phenyl (PenCB) (63%), 3-MSF-4,5,2’, 3, 4-PenCB

(50%), 3-MSF-4,5,2,3-TCB, 3-MSF-4,5,2",3,
4, 5-hexachlorobiphenyl 8 & f 3-MSF-4,5,6, 2,
3, 4’, 5’~heptachlorobiphenyl (40%), 4-MSF-2,5,2,
3, 4-PenCB (20%), 3-MSF-2,5,3,4-TCB B & O}
4-MSF-2,5,2,5-TCB (10%), 3-MSF-4,5,3,4,5
-PenCB 13#1c# 20% AHH &2 &0 7z,

#07, Ah FEREED AKR =7 X & Ah JEEMHD
BALB =7 222w, XHEEE, 3-methylcholanth-
rene (MC, 42mg/kg X V%58, TCDD (20 ug/
kg X OB ESHOFI 7oy —L2HKL, 82 0OF
g 7wy —i AHH EMH T 3 3-MSF-4, 5,3, 4'-
TCB (1.5~45 ug/ml) & ANF (1.4~42 pg/ml)OVEF
EHEEL, RO LD BEESE N, DRSS
vy —2c3ileED Ahve 7y —3EEL
ZWOT, kB O AHH B 2 ERC
Ahv¥ 77 —iEE5 L Twviv, QRLZEYE &
D AHH EMS ERE T2 hHEs L b IIBEREYE
BIERCHEET ST 70 —24 P-450 (P-450)DHE &
BEREFEL TV, 3)ZDERROFEY P-450 25 P
-450 A6 A TH 2 HE WX AHH FHEB LR
L, %7:P-450 1Al MM THZBEEICIIEEDE
{HHEEINS, QXD LS 2BEEO P-450 BFEIN
EIEED AhIEBERCHRELCWD XS Th B8,
MC iz & H P-450 I1l A6, P-450 1 A2 38 X 08 P-450 1
A1, 7 TCDD Iz X b &b TELENIC P-
450 TALELIO P-450 BFEHE WL LEZ 5N B,
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Abstract The relationship between PCBs and PCQs concentrations in the skin surface lipids and
blood was investigated in this study. PCBs and PCQs concentrations in thirty two patients with
PCB poisonig (Yusho) and 20 normal controls were analyzed. The collection of skin sueface lipids
was performed by the method of cotton pad with 70% ethyl alcohol. The alkaline decomposition
method described in the official standard analytical methods for the isolation of PCBs and PCQs
fractions was used. In the blood of control group, mean value of PCBs concentration was 2.1 ng/
g, and that of PCQs concentration was too low to be detected by our analytical method. On the
other hand, the PCBs concentration in the Yusho group were two times higher than those in the
control group. The mean value of PCQs concentration was 0.90 ng/g in Yusho group, while it was
not detectable in the control group.

In the skin surface lipids of patients with Yusho, the mean value of PCBs concentration was
580.0 ng/g, but was 324.4 ng/g in the control group. The mean value of PCQs concentration in the
skin surface lipids of Yusho patients was 25.7 ng/g, although it was not detected in the control
group. PCBs and PCQs levels in the skin surface lipids were higher than those in the blood. This
means that cutaneous sebaceous system is one of the excreted systems of polyhalogenated
chemicals, such as PCBs or PCQs, when these chmicals are precipited in human or mammalians.

Introduction

Concentrations of PCBs and PCQs in the
blood of Yusho patients are still high, and that
these chemicals are accumulated in the subcuta-
neous fat tissues after twenty years of
contamination®. Furthermore, human hairs of
Yusho patients contain PCBs and PCQs®*. We
considered that sebaceous gland has an ability
to eliminate these chemicals. PCQs levels in the
subcutaneous fat tissues of patients with Yusho

(40)

are a hundred times higher than those in normal
controls as late as 17 years after intake of
PCBs and PCQs
can easily be dissolved in the fat tissues.

contaminated rice-bran oil.

Therefore, we considered that surface lipids
had a possibility to be detected these chemicals.
In this study, PCBs and PCQs levels in the skin
surface lipids of the patients with Yusho were
investigated. Furthermore, we compare the
levels of these chemicals at different times in
same Yusho patients.
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Materials and Methods

1) Materials

Twenty three patients with PCB poisoning
(Yusho) and twenty controls were used as sub-
jects. Twenty two patients and seven normal
controls were analyzed in 1990, and sixteen
patients and thirteen normal controls in 1991,
and twenty three patients in 1992. Sixteen
patients were analyzed every year, 6 patients
were done in 1990 and 1992, and one patient in
1992.

2) Samples

Ten milliliters of blood was taken from the
cubital vein, and skin surface lipids of face were
collected by Oshiro’s method (6), that is, lipids
were dissolved in a cotton pad with 70% alco-
hol.
early morning before washing the face.

3) Analysis of PCBs and PCQs

The alkaline decomposition method de-

The time of collection was fixed at the

scribed in the official standard analytical
methods for PCBs and PCQs by Kashimoto and
his co-workers? was used for blood. The proce-
dure for analysis of PCBs and PCQs in skin
surface lipids was performed by means of the
method of Asada and his co-workers®.

Results

The results are summarized in Tablel.

1) PCBs and PCQs concentrations in the
control group.

The PCBs and PCQs concentrations of blood
and skin surface lipids of twenty samples were
analyzed. Five persons were living in Nagasaki
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City, 15 in Goto Islands. Mean of their age was
48.1 year-old, and they were 2 females and 18
males. The mean value of the lipid weight was
14.7mg. The mean value of the PCBs concen-
tration in the blood was 2.1 ng/g, PCQs concen-
tration was below the limit set by our analysis.
The mean value of PCBs concentration in the
skin sueface lipids was 324.4 ng/g and the PCQs
concentration was not detectable.

2) PCBs and PCQs concentrations in the
Yusho group.

Twenty three samples of Yusho patients were
utilized in this study. Twelve patients were
living in Naru Island, and 11 were in Tama-
noura.

In 1990, twenty two patients were analyzed.
The mean value of age was 65.2 year-old. The
mean value of lipid weight was 9.7mg. The
mean value of PCBs concentration in the blood
was 5.4 ng/g, and PCQs concentration was 0.65
ng/g. The mean value of PCBs concentration
in the skin surface lipids was 581.4 ng/g, PCQs
concentration was 29.0 ng/g.

Sixteen patients was analyzed in 1991. The
mean of age was 67.5 year-old. The mean value
of lipid weight was 12.3 mg. The mean value of
PCBs concentration in the blood was 6.6 ng/g,
and PCQs concentration was 1.31 ng/g. In the
skin surface lipids, the mean value of PCBs
concentration was 675.6 ng/g, and PCQs con-
centration was 25.9 ng/g.

In 1992, twenty three patients were analyzed.
The mean of their ago was 67.4 year-old. The
mean value of lipid weight was 6.9 mg. In the
blood, the mean value of PCBs concentration

Table 1 MEAN VALUE OF PCBs AND PCQs CONCENTRATIONS OF THE SKIN LIPIDS
AND BLOOD IN YUSHO PATIENTS (xSD)
SKIN SURFACE LIPIDS BLOOD

YEAR N AGE WEIGHT(mg) PCB(ng/g) PCQ(ng/g) PCB{ng/g) PCQlng/g)
1990 22(M/F=13/9) 65.21+6.7 97447  5814%3251  29.0+12.9 54+25 0.65+0.55
1991 16 (M/F=12/4) 67.5+5.3 123453 675643089  259+117 6.6+2.8 1.3120.86
1992 23(M/F=14/9) 67.4%6.5 6.9+56 86274625  53.4+23.7 48%25 0.57+0.36
CONTROL 20(M/F=18/2)  48.1%116 147485  324.4%103.6 <10 2.1%0.7 <0.02

(41)
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was 4.8 ng/g, and PCQs concentration was 0.57
ng/g. In the skin surface lipids, the mean value
of PCBs concentration was 862.7 ng/g, and
PCQs concentration was 53.4 ng/g.

Influence of the washings their faces was
investigated in 1992. The mean value of the
skin surface lipids weight was 13.5 mg without
washing their faces (13 patients), but was 2.9 mg
with washing (10 patients). The former was
detected PCQs in all patients, while the latter
could not be detected.

From 1990 to 1992, yearly observations of
PCBs and PCQs concentration of skin surface
lipids in 22 patients (Fig.1 and 2). Considerable
patients showed an elevation of PCBs and PCQs
levels in the skin surface lipids.

In summary, PCBs levels in the blood and
skin surface lipids of Yusho patients were
approximately two folds higher than those of
controls. PCQs were detected in the blood of all
patients with Yusho, while in the skin surface
lipids were seventeen of 23 patients. However,
PCQs levels in skin surface lipids were higher
than those in the blood.

Discussion

In this study, PCBs and PCQs concentrations

ng/g
2000
1000 1
0 T T T
90 91 92 year
Fig.1 Yearly PCBs concentrations in the skin

surface lipids of YUSHO patients

(42)
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ng/g
100

90 o
80 1

70

year

Fig.2 Yearly PCQs concentrations in the skin
surface lipids of YUSHO patients

in the blood were still high in the patients with
Yusho. It was also confirmed that PCBs and
PCQs levels were high in the skin surface lipids
The level of PCQs in the
skin surface lipids is approximately twenty to

of Yusho patients.

ninety folds of that in the blood. Our previous
study showed that hair was contaminated with
PCBs and PCQs as late as 18 years after the
diagnosis®. In comparison with the values of
PCBs and PCQs of blood, hair, subcutaneous fat
tissues and skin surface lipids from previous
studies®*®, the concentrations of these chemi-
cals in the skin surface lipids were considerably
high. However, these levels in the skin surface
lipids showed lower than those in the subcutane-
ous fat tissues. These results suggested that
chemicals, such as PCBs or PCQs, might be
excreted from sebaceous gland to the skin sur-
face lipids. In other words, it seems probable
that sebaceous gland will have an ability to
eliminate fat soluble substances from the sys-
tem.

Skin surface lipids are utilized for a human
monitoring procedure of lipophilic environmen-
tal pollutants. Oshiro reported that chlordane
could be detected in the skin surface lipids of a
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male, who lived in a house contaminated with
chlordane treatment against termites®. He also
detected chlorophenothane and dieldrin. These
results show that not only endogenous sub-
stances, but exogeneous pollutants are also
At
present, it seems that there exists few PCQs in

contaminated in the skin surface lipids.

the human as environmental pollutants or
it
considered that PCQs in the skin surface lipids

industrial contamination.  Therefore, is
is endogenously derived from subcutaneous fat
tissues or blood. Curiously, mean levels of
PCBs and PCQs in the skin surface lipids are
increasing with age. It is speculated that the
levels of PCBs and PCQs in the subcutaneous
fat tissues will be on the decrease year by year,
because the contamination of these chemicals
has been already ceased. These variation may
also depend on the conditions of collectiog the
skin surface lipids, for PCQs could not be
detected after the washing their faces.

We concluded that sebaceous gland played an
important role as an excretory pathway for
polyhalogenated compounds, such as PCQs or
PCBs.
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Abstract The difference in the synergistic effect of 0.059 hexachlorobenzene (HCB) and 0.1%
Griseofulvin (GF) on porphyrin metabolism between young (4 weeks old) and old (8 weeks old)
mice was investigated. These mice were divided into four groups, group A was treated with feeds
containing 0.05% HCB and 0.19% GF, group B with 0.059 HCB, group C with 0.1% GF and group
D with normal feed. The treatments were continued for 8 and 16 days, after which porphyrins in
the erythrocytes, feces and liver were analyzed by a chromatographic method. Hepatic protopor-
phyrin levels had risen by 8th day in the young mice treated with 0.059% HCB and 0.195 GF, and
by 16th day in the young mice treated with 0.195 GF, but no rise in the hepatic protoporphyrin
levels in the old mice was seen. Hepatic protoporphyrin level by 16th day in the young mice
treated with 0.19% GF had significantly risen compared to that in the old mice with same
treatment. Fecal coproporphyrin level had risen at 8th day in the young mice treated with 0.059
HCB and 0.19% GF and by 16th day in the young mice treated with 0.059% HCB. It had also risen
by 16th day in the old mice treated with 0.05% HCB and 0.19§ GF. Fecal protoporphyrin level
in the young mice treated with 0.059% HCB and 0.1% GF, 0.1% GF alone was three to four times
higher than those in normal mice. Erythrocytic coproporphyrin and protoporphyrin levels in the
young mice treated with 0.05% HCB and 0.19 GF, 0.05% HCB or 0.19 GF alone were generally
higher than those in the old mice. From these results, hepatic and fecal protoporphyrin levels in
the mice treated with 0.0596 HCB and 0.195 GF or 0.19% GF alone had a tendency to be elevated
in the young mice than old mice. Furthermore, these abnormalities depend on an influence of GF,
not of HCB in the condition of our study. We consider that young mice will be susceptible to the
porphyrinopathy of HCB or GF, and the porphyrin abnormalities in this study depend on the
influence of GF, not of HCB.

Introduction

Yusho is a disease induced by polychlorinated
biphenyls (PCB) contaminated into rice oil
Chlorinated compounds such as hexachloroben-
(HCB),
dichlorodiphenyl-trichloroethan, diedrin influ-
HCB
induces an abnormal porphyrin metabolism

zene benzene hexachloride,

ence the porphyrin metabolism»9®,

such as porphyria cutanea tarda in rats. How-
ever, experimental porphyria is hard to induce
Only HCB with iron
succeeded in elevating hepatic uroporphyrin

in mice by HCB alone.

level of mice'?. Furthermore, combinations of
certain chemicals with a low concentration of
griseofulvin (GF) sometimes induces protopor-
phyria although the chemicals alone can not
induce an abnormality'?. It is speculated that
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use of low concentrations of GF in addition to
chemicals may be useful in elucidating the
porphyrinopathy in chemicals. In previous
study, we investigated whether or not simple
chlorinated compounds affect porphyrin metab-
olism when a low concentration of GF is added
The result

shows that the chemicals did not have a poten-

to each chlorinated chemical”®.

tial for porphyria, but that they are capable of
inducing slight porphyrin abnormalities in a
In this
study, an influence of the aging on the synergis-

synergistic reaction with 0.19 GF.

tic effects due to HCB and low concentration of
GF is investigated.

Materials and Methods

1) Animals

Eighty dd-y strain mice aged 4 weeks old and
8 weeks old were used in this study.

2)

GF was contributed by Fujisawa Pharma-
ceutical Co. Ltd., Osaka, Japan. HCB and ordi-

nary chemicals were purchased from Nacarai

Chemicals

Tesque Inc., Kyoto, Japan. Porphyrin ester

chromatographic maker kit was purchased

from Paesel GmbH Co. Frankfurt, Germany.
3)

Normal feed was purchased from Oriental

Feed and experimental design

Yeast Co., Tokyo, Japan. GF was mixed into
the feed in a concentration of 0.19% by the
Oriental Yeast Co. HCB was mixed into the
feed with or without 0.19§ GF in concentration
of 0.05% by ourselves. FEach young and old
mice were divided into 4 groups. Group A was
treated with the feed containing 0.05% HCB
and 0.19% GF, group B was treated with 0.05%
HCB, group C with 0.1% GF and group D with
normal feed.

4)

Each mouse was anesthetized with ethyl
ether and sacrificed on either the 8th and 16th
Liver tissue, feces, and

Quantitative analysis of porphyrin

day after treatment.
blood were taken as samples for the analysis of
porphyrins. The methods for porphyrin analy-
sis of erythrocyte, liver and feces have been

N. Tsukazaki et al.

described in previous study!®'®,
Results

Results of the experiment are shown in Table
1. In normal mice, there was no difference in
the mean liver/body weight ratios. Hepatic
uroporphyrin (UP) and coproporphyrin (CP)
levels did not elevated in any mice, normal or
treated. Hepatic protoporphyrin (PP) levels
rose on 8th day in the young mice treated with
0.059% HCB and 0.1% GF, and on 16th day in the
young mice treated with 0.194 GF, but no eleva-
tion in hepatic PP levels in the old mice was
seen. Hepatic PP level by 16th day in the young
mice treated with 0.19% GF was significantly
higher compared with that in the old mice with
same treatment (p<0.05) (Fig.1). Fecal CP
level had risen by 8th day in the young mice
treated with 0.0596 HCB and 0.19% GF and by
16th days in young mice treated with 0.05%
HCB. It had also risen by 16th day in old mice
treated with 0.0595 HCB and 0.19% GF. Fecal
PP levels in young mice treated with 0.05%
HCB and 0.1% GF, 0.19 GF alone were three to
four times higher than those in normal mice.
Fecal PP level after 8 days in young mice treat-
ed with 0.05% HCB and 0.19% GF was signifi-
cantly higer than that in old mice with same
treatment (p<<0.10).
fecal PP levels in old mice groups. Erythrocytic

There was no change in

CP and PP levels in the young mice treated with
0.059% HCB and 0.1% GF, 0.0595 HCB or 0.1%
GF alone were generally higher than those in
old mice. In summary there were greater eleva-
tion in hepatic and fecal PP levels in the young
mice than in old mice.

Discussion

In this study, hepatic and fecal PP levels of
the mice treated with 0.0595 HCB and 0.1% GF,
or 0.1% GF alone had a greater tendency to be
elevated in the young mice than those in the old
mice. However, these abnormalities were
mainly composed of an elevation of PP levels in

the liver and feces. Therefore, we believe that
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Table 1 Summary of porphyrin levels in young and old groups (mean£S.D.)

YOUNG OLD
duration . K
: Liver Feces | Erythrocyte Liver Feces | Erythrocyte
chemicals trea?rfnent . {amol/g. w. w) | (omol/g. w.w) | (ug/dl pev) - (nmol/g. w. w.) | (mol/g. w.w.) | (ug/dl pcv)
CP|PP | CP|PP| CP PP CP|PP|CP|PP|CP| PP
0.1010.38|1.83{1.92[2.80| 1.79 |123.23(0.07(0.10|0.62 {0.46|1.28 |9.76 | 113.40
0.059%HCB I e e s + |+ x| = | x| x| =x +

T0.1%GF 0.021015|1.120.98 [ 1.13] 2:65 | 38.42 | 0.01|0.21 | 0.44 | 048|124 |9.85 | 58.49

0.09]0.39|1.27]0.85|0.98 | 4.03 | 110.7 {0.05]0.30}0.65(1.94]2.02 | 6.46 | 79.79
0.059%HCB +r |t lx | x| x| £ | £ || x| ||| =+
5

51(0.43[0.54] 6.12 | 71.32 {0.01]0.20 | 0.32|1.92|1.70 | 8.29 | 25.07

8days

0.07]0.240.80(0.74 [ 3.29 | 5.10 | 73.40 |0.06 [ 0.06 1 0.34{0.85}0.88 |8.70 | 96.63
0.1%GF e N R - + +
0.01]0.12(0.22 |0.62 | 2.52} 7.11 | 24.01 {0.01|0.06 {0.15{0.90 | 0.36 |14.11| 15.88

0.06]0.25{0.8810.6910.79| 2.47 1126.9510.05|0.31|0.8410.81 |1.63 | 5.66 | 90.13
control + + + + + =+ + +

0.00 [ 0.06 | 0.31]0.81]0.21 | 2.85 | 24.76 {0.01]0.22 | 0.48 | 0.55 | 1.60 | 4.79 | 19.36

0.05% HCB 0.10|0.29 | 2.51 | 1.00 | 1.96 | 17.35 | 123.27 | 0.07 | 0.28 | 0.56 | 2.65 | 3.85 | 2.81 | 38.02
S0 <E e T o e e e e B B I B B
+0.1% 0.02|0.24 | 2.46 | 0.96 | 1.40 | 13.23 | 37.71 | 0.01]0.19]0.27 | 0.79 | 1.59 | 4.38 | 26.55
0.14|0.130.36 | 2.63 | 0.99 | 6.00 |143.31|0.07 | 0.38|0.57 | 1.54 | 1.17 | 4.08 | 44.98
0.05%HCB I D A e S S N B B B B O I N O -
0.0310.130.26 | 2.90 | 0.81 | 7.07 | 7953 {0.00|0.32]0.27|1.01|0.15|5.18| 585

16days
. . . 5012.45] 3.04 |359.2210.06 | 0.28 1 0.39|1.34 | 3.27 1 2.

0.1%GF + | £ |2 x| £ | £ | x*

0.010.153.80|0.3512.39| 5.06 |438.13(0.01/0.18[0.16|1

0.060.210.79]0.32]0.79| 3.13 | 56.72 [0.050.23 | 0.39|0.68 | 1.51 ] 3.71 | 53.28
control e e =~ = = = + +

0.00]0.2210.49 [ 0.20|0.19| 4.66 | 30.05 |0.00|0.30 [ 0.15|0.94|1.79 | 3.45 | 30.07

+
.
.
"
R
.

* p<0.05

LBWR : Liver/Body weight ratio
g.w.w.: gram wet weight

pev : packed cell volume

young mice will be more susceptible to the
porphyrinopathy of HCB and GF, and the por-
phyrin abnormalities in this study depend on the
influence of GF, not of HCB.

It is well known fact that porphyria was

induced by an ingestion of wheat contaminated
with HCB in Western Turkey between 1956 and
1961V2. Experimental porphyria was also con-
firmed to induced by HCB ingestion®. Gener-

ally, concentrations of 0.29% to 0.3% of HCB are o _mi

Hepatic protoporphyrin levels (nmol/g.w.w.)
E-
'

I —— W
used for an induction of experimental young old old
porphyria®®®. The term of administration of 8 days 16 days
HCB usually must be longer than 4 weeks. The Fig.1 Hepatic protoporphyrin levels in the mice

main enzaymatic defect due to HCB is a treated with 0.19%GF

(47)
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decrease of uroporphyrinogen decarboxylase
activity, and that of GF is a decrease of heme
synthetase activity. In this study, only an eleva-
tion of PP level was main change even with a
combination of HCB and GF. From these
results, a combination in this study affects heme
synthetase activity. Longer administration of
the same combination may change the result.
Preliminarily, we compared porphyrinogenic
differences between rats and mice. The results
showed mice had a high susceptibility to abnor-
mal metabolism of porphyrin due to HCB, but a
high mortality due to HCB. When a concentra-
tion of 0.294 of HCB was added to the mice for
two weeks, all mice died. Half were alive at the
concentration of 0.19§ of HCB. There was no
induction of porphyria, although the fecal por-
phyrin level rose. Therefore, we selected the
concentration of 0.05% in this study. In litera-
tures, mice have generally not been used for
experimental porphyria due to HCB. Only a
combination of HCB and iron have been tried
with the mice'®. The authors described that the
combination of a single subcutaneous dose of
iron and subsequent treatment with HCB
caused a progressive inhibition of hepatic
uroporphyrinogen decarboxylase in male mice
leading to an accumulation of UP in 4 to 6
weeks. They also reported that female mice
were less sensitive than male. There is another
report of sex difference on porphyrin
metabolism*®¥,  There is no report of a rela-
tionship of age and experimental porphyria
except one. Experimental porphyria due to
HCB is induced more often in older rats than
younger rats because of high mortality in the
younger®. Clinically, eighty percent of the
patients were children under 14 year-old in
acquired toxic porphyria cutanea tarda due to
HCBY. These epidemiological studies show the
young is easy to induce porphyrai, but in this
study, only an slight deposition of protopor-
phyrin and over excretion of fecal protopor-
phyrin was noted.

In a previous study, seven chemicals did not

(48)
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seem to affect porphyrin metabolism as much
as chemicals like PCB, estrogen, ethyl alcohol
and iron, which induced severe porphyrinopath-
v by addition of 0.1% GF'®. These chemicals
used alone in this study did not show a potential
for inducing porphyria. However, these chemi-
cals may possibily induce slight porphyric
abnormalities by the synergistic reaction with
another chemicals such as GF. In this study, we
investigated only 16 days administration of two

chemicals. This experimental period may be

insufficient to analyze the effect of both chemi-

cals. Furthermore, it might be necessary to

investigate whether the selection of 4 week for
the young age and 8 week for the old age in the
mice is an appropriate age for the experiment
or not.
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In Vitro \Z¥ (¥ 3 Polychlorinated Biphenyls (PCB) & U
2, 3, 4, 7, 8—pentachlorodibenzofuran (PCDF)
SUBBOKRET (8 28])
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In Vitro Analysis for Cellular Toxicity of Polychlorinated
Biphenyls (PCBs) and 2, 3, 4, 7, 8-pentacholorodibenzofuran (PCDF)
on PLC/PRF/5 Cell Proliferation (II)

—— The Effects of Ursodeoxycholic Acid and
Chenodeoxycholic Acid on Cell Toxicity —

Kazutada MAaTsuoka
Division of Pharmacology, Ureshino National Hospital, Saga 843-03
Shigeo NoNAKA
Department of Dermatology, School of Medicine, University of the Ryukyus, Okinawa 903-01
Taro Oncamr and Hikotaro YosHIDA
Department of Dermatology, Nagasaki University School of Medicine, Nagasaki 852

We investigated the cell toxicity of polychlorinated biphenyls (PCBs) and 2, 3, 4, 7, 8-
pentachlorodibenzofuran (PCDF) as two kinds of indicator of the quantity of secreting protein,
which is an HBV surface antigen (HBsAg) in PLC/PRF/5 cells, and the DNA of those cells was
counted the radioactivity for dot hybridization method, respectively. Furthermore, the reductive
action of ursodeoxycholic acid (UDCA) and chenodeoxycholic acid (CDCA) on the PCBs and
PCDF toxicity was investigated. HBsAg titer increased to 10 to 159 with the addition of CDCA
at the concentration of 0.02X27% 9. However, the slope of the curve of DNA synthesis of HeLa
cells at the presense of PCDF was gradually increased at the concentration of 0.02X27*9% of
UDCA and CDCA, and it became to overlap with a conrol group while PCBs did not. These
results mean that PCDF cell toxicity was supressed a little by UDCA and CDCA, but the case of
PCBs did not.

Dt % Hela $EEOMPEE", PLC/PRE/S #ifa &
DaWENS BRFA Y A VAREHFESWEES &
bbb T T PCBEDOEM 28R 3 ¥ 2 x| 12 1% polymerase chain reaction % fiv> m-RNA &

& L ®»

(50)
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DORRE® % in vitro DR TIT-> T E 72, TOFER, 7
VY FFFYA-NVBIRFRS OBEEBRE Y AE
A% D ENHELPITIE -T2,

S, in vitro OEHEROREE Y DNA & (dot
hybridization) * EHAE (BEIFE Y A WV AKREHE
EH) 2HWTIOLVY T4 F Yy 3 - VBOERAIHESE
ThHhErEEBL, S5 B THEr /) 74
F v a—NVEBSHROERE2E T 2 0EMIC DWW TR
HEToOTHRET 5.

EEBROF &

1) (EA#EX

TNV T F v a— VB (98.5%, REHIEEE,
B, UDCA) B U/ FAFya— VB GERH
B, W, CDCA) RHWwI:,

2) PCB B X Uf PCDF

Polychlorinated biphenyls (PCB) i,
Polychlorobiphenyl tetra (FIJ6#3E, KBR) Z{EH
L, #®iE Dimethyl sulfoxide % 10% &1V »EEfE
EW (pH 7.2) T1T\», 2,3, 4,7, 8-pentachlorodiben-
zofuran (PCDF) i35 —ERRFHHBAIZ LY &
Ganht:7 2 Bl E TN ERE W,

3) HBV 7357 x> DfEHL

Yoneyama 8 + & » #t 5 & #1 /- HBV/pBR322
(Adrl 25)? 1X HBIO1 #RD KFEHE CTHEFE & ¥ Bam HI
T LERKER HBV 07 57 4 > b #HED @
FORBELBonlzDNABY A X~v—s—D A/
Hind Il & HEE LIRE 2 RE L T2,

4) Tu—-T7OERE X UHRE

NHBVZ 272> bORBETHES Lz HBV
DNA 274V +— 7 (RL &) & BEEF% (Biotin
BB OZREEOHRTT L7z, Biotin #9 &, DNA
% Nick translation reagent system (BRL, USA) ¥
& U Biotin-11-dUTP (BRL, USA) % B THRMX
#EED 5~ L Sephadex G-50 (Pharmacia, Swed.)
TREL . 2@ 7 v — 7% dilution buffer (6xSSC
[20XSSC: 3M NaCl, 0.3M Sodium citrate, pH 7.0],
salmon sperm DNA 200 ng/u1) T 50 pg/ul & v —E¥
PEAFR L Zeta Probe nylon membrane (BioRad Lad.
USA, DU membrane &3 %)Y My b 2uD) L,
80°C, 15 HMEZBERERE2MA CEXTCHREE R
je.

RI #:1%, Multiprime DNA labeling system (Amer-

sham, USA) B I «-*2P-dCTP (1.8%X10°dpm/
ug, Amersham) ZHEBUERL -, KRGO RL
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Sephadex G-50 T4 EEL 72,

5) HEEM

HESmORM) F v yva (a—=r 738 @
2 X10°{@ o PLC/PRF/5 48 J2V % RPMI 1640 f5 3%
W0%HHRIRIMEEH) 5 ml & 37°C, SR KES
AR THEL, B—Burfilds®iEL 28
0.05% bV 7Y R (0.02%=F v Y7 3 9B
B+ U A [EDTA 2Nal, U EeiE#EW, pH 8.0)
THEESHE, 6 7UEETLV— b (a—= v 778
—R¥%7-0 1,000 {EoMla® A 7 HEREE L2, &
BEHF|B L U PCB, PCDF OB& M % 96 s
TV — b BT RHC FERIRIIL 7e,

6) HBs FIEOHE

5)REEMINT 7 HEBEEL 2%, BiE0.1ml 2w
F—AYA LI (54 F Ry bk, FEE) T HBs HiH
DHIE RSB ITo 72,

7) i DNA O

5)EEEME T 7 HEEE L -5, HERPEEI X
DERES Y EEEWR (0.15M NaCl, pH 74) T2 @
¥ L 7., 10 mM Tris-HCl (pH 7.4), 1 mM EDTA
2Na, 5% glucose, 1% lysozyme 2 & &K 0.1 ml *
iz 5 ofRER, 7vh VISR (GREK 0.08ml, 2N
NaOH 0.01m], 109 SDS 0.01ml) 0.1ml 2&EE L,
BESY— b EEDL L BB 10l % 96 X0 dot A
7v— b (Hybri, Dot, BRL, USA) K FEEL 7.
membrane IZIE| L 72555 DNA 23S S €72,

8) Dot Hybridization

Biotin 7 XL HBV DNA Probe 04 13 250 pg
&0 0.2NNaOH (&BE) 22 T _EBEHETE
T menbrane NFLENL Ty b L7z,
prehybridization buffer (509 formamide, 20 X SSC,
0.5M phosphate buffer, pH 6.5, 50 X Denhard’s solu-
tion, salmon sperm DNA, 20 zg/ml) & 42°C, 2 KF
il membrane %8 L prehybridization &z 42°C, 2 [
f membrane 2B L 7278, 45% HBV
DNA 250 ng/ml D& 42°C, —#izd hybridization
BEMRL T, 0%, Buffer 1 (0.1 M Tris-HCl, pH
7.5, 0.1 M NaCl, 2 mM MgCl,, 0.05% Triton X-100)
THRHE L 109% horse serum T 50°C, 20 43 blocking L
7z,

—7%, Buffer 10.5ml, streptavidin 0.5 xl 8 LU
biotinaltkaliphosphatase (1 mg/ml) 0.5 xl 2EE T
5 MG, Fizk Ny kI OBW iR
membrane % ANEER T 10 3 REHE L 7z, buffer 1
T membrane % 2 BIPE¥E L 7242 buffer 3 (buffer 1 %

formamide,
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pH 85 cg#) Ta s 1 E¥E-> . # LT, buffer
36 ml, NBT (nitro blue tetrazolium) 26.4 ul 8 L U°
BCIP (5-bromo-4-chloroindolyl phosphate) 20 xl
BIZAEN LU 2D S ARFEERTHRE L, 2L T10
mM Tris-HCl, pH 7.5, 5mM EDTA TG EELL &
¥ membrane % ZEE R T 1B ICHBRI T,

74 » =77~ HBV DNA Probe OiF&
Biotin 7 ~L & E#k1Z membrane 2 7' 1 v k% pre-
hybridization buffer (FEH7K 1.8 ml, deionized for-
mamide 5 ml, 20 X SSPE {Na(l, 175.5 g, Nal,PO, *
H,0276g EDTA 2Na74g, M E%® 1L, pH74]
2ml, 20% SDS 05ml, 10% Skim milk 0.5ml,
ssDNA 0.1ml, yeast RNA 0.1ml) 42°C, 2HffH
membrane % & L prehybridization 21TV, & 5K
hybridization buffer (Z¥&7K 1.5ml, deionized for-
mamide 4.7 ml, 20XSSPE 1.5 ml, 209% SDS 0.5 ml,
1094 Skim milk 0.5ml, yeast RNA 0.1 ml, probe
DNA 0.5ml) & HBV DNA 250 ng/ml O5A4T 42°C,
—Had hybridization £ L 7z, 0.05x88C, 0.01 M
EDTA 2Na (pH 8.0), 0.1% SDS OEHE TR
membrane % ¥k, ERAY, TOBL NIV
757 4 —%fTo 7,

BREIUER

Biotin % TRV L7 70— 7 DREDEE,
HBV-DNA OFH 1% 0.025 pg £ THREAVHER SN
Jz. ¥ 7-, hybridization MR TiX Biotin 8 & U} RI
T~ D 7o — 7317 salmon sperm DNA ki
F o 72 MinE 3 HBV DNA 0 & & K6 U EMEDS
MR T E Iz,

Biotin 7~V u—Fiddpg, £/ RISV S
o — 7T 0.5 pg ® HBB DNA % hybridization T
MHETE72 (1, RIZGRAVOBHEERNOBEEFEZR
ZROH, TaNVhA D SBEINTERERLI.
ZORRIE, o RIFO®HREDY &b iRE—H L.

HBV DNA
1000p] =———me——p 2 -fold dilution
32p . ® e o -
® & e 0 © =«
B

-

Fig.1

B
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% 72 Back Ground i, Biotin ¥k & D RI LD A HMEH
Zhe DRI D, IBERIEOLEHEHEL
dot D¥EE 1k densitometer THIE L 7z, UDCA % Jz
i3 CDCA B CREFMRC RIZTRED S 5 HBs it
BEEAROHEREREERR 2 czhThRL T,

in vivo DD T, —##1Z CDCA 13 UDCA &
DEEEVSSRbbID i vitro DFER D
CDCA # UDCA & D il HBs i E B HE LRI
FEPRIETIESHBELL (K2).

Wiz, PCB 8 X ' PCDF DOEE ZeiRERETL 72 &
L & PCB 200 ug/ml % X U8 PCDF 500 M % 2 L%
AW, 22T, FERoERR I PCB 8 X U PCDF
EHIL T HBsHiREHEEREHE L HERDD
H CDCA 0B& %2 3 wirL 7z, CDCA iX0.0003%
DBPETIY P u—VEICHART HBs IR R EES
BEHS PCB B L U PCDF #iz 10~15%E E > 72, 372
HH, PCB B LU PCDF @ HBs iR EREAE I
TH5IMEEE2CDCARMH L Tk, LrL
UDCA D3¢ PCDF OMifas Mty 40~50% b 85 X

o7z,

Concentration of Chenodeoxycholic acid (0.02X2™™ %)
4 [ 8 0

100

HBsAe
titer
®

50

®: Ursodeoxycholic acid
A Chenodeoxycholic aeid

/.
,
/
’
.
B
0
G
/
,
’
.
.
,

4 6 8 0
Concentration of Ursodeoxycholic acid (0.02X2™" %)

2

Fig.2 Influence of Ursodeoxycholic acid or
Chenodeoxycholic acid
wof e T
HBsAg
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€9
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A : Chenodeoxycholic acid alone
@ : Chenodeoxycholic acid + PCBs
M : Chenodeoxycholic acid + PCDF
0 [ £
2 4 8 0
Concentration of Chenodeoxycholic acid (0.062X2™ %)
Fig.3 The efficacy of Chenodeoxycholic acid on

PCBs or PCDF
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w| T LT -i
Activity ,
® Vs [P SR Sl -9
50 g .
A : Ursodeoxycholic acid alone
@ : Ursodeoxycholic acid + PCBs
M : Ursodeoxycholic acid + PCOF
0
2 4 8 8 9
Concentration of Ursodeoxycholic scid (0.02X27" %)
Fig.4 The efficacy of Ursodeoxycholic acid on
PCBs or PCDF
100 IS ananiOW =4 I
Aotivity - '/'
® =
50
A : Chenodeoxycholic acid alone
@ : Chenodeoxycholic acid + PCBs
A W : Chenodeoxycholic acid + PCDF
0 [ 7 ¢ |
8

4 8 0
Concentration of Ursodeoxycholic acid (0.02X2™ %)
Fig.5 The efficacy of Chenodeoxycholic acid on
PCBs or PCDF

1 HBs JURESBEDS TLHE U 7o R® & T, CDCA
OB, BERHEMZBR1/3THoT.

—7%, HBV DNA ® Dot Hybridization D#5R %
UDCA (K4) BXUCDCA (5) WRL ., Mg
DNA ©&% Dot Hybridization OF k% v THET
U765, B4 & D UDCA W2 TIEEHRY & 131
EUHERTH-7. LirL, CDCA D&, UDCA
X VEAS,C PCB %7:12 PCDF 0FE 2 BB S ¥ 5
BREEsELo T2,

% =

4 [E @ % B T 13 PCB ® PCDF @ # 1+ % PLC/
PRF/5 #if3d DNA & % dot hybridization % HwC,
%7 HBs HiRELE THIE L 72, £ OFER, UDCA i
Ry RAF 2 M L 7248, CDCA 13 UCDA T
1/3 OMF L Jem & iz o fz, COBHARBE R
BHTH o, FORKRE LTINS DEMDOIEE
EOob T BRI NS, UDCA L CDCA i3,
TRIDKBEN B & « MBOAWRZ B3 KE
HHETH B, SEObhbid PCB % 721t PCDF
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OERPERI ¥ 2HNOD I S EE D UDCA
BERTHSZ EBNTRBENT, FOAH=XALEL
Tk UDCA OBk O & D PC % 721X PCDF
BEMACHREL R T F A I ENEBEL RS, Thie
LT, CDCA 28 UDCA & D FESREIEMNES hig
ol FHRE LT REE ORI CDCA
UDCA L W EEBEEER LIk, 35 BEE
b st S £ D ERE OFER T L1 EERR
DD o B PR S Rz,

S%IT I DHIRBELED X VDR BER ORI E 5
RBEEEBbhr,

PCDF 2428 I EHE A B B—FK) 25 VKR
USSR RHER LU ET.
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Effects of Polychlorinated Biphenyls on Regeneration
of the Peripheral Nerve in Rats

Hijiri ITo?, Toshiro YosammMura?, Izumi OHTSURUY,
Katsuhiro ICHINOSEY,
Yoshihiro Nisgiora®, Ikuo KiNosarra®,
Mitsuhiro TsunHATA? and Shigenobu NAGATAKIY

UThe First Department of Internal Medicine, Nagasaki University, Nagasaki 852
BSchool of Alied Medical Sciences, Nagasaki University, Nagasaki 852

The sciatic nerves was crushed at the mid-thigh level on the last day of 32 days oral
administration of PCB. Nerve specimens were obtained from the crushed regions at 1, 2, 4 and

8 weeks after crushing.

There was no significant difference between the experimental group and the control group
in the density of regenerating fibers and distribution of fiber diameters at 1 and 2 weeks. At 4
and 8 weeks, however, the density of myelinated fibers was higher in the experimental group than

in the control group.

These results indicate that PCB may inhibit the regeneration of the crushed nerves. It is,
however, still unknown that this adverse effects of PCB on the peripheral nerve depends on the
disturbance of the remyelination or regeneration of the axon or both.

#*

Polychlorinated biphenyls (PCB) FEETRICH
WTELFEHSN T 3WETH D 1936 FLIFRF
IR LTHMESN TS, KEIWZHR T 1968
FEAMAER BT H F SIEE & UTERBERA S
i, ZOBYMHE 2000 A2z L3N TEY, F
RELTREBER—HEE—C L > TR LEArRh
Y, MHEEAEREENTH L TR (GI.6% AT
5)2, WHERE (17.5%) ZEH DY, F KM
BEEY 47.6% (BES)Y Z@RDHNT WS, FOMER
FEIR, HALEMERZ CHE S h Tw» 30, —iER
ORRE L 1H PCB BE BMHEL 2w (AT, EH)? &
ENTV5, KAHMHEBEECRZOGEEEDELD
WESNT LMY, IhETHREOFEET 2
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PCB o& % s 1:8mE 3G v, 2 2 THEbAbRIZ
B S W EOBENOFEERET L 72,

;] &

1. MR

SD %HEM:Z v b (8 M, AE 200~300g) % 18
1208 & UCEREE, NEHO 2B, Bl
F—YHIh I~EE L, FIRAF v 27—V ERL
THE L. WERER 22+2C,BEDY A 7 1% 12
FRE/12 BFR & Lz,

EHOARY V7 HREH, FE AR &K
B HBZEBRE €, REIERBERB L U
PRI, AR HIE Lz,

2. ERARUEAMDIES

PCB {8 42% ® PCB-42 # HELE T L v %
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AL,

BRI Y IS (Ko 3975, £HH) %
Sy FAGY YT EAOEONICHEEREE To 3
BETHRE 2 ml BHRES LT, EBRBIPCB 295
Sz 5mg/mlICEBLERRICLTPCB & LT —
e b 1.6 mg/g #BOKRSL, ¥7 ViS5 RI1E 32
ml & L7z,

3. HEOHHE

BAE EFBE Y 2 F VI — F VB T IR E
YRR L AABHRE B, 7 VI TRRPEERT 30
mm BRI L 7R R DA ETTo 7.

4. MREER

FEEEE, WAL bRk 1385, 28R, 48
7%, 8B 3T OF L F LT — T OUFREE T I Tk
B ORI & D ERET o o, ERL TR
2.5% 7 N —NVTEER, TR 812ICEELT,
70 =LA T 1uym OYIF 2ERL A P
—TYHEE L Tz,

ERR U 721k % RVE AW ERRY, S fEI1X 2000
ETERREOER P ROEWREEER X
7 LREREL 72,

¥ ES

1. AEOEIL

X1 PCB ¥ & HBEAIREBOREDCE
s
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CGRP EEHEDNSHICRIETT PCBOFEICHT 3155

UMK LSRRI — TS (4T © FTITBES0E)
O BRIERX
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HEHAFEFTRAHRELE R (EE  SHERER)
HEHIES
FUNSRIAE DR R (S Bl F59)
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Immunohistochemical Study on the Distribution
of CGRP-containing Nerve Fibers in the PCB Poisoned Rats
with Experimental Periodontitis

Isamu HasuicucHi, Akifumi AkaMINE, Yosikazu Torrva and Katsumasa MAEDA
Department of Periodontics and Endodontics, Faculty of Dentistry (Divector . Prof. K. Maeda),
Kyushu University 61, Fukuoka 812
Masao AoNo
Department of Operative Dentistry (Divector . Prof. M. Aono),

Asahi University school of Dentistry, Gifu 501-02
Hirosi Fukuvama
Department of Oral Pathology (Divector . Prof. H. Fukuyama),

Kyushu Dental College, Kitakyushu 803
Hidehiko OKUMURA

Deparvtment of Maxillofacial and Oval Surgery (Dirvector . Prof. M. Sasaki),
School of Dentistry, Nagasaki University, Nagasaki 852

We have studied immunocytochemically the distribution of CGRP-containing nerve fibers in
the PCB poisoned rats introducing experimental periodontitis. The results obtained were as
follows.

In the PCB poisoned rats, some speciemens obtained from periodontitis-affected sites showed
a slight increase in both the intensity of nerve staining and the nerve sprouting. However, no
discernible difference in the occurence and the distribution of nerves has been demonstrated
between the PCB poisoned rats and clinically healthy rats. Further studies are needed to confirm
the effects of PCBs on the initiation and progression of periodontitis.
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CGRP &H###ES 1 RIZT PCB D&

BRI HELEELTWA I NS> TE
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iz T in vitro T keratinocyte DEFE % (BT 5 =
ENWHS IR STV B, RIEMRICRE SN
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SHEE BE &+ PCDF O RE#TS

BERREYESMFHE

MmomE % AFE KL B
F O & —w B F X

Health and Welfare Canada
John Jake Ryan

Change of PCDF Concentrations in the Blood
of Yusho Patients in Recent Ten Years

Yoshito Masupa, Hiroaki Kuroki,
Koichi HaracucH! and Hidemi SArto

Daiichi College of Phavmaceutical Sciences, Fukuoka 815
John Jake Rvan

Health and Welfare Canadae, Health Protection Branch
Ottawa, Ontario, KIA OL2, Canada

The blood of 16 Yusho patients sampled from 1982 (14 years after the incident) to 1992 were
analyzed for congeners of polychlorinated dibenzofurans (PCDFs) and polychlorinated biphenyls
(PCBs) by high resolution gas chromatography-mass spectrometry and gas chromatography with
electron capture detection, respectively. Biological half-lives of PCDFs and PCBs were estimated
by following the change of blood concentrations of the Yusho patients in the equation of 1-
compartment model. The biological half-lives of 2, 3, 4, 7, 8-penta-CDF and 1, 2, 3, 4, 7, 8-hexa-
CDF in 8 individuals varied from 6.0 to 76 years with median 11.7 years and from 4.8 to 26.5 years
with median 7.0 years, respectively. The half-lives of 1, 2, 3, 4, 6, 7, 8-hepta-CDF in 4 individuals
varied from 2.1 to 15 years. Concentrations of PCBs in 13 individuals were estimated to be slowly
decreased and increased with several years half-life in about half-and-half numbers.
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1968 EHHA BT RYVELE 72 =— 0
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#HWT, PCDF BEABIET 2 I LB TER, Z0
F—y EERTAZ LD, 2010 FEOEZ MK
F10> PCDF #EOEL2H 5 Z £ BT E 2. B URE
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1. BELE
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2. DERHE

(1) PCDF Q4347

M 5ml 27 I X2 cib, 2,3,7,8 DAIENE
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D—EBMZ Tz, TOBWC Ly /—50ml, ~F 9
> 100 ml B & URZFIGRER 7 > € = 7 AVEH 50 ml &
mz, ®EYFA¥— (Polytron) TEREL . BE
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AIADERP BB BICHEL, BY T 588
OERRD Tz, BEFREIEA~FY > 150ml IEH» L
T, SRO - EBL, BRE20ml &ikE D Lk,
BB IE T T, ZOBRERC X 2~V &
WOSEIC 22 ETH5~10mEDIE L7z, ZO~FY
VB E/NEDIK, 1 KBS ) v LB, KTIER
¥, HRL T 1~2ml IKEHEL -,

ANF Y VERIIKD 2 DOBERE LI AT L RELI.
E1DOHTLABHEOLe EREREYYA0Sg
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X 130°C THEBEE ST -7u )P r1sg koDl
DTHD, ~NFVBEEE, BT AN0, FiH
WXL 2 A 7 AWEHBRASE, BE1H 701, &
B 8ml DAFY U EMLUTEL H T LCANTIE,
WG E2DOHT AT 2%Y 700 X7 v /~F
P 20ml ZFLUH, 50ml Yoo Xy THEH
SR, ZOBRBRCERELEIRVYY T Fy v
(PCDD), PCDF, ¥R PCB & &N 3, Z2DY 7 n
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Ay EHREREINEEL, ~FYr1~2mli
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ZNENEENBEORINELRHET 27006 DTH
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FH2 L, 15°C/min DEIE T 280°C £ THRL, 20D%
—E AR Yo A LR 300°C T U e, 5k
DEAFRATY v b+ A7V v b ARBEAKE
SPL-G9 (&) TiTR -7, % PCB&MA0ER
i, Y—JmEkic L 2RNEEERI L DT, 7uw
Moty 7 C-R3A (BE) CTHEHEBLUHEERZL

E» 4 A
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1. PCDF

SV SN MK 60 MADFEYERIZ 5.5
THY, ThoOErSHHE AN IREER Y
16.0mgTHo7, TNOMBHPOREEIZ0.2~
0.43 % OHEHHET, ¥ 0.29%TH-o7z, Lid-7T,
Z DI B % PCOF ORI, BEX—AT
0.1~0.15ppb TH 3.

HESNMEBREMBES D 2,3,4,7,8-penta -
CDF 8 £ 1f1,2,3,4,7,8-hexa-CDF O EHEE X/
DEE % Tablel1 12337.2,3,4,7,8-penta-CDF D
FEHIFH I3 0.49~4.92ppb TH Y, 1,2,3,4,7,8-hexa-

7z, CDF E0.22~5.20ppb T &H o 7. % 7,
Table 1 Concentrations and half-lives of PCDFs in the blood of Yusho patients
Yusho patient
Sampling AT CM HH HM HY KAK KK MNS MT MY SM TH TRM TS UT YUM
year Concentration of 2, 3, 4,7, 8,-Penta-CDF in blood (Lipid basis, ppb)
1982 2.17 1.47 1.87 1.46 2.35 142 094 3.61
1983 1.62 3.45 2.46 1.28 3.00 0.67 1.04 357
1985 4.92 0.82 0.79 2.23 1.60 1.09
1986 4.23 1.95
1987 1.14 2.06 042 1.76 1.27 1.53 1.07 0.85
1988 111 419 1.8 049 0.90 2.50 1.10 0.89 2.22 0.38 0.69 1.45
1989 1.94 3.04 2.88 1.14 1.56 0.92 1.92
1990 2.54 2.48 1.07 0.76 1.38
1991 1.93 1.73 0.95 1.31
Half-life (Year) of 2, 3, 4, 7, 8-Penta~-CDF
Lipid basis 6.75 14.76 1146 3.86 858 2.18 7598 -—9.08 989 841 11.78 884 6.17 11.89 1356 598
Whole basis 10.89 7.01 10.38 6.36 12.66 3.47 3243 -—5.29 1363 870 10.57 30.52 544 1556 32.88 6.74
Concentration of 1,2, 3, 4,7, 8,-Hexa-CDF in blood (Lipid basis, ppb)
1982 1.87 1.21 246 124 1.65 1.04 095 5.20
1983 1.35 2.30 2.55 1.53 2.75 0.57 0.97 440
1985 3.93 0.61 0.39 210 0.97 0.70
1986 3.06 2.69
1987 0.88 1.42 0.22 151 1.29 0.83 0.65 0.62
1988 0.94 305 129 0.36 0.50 2.27 1.10 0.62 2.28 0.33 055 1.48
1989 1.24 2.48 2.82 153 0.82 0.49 2.08
1990 1.54 2.05 0.65 0.43 1.39
1991 1.28 1.68 0.34 1.52
Half-life (Year) of 1,2, 3, 4,7, 8-Hexa-CDF
Lipid basis 6.25 9.47 1031 394 4.68 235 2652 —16.25 10.30 6.00 1892 6.66 633 6.00 7.24 476
Whole basis  7.81 545 10.03 576 572 395 20.26 —7.24 1438 6.19 1615 8.77 550 596 10.56 5.38

(66)



HHE B3 MK PCDF QAR

1,2,3,4,6,7,8-hepta-CDF OIS E &R X » &
0.71pph TH - 7z, I—BB W BT 5 1+ PCDF @
BEBRDE 1-2 8= N2 ETFVTHEL, R
ERDIz, BELD OBEBLIUL2ELD DR
ExRAVWTEHELLEBEOMBHEEIE % Table
Lwrd, RO E, REX4VEETHEL
72354, 2,3,4,7,8-penta-CDF 14 2.18~—9.08 4,
1,2,3,4,7,8,-hexa-CDF 13 2.35~—16.25 & TH >
o, ¥£72, 1,2,3,4,6,7,8hepta-CDF Tit 2.1~15.0
ETHoTe, —# (MNS) 2R E 15 L0 BEITERF
HH2~T6 ECMWEF PCOF BESESI L TwizZ &
wixd, AUCBEOMET2HELIHIEEN TN
BEBLUCMBFRES EREL, EEHr~S 2T
FHEINIBE X 1 BOREEIFEIHOE IR &
FELTWA0OT, TNTHEINIEREHEZELY
EERLTOWRWILEHZEEZOND, Z0L60D
BEEERWT, 3EILAEEIE I 8FDIEE~N—X
DONJRHA 1L 2,3,4,7,8-penta-CDF Tid 6.0~76.0 4
DOEHT, THR{E 11.7 4, 1,2,3,4,7,8-hexa-CDF T
IX4.8~26.5 FOHHEHT, FRET.0ETHS, F/,
1,2,3,4,6,7,8-hepta-CDF O ¥ R i3 4 ©
2.1~15. 0 FOHHETH > 72,

2. PCB

B 16 Bl & 1982~1992 F i w #10 & A7z 57

Table 2
to 1992 and biological half-lives
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BRI DWW T PCB B8 ra iz, Z LM FEyE
B LR 132,4,5,3 4-penta-CB0.23+0.16
ppb, 2,4,5,2,4’°,5°~hexa-CB2.8%+1.3 ppb,
2,3,4,5,3,4-hexa-CB0.93+0.7 ppb, £ PCB
7.7x£3.1ppb Tho7z, ZhoDBEDME T PCB
BEIT 1983 £ X UM 1984 ECHIE S M- AE DY
PCBEE™ LV 25 EE -z, PCB EHEDHE
B2 2,4,5,3,4- penta - CB/2,4,5,2’ 4,5~ hexa -
CB8.3%, 2,3,4,5,3,4-hexa-CB/2,4,5,2' 4,5~
hexa-CB33.3%C&® b, {MERKENZ PCB /vy —
YERLTWA,

1982~1992 FE DI MW HS AL & 1, 2 B E PCB
BAMENTVE BHIOMERE DO PCBEEDOE
Sl r BEfE® Table2 WRd., %7, A—BEKE
JAMBEHEEOEE1-a - A FEF N
TEE L7235 » Table 2 12573, BF M+ PCB
BEOXBBOGHMIZ2,4,5,.3,4- penta -
CB2.5~—6.24,2,4,5,2,4,5-hexa-CB2.8~—6.2
#, 2,3,4,5,3,4-hexa-CB2.7~—11.4 %, %
PCB3.3~-4.8FETH Y, »ind PCBEEITFHK
HSUED S BTHEEMTO - < DB $ 7 issmL
Tw3Zewnb, 13F0EED > bIIHD PCB &
BRI L TwR e Ean b0 BEHE+E) 746,
ML w5 LetEan-d o (FEEH-) 6 flc, 12

Maximum and minimum concentrations of PCBs in the blood of Yusho patients from 1982

Yusho patients

AT CM HH HM KAK KK MNS MT MY TH TS uT YUM
Concentration of 2,4, 5,3, 4'-Penta~CB in blood (Whole basis, ppb)
Maximum conc. 0.60  0.49 0.66 0.38 0.12 0.26 0.17 0.18 0.12 0.22 0.35  0.86 0.13
Minimum conc. 015  0.29 0.15 0.22 0.10 0.12 0.11 0.15 0.07 0.02 011 016 0.09
Half-life (Year) 2.60  16.32 40.78 253 —750 —3154 11.21 —1237 -7.74 —6.21 10.97 258 7.66
Concentration of 2,4,5,2, 4, 5~Hexa-CB in blood (Whole basis, ppb)
Maximum conc. 338 528 4.96 2.73 2.19 4.86 2.62 2.80 1.40 3.41 395 273 7.29
Minimum conc. 227 262 1.76 0.87 1.94 1.69 2.12 1.13 1.04 0.85 154 2.09 1.75
Half-life (Year) 1217 275 1570 —1.21 —11.29 —77.00 —34.03 436 —14.03 —8.02 —1840 2273 ~—2.09
Concentration of 2,3,4,5,3, 4-Hexa-CB in blood (Whole basis, ppb)
Maximum conc. 1.08 154 1.69 0.43 0.38 2.24 0.96 0.49 0.94 0.97 264 080 4.12
Minimum conc. 058 064 0.59 0.38 0.36 0.66 0.50 0.35 0.37 0.42 025 050 1.79
Half-life (Year) 7.89 2656 —113562 1118 —2531 59.54 —22.29 —28.63 447 8442 —11.75 1275 —11.37
Concentration of total PCBs in blood (Whole basis, ppb)
Maximum cone. 9.65 12.26 11.92 6.60 5.74 11.67 6.60 5.39 6.40 7.00 11.04 819 1614
Minimum conc. 590 6.72 7.29 4.94 4.18 6.16 4.79 4.38 3.64 4.45 3.78 492 1098
Half life (Year) 941 325 39.04 —4.77 —950 —356.72 336.33  30.63 7.39 —387.70 —113.08 991 —6.38
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IZERTOTH S, &P FEHLTHS &, MMEKF
PCBEERZZOTEMTELAFELL TRV E
EZz2605,

SEE PCB OBERHEIE S NIIE LA EDIKRICE
WTHRHBRRLUTTHD, BEERT I EBNTELD
Ste, L L, MEBEFPPCBEE NS > EH

(YUM) Ti3.,4,5,3,4,5-hexa-CB DEE % 40
HETELOT, TORELE Flg. 1 nd., ZOBE
@ 3,4,5,3,4,5-hexa-CB DI FHE 13 10.4 5
LEEE 2, Fig 1 wig, EUHEFO PCDF £tk
DEEEHRLTWS Fig licks e, 22RL
72 48D PCDF ¥ & (F PCB Bi:4E i, wWin b, B4
WHRIZ I nT-ED 549 6 £/ (2200 H) &, A
77 CHEBICEBENRS L TWwEY, Z0%bEE
ENT w3 28D PCDF BEETIE, Z0BOBER
DMPEIDE D I2iE- &0 LR Tz,

% %=

HIE B MK O PCDF B &R HllE L T,
A28 5 PCOF OEEFEBHERD 2 2 LN T
&7z, BEO PCB Hh#EEZ O % Hv T PCDF @
BENY - & EWESO PCDF QA RE X~
SENTW»EY, EADPCBRKETELIAREER
LU 7-RE DR RE L T 5 PCDF 934347
AN, TOREFPANSL Y, 2,3,7,8-
tetrachlorodibenzo-p-dioxin(2,3,7,8-tetra-CDD) i
DT, RMFLARBREAOMBHRE RS Z

E» 4N

ET, FORNERHASRD 52, £, FUFY
2HEZRD 2,3,7,8-tetra-CDD 2 EEEINT 2 Z & T,
Z D ABEROER, FREOREBOF SN, Zhd
DF—F % Teble3 Wk b oi, ZORITL D&,
2,3,7,8-tetra-CDD 3 & U PCDFs D A 81 % 3
BRI~ L2ET, v b 2T LEBECBY 3
2,3,7,8-tetra-CDD D& 11~94 BV & Hig
T35 IR, BICBT 3 2,3,7,8-tetra-CDD O
R 1 EVT, HBRERE WS, AR B 5
X D, Table 3ITRENTH DO AR IZ
B¥ED PCBhEEED L 512, PCOF EESE WS
HIFEBAPE S EWY, WERED LI F D
EMELS o T 3 e EEE S FE LY, B>
TWw3, ZRIZAKAND PCOF HOEEMEL Ko T
b, BEOAVAERLEZ2BU COTLTD
PCDF %W LT, —CRETHERNCEEL TH3E
Bl oLt &2 55, Kiesel & i ARICBRE
LTw52,3,7,8 tetra-CDD D EERD OIREE %3
MEEE T ATHEL T, EEREN ) OEE
100, 30 B L 10 ppt & 2o F2GE, % OEEKER
Hlizzhshid, 598X V20EEE3LLTY
59, WIEHEEMME 3 L 2,3,7,8-tetra-CDD D4
BEHEMEII AR AR R L WS 28T, TZTK
HOENLEBEBIUBHAOPCBHEEZ BT 2
PCDF D& D% > O3B & 7% 3, Table 3
R L T 3 ESRE O PCDF BE X —BA D50
EEWBETH L2, BB PCBHERZEOZNIE—

23478-CDF
e —

123478-CDF
..... v

1234678-CDF
‘...m...,@m.mw

ppb in lipid

345, 345-CB
.ok

0.2 A B

0 500 1, 000 1,500

f i T T T
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Days after October 1, 1982
Fig.1 Elimination of PCDFs and PCB in the blood of a Yusho patient (YUM)
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Table 3 Biological half-lives of 2, 3, 7, 8-tetra-CDD and PCDFs in human
Level Period
Half-life in lipid  examined Comment
(Year) (pph) (Year)
2, 3, 7, 8-tetra-CDD 5.8 0.003 0.4 SH-TCDD ingestion'”
7.1 0.1 5 Vietnam veteran'?
2, 3, 4, 7, 8-penta-CDF 2.14 154 8.6 Yu-cheng!®
11.7 2.7 9 Yusho
6.5 0.08 2.3 PCB fire'®
1, 2,3, 4,7 8-Hexa-CDF 2.56 37.7 8.6 Yu-cheng!®
7.0 2.4 9 Yusho
3.0 0.14 2.3 PCB fire!®
1,2, 3, 4, 6, 7, 8-hepta-CDF 2.32 4.8 8.6 Yu-cheng!®
7.7 0.05 2.3 PCB fire'®

A DK 500 15 b B o 7e,

WERFEOMED D b THEICHE I NIz bDDOE
PCB E D913 7.4ppb TH D, Z DIHIE, 1983 &
KHESN—BRAMNBEOEPCBRED 0ETH
Sfe, ZOX I CHERE L —RAD PCBEREE
B PCDF OHFE L D/NE W L BNEBEERNCBY S
PCB O¥FHI - 5D ERD SN h o ERO
12ReEz60sb, —BAD300fED PCBEELE
Mo BB OPCBRHEAHETIE, ZOFEHVIE-
D EEEEANT LB,

# &

FEF A 6 14 FEFM U 72 1982 Fh 5 1992 iz
YT, MERF 166X D 2B S 7 EIME % HE
L, #ORicEENS PCDF 2B BRESF A 70~ b
757 BESNEBTHN L, FORBELD
PCDF O&FRERIAZ RO 72, Zh s OIMERED >
+, PCBEE%R /A 7u~< 7T 7 /BEFHMERLE
THZEINTWEHDREDVTIE, Z0OBRELVER
PCB OWARRE % Tz,

1. BEI6HICB T 5 2,3,4,7,8-penta~CDF O
L 2.18~—9. 8 EDHEH TH -7z, DI B,
3EMUENEEN L D EERENSRD SN T WS 84
DBETIE, FEHIR6.0~T6 EQHHETH Y, hk
B 117 Th- 72,

2. RUHBESHNZBIT 2 1,2,3,4,7,8-hexa-CDF
DOFEEAE 4.8~26.5 FEOEFH T, FRMIZ7.04ET
Bl

3. BEK4HIzBITS1,2,3,4,6,7,8-hepta-CDF
OEWIRZ 2. 1~15 FEOFFTH - 72,

4. 2@ EPCBBSHES N2 BE 3HEBIT2

PCB O3 3.3~— 4.8 EOHHETH Y, PCB &

EXwo S DR E LML T2 L5 sz d

OB FEREUCHETH - 7.
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PCB Methylsulfone Accumulated in Muscle
of Mink Dosed with PCB (Clophen A50)

Koichi HaracucHr, Hiroaki KUroKi,
Hidemi Sarro and Yoshito Masupa

Daiichi College of Pharmaceutical Sciences, Fukuoka 815, Japan
Ake BERGMAN

Environmental Chemistry, Wallenberg Laboratory, Stockholm University,
S-106 91 Stockholm, Sweden

Abstract The structural requirements of the parent PCBs for the formation of the retained PCB
methylsulfones (MeSO,-CBs) were investigated in mink (Mustela vison) exposed to PCB (Clophen
A50). Muscle was analyzed for the MeSQO,-CBs, which were determined by comparison of
synthesized reference compounds. Major unmetabolized CBs such as 2, 4, 5, 2/, 4'-pentaCB, 2, 4,
5,2,3,4-hexaCB, 2,4,5,2,4,5~-hexaCB and 2,3,4,5,2, 4,5 -heptaCB were determined in
high concentrations in the mink muscle. All these PCBs are substituted in the 2, 4, 5-positions of
at least one of the phenyl rings. On the other hand, CBs with free meta/para-positions were
readily metabolized. Thus, at least 25 MeSO,-CBs were detected at concentration of 16 ug/gin
extracted lipids from the muscle, corresponding to one tenth of PCB levels. Most of the methyl
sulfone metabolites were 3- and 4-MeSO,-CB isomers of PCBs known to be rapidly metabolized,
e g 2,4,2, 5-tetraCB, 2, 3,6, 4'~tetraCB, 2,5, 3’, 4'-tetraCB, 2, 4,5, 2/, 5 -pentaCB, 2, 3,4, 2", 5 -
pentaCB, 2, 3,6, 3’, 4-pentaCB, 2, 3, 6,2’, 4, 5-hexaCB and 2, 3,6, 2", 3, 4 -hexaCB. 3-MeSO,-2,
5,2/, 5’ -tetraCB and 3-MeS0,-2, 5, 6, 2/, 5-pentaCB were also found to be retained in the muscle,
but their isomeric 4-MeSO,-CBs were not detected. Both the 3- and 4-MeSO,-2, 5, 6,2,4’, 5~
hexaCB isomers were identified in the muscle extracts while no MeSO,-CB metabolite originat-
ing from 2, 3, 2’, 4, 5 -pentaCB were detected in the muscle. These results show the PCBs with
at least one phenyl ring with 2, 5-dichloro- and 2, 3, 6-trichloro-substitution are strongly favored
and may be considered a criterion for the formation of MeSO,-CBs accumulated in mink muscle.
These observations are in accordance with MeSO,-CBs detected also in other mammals.

DPRELL, TOFEZERRBPCBHERICLB SN

TWw59, 1976 4, 795 v OislHE#E» &> PCB O

WEQERWED—> & L TH S h % polychlor- WEEED PCB X F VALK Y (MeSO,-CB) #3k
inated biphenyl (PCB) &R M L EBEFELRIE TH Hah TPk, Z0ERREYOREEIMNEE S
%, G, dtiERo v FETCIEIEAEY O BB OB T &7z, PCB OB IKBERIE & SRE 3K

i L &

(71)
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IR KRB N B DS, ANA TV —VEEREED, IEHTESR
ko THERKT % MeSO,-CB BEWLIEEMZRL,
B 3 REEOHBIGEIRICI Y A h, Rlcblzo
TEET 5 Z e BHON T 337, DU, YHETI
THE B O S5 MeS0,-CB 2iH L, Ihag
BRI SHALTwE Z 2L, &
ETW, WROT7FI Y, #TTY, Sv7, AFS
DAL~ DENIZ, LD MeSO,-CB BERBET
ERLTWDL I, ZORBERHEEL /2999 23, 2
ORBVIOHEFI DO TR I EFERVELN T
WV, AR TREFRNCEZ L Tw 5 MeSO,-CB O
HEr 2oL OBREHBEC T 20
Clophen A50 (K4 YD PCB&E) 23vrieks
L, SR BT % PCB B & U MeS0,-CB OF
", E2ERA4, WHEEZHR LI,

X BR HF &

1 #H#

W2 > 7 (Mustela vison) 10 FEiZ Clophen A50 %
HH2mgHRBYC IV AMKEL, ®&#5%508EH
WERL Tz, BREBEHHL, &xvobezh®
3 grEmMy, by T30g 2ot Lz,

2 HE

PCB 3 & ' MeSO,-CB D E#EYE 3tk D FH
%19 THRL L 7o, WEHEYIE I X PCB ST D721z
2,3,4,5,%, 4, 5-heptaCB %, MeSO,~-CB 23 #7® 7=
»iz 3-SO,CH,-4-CH;-5, 2/, 3, 4, 5-pentaCB (4> 3"
NLER) BROW, BEIEITARUREERERERR 2
TREREEER oY NI T s —HAERW,

3 OB BRI

S ORTALE TR L FERICATo 7o, M (30
g) BHYInL, TehriAaF¥r (1:4) 50ml
%f0%, Ultra-Turrax homogenizor (model 18/10,
Janke & Kunkel, IKA-Werk) TkE¥ 54 AL, 3
EMEE2EDE L7, R BEL 2%, BIhE%
HEL, PEEYE 3-S0,CH,-4-CH,-5,2, 3, 47,5
pentaCB g~ — AT lppm 2% 5 £ S WA )z
B, ~NFVUEMATCION L L, RE7 =/ —)v
MR PBEE R R ET 20Kk Y 7 A
(05M, 5ml) BLOr=¥ /—v (95%, 2ml) DKE
WEMATIREL, 7Ar VERESBEL, Rz
DNFHFUVBEBBRBRCERKIAFNVALEF Y
(DMSO)3ml% iz C3Eti 4 Z Licd v, PCB
(~NFY > B) & MeSO,-CB (DMSOE) %78 L
Too ~NFYUEHRICIEAE¥ L U T2,3,4,53, 4,5

E o & —

(72)

E 4N

heptaCB %1z, #0D¥ ¥ ECD/GC THH Lz, —
77, DMSO HiHiR I3RB DK THERL 2, X FL-
tert-7F T —F N A~FHF (1:9,15ml) TIME
L7z, 2 OMERE—EEEEEL -k, BREC
BB Sml 22 TE» L, ZREEBOKKTHR
LG BEUAFY Y 10ml C3EfHHLL. &5 2D
WHWE 7 VS > % Z A (aluminium oxide, U,
WL, AVo%) 5g L, £$38%yroux
%> (DCM) 60 ml TEH#ELU72H &, DCM50 ml TH
W EHEHRL 2. 2 0% GC/MS 8 & U GC/ECD
SFHTDERRE U,

4 EM, TEE

PCB OEM:, ERIEHERDFIELH -T2, MeSO,
-CB OFE M & Finnigan 4500 GC/MS (Incos 2400
Data System) ZRHWTEA & Mbib¥EA 4 »E—F
(XF2HR) TTole. GFCHWIZA Z 4 Ultra
-2 (50m x 0.2 mm [. D. Hewlett Packard, USA) T,
HEARAZY v bV AFRTITG, 27 5BE X 70°C
(2 min) 225 230°C % 30°C/min THIEL, 22OWVT
230°C 5 290°C £ T 4°C/min THIBL —E R - 72,
FrUTHABATY ARHV, Y —7 OFEEIR
FEWTER U T AEREYE O WEHEY)E O S B AR
BB LA AT bV EDHE SHEL K.

MeS0,-CB DOER X Ni BFRERRTERAT &4
Azuaw b5 7 (B GC-14A, Chromatopac C-
R3A) 2w, #7241 DB-5 (60m x 0.25mm 1. D.
J & W Scientific Inc, USA) Z2HWwiz, # 7 L0DRE
M GC/MS E[FBRTH - 7o, BRHEEE 310°C, &
AR 230°C. EE W Z N FNERE LTz MeSO,-CB
Eaov—EEY AR, NEEYE T 2 EK
e SHEL 72, MeSO,-CB B O ERE&E Y —7
O -7 HENT 5EE (%) LLTHEL, Clo-
phen A50 1D REST R X Schultz 51 OXEME » &%
iz,

R EEE

1 #Hei#E+ o PCB

PR R 3 5 F e PCB BMM#1E 2, 4,5, 7,
4’-pentaCB, 2,4,5,2/, 3", 4~hexaCB, 2,4,5,2, 4,5~
hexaCB, 2, 3, 4, 5, 2/, 4, 5'-heptaCB, 2, 3,4,5,2", 3, 4
~heptaCB % &C, A7 &b 2,4,5 BL U4 (U’
FIEI3NET7 22V ERE S DRERTH -T2, —
75, Clophen A0 D £ 3 D 5 % 2,3,6,2,5-
pentaCB, 2,4,5,2’, 5 - pentaCB, 2,3,4,2,5-
pentaCB, 2,3,6,3, 4-pentaCB, 2,5, 3, 4'-tetraCB,



PCB $13&E & » 7 O MeSO,-CB

2,5,2,5~tetraCB %z El3EA» HHEE LI, 2h o D
& X meta fi7 & para UL CEFRBEBRI N T
WER RS TEB YD, BATHP»CRE & 723k
EnhizboBbh s, Hil 5 i Kanechlor %7 v
MBS LGS, BESRBEREE RS S STRME
F Y% OEWERERESE N Z L 2Pz L Ty
%, REBRTLZD LS 2HRME SN, meta/para
MIAREBEROBMAOEREE L E LD TERN I L2345
oz,

2 EBH#ASTF D MeSO.-CB

Fig. 1 WEAAEB D & it L 72 MeSO,-CB @ ECD
HA7a< 77 hERT, 844 LGC/MS Iz X
LOMTORER, 2l b 258D — 7 MeSO,-
CB RSN, ARLIEEYE L AARY bV
BLURFFAZHEK T2 20wk D 20 EORS (B
— 7 HFF1~20) OBEERHEEL 2, FRESIE3-
MeSO,- 2,5, 6,4~ tetraCB, 4 - MeSO,-2,3,6, 4"~
tetraCB, 3-MeS0,-2, 5, 2/, 4, 5"-pentaCB, 4-MeSO,
-2,5,2,4,5~pentaCB, 3-MeS0O,-2,5,6,3, 4~
pentaCB, 4-MeS0,-2,3, 6,3, 4'-pentaCB 72 £ Tw»
+h b 2,5-dichloro % 72 X 2, 5, 6 - trichlorophenyl
BEEET S CBD3-% 7213 4-1i2 MeSO,-#238

13
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ASNTREThHo7%, 25 LCRIVEREREYE
T % 3-MeSO0, B & UF 4-MeSO,-FE RS H & 1Lz
Z &, 2 s OfEYYS meta/para BEEERE GRS
PLbOPCBIEHRTAILE2RBLTWS, Tikb
B, ZD& 5% PCB#3, 4ol F 3 bafERL T 3-
k4T o s FA UEERERY, FA -V
1, XFNVFLAEDTRTELE Vo e—EDREK
JRIZ & D, MeSO,-CB WA ANz EE LB LM T
&5, D& LR Bakke 500 kY, 2,4,
5-trichlorobiphenyl % € F A& & L T & { BF5
ENTWE, iz, KBS WL 200 2, 5-dichloro-
phenyl B %2 H 32 PCB #~ 7 A IcHE5 L FDEH
5 3-8 XU 4-MeSO.E%HE L T 51, Table 1
12, Clophen A50 FORHMLEYI DR & L B EHIEN
WHEEHT 2 3-B L U 4-MeSOMEDMHEME (%) 2R
9. 3-MeSO,-fk & 4-MeSO,- kDA T 2 HE3&
LAY Z L %48, 51D Clophen D&,
SEEZEA>SHH, EEI N MeSO,-CB 0&E2S
SHAILTwE Z b5, Thbh, Dl
b 2,5-dichlorophenyl % 7z & 2, 5, 6-trichlorophenyl
BIEEET 5 CB 2 MeSO,-CB O&ERKIC & > THE
REETHLIEERLTWS, L, Z0OL57%

16

35 40
Fig. 1
Structures

T T T 1

T
50 min

Gas chromatogram of MeSO,-CB present in mink muscle after treatment with Clophen A50.
identified : peak 1, 3- MeSO,-2, 5, 2°, 5~ tetraCB ; 2, 3- MeSO,-2, 5, 2°, 4'~

tetraCB ; 3, 4-MeSO,-2, 5, 2’, 4'-tetraCB ; 4, 3-MeS0,-2, 5, 6, 4'~-tetraCB; 5, 3-MeSO,-2,
5,6, 2,5 -pentaCB; 6, 4- MeS0,-2, 3, 6, 4'~tetraCB ; 7, 3- MeSO,-2, 5, 6, 2, 4'- pentaCB ;
8, 4-MeS0,-2, 3, 6, 2, 4'-pentaCB; 9, 3-MeS0,-2, 5, 3, 4'-tetraCB ; 10, 3-MeSO,-2, 5, 2’,
4, 5-pentaCB; 11, 4-MeSO,-2, 5, 3’, 4'-tetraCB ; 12, 4-MeSO0,-2, 5, 2°, 4", 5'-pentaCB ; 13,
3- MeSO,-2, 5, 2,3, 4-pentaCB ; 14, 3- MeS0,-2, 5, 6, 3, 4~ pentaCB ; 15, 3- MeSO,-2, 5,
6,2,4,5-hexaCB; 16, 4- MeS0,-2, 3, 6, 3', 4’- pentaCB; 17, 4- MeSO,-2, 5, 2°,3’, 4~
pentaCB ; 18, 4- MeSO,-2, 3, 6, 2,4, 5~ hexaCB ; 19, 3- MeSO,-2, 5, 6, 2°, 3", 4~ hexaCB;
20, 4-MeSO,-2, 3, 6, 2, 3", 4~hexaCB. IS, Internal Standard.

(73)
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Table 1 Relative amount of CBs in Clophen A50 and of MeSO,-CBs in mink muscle after
exposure to this PCB.
Parent CBs %Y in MeS0,-CB (%)? in
Clophen A50 muscle of mink
3-MeSO,- 4-MeSO,-
2, 5-Dichlorinated CBs
2,5,2, 4, 5-pentaCB 7.7 18.1 2.8
2,5,2,3, 4-pentaCB 4.2 9.8 4.0
2,5,3,4-tetraCB 3.8 3.2 3.4
2,5,2, 4'-tetraCB 2.0 3.9 1.0
2,5,2, 3, 5-pentaCB 15 NA NA
2,5,2,3,5,6'-hexaCB 1.2 NA NA
2,5,2,3, 4, 5-hexaCB 1.0 0.1 0.1
2,3, 6-Trichlorinated CBs
2,5,6,3, 4-pentaCB 6.3 4.0 15.4
2,5,6,2",4,5-hexaCB 4.5 15 2.9
2,5,6,2,3, £-hexaCB 2.6 1.3 1.9
2,3,6,2,3,5-hexaCB 1.6 NA NA
2,3,6,2", 4-pentaCB 0.9 1.1 0.9
2,3, 6,4 -tetraCB 0.7 6.3 5.8
2, 5-or 2, 3-Dichlorinated and 2,3,6-trichlorinated CBs
2,3,6,2’, 5-pentaCB 6.0 2.5 ND
2,5,2’,5-tetraCB 5.5 5.5 ND
2,5,5, 6'-tetraCB 2.5 ND ND
Total amount 46 57.2 38.2

1) ref 15)

2) relative amount (%) according to peak area in Fig. 1

NA =not analyzed, ND=not detected

BE¥E2DOFT S 2,5,2,5tetraCB % 2,5,6,2, 5~
pentaCB % & 13 3-MeS0,-CB D A# st a iz, &
&z 2,3 - dichlorophenyl B 4% % F § % 2,3,2/, 5~
tetraCB % 2,3,2,4,5-pentaCB & 5 Bl & h %
MeSO,-CB 3T &0/, 25 L THB L
MeS0,-CB £ ic ER 3 h 2 -G O#B&E 0 72
DEREERNS XY CEbRS, BHRBETORERS
DOREE BT 5 &, PCBH 180 ug/g ThH 2D
L, MeSO,-CB D3 16 ug/g TH-o7z. <D MeSO,
-CB @ PCB iZXt3 2 BB tIZ 7V 7 v 70 ¥ OWEHLE)
MTHESNIREERD LIZIF—H L, MEOBERER
ET5L,PCBDIBA%L &b 2,4,5,8L U 41
RSN EWA, 3% b 5 meta/para fTiCBEEER
EHES 2 LRI ENCRSEE T 5, —
B, FRLAOBEBEGEREEMEL, EOr iR,
I N 55, FORMHT2,5-F 71 2,5, 6-(LICER

(74)

B E2ET 2 PCBIE3-%/21d4-MeSO,-CB LT
BUMMENKERT 2 £ 251 %, Clophen A50 X
Kanechlor 500 2§43 2 85T, B8 50%»Z
D& 3 BRHEEY D oS h, BEP H KREICK
HENTwE, WEETHNL-BRBRET OMALE
YIOMBR RS 1E Z 2R L % MeSO,-CB OB L
588 —> (Fig. 1) LB, —F, BAhcaiL
o HIE BE OB O MeSO,-CB 1%, —30t 3545
LD EBLTUSELUSY - BRE& R, Ih
AT L 7o SRS FEIERR 10 BB ERSB L 7B S T
TCL7BEOHEBTHY, FLFEREINTHIERED
A bledrBbndd, 6Kt PEDWTORE

BRLETHS.
i &

Clophen A50 (F 4 Y @ PCB &) 23 v 7L



PCB #1% 3 > 7 A D MeSO,-CB

—#w 3 2 A (2 mg/day) 5L, RERTHESH
HeHRER2ERRL, ZOREE T2 PCBB X
U MeS0,-CB O#EB L U2 DBE 2B L 72,

1) BB CEE TS FER2PCBIE24,52,
¥, 4-hexaCB, 2,4,5,2,4,5-hexaCB, 2,3,4,5,2,
4,5 -heptaCB 72 ¥, A% b 2, 4, 5 BL V4L
WHFEEW L 72 PCB T#% - 7:. —J% Clophen A5Q §
DERSFDS H,25-MLF 7213 256 MITHERERL /2
PCB BB MEMEL, HN» 5SmSR KL 12,

2) BREEF I 25 R @ MeSO,-CB % i H
L, 20354 &b 20 EORS X 2, 5-dichloro-
phenyl & 721 2, 5, 6-trichlorophenyl ‘B#& %2> CB
D 3-% 7213 4611 MeSO,EBEA I NTRBYTH
% I EHsrino T, BN O MeSO,-CB BE X
16 ng/g THE PCB B (180 ug/g) O#I1/10 TH
7z,

3) 2,5-dichlorophenyl % 7z & 2,5,6 - trichloro-
phenyl ‘B# %75 7 % Rk Clophen A0 i fy
S0%EFENTHBY, SHSOMENEITS v 75,
BB T 5 MeSO,-CB OHNE L IZIFEEIL 72,
Z D MeSO,-CB OBERS /Y — VG HARETH
HEWEB D B8y — > LEERIU .
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Accumulation of Hydroxylated PCB Metabolites in Blood

Hiroaki Kuroki, Koichi HARAGUCHI,
Hidemi SaiTo and Yoshito Masupa

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

Eva Klasson Wehler and Ake BERGMAN

Environmental Chemistry, Wallenberg Labovatory, Stockholm University,
S-106 91 Stockholm, Sweden

In order to investigate some potential accumulative properties of hydroxylated PCB
metabolites, blood and tissues such as livers, kidneys, lungs and adipose tissue from rats exposed
to a commercial PCB (Aroclor 1254) were analyzed for hydroxylated PCBs (OH-PCBs). A large
number of OH-PCBs were detected in the liver 1 day after exposure among which almost 13 have
been identified in the blood. OH-PCBs were retained selectively in the blood probably due to
binding between the OH-PCBs and a protein in serum. One major OH-PCB determined in rat
blood was 4-OH-2, 3, 3°, 4, 5-pentaCB formed from 2, 3, 3, 4, 4’-pentaCB after NIH shift. Blood
of a grey seal from the Baltic also contained at least 8 OH-PCB congeners with 2 major
compounds determined as 4-OH-2', 3, 3", 4’, 5-pentaCB and 4-OH-2, 3, 3’, 4, 5, 5’-hexaCB. Thus,
4-OH-2, 3, 3, 4, 5-pentaCB is the most retainable OH-PCB congener in blood from rats and seal.
Human serum have also been found to contain a few number of OH-PCBs at concentration of 0.6
ng/g serum which corresponds to one fourth of PCB level.

& L ®» I

Polychlorinated biphenyls (PCBs)3ifiiE O EE )
BO—D2ThsLbbiT, HKRL L CHERMBEBEDER
BERETH B, PCB RAENEE S E WEREEE L
WETIEH %5, PCB HAEEDS  EHEATTI B

TEERCLORBEFEERL 2 b OORHEZT 2,

PCBORBMEMELT, Fh7uhP-4501c X D&
Cle7verddy4 FEdfifEe L, Zhs s
WE D Ul AKBILEREY B L UERABY (o
ZIEPCB AFNANKY) BHIGNATWE, Z0D>
B, WL OO PCB X F VA V& v IZEEDER

(ffi, BIBZRE) hDFy o R7BEBWEIME2RT
ZEDBHEINT VLMY, &7, PCB X F VAV v

(76)

&, AE2ED THRRETWER T 2 WL DL,
i, RERA#H#» 5 PCB LB L 5 2 BE TR S
TBD, PCB X FIVANVEK ViZEWENEREEE 2T
ZEBEHL M E RS T &Y,

—7%, PCBAEAbiE (OH-PCB) oW TiZ, B
FERCBI2HPRBY L LRI HMESNLTHS
25, ZORABRFAMIET 2HMRRBTv, bIhr,
Klasson Wehler 5933, 3, 4, 4'-tetrachlorobi-
phenyl (tetraCB) 25 U7z~ 7 X OIFIE, Feibiss
12va < oD hydroxy tetraCBs WSEET % 2 & 2¥R
%L Twa, Darnerud 7 133, 3, 4, 4-tetraCB %
BE5 LU ER~ v A DR IRIZ hydroxy tetraCB 28%&
BLTWwaZ R AWRELTWS, i, OH-PCBs @
BNEEMZET 2 » L o OEERD 2 HBHNHE S



M+ 3§ % hydroxy PCB

nTw3, 72k 2 X, Brouwer 599 % 3,3,4,4' -

tetraCB 25 U727 v MlEHFw 4-0H-3,3, 4, 5-

tetraCB W& L T\w5b Z &, £7, 2O PCB Kkt
BRFEDEIFoF Y U FEEI VN 2BETH S

throxine-binding prealbumin (Transthyretin, TTR)

LT, Fudy s EEERICHEET S I L2

iz L 7. % 7z, Lindberg ' % 2,3,3,4,4~
pentaCB 25 U 72~ A ik H 12 4-0H-2,3,3, 4,
5-pentaCB B AREMAEL D BRETREL WS Z

LEREL Tn 5, PCBBREIZBOREKEEEAT
w3 o7, Elod3,3,4,4-tetraCB, 2,3,3,4,4-
pentaCB LISt DD PCB b RB % 321F, % DAEE
LEREIBF oy UGS VRV B LREEL, %

DOFER, MPTEGT 20085 »CEHKS S 12
5.

% ZCEWSE T, OH-PCB 0tz 81 2 %E
HERET 2729, PCBIREYTH % Aroclor 1254
7y bMckEL, K, I, JERFER, M, Bk
F1) OH-PCB #4#7 L7z, & o1, BETWERT S
LB O W OH-PCB 3§ 2 b S 2R
NET20, NV IMNETFT VB X AOMEK DWW
THamEBI ko7,

® B F &

1. B8

(1) 7¥Z v ; Dr Bergman (A b v 7k WA
KF) L5 I N7 grey seal DI,

(2) A (ifnvk) 5 BEERO =2 O/t B v
T 1992 S5 & h 7z M.

2. EREWM S L UKRE

Wistar RHEET v b (8L, $REH200g) W,
Aroclor 1254 (150 mg) % ©—7 v Vi 3 ml IZiEH
L, 25mg/kgb. w. DETEZAMES L TROKRS
L7, BEEE5Z1IHEBL UV THEHCER (& 4L
L, ¥, i 06 B X UCIRRFES S R L k.
InsofBzERFER TSV, R, BREETS
T CHBEEICEE L. &8, FREEREKTE
WeasZelfnl,

3. OH-PCB M#ht, 558

(1) v MOWE; MWK 28 /= (1:1) &
WEMAFER L. 2O 0.5 M EEE A TR
ME LR, ~FY 2 itent-TFNRF LI —T I

(1:1) T3EMEL. EbELERELEEL,
BoniBlEBE L, ZORESE~F T T0
mlZE» L, & & WARELDY VY LB (0.5 M KOH

(77)
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5ml, =¥ /—nr2ml) #MZIERED Uiz, ZOBE
W& DKBLA VU LB/ ~F Y L OFTA R
HETY, 7o/ —VHECEY (OH-PCB & L) &
43 & Db AY (PCB 2 ¥) 28 04E L AT
Jo. Ph VB IMHC 2z e L%, 7=
S NVECREI T Y L tent-T FNRAF N T —
T (9:1) TIEMHL ., BEBESBEL CEE
8, 7x /= VEEEDEEDHETE ~F Y > 1ml]
WP L, CREY TPV XY DI—F VIEHK (HEY
CHED 0.5ml RNz, ERTCIBEKELR., 20
RSz & D OH-PCB % X b % ¥3E8E (MeO-PCB)
E LV, RIGKRTH, ~F 4 U BW0IC EHER 1 ml 2
ZIES L, BEI LB RO, RBAESL
TenF Y VB A KBRS ) YA EDD e h T A
WL %, BiEL, Bohik~AFV Y BE % GC/
ECD % %313 GC/MS Toa4r L7z,

(2) 7Y¥7 v ; OH-PCBs O#iHi % Ti, T T
KA MY ZRNVARERTITORTEY, Y7V RS
VWX BG5S LBOBREER T v MIEOHE L H
B T e,

(3) AIll¥ ; MBHKS50g 2HWTIT- 7. 2720,
Mg 0.5 M BB 22 Tt & Lictg, Z 0k
38ng O NE#EWE (4- OH -2,3,3,4,5,5, 6- he-
ptaCB) #iIZ 7z. fLOBEIEIZ 7 v MM OB & B
WAL 7z,

(4 2 MR, Wiz o) S )- 288

(H2~18g) W3dmlDrsuukivh ¥/ —

(1:1) BEEMZ, REYFAY—7T3EHLEL T2,
HHEE 2B L 7-%, BEEEEL, BoniiElhS

(260-1100mg) *FEL 7., BHEZ 1mlDO~FH
vruuixy v (1:1) BRCE»L, ZOBE
BINN—3 L —¥ 3> T A (Bio Beads S-X 3 50
ghEAFFY I Vraaryy (11 THEESERZD
D) Wiz, EYEECCHE 4.0 ml/min TEH L 72,
IDFNNR—I L=V arhIFIAT N NI T T 4 —
i & D BERS4343E (0-120 mD) & PCB 38 & URREH5
B (120-200 ml) 243177, PCB 8 X URFWSE
BEIER, ~F Y UBWE L, 2hic 38 ng DR
% (4-OH-2,3,3,4,5,5, 6-heptaCB) #1272, K>
T, KEEA U 7 A/ AF Y2 L ORI CHRRE 21T
Vv, Zv MOEOBE L RRCAEL T2,

4. PCB O, #5m

KERALA ) v LB/~ F VAR TR s L
~FY B (FHEEY, PCBRER2ZT) 1M
HCl 1ml, =%/ —V2ml 22 BEKR2EBEL LT

>
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%, EBEIEVEW, IhENEEYEL LT
50~1000ng O 2,2, 3,4,5,5, 6-heptaCB (F v h 4%
SHDEE) HDH»ik2bng D2,3,3,4,4,5,5he-
ptaCB (A M DFBE) BEHML 72, Wi, ~F%
VIR BERBTIRE O L, BT ARSI K
Wiz, ~NFY B RS Y AR DDh
FHIZBLIE, BEL, ol AFV U BEE
GC/ECD To#i L7,

5. #2on<wt 5357 (GC/ECD)

EM¥GC-15AFR7u~v 75 7 KETHERR
HES °Ni) 2EEL-d02EALL. 25741
ULBON HR-52 (0.25 mmXx50m, B&E) w7,
BT LBERRYIT0°C T2 0MERL, 2200C T
20 °C/min ¢, £ 280°C £ 3°C/min THIEL,
—EW o Jo, HADEE 250 “C B L -, 3
DEATATY Y b+ A7V v b AREEALE
SPL-G 9(B#&) TfT-> /2. OH-PCBs 8 & UF PCBs @
ERFEEDE Y — 2 18T 3EEL RS E— 2
OEREEE,SHE LU, 2720, FEEHo OH-PCBs
H % i3 PCBs B BUERBC BR 2  WIREYE
CRIUCEBESET 5 EREL., E—7HEEHE LY
v kw7 C-READZWIIC-R7TA (BE) 2H
Wiz, %% MeO-PCB B4 O M XA U 7o EHE G Y
L0BD GC B LU~ ARy PV (EL B LT
NCI£—F) LU THEL .

8. HxXon=wt o5 7/EESHE (GC/MS)

Zw bR O MeO-PCBs 13 Finnigan  ITS 40
GC/MS EEB* H» TETFHEE (EDETHIE L 2. GC
AT M DB-5 R W, ZOMOMEBS O MeO-
PCBs OHIE X HAEF JMS-DX 303 GC/MS (F—
& MHE Y 2 7 4 JMA-DA 5000) & %W, El#
BB EA A LA A AL (NCD 3% (KIEA A |
AF ) TiTotz, GCw#EE L DB-5 (0.25 mm X
30m, J & W ScientificInc.) ¥+ EZ V-4 L%
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Fig.1 Gas chromatograms of OH-PCBs in liver

(A) and blood (B) from rats 1 day after
exposure of Aroclor 1254. The peak num-
bers correspond to the OH-PCBs struc-
tures given in Table 1.
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F RS ORIE AR L 7259 40 D MeO-PCB 1Z

E DB S, Table 1 10RT X3 WCHEES Iz, fit
ORI, B, BlE» 53 OH-PCBs St & iz

3, HAEF © OH-PCBs B4 ORI O % 1L
EEML Tz, UL, [BBE, S5 OH-PCBs iX

BHahBRh-%, 7y MOBETCEE T 2 ETHS

(peak 15) O EI v A A7 b V% Fig. 2 &R,
MeO-PCB @ El ¥ X 27 b Vi MeO-F: D EHA{T
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Table 1 Peak numbers and assigned MeO-PCBs structures detected in bloods from rats
dosed with PCB (Aroclor 1254), grey seal and people from Japan
Peak No. Structure Peak No. Structure
1 MeO-tetraCB 17 4-Me0-2,2’,3,4’, 5, 5-hexaCB
2 MeO-tetraCB 18 3-MeO-2,2’, 3, 4, 4", 5~hexaCB
3 (MeO),-tetraCB 19 3-Me0-2,2’, 3, 4,4, 5-hexaCB
4 MeO-pentaCB 20 (MeQ),-pentaCB
5 3-Me0O-2,2’, 4, 4, 5’-pentaCB 21 (MeO),-hexaCB
6 MeO-tetraCB 22 MeO-hexaCB
7 3-MeO-2,2', 3, 4, 4-pentaCB 23 MeO-heptaCB
8 (MeQ),-tetraCB 24 MeO-heptaCB
9 4-MeO-2’, 3,4, 5, 5’~pentaCB 25 (MeO),-pentaCB
10 (MeO),-tetraCB 26 4-MeO-2’, 3,3, 4", 5, 5’-hexaCB
11 MeO-hexaCB 27 4-MeO-2, 3,3, 4, 5, 5~-hexaCB
12 MeO-pentaCB 28 MeO-hexaCB
13 (MeO),-pentaCB 29 MeO-hexaCB
14 MeO-pentaCB 30 4-Me0-2, 2, 3,3, 4’, 5, 5’~heptaCB
15 4-Me0O-2, 3,3, 4, 5-pentaCB 31 MeO-hexaCB
16 MeO-pentaCB
356
3309 ~H‘i'? 17385 4*’?'— TR Ao
24'0‘ ‘ 460 ' ' ;40‘ 4‘80 ‘m/z‘
Fig.2 EI mass spectrum of MeO-pentaCB present in blood from rats dosed with Aroclor 1254. This

MeO-pentaCB corresponds to the peak 15 in Fig. 1.

BEERETL2OERTH %, Fig. 2 KR T MeO-
pentaCB i M-15 D7 53 7 A M4 4 V58T &
o MeO-FEWE T = =— VD para-h I EELL T
5 EBRENT,

Table 2 5% 1 HHEH, 7 HEOLEB T D OH-
PCBs 8 & 1 4-0OH-2,3,3,4,5-pentaCB D EE %
R, Eie, AEEF O PCBs B L U EWEEM 2R
TPCBO—2TH32,2,4,4,5 5 -hexaCB DEE
BLU2,2,4,4,55-hexaCB & 4-OH-2%,3,3,4,5
-pentaCB DEELLS Table 1 kRT3, 2,2,4,4,5,5
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~hexaCB @ 4-OH-2', 3,3, 4, 5-pentaCB iz 3 % &
RS, R, BT 2~T kXL, mEh TR
0.1~0.2Tho7:, ZOFER»S, OH-PCBs £ Db
17 4-0H-2,3,3, 4", 5-pentaCB OMEH 2 B 17 % 78
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2. 7¥S5 o+ OH-PCB
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(NCI) BIEDRR, 72 & & 9% D OH-PCBs
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Table 2 Concentration (ng/mg extracted lipid for tissues and ng/g fresh weight for blood)
of PCB, 2,2, 4,4, 5,5 -hexaCB, OH-PCB and 4-OH-2’, 3, 3’, 4, 5-pentaCB in rat
tissues, after exposure to Aroclor 1254, and ratio of PCB and OH-PCB retained
in rat tissues

Tissue SPCB 1-153 =OH-PCB 4-OH-105 I-153 SPCB
/4-0OH-105 /=OH-PCB
Blood, day 1 NA 23* 203 103 0.2 -
Blood, day 7 NA 7* 98 60 0.1 —
Lung, day 1 27.7 2.0 0.6 0.3 6.6 46
Lung, day 7 18.9 1.9 0.8 0.5 3.8 24
Liver, day 1 18.5 1.2 1.4 0.2 6.0 13
Liver, day 7 4.4 0.3 0.4 0.2 1.5 11
Kidney, day 1 29.1 1.8 0.6 0.3 6.0 48
Kidney, day 7 0.2 ND ND ND — —
Adipose tissue, day 1 75.2 5.1 ND ND — -
Adipose tissue, day 7 8.0 1.0 ND ND - —

SPCB; total PCBs, SOH-PCB; total hydroxy PCBs, 1-153; 2,2’ 4,4, 5, 5-hexaCB, 4-OH-105; 4
-OH-2’, 3,3, 4, 5-pentaCB, NA=not analyzed, ND=not detected

*Another rats were dosed with Aroclor 1254 with same conditions in this study and I-153 were
determined in Stockholm University.

375
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\3‘5“4 - 388
0 341
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\284 M- 354
[, 397
200 250 200 330 08 450 500

Mo 2

Fig.3 NCI mass spectra of MeO-penta- (A) and Me-heptaCB (B) detected in blood from a grey seal
from the Baltic. A and B correspond to the peak 15 and 27 in Fig. 4, respectively

(MeO-pentaCB 2 7, MeO-hexaCB 4ff & & OF SEUTHRES W, ZHB K & 2HSOBE S 4~

MeO-heptaCB 3 #) 8@ & nvfz, L7 2“2 F
K 5 T & % MeO-pentaCB & Meo-hexaCB @ NCI
T AANRY M UE Fig. 3 1Rd. Lal, Ty MK
iz & 5 17z dihydroxy PCBs 1%, 7 W5 Y Ik H
SRRl 7Y YMEPCEET 2
OH-PCBs iz DWW, & 512 GC/ECD i & 385t %217
ot #OGC/ECD 7 u= 2% A% Fig. 4 @R 7.
Z v M B TEWEEME R L 72 4-Me0-2),
3,3, 4, 5-pentaCB i3 7 % 7 v MEHFIZ BT b FERK

Me0-2,3,3,4,5,5-hexaCB & #E 3 1t O
WOWTHES NI #E% Table 118 T, 795
BIUZy b OMETZEZ T %2 OH-PCBs OAE
S OEE LU Tz bs, # ORI E B
WTIELWHRED Sz,

3. Am%$a OH-PCB

Fig. 5 W AIfl¥E (M¥) $icE&E 4 % OH-PCBs @
GC/ECD 7 u= b 7S h%RT. At d 4 HED
MeO-PCBs 8 Hi & lz, Th b DAL OREE X
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Fig.4 Gas chromatogram of OH-PCBs in serum extract from a grey seal from the Baltic. The peak
numbers correspond to the OH-PCBs structures given in Table 1
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Fig.5 Gas chromatogram of OH-PCBs in serum extract from a pooled human bloods from Japan.
The peak unmbers correspond to the OH-PCBs structures given in Table 1.

Table 3 Concentration (ng/g fresh
weight) of PCB, 2,2’,4,4,5,5-
hexaCB, OH-PCB and 4-OH-
2,3,3, 4, 5-pentaCB in pooled
human serum

Concentration

(ng/g serum)
SPCB 1.2~3.8
1-153 0.3 ~1.0
SOH-PCB 0.6
4-OH-105 0.2
Ratio: SPCB/20H-PCB 2 ~6.3
Ratio: 1-153/4-OH-105 1.5~5

SPCB: total PCBs, SOH-PCB: total hydroxy
PCBs, 1-153:2,2,4,4,5,5-hexaCB, 4-OH-105:
4-OH-2, 3, 3’, 4, 5-pentaCB

Table 1WRT L SHESINI, Ty BLUTY
7 v M TI3EE OH-PCBs DERSTH - 7= 4-
Me0-2,3,3, 4, 5-pentaCB &, AMMIEH BT H
FESTRRVHBRE SN, Peak 24 DG IITH
ThH5b5, Ino6DE—7B3 MeO-PCBTH B I i
GC/MS (NCD HIFE K £ VHERL Tw3 (F—¥ T iE
). ¥, T2 RRERys, AMEOR T OH-
PCBHE» SRy 7un 7/ —bikshz,
Table 3w AIlEH O OH-PCBs i £ 4-OH-2, 3,
3, 4,5-pentaCB DBE 2R3, £/, AMEFO
PCBs BEE b EREE PCB S TH 2 2,2,4,4,5,5
~hexaCB DEE L & bz Table 3 2R3, OH-PCBs
DEE (0.6 ng/g serum) 135 PCB EE (1.2~3.8
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ng/g serum) O] 1/2~1/6 TH VD, OH-PCBs DAL
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Fig.6 Structure of throxine and 4-OH-2",3, 3", 4,
5-pentaCB
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Therapeutic Trials for Promotion of Faecal Excretion
of PCDFs by the Administration of Rice Bran Fiber
and Cholestyramine in Yusho Patients

Takao Imma, Hironori Hirakawa, Takahiko MATSUEDA,
Reiko Nakacawa, Kunimasa MoriTa and Hiroshi Toxiwa

Fukuoka Institute of Health and Envivonmental Sciences,
Fukuoka 818-01

Hiroshi Tsujt

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

Juichiro Nakayvama and Yoshiaki Hori
Department of Dermatology, Faculty of Medicine, Kyushu University 60, Fukuoka 812

It is well-known that Yusho disease was caused by polychlorinated dibenzofurans (PCDFs),
and that 2, 3, 4, 7, 8-Pentachlorodibenzofuran (PnCDF), 1, 2, 3, 4, 7, 8-and 1, 2, 3, 6, 7, 8-Hexachlor-
odibenzofurans (HxCDFs) still retain in the patient bodies. As patients usually suffer from
various chronic syndrom, an effective treatment is extremely needed. Inorder to assess the rice
bran fiber (RBF) and cholestyramine on stimulating faecal excretion of PCDFs, two clinical trials
were carried out in 1990 and 1991. In the first trial in 1990, 10 g of RBF (dietary fiber content was
509%) and 4 g of cholestyramine were administered to four Yusho patients three times a day for
a week. The stool from patients were collected a week before and during the a dministration.
These were pooled respectively, and then two samples for measerment.

In the second trial in 1991, 10 g of dietary fiber rich RBF (refined-RBF, dietary fiber content
was 85%) and 4 g of cholestyramine were administered to four Yusho patients three times a day
for two weeks. In this trial, three stool samples were obtained from each patient, ie., a week
before administration, and first and second week during administration. Level of PCDFs was
dtermined by high resorution GC/MS and the following results were obtained.

1) In the first trial (1990) the faecal excretion of PnCDF and HxCDFs increased at the rates
of 42-889% and 7-479%, respectively, in three out of four patients.

2) In the second trial (1991) the faecal excretion of PnCDF and HxCDFs increased at the rates
of 31-699% and 23-809, respectively, in two out of four patients. The treatment was found to be
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effective. However, a large scale clinical trial is needed to clarify the effect of such treatment.
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Table 1 The excretion levels of PCDFs into the stool from Yusho patients before and after
administration of rice bran fiber and cholestyramine
. Stool weight PnCDF® HxCDFs»
Patient Sex Age (g/day) (pg/day) (pg/day)
A male 60 before 109 840 850
after 148 1190 910
B female 56 before 201 1670 1580
after 429 2960 2320
C male 53 before 75 250 260
after 53 130 78
D female 49 before 52 260 150
after 97 483 210
a) 2, 3, 4, 7, 8pentachlorodibenzofuran
b)1,2,3,4,7,8-and 1, 2, 3, 6, 7, 8-hexachlorodibenzofurans
Rice bran fiber (50 % content as dietary fiber) was used.
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Table 2 The excretion levels of PCDFs into the stool from Yusho patients brfore and after
administration of refined rice bran fiber and cholestyramine

. tool weight PnCDF® )
Patient Sex Age S (2/day) (prg/;day) }(I;(gc/gfys)
A male 61 before 68 1130 1390
after 1 week 90 710 950
after 2 week 163 1030 1140
B female 57 before 210 1130 1170
after 1 week 365 1500 2110
after 2 week 410 1430 1500
E male 63 before 75 420 310
after 1 week 133 550 380
after 2 week 211 710 470
F female 59 before 80 2350 2470
after 1 week 157 2450 2280
after 2 week 144 2110 2210

a) 2, 3, 4, 7, 8-pentachlorodibenzofuran

b)1,2,3,4,7, 8and 1, 2, 3, 6, 7, 8hexachlorodibenzofurans
Rice bran fiber (85 % content as dietary fiber) was used.
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Concentration of PCDDs, PCDFs and Coplanar PCBs in Breast Milk
of Yusho Patients and Normal Subjects
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Levels of PCDDs, PCDFs and coplanar PCBs were measured in human breast milk obtained
from two Yusho patients and nine healthy subjects. The concentrations of PCDDs, PCDFs and
coplanar PCBs in the breast milk of respective Yusho patients were 18.2 and 28.9, 168.8 and 418.
3, and 23.8 and 55.1 pg Toxic Equivalents (TEQs)/g fat, respectively, and their mean concentra-
tions in normal controls were 8.2, 5.1 and 21.8 pg TEQ/g fat, respectively. The results also
indicated that there was a significant difference between Yusho patients and normal subjects in
the concentrations of certain isomers of PCDDs, PCDFs and coplanar PCBs in the breast milk.
For example, the levels of 1,2,3,6,7,8-HxCDD were 4 and 8 times higher than the mean
concentration in the normal subjects, and 2, 3, 4, 7, 8-PeCDF, 1, 2, 3,4, 7, 8-HxCDF and 1, 2, 3, 6, 7,
8-HxCDF, so-called ‘Yusho isomers’ were 15 to 98 times higher than those in the normal subjects.
Daily intakes of TEQ values were estimated to be 506 and 2200 pg TEQs/kg/day for breast-
feeding babies of Yusho patients, and to be from 97 to 197 pg TEQs/kg/day for healthy subjects.
These TEQ values were much greater than the ADI of 1-10 pg/kg/day. therefore, we should give
due attention to the possible health effects due to PCDDs, PCDFs and coplanar PCBs in the breast
milk of healthy mothers, as well as Yusho mothers.
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ARSI B EE A 1000, AiMT —F VB I UY
LTV — T OV IR SRR KA 1000 % 2 1
FRERA LS, 2o, FLMEROEESE A,
A7 3ELly ) B4V, PCB - 7 % WVERERER KR
BT b LR ERERLT.

BB E

(92)

&5 A

3. SHFE

1) BAREORER

BA0~100ml 2B L, SCTI_VL &
PCDDs, PCDFs ¥ & Uf Co-PCBs % NEi#E# X LT
WL, COBERICLw 5B YV vhlgery
/=N 50~100ml 20z, Yz F Lo —F N EAHT
—TVOREEE (1:1) 100ml T2 EMELE. &
HEREDKEL 1218, HABRRET MY 7 ATHAL
Jo. CORBEFOBRELE0ml FART SR a1z
BL, WHEr0— ) xR — Y —TRELES
REEEL, ERFECIVRESEERREL 2. M
H R~ I EERE, SWo— ML, ~FY
VEBPEELEI R ETHRBEE L. ~FHUE
BAREL 288, BkL, -V —NRLr—F—%
FHLCI~2ml  TEEL. ATV BRERIRY
WHEEBR— > VA S VA T A K DRI 7218, %
RA 7 A THEL, PCBs & fillopksr (PCDDs, PCDFs
BELUCo-PCBe) 28 L, BBRIC7UVINVH T A
Z{# A L T PCDDs/PCDFs & Co-PCBs #4538 L 7=,
ZDFEDFHM RS WRTED TH S,

2) GC/MS 547

Co-PCBs 43Tz vy 7 AHBOV-17T 4 5
L (0.25mmX25m, BEO0.1uym) ZERLE 25
L%, 120°C TR L 2288, 170°C £ T 10°C/
min, V> T 260 °C £ T 20 °C/min THEBL 7z, F+ Y
T=HRAENY T LZERL, HEE X 38 cm/sec IZ
FELI.

PCDDs/PCDFs D434 1X A~V 2 #H 8 SP-2331 %
Z 4 (0.32mmX30m, BEE0.25um) 2EHL 2,
B 7 L, 120°C T—aRERL 2%, 180°C T 20
*C/min, ¥R\ 240°C % ¢ 5°C/min THE L 7z, Btk
12250 °C £ T 20°C/min THEB LIz, F ¥ U7 —FR
AV T LRFERL, SEEIZ30cm/sec KHREL
1o, BESMEFHORAEEREFZROEBY TH B, EI A
FALE—-F 2T, 414 ALEE70eV, HMIHBELS
KV, A # Y{LEH 1000 g A, ZHBEL, SHEEE
7000~10000 WEE L THIFEL 2. €= —A 4 > ik
B3R OEO TH D,

b ES

2HEOMERES. T. 8L UOMU L OHRL 28
#. 4@ PCDDs, PCDFs & & Uf Co-PCBs 28 (LU,
B3 TN CIREERY 0 TRR) ORE, &S,
T L UEEREE Tablel 8L U2 R LT, &
B, WMERBES T. IHEROVAL L U nlikE6
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HiE, BHERL G THSO 7 -8 237 XTURLTE,
HEBZEUMZO20TBHALXES CLUBRSHME
DT —F%TTRLTz, PCDDs 8 & fF PCDFs @
2,3,7,8-TCDD Toxic Equivalent (TEQ) ®O&F&iz
NATO™ O#ERE S vy, £72,Co-PCBs 2 DWW T
1% Safe'® OWEEE{EF L 72, Table 3 WEEHB X
CiE A& B A o 0 PCDDs, PCDFs 8 & F Co~
PCBs BEDRIE, &&, P8 L UVEEREEZTL
7z,

1. PCDDs

Table 1~3 R Lk 3 CEEES L UHERE
DR SR L g 2,3, 7, 8 1R
PWEML 7 PCDD AN TR Sz, B
#, WESEHES. T. 8L UM UORAFDHE PCDOD
BEREYTENTI222.3, 443.4 B & U0 404.3 pg/
gThHhY, POMEBREOFBEBVEETL k.
PCDDs/PCDFs O THE b M O H » 2,3,7,8-
TCDD Ofg#¥, WMERES T. BX U M. U. 0
HOFHEERINTN 1.4, 148X 1.2pg/g T
B, WERE L EBEEOMIIAKELREEIRD S
hWiaote, i, BEE, WERES. T.8LUM
U. OB OXEMEOVERBEITIROBAD Th-
72, 1,2,3,7,8-PeCDD % 5.7, 11.3 8 X ' 15.1pg/
g, 1,2,3,4,7,8-HxCDD X 4.3, 1.038 X UF2.9pg/
g, 1,2,3,6,7,8-HxCDD, 24.2, 95.4 ¥ & U 189.5 pg/
g, 1,2,3,7,8,9-HxCDD {3 4.9, 8.6 8 & U/6.1pg/
g 1,2,3,4,6,7,8-HpCDD 13 36.4, 32.1 8L T 17.8
pe/g, B X UTOCDD 12 145.3, 293.6 8 L U} 171.8 pg/
g Tholz, Biff, ttREETHAF D PCDDs »3EIE
ENTW5S, ZDO—E»29 % Table 3 W5[A LT, #D
HEREE®LT1,2,3,4,7,8-HxCDD, 1,2,3,7,8,9-
HxCDD, 1,2,3,4,6,7,8-HpCDD 3 & V' OCDD D%
EEA O TIINERE tEEE B L CHEOFHE
WROMeRERBEEZRID oo, —H,
1,2,3,7,8-PeCDD i3 P HAEBE D AVE W HE R
L7. 1,2,3,6,7,8-HxCDD HEBRZEDH 254 B &
V8EEVEBEERRLU, ALY IHERE LB
FoBERE#HEB G o PCDD 244t L, HxCDD (1,
2,3,4,7,8- 1,2,3,6,7,8~, 1,2,3,7,8,9-D&EH &
EOHERFREEEDO TETho I EHEL T3,
EHSY HEERE LBEEOKTIEEF O HxCDD
BECESOERI D S Z L 2EE L, SEH, B4
KOWTHREBEDOZ EBBEEsN, 1,2,3,6,7,8
HxCDD BHEREOENIC—RDOA LY S {FET
LEMEEEZ NI, L2, 1,2,3,6,7,8-HxCDD
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D TEF 12 2,3,7,8-TCDD @ 1/10 THADEE VX
NHBFEELAZVI LB TEQR ED2EE&R
4~5%F ET, BUHFHEO S 2 TRENIEEMEE
okwrEzohb,

2. PCDFs

Table 3 WEH Lk 3 wEEE, MERES. T.8
UM U. 0FAF DO# PCDF BE 3 FHTEIZ
121.5,456.0 B LU 1227.4pg/g TH D, ERZ D
FHS21~57 fEEWEER R U Iz, k70, BRE, WER
HST.B8LUMU. oA SO PCDF EM A0 #E
BRROEY tH-o7.2,3,7,8-TCDF 12 2.1,5.4 B
X 110.4pg/g, 1,2,3,7,8-PeCDF 13 0.3, ND 8L U}
0.2pg/gs 2,3,4,7,8- PeCDF 1% 8.5, 309.6 8 & U
745.9pg/g, 1,2,3,4,7,8-HxCDD 14 3.3,94.9 8L Of
322.7¢g/gs 1,2,3,6,7,8-HxCDD 13 2.3, 38.4 B U
117 .6 pg/g, 1,2,3,4,6,7,8-HpCDD i3 1.7, 5.8 B &
1°29.1pg/g, 1,2,3,4,7,8,9-HpCDD 13 0.5, 1.8 8
L U0.7pg/g B L UFOCDF132.8, NDB X U00.9
pg/g THo B2 DEEEKE DO TEERLEL T
A5 L MERER, 2,3,7,8-TCDF Tk 2.6~5 {3,
2,3,4,7,8- PeCDF T I3 36~88 %, 1,2,3,4,7,8~
HxCDF T % 29~98 %, 1,2,3,6,7,8- HxCDF T i&
17~51 1%, 1,2,3,4,6,7,8-HpCDF T 3~17 5% h*
NEEEIDVEL, 2L TBEV AV CEERE
BEHon, L, 1,2,3,7,8PeCDF, 1,2,3,4,
7,8,9-HpCDF 8 & F OCDF 2 DWW T IXiMERH &
BEEZEOMICBEEZRZILASRE DR, F
T IHE B O AT RS L L TRy
WEEBE (100 %) © PCDFs BB SN TWwW5 I ¥
B TEY, SEOMRLZOKREL L —~BL
Tw3,

3. Co-PCBs

Table 312" T & 5 ICHEH, MERES. T. 8LV
M. U. OFHAH D Co-PCBs ODFWEE T Z N T h,
261.5, 374.4 B XU 950.4pg/g THoT2, £z, 3,
3, 4, #-TeCB (TeCB) OD¥EHEZEIX12.4, 13.1 8
L T*11.5pg/g, 3,3,4,4,5-PeCB (PeCB) O¥FiyiE
Eix183.4, 111.6 B X 17 160.1pg/g, 3,3,4,4°,5,5-
HxCB (HxCB) 0¥ BEE1X65.7, 249.78B L U
778.8pg/g THotz, TeCB BL U PeCB iz oW T ik
WIEEE, BEHEL LB LASERRED S ARV,
HxCB DWW T HHEBRFEOBE L~V IEREOD
4~R2MEED R DEOEERL TV, 2085 %E
FHIME B O THRRS, FHEY” wBw» T HHEEE
Tw3, Co-PCBs BERZ A4 XA A N8, parrn
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Table 2 Concentration of PCDDs, PCDFs and coplanar PCBs in milk samples of Yusho patients (M.

U.), pg/g fat basis

Day after the delivery

Congener foremilk 2 days 3 days 4 days 5 days Min Max Mean SD
2,3,7,8-TCDD 1.3 0.7 1.6 1.5 1.0 0.7 1.6 1.2 0.4
1,2,3,7,8-PeCDD 5.0 15.9 16.5 20.0 18.0 5.0 20.0 15.1 5.9
1,2,3,4,7,8-HxCDD ND 4.2 4.4 3.1 2.6 ND 4.4 2.9 1.8
1,2,3,6,7,8-HxCDD 141.0 216.6 208.5 194.3 186.9 141.0 216.6 189.5 29.5
1,2,3,7,8,9-HxCDD ND 1.5 10.4 10.4 8.0 ND 10.4 6.1 5.0
1,2,3,4,6,7,8-HpCDD 3.0 22.1 22.4 18.6 23.0 3.0 23.0 17.8 8.5
OCDD 180.0 185.8 170.5 159.3 163.2 159.3 185.8 171.8 11.1
2,3,7,8-TCDF 24.0 4.7 7.1 8.3 7.7 4.7 240 10.4 7.7
1,2,3,7,8-PeCDF ND ND 0.5 0.4 0.3 ND 0.5 0.2 0.2
2,3,4,7,8-PeCDF 670.0 758.5 793.3 792.1 715.7 670.0 793.3 745.9 52.9
1,2,3,4,7,8-HxCDF 418.6 332.6 307.3 292.2 262.8 262.8 418.6 322.7 59.3
1,2,3,6,7,8-HxCDF 179.4 112.5 108.7 102.8 84.5 84.5 179.4 117.6 36.2
1,2,3,4,6,7,8-HpCDF 63.0 24.1 20.3 20.0 17.9 17.9 63.0 29.1 19.1
1,2,3,4,7,8,9-HpCDF ND 1.0 0.3 0.6 1.4 ND 1.4 0.7 0.6
OCDF ND 0.7 0.8 1.5 1.5 ND 1.5 0.9 0.6
3,3',4,4-TeCB 31.2 5.5 8.2 6.3 6.4 55 31.2 11.5 11.0
3,3,4,4",5-PeCB 184.2 210.6 148.5 131.3 126.0 126.0 210.6 160.1 36.3
3,3,4,4,5,5-HxCB 568.9 915.6 832.7 8l14.6 762.1 568.9 915.6 778.8 129.7
Total PCDD 330.3  446.8 434.3 407.2 402.7 330.3 446.8 404.3 45.3
Total PCDF 1355.0 1234.1 1238.3 1217.9 1091.8 1091.8 1355.0 1227.4 93.4
Total PCDD/PCDF 1685.3 1680.9 1672.6 1625.1 1494.5 1494.5 1685.3 1631.7 80.4
Total Coplanar PCB 784.3 1131.7 989.4 952.2 894.5 784.3 1131.7 950.4 127.6
Total PCDD (TEQ) 18.1 31.3 32.6 32.6 30.1 18.1 32.6 28.9 6.1
Total PCDF (TEQ) 397.8 4245  439.2 436.6 393.6 393.6 439.2 418.3 21.5
Total PCDD/PCDF (TEQ) 415.9 455.8 471.8 469.2 423.7 415.9 471.8 447.3 25.9
Total Coplanar PCB (TEQ) 47.2 66.9 56.6 53.9 50.8 47.2 66.9 55.1 7.5
TEQ (International) 463.1 522.7 528.3 523.2 474.5 463.1 538.7 502.3 31.0
Fat % 2.7 4.1 4.0 3.8 3.9 2.7 4.1 3.7 0.6

40020 B L UERE2D FrwuFnb Bl s, with
DEFHZ BT H TeCB 23 90%LL % 5%, HxCB
BT 0.1~1%2HD 2 BE R, BEEOR
#.Hh D TeCB, PeCB % & 1 HxCB OEl& ik #h®h
5, 70 B XU 25%TH 525, HUERE DHE I3 HxCB
MWOT~82% % i, TN BARMELBIFISTAR
FANVOHRE BFEECREL> TS, ZThiZABERN
TO PCB 2R OMRE S 2 v idHkhiE 02 % Kk
LTWwabDEHEsSNS, D%, TeCB IEEE
DOBE, BR»S, WERBEOBES, P23 74 A4
ANBLCRRDS, FHEN, pEDEIERLT
VB, ZFOBEESMELTD, WEZENZHLLO

EEZOND, LEIABMERBRIARITAAFA
NEBUTELEDO HxCB 3B LI EE 260, 35
12, HxCB OBFE®IE Wz, BREREICE W L
Z2xh3,

4. TEQ

BEE, MEBES. T.8LUMU. 0BT OB
TEQ OFEE 2 h 7, 35.0,210.8 38 X 18502.3
pg/g THYH, PCDD-TEQ 138.2, 18.2 8 L 1028.9
pg/g, PCDF-TEQ 35.1, 168.8 B & 1} 418.3 pg/g,
Co-PCB-TEQ i3 21.8, 23.8 8 X U 55.1pg/g TH -
7o, MHERE ORI EEE OB L L T PCDD
VAt 2.2~3.51, Co-PCBIX1.1~2.5fF%, ®
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REWEERTELY, —H, PCOF 2w Tk 33 58 &
V82 R R LEERENTD O h, B TEQ REXE
DFH & 6 fE~14 EEB VRV TH 5 Tz,

% =

BHE L MEREOFIF O PCDDs, PCDFs, Co
~PCBs B L ' TEQ OBE L ~AMHE LR T 0 .k
31z, R o OFEE R 3RIL7 Y 7EL, Fig. 1@
AL, ZORE D MERSEORAFIII 23,67,
8- HxCDD, 2,3,4,7,8- PeCDF, 1,2,3,4,7, 8-
HxCDF, 1,2,3,6,7,8- HxCDFs, 3,%,4,4, 5,5~
HxCB % ¥ fb&¥s £ U4 TEQ #EEE » i L
TERES>TEC I LS DP S,

B OBRYE DBEL OV IZERO HERES
FUOHERORBHROBED 22T 5 Z L¥ah
2 TWw5, LHl, | BHEEEOEHNESFICOVWTD
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Stimulating Effect of Dietary Fiber on Fecal Excretion
of Polychlorinated Dibenzofurans (PCDF)
and Polychlorinated Dibenzo-p-dioxins (PCDD) in Rats

Kunimasa MoriTa, Hironori Hirakawa, Takahiko MATSUEDA,
Takao Ima and Hiroshi Tokiwa

Fukuoka Institute of Health and Ewnvironmental Sciences, Fukuoka 818-01

We investigated the stimulating effect of dietary fiber on fecal excretion of PCDF and PCDD
stored in the rat body. Twenty-eight male rats (71-74g body weight) were orally administered
with 1ml of the causal rice oil of Yusho desease. The rice oil was contaminated with 2, 3, 4, 7,
8-pentaCDF (691.4ng), 1, 2, 3, 4, 7, 8-hexaCDF (708.6ng), 1, 2, 3, 6, 7, 8-hexaCDF (128.4ng), 1, 2, 3,
7, 8-pentaCDD (7.2ng), 1, 2, 3, 6, 7, 8-hexaCDD (34.1ng), 1, 2, 3, 7, 8, 9-hexaCDD (20.1ng) and 1, 2,
3,4,6,7, 8heptaCDD (115.9ng). The animals were fed a control diet containing 109% cellulose for
seven days. Twenty-eight rats consisting of four rats a group were housed and rats of each group
were given a treatment diet containing 1094 rice-bran-fiber (RBF), 5% cholestyramine, 10%
RBF+5% cholestyramine, 109 RBF-+59% cholestyramine+19% squalane, 109 burdock-fiber,
1096 corn-fiber and 109 soybean-fiber during a period from eight to twenty-one days. The
remaining four rats served as controls. PCDF and PCDD in feces, liver, small intestine and
gastrointestinal tract were analyzed by high resolution gas chromatography-mass spectrometry.
PCDF level in small intestine of rats administered with RBF +cholestyramine showed a decrease
of 409% over the level of control rats. However, PCDF level in small intestinal tract showed a
1.6-fold increase over the level of control rats. The fecal excretion of 2, 3, 4, 7, 8-pentaCDF in
the group fed RBF, cholestyramine, RBF +cholestyramine, RBF +cholestyramine +squalane,
burdock-fiber, corn-fiber and soybean-fiber was significantly (p<0.01) stimulated 4.5, 3.3, 4.2, 5.3,
1.9, 1.9 and 1.6 times, respectively, as compared with controls. Moreover, 1, 2, 3, 4, 7, 8-hexaCDF
and 1, 2, 3, 6, 7, 8-hexaCDF were excreted in stool at the rate of 2.3, 1.4, 2.1, 2.6, 1.7, 1.6 and 1.6
times, respectively, and 2.2, 1.3, 2.2, 2.3, 1.8, 1.9 and 1.5 times, respectively. The fecal excretion
of 1, 2, 3, 7, 8-pentaCDD in the group fed RBF, cholestyramine, RBF +cholestyramine, RBF -+
cholestyramine +squalane, burdock-fiber, corn-fiber and soybean-fiber was significantly (p<0.01)
stimulated 4.3, 4.3, 5.0, 6.1, 1.9, 2.1 and 1.7 times, respectively, as compared to controls. In addition,
1, 2, 3,6, 7, 8hexaCDD, 1, 2, 3, 7, 8, 9-hexaCDD and 1, 2, 3, 4, 6, 7, 8-heptaCDD were excreted in
stool at the rate of 2.7, 2.3, 2.8, 3.7, 1.9, 2.2 and 1.9 times, respectively, 1.9, 1.8, 1.6, 2.6, 1.5, 1.6 and
1.4 times, respectively, and 1.1, 1.0, 1.1, 1.9, 1.0, 1.1 and 1.1 times, respectively. These results
suggest that administration of RBF or other dietary fiber is useful for the therapy of Yusho
patients.
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AVAFZIIVEOSHFRERZRLZR0.0112+
0.0033, 0.0092+0.0026, 0.0088+0.0025% & RBF+
AVARF T I VEONGANDSHRITZ W2 WIERHE
D 58, 66, AR L BERIETHED sz, —F,
NNGEREAND2,3,4,7,8-P; CDF, 1,2,3,4,7,8-P;
CDF, 1,2,3,6,7,8-P, CDF A& 3 FEIEEEETF

Table 1 Effect of RBF +cholestyramine diet on small intestinal distribution of
PCDF in rats
Small intestine
Tissue Tract Total
Control

2, 3, 4, 7, 8-P;CDF 1319=x17.1 25.5 157.4
(0.0191 +0.0025) (0.0037) 0.023)
1, 2, 3, 4, 7, 8-H,CDF 98.0+£35.5 194 117.4
(0.0138+0.0050) (0.0027) 0.017)
1, 2, 3,6, 7, 8-H,CDF 21.0+34 4.2 25.2
(0.0163£0.0026) (0.0033) (0.020)

RBF +cholestyramine
2,3, 4,7, 8-P;CDF 77.1+22.7** 42.4 119.5
(0.0112£0.0033) (0.0061) 0.017)
1,2, 3, 4,7 8H,CDF 65.0+18.7* 314 96.4
(0.0092£0.0026) (0.0044) (0.014)
1, 2, 3, 6, 7, 8-H,CDF 11.3£3.3%* 6.9 18.2
(0.0088+0.0025) (0.0054) (0.014)

Values represent the mean(pg)+SD for four rats, and the mean of percent of dose in

parenthesis.

**  Significantly different from the control group, p<0.01.
*  Significantly different from the control group, p<0.05.



276

H B

E 4N

2,3,4,7,8-PsCDP

Control

RBF +cholestyramine
1,2,3,4,7,8-PsCDF

Control Pt
RBF +cholestyramine

1,2,3,6,7,8-PsCDF
Control

RBF+cholestyramine

CHAGETEGITHTETTITLL S TG ODTT T
AianANEN VIS RNENNINRBNNAREZD

77

ORI TIIIIIIES
PO T O T O T O Y T T T O T TS

P T TT T T T T T T T T

IO THIIITOE LS TTED)

777
T O T T (]

40 60 80 100

PE/g

Fig.1 Concentration of PCDF into gastrointestinal tract

gez4
M0 Concentration of PCDF into large intestinal tract

ZFN/EED 0.0037, 0.0027, 0.0033%TH o720z
L, RBF+a Vv 57 3 vEODAHFERENETNR
0.0061, 0.0044, 0.0054% & RBF+ 2V 295 3 v 8
DINGERADDHE X Z NLENIEILERD 1.66,
1.62, 1.65 fEDMMHBEED >hiz,

N L NEERE R S Y72 2,3,4,7,8-P; CDF, 1,
2,3,4,7,8-P; CDF, 1,2,3,6,7,8P, CDF QD%
BIEBFEHE TN ENREED 0.023, 0.017, 0.020%
THolDNL, RBF+avAF 7 3 Vi3t h?
$.0.017,0.014,0.0149 L IREERRICEERT 20~30%
{Eano 7228, MBOARICHT 5/ NEEEOEE TIER
EEETEFNTN16,17,17% TH o> Te DIzt L, RBF+
TVAFT I UETENREN 35, 33, 38% L IEBEERE
DR 2 BEOHHFIEHRD bh iz,

Fig. 1 @ i{b& &k PCDF B %51, JEiemps
OB EEED2,3,4,7,8-P,COFEE I B T4
pg/g, /NBT 49pg/g, KRBT 25pg/g Thotz. 1,
2,3,4,7,8-Ps COF ¥ 138 T 22 pg/g, /N&T 37 pg/
g, KIET28pg/g ThHo72. 1,2,3,6,7,8-P; CDF
Eix®C4.5pg/g, /NET8.1pg/g, KIET5.3pg/
gThol, FEEHORKGEKED?2,3,4,7,8-P;
CDF, 1,2,3,4,7,8-P; CDF, 1,2,3,6,7,8-P, CDF &
Bz nFhNBEED 51, 75, 66% &V b
BEDH LN, TOEYUIHEE2,3,4,7,8-Ps CDF
BEbKEPoT, —F, RBF+2VAF5 3 VEO
2,3,4,7,8-P, CDF ¥ 135 T 17 pg/g, /NE T 50 pg/
g, KEBT82pg/g THh-o72. 1,2,3,4,7,8-P; CDF &
Bz T 13 pg/g, NBT 37 pg/g, KET 64pg/g T

(104)

Concentration of PCDF into stomach tract
Concentration of PCDF into small intestinal tract

»H-7:.1,2,3,6,7,8-P, COF E 138 T 2.6 pg/g, /I
BT8.1pg/g, KEET15pg/g THo7:, RBFE+a v
RFTECBHOKBERED?2,3,4,7,8 P, CDF, 1,2,
3,4,7,8-P,CDF, 1,2,3,6,7,8-Ps COF B i3 h #
NN ERED 1,64, 1.72, 1.87 - vwihd LESH
Doh, TOEELUHEZ2,3,4,7,8 P, CDF 7%
Ao Tz,

2. PCDF & U PCDD O Hh#itt C R (T4
BEOHR

BERRZ A AFAVE®RIHE»S 21 HE %
TORFEERSHABORERNE, AREERECOW
TREREREONR -T2, HBIZRBF+aV X
FIIVEBLIURBF+aAVAFIIVIRITS
YEECMHOB K L CHEE RN 4 5 iz (Table
2).

Table 3 B & P4 WwHEP Bt S h/: PCDF 8 X
U PCDD O#MHEE %=, MERRZ 4 X4 4 Vi
5% 7 HEHZ CWH S N IBEHNE O 8 B FHE
BENRENBE5ED2,3,4,7,8-P, CDF T15.7%, 1,
2,3,4,7,8- Py CDF T 42.6%, 1,2,3,6,7, 8- P4 CDF
T 36.5%, 1,2,3,7,8- P; CDD T 13.8%, 1,2,3,6,
7,8- P, CDD T 36.8%, 1,2,3,7,8,9- P, CDD T
51.8%,1,2,3,4,6,7,8-P, CDD T 66.3%C®H - 7. 4
FEARSHET I X 7 2,3,4,7,8-Ps CDF D 1
HL7:D) oHiBdRER L CHEEBEFHT
0.0031%, RBF#T0.0139%, 2VAF 5 3 VET
0.0101%, RBF+2 v 2 9 5 & > 8 70.0129%,
RBF+IVAF I3 v+R2 75 VEET0.0162%, =
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Table 2 Effect of diets on body weight gain, food consumption, feces amounts and liver
weight in rats administered with rice oil used by Yusho patient
Diet Body weight gain Food consumption Feces amounts Liver weight
(g) (g) (g) (g/100g body weight)

from 1 to 7 days

Control 52.4+33
RBF 49.4+16.7
Cholestyramine 48.94+11.3
RBF +cholestyramine 45.0+8.6
RBF +cholestyramine +squalane 47.2+3.0
Burdock fiber 536196
Corn fiber 42.6+10.7
Soybeans fiber 40.4+7.5*
from 8 to 21 days
Control 108.9+8.7
RBF 113.4%+15.1
Cholestyramine 109.1+7.7
RBF +cholestyramine 106.5+6.5
RBF +cholestyramine +squalane 105.2+£5.4
Burdock fiber 122.8+3.4*
Corn fiber 124.6+6.1*
Soybeans fiber 116.0+3.7

82.5+3.1 7.5+0.8

83.5+19.7 8.2+1.7

7871181 7.7£18

7461127 7.1£1.0

79.01+4.6 7.8£0.5

82.8+14.4 74%1.6

74.5%13.1 7.5%1.2

72.545.7* 6.6£0.5
273.3+19.6 28.8+3.0 7.2£04
270.0+38.0 26.4+3.2 7.7£0.4
267.1+21.4 24142.3* 7.4x04
278.4+18.2 49.4+41** 6.8+£0.2
2862494 53.84.4** 6.5+0.2*
279.3%+19.0 31.1+25 7.1x0.3
281.0£19.2 283126 7.3£05
248.1+5.8* 19.441.2%* 7.5x0.3

Values represent the mean=SD for four rats
% %k

Significantly different from the control group, p<0.01.

*  Significantly different from the control group, p<0.05.

R 7 7 AN—FET0.0058%, 2 —>7 7 4 N—FET
0.0058%, KE7 7 A/ 3—FT0.0056%THY, &5
B LTELD THEOIMETH - 2. HEHO
Z OB ILFEREEICS LT, RBFET4.5 6, =
VAFTIVET3.3ME, RBF+aVAF T VHET
4.2f%, RBF+IVAFFIV+H+RITTUEETH.3
&, TRV 77 AN—BETLIGE, I—>T7743—
BTL.9M, KRE7 74 3-BT L6 BORERR
LR sz,

RBFE, av x5+ 3V, RBFHavxs+7 3 v
B, RBF+ 2V AFSIVHRITTVE, TR T
FAN—EE, -V T FAN—FEBIUKRKET 7 AN
—#D1,2,3,4,7,8-Ps CDF OHEitE 3%+ 2 ikl
BRI LT 2.3, 1.4, 2.1, 2.6, 1.7, 1.6, 1.64%
OISR 50, 1,2,3,6,7,8-P; CDF 0 #Eit
=2REh®Fh2.2, 1.3, 2.2, 2.3, 1.8, 1.9, 1.5f%
O¥HIHFED 57z (Table 3).

PCDD Ti3, RBF &, 2V XF 7 3 V8, RBF+2
VAF5IVE, RBF+aVAF 58 v+RAZTF Y
B, OXY 77 AN—B, - T 7 AN-HBLV
KET7 7 A4 3—FD 1,2,3,7,8-P; CDD OFEME 13 %
nZEhIEEERCEL T, 4.3, 4.3, 5.0, 6.1, 1.9,

3
N

(105)

2.1, L7fE0BRERERENBED > h, 1,2,3,6,7,
8-P,CDD OHiftRIZZhFN 2.7, 2.3, 2.8, 3.7,
1.9, 2.2, 1.9\ m»H v, 1,2,3,7,8,9-P; CDD
ORI FNFN 1.9, 1.8, 1.6, 2.6, 1.5, 1.6,
1.4 fEomeERL,1,2,3,4,6,7,8-P, CDD QOHilE
FEnFhIEEEREICRLT, 1.1, 1.0, 1.1, 1.9,
1.0, 1.1, 1150 HFMEIM»R D & iz (Table
4),

3. PCDF 5 S U PCDD OFF S H S RIFT T34
BEOHR

MERRE S 4 244 VEO%S5% 21 B E DA
O PCDF 8 U PCDD B DLW ITKEOMIKE
BERZFRAEDSNL 5T (Table5 BXUV6), Il
ANOSAFED 8 FEOFIHE IR SR L T 2,3,4,7,
8-P; CDF ¢ 51.5%, 1,2,3,4,7,8-Ps CDF T 46.4%,
1,2,3,6,7,8 P, CDF T 53.8%, 1,2,3,7,8- P, CDD
27.8%, 1,2,3,6,7,8- P, CDD T 42.6%, 1,2,3,
7,8,9-P; CDD T 28.5%, 1,2,3,4,6,7,8-P,CDD T
20.8% &, FFEWCKESBPERINL T,

Z =

2,3,4,7,8-Ps CDF O F 7z 2 Heit i3 fHiH 212 47,
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#

Table 3

H B E

E» 4 A

Effect of diets on fecal excretion of PCDF in rats

Diet

2,3,4,7,8-P,CDF

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

1,2,3,6,7,8-H,CDF

from 1 to 7 days

Control

RBF

Cholestyramine

RBF +cholestyramine

RBF +cholestyramine +squalane
Burdock fiber

Corn fiber

Soybeans fiber

from 8 to 21 days

Control

RBF

Cholestyramine

RBF +cholestyramine
RBF+cholestyramine +squalane
Burdock fiber

Corn fiber

Soybeans fiber

15.8+3.1
16.5+2.9
156.4£5.0
18.9+4.6
14.8+21
12.2+4.0
179428
13.8+5.0

0.04340.007

0.194+0.037**
0.142+0.021**
0.180£0.031**
0.227+0.011**
0.081+0.011**
0.082+0.009**
0.068+0.005%*

35472
39.6+3.0
41774
49.1+9.8
43.94+9.1
39.1%2.7
50.6=3.5
41.7+7.7

0.1760.019

0.404+0.036**
0.2500.099

0.361£0.070**
0.459+0.055**
0.296+0.024**
0.288£0.037**
0.273+0.034**

37.7£4.9
46.1%6.0
37.71438
342+14
30317
29644
36.3+3.7
37.8+43

0.18640.018

0.408£0.068**
0.2484+0.015**
0.402+0.064**
0.426+0.056**
0.3294£0.032**
0.343+0.033**
0.278+0.029**

Values represent the mean of percent of dose+SD for four rats
Significantly different from the control group, p<0.01.

EX3

Table 4 Effect of diets on fecal excretion of PCDD in rats

Diet 1,2,3,7,8 1,2,3,6,7,8- 1,2,3,7,8,9- 1,2,3,4,6,7,8-
H,CDD H,CDD sCDD H,CDD
from 1 to 7 days
Control 13.8+4.5 36.9+75 52.4+6.2 62.9+7.6
RBF 10.9+24 36.8+2.4 53.7+3.9 68.61+1.8
Cholestyramine 13.2+3.9 37.6£6.9 52.5%59 66.8+4.4
RBF +cholestyramine 16614 39.0+4.4 53.8+2.3 69.2+2.7
RBF+cholestyramine+squalane 14.4+1.1 33.1+3.3 51.4+45 64.6+2.8
Burdock fiber 11.0+3.3 32.14+5.3 48.6+6.0 63.2+4.7
Corn fiber 17.7£3.3 42.2+5.3 53.0+3.0 68.2+1.7
Soybeans fiber 13.2+£4.1 35.7+7.6 48.6+9.1 66.3+6.0
from 8 to 21 days

Control 0.214%0.050 0.224+0.028 0.42240.043 0.848+0.251
RBF 0.918£0.085** 0.605+0.045** 0.783+0.103** 0.949-0.197
Cholestyramine 0.929+0.054** 0.5254£0.059** 0.747+0.047** 0.857£0.099
RBF +cholestyramine 1.066£0.113**  0.634+0.088** 0.673+£0.172*  0.966+0.110
RBF +cholestyramine+squalane 1.29540.050** 0.82440.072** 1.0924+0.136** 1.585+0.127**
Burdock fiber 0.411£0.059** 0.436+0.049** 0.612+0.032** 0.880+0.127
Corn fiber 0.445+0.038** 0.489+0.025** 0.661+0.091** 0.955+0.133
Soybeans fiber 0.360£0.039** 0.4161+0.048** 0.573+0.090*  0.9660.296

Values represent the mean of percent of dose+SD for four rats
*  Significantly different from the control group, p<0.01.
* Significantly different from the control group, p<0.05.

*

(106)
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Table 5 Effect of diets on liver distribution of PCDF in rats

Diet 2,3,4,7,8-P,CDF 1,2,3,4,7,8-H,DF 1,2,3,6,7,8-H,CDF
Control 53.8+7.3 494470 50.8£8.7
RBF 51.6£5.2 45.0+3.6 47.66.7
Cholestyramine 54.4£3.0 47.9210.1 47.9+2.8
RBF +cholestyramine 485+14 444+1.2 479449
RBF +cholestyramine +squalane 50.3x=2.5 48.3+53 57.0+£3.7
Burdock fiber 485%3.2 459+6.5 60.11+6.0
Corn fiber 50.0+£19 428+1.2 59.8£5.3
Soybeans fiber 54.5+6.4 47.9+59 59.61+6.4

Values represent the mean of percent of dose+SD for four rats
Table 6 Effect of diets on liver distribution of PCDD in rats
Diet 1,2,3,7,8- 1,2,3,6,7,8- 1,2,3,7,89- 1,2,3,4,6,7,8-
H,CDD H.CDD H.CDD H,CDD

Control 31.1+3.1 40.3£59 29.8+54 24.1+4.9

RBF 25.5+3.5 384445 23.9+45 19.0£3.0

Cholestyramine 26.5+3.6 43.5+4.6 27.5+4.1 19.9+2.3

RBF +cholestyramine 28.0+4.8 43.94+2.2 28.6+2.1 21.1+1.9

RBF +cholestyramine +squalane 31.4+4.0 44,1432 31.7+24 22.8+3.6

Burdock fiber 29.4+4.0 38.7+5.3 28.3+2.0 20.3+4.6

Corn fiber 26.1+2.0 44.8£2.0 28.8+£0.9 19.140.7

Soybeans fiber 245+1.6 47.3+2.8 29.4+34 20.4+3.9

Values represent the mean of percent of dose+SD for four rats

ME» S/NEEENOEEBEN BT LEZSLTY
3% Tablel wRT L5, RBF+a VA5 3 V8
DINBEREAD 2,3,4,7,8-P, CDF, 1,2,3,4,7,8-Ps
CDF, 1,2,3,6,7,8-P, CDF 4375 & 3 FEaBEH iz Hhx
THI 1.6 fED¥MERL, B, MBS IIIEER
HoOW60% LIETHREDsNTz, b, MGG
EHr&b¥2,3,4,7,8P,CDF, 1,2,3,4,7,8P;
CDF, 1,2,3,6,7,8-P, CDF a3 2 /NG
BEOSHEIS X RBF+ 2 VA F 5 3 v EENIRRER
ORI 2EE ST EMNTEWO BN, THI/NEEEEL
CNBER I a7z PCOF B8RBF L 2V X 5

S UORESRC L VRS A, HRI R  MFE
NIAER, NEEHROSHES L USHEIEIEL &
b, g5k, RB~NTHLULESR, MNESHEOET
PHWILDEEbN 3,

Fig. 1z R%+ & 312, 2,3,4,7,8P,CDF, 1,2,3,4,
7,8-P, CDF, 1,2,3,6,7,8-Ps CDF /N EEEE i3
RBF+2avxF 5 3 VELIEREHTERREAICTH
o 7H, RBF+ 2L XA F9 3 VEOKBEHEE 1%
NENEEED 1.64, 1.72, 1.87f5 L R 5T,

(107)

Wiz, FEHRERHTRERTNBERED 51, 75, 64%
ERABED SN, TREBE ONKSH, FEE,
WAER 2 £ & 0, FEIREREEC I RIBEAT THIERHY
BECHERENz0WH L, RBF+avixF5 v
HCEEREEIiLz e kD, Z0BRE
ERLIbDEBbRS, as, MNEEHENT S
KIGEMOBELRTHS &, JELERT2,3,4,7,8-
P,CDF i3 1,2,3,4,7,8-P,CDF 8 £ 0 1, 2,3,6,7, 8~
P COF bRt D BE DR IIK Enode, Z
DI Eix2,3,4,7,8-Ps CDF 28 1,2,3,4,7,8-P, CDF
BXU1,2,36,7,8P; CDF i L THBIN 2 ot
WZERBKRLTCWS, RBF+2 Vv 2553 VET2,
3,4,7,8-P;CDF i3 1,2,3,4,7,8-P, CDF 8 X 1} 1, 2,
3,6,7,8-Ps CDF W N TERE D EHE B 0w, »
B0 EERRTH S Z b, 2,3,4,7,8-P;
CDF 1458 { BRIIH 2 R0/ & 2 65, HIER
HZ A AL ANHREHRTHEHZ Tledita ik 2,3,4,
7,8-P; CDF, 1,2,3,4,7,8-Ps CDF, 1,2,3,6,7,8-P;
CDF O#RHEEE D 8 O FEHHER T h T EED
15.7, 42.6, 36.5%TH-o7Z L d (Table3), &
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280 E2S

ORI ZNFN 84.3, 57.4, 63.5%RENENI=HD
r#E2 5h, 3TEEDPCDF DEHT23,4,7,8P5
CDF ORIEELBR O EV, B EDZ &3, EEEg
DE v PCDF OH T, BETORNIHERE S 2
PCDF SMRiZ Y, BRIEIHIC & 2 PRl EER R 5
BWIEEHIFBLTWS,

AZTIUBIPAVAFT IIZDOWTIE, 2,3,
4,7,8-P; CDF (1 mg/kg) #ROVEL2T v bz,
8URZTIVE, SUAVAFIIVAEREL, Fh
FRIERFEFHD 2.9, 1.8 FoHHEMAER s L Tw»
MY R T TS 3 VAT O — VESROREERT
BRIV OREMETHROBEETHD, NG
BHEND 2,3,4,7,8-P; CDF 2¥&» L, B2 2k
TEOFRNEZHELET 2 EZ2 00 Tw3, —F, 2
VAF T I iR A IR T, R S SR
ahY, BENTENE &S L CE 02
MEVEZBEOHLEI VAT O—VILERERTH
D, BEHACHEYE LR T { PCDF, PCDD %%
5, BT enEZzLN5.

SHE»S 21 HHE T, 2> bu—LfhsiGRa
ERZ5E, THEOHREBEREFREFCELT
PCDF % & U PCDD HHt B O EEZHMARD 511
7o, 7 OB RBF+ 2 VAF I IV +R 275
VEETELEL, W TRBF+aIVAF T 3 VE,
RBFEE, JVAF IV, a—v Ty A N—8, o
Ry 77 AN—F, KE7 7 ANN—HOEFTH- .
TREEORERIC A 51 5 PCDF SRt E o3k
R LT 2,3,4,7,8-P; CDF MR B & <, v
<1,2,3,6,7,8P; CDF, 1,2,3,4,7,8P; CDF &KX
2% 5 7% PCDF 1E EHEMHEERIR S E 2 o T2, EF
HSA AL ANEERTHEHECICHE®a N 1,2,3,
7,8-P, CDD, 1,2,3,6,7,8-P,CDD, 1,2,3,7,8,9-P;
CDD, 1,2,3,4,6,7,8-P, CDD ORHMED § BEDOFE
BEIZENENHREED 13.8, 36.8, 51.8, 66.3% T
HolzDT (Table 4), ZOMIz#*h Fh 86.2,
63.2, 48.2, 33. 7% FBENENbDEEZI NS,
PCDD HEit & Ol I cn L € 1,2,3,7,8-
P, CDD 28 b & <, #\vT1,2,3,6,7,8-P,CDD, 1,
2,3,7,8,9-P, CDD, 1,2,3,4,6,7,8-P,CDD & PCDF
ERIU QRIS % PCDD 1F ¥ HEHEES R A5
»mole,

RBF+2 VA% 3 D& RBF, a2VXF 75
SV RMEROBRERA TSR I%MAT, &85
R b R R A, FORE, RBF+av s 58
Y+ R 275 #E12,3,4,7,8-Ps CDF, 1,2,3,4,7,8

H # E

(108)

;32NN

-P, CDF, 1,2,3,6,7,8 P;CDF, 1,2,3,7,8 P, CDD,
1,2,3,6,7,8P,CDD, 1,2,3,7,8,9-P,CDD, 1,2,3,
4,6,7,8-P, CDD DEEME T, ZhZnIEBEH(a v

P —vE) L T5.3 2.6, 2.3, 6.1, 3.7,
2.6, 1.9EOHMEESRERL I, PCDF B LUV
PCDD o5& avru—NVRP527-7THHZ
TOPMEOLLEFTET 2 &, 5/t dzh
6.4, 2.3, 2.7, 7.2, 2.7, 1.9, 1.5 k7%b, 4
ORBF+IVAFFIV+R2Y 5V EOHENREE
R e DERL 7 BETH o722 £ » 5, RBF+
AVAFTIVHATZIT VEINEE, S AN
72 PCDF 8 & U PCDD @27 b OE45 2 HR L 72 &
DEHEING, BRIHRR{EESNRO b 2 EEN
BFE XN, BERD PCDF, PCDD »33 T3 gk
tanzyhid, onEEOSMEESEL, ¥
BEO/NEIAEDIERER L TETL, INEE
fE~D PCDF, PCDD HEHEMMET§ 2 2 L &, EE
25 OERE LIBED S OPHE & W I BERNOELE
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Effects of Treatment with Rice Bran Fiber and Cholestyramine
on Clinical and Laboratory Findings in Yusho Patients

Hiroshi Tsuji, Koichi IKEDA,
Kensuke NomivaMa and Masatoshi FujisHIMA

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

Abstract To inverstigate the therapeutic effects of rice bran fiber (30 g/day) and cholestyr-
amine (12 g/day) for Yusho, clinical signs and symptoms, and laboratory examinations were
studied before, during and after 14 day-treatment in four patients with Yusho.

The increases of bowel movements and abdominal distention were observed in two of these
patients, although no effect was seen in physical findings. In peripheral blood cells, red blood cell
counts decreased significantly, from 430447 X10¢*/mm?® (mean+SD) to 378 48X 10*/mm? (p<
0.01) after therapy. Hemoglobin as well as hematocrit levels were also reduced significantly afer
the therapy. However, no significant effect of the treatment was observed in white blood cell
counts or platelet counts. In biochemical parameters, a significant depression was observed in
total cholesterol levels after the therapy (from 262431 mg/dl to 179+£33 mg/dl; p<0.005). A
significat elevations was observed in serum levels of alanine aminotransferase and sodium, while
significant depressions were found in serum levels of cholinesterase, total protein, albumin, y~

globulin, and potassium.
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KT 7 AN— AVAFT S UHABSIC LS
KA MEHRE DAL % Table 1 WmR$. FRIMERIGEE
BT D 430247 X103/ mm® A & ¥ 7 H £ 12 13 400+
47X10°mm® (p<0.005) -, A 14 Bz 13 378+
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& B MBEEEREMOZELE Table2 2Rd. GPT
BHRERTO20:510/1 0 & BE T H B W 13 39+7
IU/! (p<0.05) ~EEEWZ FE L2208, 1G4 HE
Wi 331510/ ERPET LR, 3V YT XTT—
I EER D 466£5410/1 0 5B ETHR I
4424410/1 (p<0.05) ~, HE U ABICES S
388+331U/7 (p<0.01) ~:EBRET L.
AT U — )V IREHT D 262231 mg/dl & 5 BT T H
1213 198431 mg/dH (p<0.05) ~, & 14 BB
179£33 mg/dl (p<0.05) LR BEEETL
Jz. LinL%edse, HDL 2V A F 0 — i &I A
SN etz FEAEES &GP RT O 2371138 mg/dl
P OIRET HBIZ13 261116 mg/dl ~, ¥a# 14 A%
W21 2704322 mg/dl ~ & EEMEE B R L 7288, v
NOELVEETRE» - /2, BEARKBENO
7.940.1g/dl» & BB 4 HHIZ27.120.3g/dl

(p<0.09) N FEWETL, 7N7 2 v ZIBERO
4.820.1g/dl »oE T HEIIZ4.720.2g/dl(p<
0.05) ~, ¥R 14 H#IZ134.320.3g/dl (p<0.05)
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Table 1 Peripheral Blood Cells in 4 Yusho Patients Treated with Rice Bran Fiber and
Cholestyramine for 14 Days
Before Day 8 Day 15
RBC (X10*/mm?®) 43047 400L£47° 378482
Hb (g/dD) 14.2+1.1 13.3+1.2¢ 12.5+1.1°
Ht (%) 40.2+3.9 37.4+3.8° 35.3+£3.72
WBC (/mm?®) 6100 +455 5925737 6325718
Neutrophil (/mm?®) 32834487 3657777 3754690
Eosinophil (/mm?) 91433 10354 6070
Basophil (/mm®) 0£0 0+0 17+33
Monocyte (/mm?) 4514199 3784129 265499
Lymphocyte (/mm?) 2276262 18584298 2230+232
Platelet (X10*/mm?) 24.0+3.4 23.1+3.4 22.8+£3.3

Statistical comparisons between pretreatment levels and posttreatment levels were made using the

paired Student’s t-test.
aP<0.01, *P<0.005, °P<0.001,

(111)
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Table 2 Blood Chemistry in 4 Yusho Patients Treated with Rice Bran Fiber and Cholestyr-
amine for 14 Days
Before Day 8 Day 15

GOT (ru/n 235 26+2 28+6
GPT (tu/n 205 39472 33+15
LDH (Tu/n 384438 38636 369179
ALP (t/n 195+28 210+24 206437
y-GTP 1o/ 44+32 55+50 53+42
T. Bil (mg/dl) 0.6£0.1 0.6+0.3 0.5+0.1
D. Bil (mg/dl) 0.1+0.1 0.2£0.1 0.1+0.1
ChE (1u/n 466154 442+ 442 388+33°
T. Chol (mg/dl) 262+31 198+317 179433¢
HDL (mg/dl) 50+8 4749 47+12
TG (mg/dl) 237+138 261+116 270+322
Total bile acid (uM/1) 2.4%0.5 2.31£0.6 2.2+0.8
T.P. (g/dl) 7.9+0.1 7.7+£0.3 7.1+0.3

Alb (g/dl) 4.8+0.1 4.7+0.2?2 4.3+0.3*

y-glob (g/dD) 1.0x0.2 0.940.2° 0.9+0.2
Amyl (IU/) 106411 119427 101+8
FBS (mg/dl) 79+6 77+10 110+58
BUN (mg/dl) 16+3 142 1542
Creat (mg/dl) 0.8+0.1 0.7+0.1 0.9+0.1
Uric acid (mg/dl) 5.5+1.7 4.7+1.5 4.8+1.4
Na (mEq/1) 142+1 143£1 14412
K (mEq/1) 4.840.2 4.4+0.2° 4.2%0.3*
Cl (mEq/1) 105+4 105+3 108+3
Ca (mEq/1) 9.41£0.4 9.1+0.2 8.8+0.3
P (mEq/1) 3.1%+0.5 3.410.4 3.2+0.6

Statistical comparisons between pretreatment levels and posttreatment levels were made using the

paired Student’s t-test.
2P <0.05, °P<0.01, <P<0.005.
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Laboratory Findings in the Medical Examination
of Chronic “Yusho” (PCB Poisoning) Patients: With Special
Reference to Blood PCB and Serum Triglyceride

Yoshio HiroTa and Tomio HIROHATA

Department of Public Health, Faculty of Medicine,
Kyushu University 60, Fukuoka 812

Kyoichiro KaTAOKA, Shiro SHINOHARA and Hiroshi Tokiwa
Fukuoka Environmental Research Center, Fukuoka 818-01

Abstract Associations of blood PCB concentration with serum levels of triglyceride, y-GTP,
total-, and conjugated-bilirubin were investigated in “Yusho” patients twenty years after out-
break, using the information obtained from the medical examinations in 1988 and 1989. Study
subjects were 259 patients in 1988, and 268 patients in 1989, including 190 patients who consecu-
tively received both examinations. Blood PCB concentrations (mean+SE) were 4.78 +0.22 ppb
in 1988, and 4.47+0.17 ppb in 1989. The results of blood-chemical analysis were compared among
four categorized concentrations of blood PCB, using the analysis of variance. Significant
difference was observed for triglyceride (1988 : p<<0.025, 1989 : p<0.005), but not for y-GTP,
total-, and conjugated-bilirubin. In 1988, the mean triglyceride levels were 108, 137, 145, and 166
mg/dl at <2.7, =27, =4.1, and =6.1 ppb of blood PCB, respectively. Coprresponding figures in
1989 were 106, 129, 154, and 156 mg/dl at <2.7, =2.7, >4.0, and =5.7 ppb of blood PCB,
respectively. Thus, clear positive association between blood PCB and serum triglyceride was
observed in the patients twenty years after exposure.

important bases : signs in the skin; eyes; and

Introduction . . ;
blood PCB concentration, with referent items
“Yusho” is a PCB poisoning characterized by involving various subjective symptoms and lab-
peculiar dermatologic and ophthalmologic oratory findings in blood chemistry®. Up to the
lesions and a variety of constitutional symp- present, medical examination for Yusho has
toms, which occurred in western Japan in the been conducted annually aiming, in the past, to
summer of 1968. The extensive investigations detect new cases and to follow-up the patients,
disclosed, in November 1968, that this illness and in recent days to promote patients’ health
was caused by ingestion of rice bran oil and to determine the chronic status of this
contaminated with PCB (polychlorinated bi- illness.
phenyls), which had been utilized as the heat These examinations have shown that the
transfer medium in the oil refining process®®. A typical signs for Yusho improved greatly over
total of 1,862 patients has been officially recog- the 10 years since the outbreak, but they were
nized as Yusho patients as of 1990. superseded gradually by systemic disorders
The diagnostic criteria for Yusho was estab- such as dullness, headache, numbness of the
lished in 1968, and was amended in 1972 and extremities, and so on®1%22229  These fea-
1976 to cope with the chronic phase patients. tures are so complicated as to be indistinguish-
Therefore, the present criteria comprises three able from the ones observed in general popula-
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tion. Moreover it seems unlikely that such
chronic phase patients manifest abnormal find-
ings in blood chemistry peculiar to the path-
ogenesis of this illness'®. Therefore, little
attention has been paid on laboratory findings
during recent years. Then the present study was
designed to investigate the relation of blood
PCB concentration with laboratory findings in
chronic Yusho patients twenty years after expo-
sure. This association was not fully studied in
the early years after outbreak, because the
analysis of blood PCB became possible and
started in 1973.

Materials and Methods

Information on the blood PCB concentration
and blood-chemical analysis was obtained from
the standardized form for the medical examina-
tion of Yusho conducted in 1988 and 1989. In
1988, the total number of patients examined
was 285 (143 males and 142 females). Of these,
259 patients (136 males and 123 females) whose
PCB concentrations in the blood were reported
were subjected to the study. In 1989, 302
patients (144 males and 158 females) received
examination, and 268 (133 males and 135
females) with the data on blood PCB were
subjected to the study. These subjects included
190 patients who consecutively received both
examinations in 1988 and 1989. In each year,
the peak age distribution was at ages 60-64
with about 20% of total subjects, and at ages 50
-69 with 609 and at 40-79 with 859 of subjects.

Relation with blood PCB concentration was

investigated for triglyceride, y - GTP (y -
glutamyl transpeptidase), total-bilirubin and
conjugated-bilirubin in the serum. These blood
tests are listed in the diagnostic criteria for
chronic phase patients®. In each year, study
subjects were classified into approximate quar-
tile for blood PCB concentrations, and then
relation between PCB and each blood test was
assessed using the one-way analysis of variance
(ANOVA). When significant difference was
observed among four levels of blood PCB, mean
values in that test were compared between two
levels of blood PCB in each combination, using
t-test.

Results

In 1988 (Table 1, Fig.1), the blood PCB
concentrations ranged 0.6-32.0 ppb (mean=+SE:
4.78 £0.22), and they were classified for compar-
ison into four levels; <2.7, =2.7, =4.1,and =
6.1 ppb. Number of subjects at each PCB level
was 66 (25.5%), 78 (30.1%), 64 (24.7%), and 51
(19.79%), respectively. Those with the blood test
exceeding normal range were 68 (26.3%) for
triglyceride, 24 (9.3%) for y-GTP, 5 (1.9%) for
total-bilirubin, and 3 (1.2%) for conjugated-
bilirubin. Significant difference among four
levels of blood PCB was observed only for
triglyceride (F-value: 3.62, p<0.025), but not
for y-GTP (0.65, p>0.1), total-bilirubin (1.19,
p>0.1), nor conjugated-bilirubin (0.86, p>0.1),
in ANOVA. Mean values of triglyceride in-
creased, with dose-dependent manner, from the
lowest to highest quartile of blood PCB concen-

Table 1  Distribution of Study Subjects and Serum Triglyceride by Blood PCB

Concentration in 1983

Blood PCB (ppb) No. of subjects (%) Triglyceride (mg/dl)?
<2.7 66 (25.5) 107.8% 8.1
27<, <41 78 (30.1) 137.1+ 95
41<, <6.1 64 (24.7) 144.5+13.1
6.1< 51 (19.7) 165.7+18.5

* F-value in ANOVA : 3.617 (p<0.025)
¢ mean*+SE
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Table 2 Distribution of Study Subjects and Serum Triglyceride by Blood PCB

Concentration in 1989

Blood PCB (ppb) No. of subjects (%) Triglyceride (mg/dl)?

<2.7

289

66 (24.6) 105.8+ 7.2
2.7<, <490 60 (22.4) 129.2+ 8.3
40<, <57 73 (27.2) 153.5+12.0
57< 69 (25.7) 155.7+13.4
* F-value in ANOVA : 4.757 (p<0.005)
2 mean®xSE
P< 0.005 P< 0.005
P< 0.01 ' P<0.005 '
P<0.025 P<0.025 P<0.05
f W p0.08 !
| —
200 200
= g
o
S 150 A E 150 1
E @
o 2
o @
3 s
o -
5 100 - )E 100
= £
£ 2
5 3
A 50 50
0 T S T T 0 T T T T
<27 2.7< 41< 6.1 <27 27s 40< 5.7s
Blood PCB (ppb) Blood PCB (ppb)
Fig.1 Association between Blood PCB Concentration and Serum Triglyceride Level in Yusho

Patients, Twenty Years after Outbreak.
The information was obtained from medical examinations conducted in 1988 (left) and 1989
(right). Figure shows the mean+SE of serum triglyceride at each level of blood PCB and the
results of t-tests of mean values (one-sided test).

trations ; 108, 137, 145, and 166 mg/dl.

In 1989 (Table 2, Fig.1), blood PCB
concentrations ranged 0.4-19.4 ppb (mean=*SE :
4.47+0.17), and they were classified into four
levels; <2.7, =22.7, =24.0, and =5.7 ppb with
the subjects of 66 (24.6%), 60 (22.4%), 73 (27.2%),
and 69 (25.7%), respectively. Number of sub-
jects with blood test exceeding normal range
was 78 (29.1%) for triglyceride, 33 (12.3%) for y
-GTP, 5 (1.9%) for total-bilirubin, and 6 (2.2%)
for conjugated-bilirubin. Significant difference
was observed only for triglyceride (F-value : 4.

(117

76, p<0.005), but not for y-GTP (1.31, p>0.1),
total-bilirubin (0.27, p>>0.1), nor conjugated-
bilirubin (1.08, p>0.1), in ANOVA. Mean val-
ues of triglyceride showed a gradient increase
from the lowest to highest quartile of blood
PCB; 106, 129, 154, and 156 mg/dl.

Thus, two consecutive data of medical
examinations in 1988 and 1989 clearly showed
gradient increase of serum triglyceride level
with increasing blood PCB concentration.



290

Discussion

After a high concentration of PCB was
demonstrated in the causal rice bran oil and in
the adipose tissue from patients?®, it was repor-
ted that the rice bran oil was also contaminated
with a trace amount of PCDF (polychlorinated
dibenzofurans) and PCQ (polychlorinated
quaterphenyls)*®'®, And PCDF was detected in
adipose tissue and liver sampled from the
Yusho patients in the early years after
outbhreak?®1®,

demonstrated the manifestation of dermal signs

Besides, animal experiments

resembling those of Yusho, in cynomolgus
monkeys treated with PCDF mixture”. There-
fore, at present there is a suggestion that PCDF
might be the responsible compounds for the
development of Yusho®.

However, blood PCB concentration is still
quite a pertinent index for exposure in Yusho
patients, since its concentration in the patients
has shown a gradual decrease after outbreak
but little or only a slight decrease during the

41924 The concentration of blood

recent years
PCB may reflect the magnitude of a previous
acute exposure and current internal exposure to
PCB itself as well as to other PCB-related
compounds. A recent study has reported that
the mean blood PCB concentration in the
patients was more than two times than that in
healthy people (5.36 vs. 2.43 pph)®.

The diagnostic criteria for the chronic Yusho
patients lists laboratory findings in blood chem-
istry as referent items; increase in serum trig-
lyceride and y-GTP, and decrease in serum
bilirubin®. Among these blood tests, an associa-
tion with blood PCB was found only for trig-
lyceride, but not for y-GTP, total-bilirubin, nor
conjugated-bilirubin. The gradient increase of
serum triglyceride with increasing blood PCB
was confirmed in two consecutive data from
medical examinations in 1988 and 1989, in spite
of the possible existence of biologic variations
within or among individuals.

In the medical examinations conducted in the
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early years after outbreak of Yusho, the most
prominent finding in blood tests was the eleva-
tion of serum lipids, particularly serum trig-
lyceride. Serum specimens of the patients fre-
quently showed lactescence. The proportion of
those with elevated serum triglyceride was up
to two thirds of the total patients. However,
the mean values of serum triglyceride did not
differ according to the clinical severity; 181
mg/dl among nine severe cases and 197 among
nine mild or moderate cases!”, and no data
were available on blood PCB at that time.
When routine measurements were begun in
1973, the mean blood PCB concentration was
reported to be 5.9 ppb in Yusho patients and 2.1
ppb in normal subjects. The classification of
patients by gas-chromatogram pattern showed
specifically different values of the mean blood
PCB; 7.2 ppb for (the gas-
chromatogram pattern peculiar to Yusho

pattern- A

patients), 4.3 ppb for pattern-B (resembling
pattern-A), and 1.7 ppb for pattern-C (similar
to PCBs in normal subjects)'™. And positive
correlation between blood PCB and serum trig-
lyceride was observed in patients (r=0.49)'®.

In an early study on patients with abnormally
elevated serum triglyceride, ranging from 200
to 600 mg/dl, agarose gel electrophoresis of
serum indicated that the elevated triglyceride
was of endogenous origin®®. However, no fur-
ther etiologic study was performed from the
view of the association between PCB and trig-
lyceride. A persistent hypertriglyceridemia
observed at or after the outbreak was restored
into normal range by 19751919,

A study on workers occupationally exposed
to PCB has reported significant correlation
between blood PCB and serum triglyceride,
total cholesterol or beta-lipoprotein, in which
the workers engaged in making marine paints
showed blood PCB concentrations beyond 20
ppb with the highest value of 252 ppb?®.

In the episode of Taiwan with outbreak of
PCB poisoning in May 1979, patients detected
until March 1981 also showed correlation
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between blood PCB and serum triglyceride.
The blood PCB concentration was 89.14+6.90
ppb (mean=SE), ranging 3-1, 156 ppb with no
significant difference by sex nor age-group.
Serum triglyceride levels were significantly
different between patients and normal subjects
(mean: 201 vs. 123 mg/dl), and 60% of patients
showed the levels of 150 mg/dl or over. Based
on the finding of significant positive correlation
between serum conjugated-bilirubin and trig-
lyceride levels in patients, it was hypothesized
that extent of abnormal lipid metabolism is
paralleled by the increasing enzyme activity of
UDP-glucuronyl transferase in the liver®9,
Some studies have so far reported on the
positive association between blood PCB and
serum triglyceride. However, their subjects
were the patients at acute or subacute stages
where a large part of the patients showed
abnormally elevated levels in both blood PCB
On the other hand,
present study subjects were the patients twenty

and serum triglyceride.

yvears after outbreak, whose blood PCB and
serum triglyceride were close to normal sub-
jects. If we refer to the former report in which
even healthy fishermen who frequently intake
fish or shellfish showed relatively high concen-
tration of blood PCB {mean+SD: 56+3.2
ppb)Y, more than half of the present subjects
indicated blood PCB concentrations lower than
the mean value in those healthy fishermen.

Although a number of studies on PCB poison-
ing have been carried out, the mechanism of
PCB poisoning remains still unexplained. The
clear positive association between blood PCB
concentration and serum triglyceride level con-
firmed even 20 years after exposure might
provide a clue to explore the mechanisms or
treatment measures for this illness.

This study was supported in part by a
Research Grant for Yusho from the Ministry of
Health and Welfare of Japan.
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Dermatological Findings in the Annual Examination
of the Patients with Yusho in 1991-1992
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Abstract We reported the skin symptoms and PCB concentrations of the patients with Yusho
in the 1991 and 1992 annual examinations. We also reported the alteration of the skin symptoms
in 20 patients followed up for 16 years (1977-1992).

Most of the patients examined in 1991-1992 showed low score of skin symptoms which are
the same as those in recent 7 years. Approximately 309 of the patients still have comedones and/
or acneiform eruptions in 1991-1992. Pattern and concentrations of PCB in the patients have not
remarkably changed in recent 5 years.
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