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Foreword

Hidetoshi YOSHIMURA

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

This is the 15th 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 1993 to March 1995. During this period, our major efforts were made to
establish therapeutic methods which can accelerate the fecal excretion of PCBs, PCDFs and
PCDDs still retained in the tissues of Yusho patients. For this purpose, a clinical trial of the
combination of rice bran fiber and cholestyramine was performed on Yu-Cheng patients in
Taiwan. The results showed that four out of six patients excreted the most important etiological
agent, 2,3,4,7,8-PenCDF, 2 to 3 times more into their stool during the trial than before,
establishing this method as an applicable treatment of Yusho. PCBs and related compounds were
considered to be eliminated not only through this intestinal route, but also through the sebaceous
gland. In fact, these compounds were detected in a trace amount in the skin surface lipids, but
more in the patients than the controls. Therefore, the therapeutic method utilizing this pathway
should be also worthy to examine for acceleration of elimination of PCBs and related compounds
in the patient tissues. Other valuable findings of the basic researches for better understanding
Yusho are also included in this collection, together with some clinical reports. We would
appreciate any comments and advices of readers regarding our studies.

[RADEH] ORH L CHESII U0 THEME S N TLK, SETEL D 2T EE 2%, FIFRHEILE 15
BEWZ D, COREEF2FEBCRTINTEY, B I5ECEERSFELRAIVERTES IcE 2, BAEEH
FERETEEORMR I L 5 2 EROEBESIUFGEINT WS, Thbb, KR RRERT 2 UMK HE S ST
FRHE (R | ANRPEXTHEEER) L REWEREE iR | RBEXEEZESEHERSREE), %5 ol
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NHEBESEERBREEL > T2 L OERLE W, INSERROEEMZ T, SE, NESEaTT I~
PCB »NEHBEOHERDOERE2ETFTIRL I 2REL TS, T4bb, 7y FRELETY PEZEBWT, 3,4
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Effect of a Coplanar PCB on Lipid Metabolism : The Remarkable Difference
between Rats and Guinea Pigs

Megumu HaTsumura, Takumi IsHpA, Yuji Isun, Noritaka ARrIvosHI
and Kazuta OGURI

Faculty of Pharmaceutical Sciences, Kyushu University 62,
Fukuoka 812-82

Hidetoshi YOSHIMURA

Department of Food and Nutrition, Nakamura Gakuen University,
Fukuoka 814-01

We studied the effect of 3, 4, 5, 3, 4'-pentachlorobiphenyl (PenCB) on lipid metabolism by
determining the level of triacylglycerol and total cholesterol in rats and guinea pigs. Male Wistar
rats and male Hartley guinea pigs received PenCB in corn oil once at a dose of 25 mg/kg i. p. and
0.5 mg/kg i. p., respectively. Pair-fed control group of both species were treated with the vehicle
and given the amount of chow matched with that taken by the PenCB-treated animals. Free-fed
control group was treated with vehicle and was given the chow ad libitum. The plasma was
collected on the day 5 after the treatment and the liver was removed. The plasma triacylglycerol
level in guinea pigs treated with PenCB was significantly higher than those in free-and pair-fed
controls, whereas no significant difference was observed in PenCB-treated rats from both control
groups. The plasma cholesterol level was also higher in PenCB-treated guinea pigs than in the
two control groups, though the level in rats was significantly lower than the corresponding
control values. The hepatic triacylglycerol and cholesterol levels were increased significantly in
both species by the PenCB treatment. Although lipid metabolism was disordered in both animals
by treatment with PenCB, the responsiveness was remarkably different between guinea pigs and
rats. These differences could be associated with species difference in susceptibility toward toxic
chlorinated aromatic hydrocarbons.

By, BEOLLYA N —NWREET S Ahve 75

f = CHMET B LELSNTVRAED, TR, ZR5OH

Coplanar polychlorinated biphenyl (PCB) % poly- F e CYP1A1, NAD (P)H : quinone oxidor-
chlorinated dibenzofuran 2 & h 2 BHEMEHEE eductase, class-3 aldehyde dehydrogenase 8 & O}
(LEEERAAFZ G, MECHRYE L LTHSNT glutathione S-transferase Ya subunit %2 £ @ Ah Vv
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W H b 579, coplanar PCB ® 2, 3, 7, 8-tetrachlor-
odibenzo-p-dioxin {TCDD) Oz 133 L v BfE
%bi\% Z) 9)15)18)23)25)25)30)36).

TCDD % coplanar PCB TUE s 12T v i,
BEHEBORD L &b EE R AEEE IO 2EE &
, WhW 3 wasting syndrome 235| EFZ & 5%,
Ty MEBWTE, IOBRCELOIEFEHEENE
SLTw3 EHmEINLY, ZhiegLEES I,
TCDD % coplanar PCB WEZHEOEF WELE Y b
DBEIW L, coplanar PCB OF M CHEHFE~DFE
BHESLEWI ERHALLICL T WA,

HERE OHEBP 2RO 1 D& LT, EIEMEH
HonTwa, HESEHR, FEUEE WS RV
bieo THEBRZFEDSKE MY 7V &Y FIMEH
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O—V LAV OEEINE, T a— XS VERKENICE
iF % pre-g /N> PO, Thbb, NEEND 7Y
NV =LV _UOEINC L 5 b D TH- 1%,
¥/, WREREICE, ERBEVPRONLGZ LA
HORBRFBRECHR T2 BN, DL
ZIREMRBEE L, PCB® TCDD 2% 5 - EEH)
Vb o TR 92 B RkEZ 25 2 THE
EThHb., MEREEEOEEESTH 2 - EHEN
OIEBEV~VOERE I, BOmEME, TEgEs
52599, Fi, EEEEIEETHL, YT VNTY
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A TIE, coplanar PCB Wit 2 Bt 5t
FHEWZ EBHISENTWE Ty b &, RHESZENYE
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g, FEFO MY 7YV ko —LB L Ua LA
ATz, F72, PenCB 4LH
ko TH &I 3h 2 BHEEDORD OFEEE L LT,
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1. EEMH
PenCB i Saeki 5 O 1L > TEHKEL 7z,
2, EPE
4 EEs Hartley RHEMEE L€ v b (K 350~400
g) WRGEYIE GEM) L0, 38 Wistar RN
7w b X Charles River Japan (BEE) kb Zhnzh
AL, NAREREESHEYIE T BRIt s,
%, FBHtL, PenCBRZELEY PZBW T
0.5mg/kg/2mlcornoil DHET, £7-9 v Mg BWw
T3 25 mg/kg/4 ml corn oil D& TN EE
BEL, —HHE) OBEERFEHEL 2. WEECIE,
free-fed 7> b o —VEE L pair-fed 2 > b v — VB
ki) iz, Free-fed 7 > b v — VB2 X corn oil 218
RS, St AREEBAKEZ 2, Pair-fed 2>
o — VBRI BEIC < corn oil REEEARS L, KB
LY DOEEES PenCB RSB EHiZ, KdHACE
Zle, MBEETHLT, 55 HBREEL T~ ) v
EEURBE N/ YV Fa—T, TR, BH)
WHIMUIMSES B L /2, £/, FFE2EHEL, 48
RIEW THEIRL 72,
3. AisEOHE
FFREE 3, B L /2F & 9 Folch &' O A E-
THUHE L, MR/ U OB & T —20°C 1A
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7o, MEEFFIEE OWPE WX, MELZF0F EHWT,
R O%E 1, ML (B EEAE O ook
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12 1% Triton X-100 % &% 10% isopropanol 100 yl
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X B B R
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BEFHIOGEDCMERICH > 72, PenCBULE S v M iz
&, FFIER, Mis X UBEOER L REE sk,



Coplanar PCBiz & 2 lgE A~ DFE

PenCB LB E V& v b TlE, EBEEOBDITEY,
ELWERERSBEDOON, ELEY bEHTS
PenCB DS &EIE T v M T % Z I~ 50 430
1CHDHIITHodh o, PenCB L IC X 2 FEA~D

BT, TLEY MIBWTIY P EDVEETH- -,

Pair-fed = ¥ b 0 — VEEIC B RERINIIE 3580 &
Niz4%, PenCB B G OMBERD & BEEE OB 7217
oY 30 REEE L Bbhiz?, PenCB 4L €V
Ty MR, BERIIERSED shizh, BEOZE
BREBEEsN 2, T2, PenCB OFEOIEEL UTH
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L ERBbhi.
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Fig.1 Effect of 3,4,5,3, 4-pentachlorobiphenyl

treatment on plasma triglyceride concen-
tration in rats (A) and guinea pigs (B).
On the five days after treatment, the blood
was collected in heparinized test tube
(VENOJECT 1I ; TERMO, Tokyo, Japan)
after decapitation of animals and plasma
was prepared. Triglyceride in plasma was
assayed using Triglyceride G-Test Kit
Wako (Wako, Osaka, Japan).
*Significantly different from free-fed con-
trol (p<0.05); " Significantly different
from pair-fed control (p <0.05); The value
represents the mean £ S. E.
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fed 7> b O — VEETIE freefed 2 > b u—VEEOH
SEEEEICEDP -, DX 5 PenCB#5 5 Hik
DENEY M, MMV 7Y ¥ ) FILESHRD 5,
HIEREOEE L AROERTH - 7229,

Figiwmd ko, HEO NV 7y 7Y ta—
WVEEX, 7 v F T PenCB #58 T free-fed 2 >
b2 —VEE pair-fed a> bu—VEOWTRED B
BEC 2B EE» o1z, £VEY P OB,
PenCB #5812 free-fed 7 v b u— V#R L HENTEH
BIEWENED 5722, pair-fed 2> b o— V8
EOMICEEREZIRD Shieh o fz, Pair-fed 7>
PO—NVEEORF NV 7YV ) v — VS EI, free-
fed a> ba—NVEHLHERTEBECEVWLDOTH - 2,
Dk > EM X PenCB #5835 & U pair-fed =
Y ha— VOSSR ICHE T A AR S S,

3. v bEENEYMIEWYZALRTFO—-NML
~ILDEEEE

Fig. 3 wi& 5 Hgomfha v 27—~y

@A)

Liver triglyceride (mg/g liver)

free-fed pair-fed PenCB free-fed pair-fed PenCB
Effect of 3,4,5,3, 4-pentachlorobiphenyl
treatment on liver triglyceride concentra-
tion in rats (A) and guinea pigs (B).

On the five days after treatment, the liver
was removed after decapitation of animals
and the lipids were extracted according to
Folch et al!VSolvent was evaporated
from the extracts under nitrogen stream.
The residue was then dissolved in 10 %
isopropanol containing 1% Triton X-100
and a 100 x] aliquot was submitted to the
triglyceride assay described in legend to
figure 1. *Significantly different from
free-fed control (p<0.05); Significantly
different from pair-fed control (p <0.05);
The value represents the mean + S. E.
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Effect of 3,4,5, 3, 4'-pentachlorobiphenyl
treatment on plasma total cholesterol con-
centration in rats (A) and guinea pigs (B).
Preparation of plasma was described in

treeted pairfed PenCB

=
.
(2]

legend to figure 1. Total cholestero! in
plasma was determined using Cholesterol
E-Test kit Wako (Wako, Osaka, Japan).
*Significantly different from free-fed con-
trol (p<0.05); T Significantly different
from pair-fed control (» <0.05); The value
represents the mean = S. E.
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SHEFIROEE RSy beELEY b TIRERY, B
BHEOBRIC LTIy P TRIMFF VAT O— L
VAUVOBERET, ELEY N CREER LEWNE
mIhTng,

Fig. 4 D av AT o —VE&R25RT, v b
Tix, PenCB 5T free-fed 2 > b 17— VEEIC H,
REEBW 1.5E8ERro7, L»L, pairfed 2> b
—NVEHEOBIERERE R ko, ALY Ty
M CRAFEBESHEINT 28N TWw5E I Ens,
pair-fed 7> b O —VETRE, PRVEBHEEBK I ST
HRLIGES LELOBEREZ otk b, —5,
ENLEY PO PenCBEEHIZBT v A7o—
NEBIL, free-fed 7 > b 0 — VEESB X U pair-fed 2
o= VBT 5 1 3BERCEVLOT
Holz, Pair-fed a v ro—nFEEFarvaio—
WU RLVDFRBED LN oTz, TOX S EE
BHBICHNT 2 VAR RAE, Jy PEENLEY FT
BERZ-TBY, Zy b TCRERIFIVATFo—rr~p
BEFLTH, TLEy M TREREMLMDIED SNZD >
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Fig.4 Effect of 3,4,5,3, 4-pentachlorobiphenyl

treatment on liver total cholesterol concen-
tration in rats (A) and guinea pigs (B).
Liver lipid samples were prepared as de-
scribed in legend to figure 2. Total choles-
terol was assayed as described in legend to
figure 3.

*Significantly different from free-fed con-
trol (p<0.05); ' Significantly different
from pair-fed control (» <0.05) ; The value
represents the mean + S. E.
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WEHB LT Table LIt &7z, Ty P EELEY
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Wiz, PenCB#:55 HEBDZ v + T, fiffEdhar X
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RV 7y ) ea— VICEBEREIEFRD DI
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Vewa—, v iso—i, fFaorzsyo—
ViFwTRd ERELTwL,

Z &=

Z v MZ PCB mixture 285 U/ EBIC X 5 &,
MY 7Ny ea—r~uviy, B58—akt
WERL, 20BIEBEVRVETRES LREIAT
W3 R TCIRERS S HBomiEh v 7oLy
Voo —n U\ REEL TH Y, PenCB ALEEEE 2
DOAY O NVEEOMICERLEGED oz h
27z, Lo L, PenCB #5 1 Ak S22 T i3teE
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- VNV DERBE I 5 TR H 5.
TCDD 0HEEDECICE > THEEO 70 7 4 —
VPRERT 2 EbHEINTWBEY, £z, PenCB #
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Table 1 Modification of lipid metabolism by 3, 4,5, 3", 4’-pentach-
lorobiphenyl treatment comparing between rats and
guinea pigs

cholesterol triglyceride
blood liver blood liver
rats * —_ — f
guinea pigs * T 1 —_

Arrow shows

pair-fed control group.

559 O MNI 7YYo — LR FREL
TwizZ ki, TCDD (60 ug/kg, p.o.) #BE5F v b
RN LFEEINTWE®, TCDD#E51c k-7
v N FOMEBERRIEE OV UL ER T B, TS de
novo IEMFBRERIC T 2 DA IR, R T 25
EVBHS. D12 TCDD LBz X b, de novo &
BBREERNHEINDI LI HDTHD, 351D
ix, TCDD 1 FURER & V& > triiodothyronine L~
DOLEREZBUT, de novo RFBEHR2HET 2 LW
SbDTHZ, ZsDMER, BEENHLZVE
BoTwdDT, HIBEO a7 4 — Vi8> Tn
L0y EINGE D, KIFFICB T 2 PenCB #5855 v
FOM MU T AT Y b a— RO LRSS,
JERFEE L A~V E R Z T T2 0EMIIHSH TR
v, NITIYAZY)wa—vES L SUMEY K
YN BE, FXFnIsur e VIDLThHA, ¥
SrurFREETHE. O, BREEDODI RV
PenCBALERZ » Mz BWTTIE, MEEF Y 7o)
Yo —iEEW VIDLCHET S L Bbn s, Ly
L, ZHHHEROEEH,

—F, ®NEY NTH, PenCB #5811, Y 7
Ve ) FIESTD Sz, Zhid, TCDD 2BwT
TN EBRER % & (ZEL Tv»59719, PenCB 4L
HEOIF M) 7 ) o — L ~ULid, pair-fed
D VEEOBICERREI ZE,P o2 DD
FEMERIHY, free-fed 2> b —NEEE BT 2
EERIEERE LT, 2oz ki3, mEhty 7y
NZYEa— L RAVDERELTEIL RS T
bEEbns,

increasing or

decreasing tendency of 3,4,5,3,4-
pentachlorobiphenyl-treated groups of rats and guinea pigs in cholesterol or
triglyceride levels in the plasma and liver, compared with the corresponding

(7)

TCOD ML /=Ty T, T LDL &
VLDL OEMPRE SR T W39, gL D s5smwmsh
7z VLDL &, AR O EHIME N BB O 1 77
3 28R, lipoprotein lipase (LPL) 0@ % #5217}
5. LT, KESO M) TYNT) va— i35 E
2397, TCOD MR L 72y Mz id, FEAHEE
DLPLERDOEL WETHRESINTWL B9, 20
&%, PenCBHMLEELEY MBI ZE NV &
VNMEDO—HWEEZ S5, 2B, LPLEME,
VLDL EifF# ¢ % apolipoprotein CII (Apo CII)
WEoTIEEIEEND Z LB NTWBEH, £ )L
Ty PTiE Apo CHBHFEETZEbhbbsT,
vitro TENET w b QMEER LPL iz Th, &ML
BALZ 57302, In vivo T, EVE Y O LPL ik
EDEDTHMENTVE O R EZHS L TIRZ L
2, FNTHEEELEY FPE MYV &) Vil
D> THRWEWSIERENS, AorDERE MY
TYNTV O — VA B = A0S DO
SNTWE?, TCOD L 725 v + Tk LPL &
BEFLRWERES N T397, 2D I L, PenCB
Ty FOMAER N Y 7O LT ) va— LRIz,
WOy Pu— L bEERESRED ARG
T2 EERTRL TN,

WIZIAVATO— VAR DWBTIHRNG, Tk
T PenCB #5102 & D I O v~V 2888 L 7243,
pair-fed 2> b — N ERBETHho 2, ZDZE
12, BEEOBDICHET 2L HS. LL,
7 v MZ PCB mixture 28532 &, avx5o—
WSRO key enzyme T#H 5 HMG CoA reductase
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DO mRNA VRV ER TS MBI N TR, %
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5LDL Ve — ek DAEES R, VRS 8y
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Alteration of Peroxisomal Enzyme Activities in the
Liver of Guinea Pigs Caused by Coplanar PCB

Masaru Iwasaxki, Harutoshi KaTo,
Noritaka Arivosal and Kazuta OGURI

Department of Hygienic and Forensic Chemistry, Faculty of Pharmaceutical Sciences,
Kyushu University 62, Fukuoka 812-82

The hyperlipidemia is a well-known typical symptom in Yusho patients and experimental
animals treated with PCBs. We have found a significant induction of CYP4A1l, which catalyzes
w-hydroxylation of fatty acids, in guinea pigs by the treatment with a coplanar PCB, 3, 4, 5, 3,
4’-pentachlorobiphenyl (PenCB), though the P450 is reduced in the treated rats. Peroxisome has
[-oxidation enzymes distinct from mitochondrial enzymes, and also play an important role in
lipid metabolism. Peroxisome proliferators have been shown to regulate the expression of
CYP4A1 and peroxisomal enzymes by the same mechanism in the rat.

In the present study, we examined the effect of PenCB treatment on peroxisomal enzymes in
the liver of guinea pigs. As a result, the enzyme activities of hepatic peroxisome, e. g. fatty acid
oxidizing system, catalase and urate oxidase, had a rising tendency by the treatment with PenCB
in the animal. The results suggest that the regulation of peroxisomal enzymes and CYP4Al is
also associated in guinea pigs, and PenCB provides a similar effect of peroxisomal proliferators
to the animal. The possible toxicity through the peroxisomal alteration was discussed.
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Fig. 1
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5. BFEMEEE

NAF VY - LDV T VIR p-BALERE I,
Osumi » @ Fatty acid oxidizing system (FAOS)
RS o TiTo fo. IREEBREERENE X
Bergmeyer O 53D AW ITo 7, A8 7 —¥EE
DOHIE X Aebi O FEY 2V, FERERN_FEE
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EUTHEBEEERD T

40

* % X%

Catalase activity
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1 1
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o
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control  clofibrate

Effect of clofibrate treatment on peroxisomal FAOS and catalase activity of rats. Significant-

ly different from control; **,p<<0.01; ***p<0.001

Values represent the means = S. E.
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2110 —®— free-fed *T*T*
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@ —O0— PenCB Pt
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Days after treatment

Fig.2 Effect of 3,4,5,3, 4-pentachlorobiphenyl
treatment on body weight gain of guinea
pigs. Significantly different from free-fed
control ; **p <0.01; ***p <0.001 Signifi-
cantly different from pair-fed control;
T p<0.01; TTT,p<0.001
Values represent the means + S. E.
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Table 1 KBRFEOMAMEE 2R, PenCB JLIEREIZ
BERFE: CHERRERIIBD Sz,
pair-fed control # T i3 PenCB MIBE: & R & 08k
BRETh2cbMbosd, BEEL2HB»SZITIT
BEVWER D, PenCBEOD 27 4 VEBBHSHICE
o TWwiz, —7%, FFEEIL pair-fed control B TH
BWHA L, PenCB 4LEEE T pair-fed control Efiz
HLUTHERHEML W, £, BRIz SWTiRE
BExFE il ohnizroi,
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0.4

0.24

FAOS activity (unit / g liver)
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free-fed pair-fed PenCB
Effect of 3,4, 5, 3", 4-pentachlorobiphenyl
treatment on peroxisomal FAOS activity

Fig. 3

of guinea pigs. Significantly different
from free-fed control; *,p<0.05
Values represent the means = S. E.

Effect of PenCB treatment on tissue weight of guinea pigs

tissue weight (g/100g body weight)

liver spleen
Free-fed control(4) 4.11+0.093 0.178+0.017
Pair-fed control(4) 2.66+£0.039*** 0.153+0.023
PenCB 4) 4.26+0.074""1 0.156+0.009

The figure in parenthesis represents the number of animals used.
Significantly different from free-fed control; *** »<0.001
Significantly different from pair-fed control; """, » <0.001

Values represent the means + S.E.

(14)
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0.6
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Fig.4 Effect of 3,4,5, 3", 4-pentachlorobiphenyl
treatment on urate oxidase activity of

guinea pigs. Significantly different from
free-fed control; **,p<0.01 Significantly
different from pair-fed control; '',p<0.01
Values represent the means £ S. E.

Fig. 6
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200

150 4

100 4
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Fig.5 Effect of 3,4,5, 3, 4-pentachlorobiphenyl
treatment on catalase activity of guinea
pigs. Significantly different from free-fed
control ; *p<0.05 Significantly different
from pair-fed control; T,p<0.05
Values represent the means + S E.

free-fed

I

pair-fed PenCB

R

Immunoblot analysis of guinea pig liver
homogenate with anti-bovine liver
catalase antibody. All samples were
electrophoresed (10% polyacrylamide gel)
in amount of 60 ng liver.
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Table 2 Measurement of the intensity of immuno-
reactive bands of guinea pig homogenate

with anti-bovine liver catalase antibody

relative band intensity

Free-fed control (3)
Pair-fed control (3)
PenCB-treated (3)

1.00£0.073
0.678+0.123
0.801+0.061

The figure in parenthesis represents the number of animals

used.
Free-fed control=1.0

Values represent the means *=S. E.
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Studies on PCB Toxicity Involving 2C Subfamily Cytochrome P450

Noritaka ArrvosHi, Shouichi ITo, Akiko Okupalra, Masashi MISE,
Kimihiko MaTsusug, Hideyuki Yamapa and Kazuta OGURI

Department of Hygienic and Fovensic Chewmistry, Faculty of
Pharmaceutical Sciences, Kyushu University 62, Fukuoka 812-82

It has been demonstrated that PCB metabolism is mainly catalyzed by 1A and 2B subfamily
cytochrome P450s, CYP 1A1/2 and CYP 2B1/2. These studies were conducted mostly with
hepatic enzymes in rodents. The 1A and 2B subfamily P 450 s are constitutively expressed little,
but markedly induced by xenobiotics such as 3-methylcholanthrene and phenobarbital in rodents.
On the other hand, the recent studies showed that cytochrome P450s in human liver are remark-
ably different from isoform of rodents in constitution and enzyme activities.

In the present study, we first tried to metabolize some PCBs with 2C subfamily cytochrome
P450 (CYP 2 C) purified from dog liver microsomes. The data suggested that CYP 2 C may not
be involved in PCB metabolism. Since CYP 2C is the same most abundant enzyme as 3A
subfamily P450 in human liver and plays a major role for metabolism of many drugs used
clinically, and may also play an important role for metabolism of some steroid hormones, we
further studied the inhibition of CYP2C-catalyzed steroid metabolism by typical PCB congeners.
CYP 2 C-mediated steroid metabolism is greatly inhibited by 2, 4, 5, 2’, 4, 5 -hexachlorobiphenyl,
but not by 3, 4, 5, 3’, 4 -pentachlorobiphenyl. On the contrary, 3, 4, 5, 3’, 4-pentachlorobiphenyl
markedly suppressed CYP 2 C expression in the dog liver. These results suggest that residual
PCBs may affect the current situation of steroid hormones in Yusho patients, and may cause PCB
-drug interactions.
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INETPCBORBARIEC IABIU2BY
T773IV—DP40 EHEWTITORTEY, Fho
BB EAEZ y VR EEEEOMBE VRN
P 450 43 FRES WV S LT 1m0z - 7 4 5 1A
BLU2BY 7773V —0DP4HORT Y Mz
THRERZIZIEEAYHEEL TRk, EHELT
WT BB P4S0 EODL TP RS LD 2BEED
YA F—ROTETHY, DLEOCAYOBRSIZL
STELLFEINZ VOO LEYRBBOBRTDH
2978 Fhrb b ERPHEYIC PCBEIEZEINTE
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&, ThoORBICHEE T 25 FREEIEEZHV, —
7, BoEDE P 450 DI OERC LD £ MFFE
f£3 5 P 450 B4 TREARSMENEIEC 8T, Bl
FHE 3D Rk 3R REE S T 322808950
7z & % i benzo () pyrene ®° dimethylbenzo (2) anth-
racene DIHFBE A BE L2 P40 7 v b TR
CYPIA1THh A2t b CRHRUKIEE CYP3AY
W T 240, RENEH I DT, ERER S L0
STELE T 2 0w L, BERBEAIC T 50
DTFRERFENL 78, BEEOTF -2 b IC
SMET 2 DR TH %, {KIZ phenobarbital FLE I
EoT, 7y ek MZBWT 2B subfamily @ P 450
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PEHEANDL ELTD, in vivo KBW TR URENENE
DIERR N D EBERS 2w, & MF P 450 X AR
ERXEEEBA XD ODOREEIICIE3AYY, Bk
P2CO9 77732V —DPHOREERSTHETDH
D, IRSERBPERICHSNL TS OEHOMN
HWHEE LTI ELBHESPERD DD
ZJ 5)9)11)14)27)37)43)44)47).

2C% 77730 —P450 (LLTFCYP2C) 3% 72,
2704 FavEryORBCEBESHE2HE-TWS
ZEMEIS N T B0 HE R F I B TERE S
NTWw3RVE Y RBEEEORKRO—E8IE PCB Iz &
DEEISNLIABLIUV2AY 777 20 —P450
DATEA FRBEEE LS EEZ 5N T 52950
2, MR 7T a A MRS L Tw RSO
»%5CYP2C OREMGE % 7-13 PCBRFcHE S h
BIriEaEERATOA RREEEDORED, &5
W PCB OBEEEHIIC & 3 25 uAf FRENEM DS
EVRIMFLEETE LWL,
PlEo#EgE»54ME, CYP2C o PCBREEES,
PCBiz &% CYP2C OFMB L VAT u A FRENE
HEAOEE T e 2iTo 7. CYP2C 38
FOKRBOMAEE LT, 7-EROEE, SHHR
CRHESN TV X L DRFEERIL, Rz, B
T#OERIZOVWTHRNS,

X B H &

1. KB

2,4,5,2, 4, 5-Hexachlorobiphenyl (HCB) & X tf
3,4, 5,3, -pentachlorobiphenyl (PenCB) 134#H=E
TEHEHR LR O % AW, 2,5 2,5 -tetrach-
lotobiphenyl (TCB) 3 & 08 3, 4, 3", #~TCB IxHhiz
BRFOHEFEEELLVHE I DER W,
2 a-¥ & U 16 f-hydroxytestosterone (315 Bz HI%E
B IETE L L D5 X N7z, Progesterone B & OF
estradiol-17 g R # %13 STERALOIDS # & b A
L 7z, 7-Ethoxycoumarin, glucose -6- phosphate
dehydrogenase 1& Sigma # 8 D O 2 FE A L,
NADP 13 1FE9 &LV, glucose-6-phosphate 134
Vv VEERTERI VELLORFEH L. Se-
pharose 4 B, DEAE-Sephasel, CM-Sephadex C-
50, 2°,5-ADP-Sepharose, Protein A Sepharose ¥
ViZ Pharmacia Fine Chemical ft & b, Biogel HTP
13 Bio-Rad# &V, %7 DEAE-5PW IZEY —# X

DEEA LTz, ZOMOFEE I HIRORREEE v,

2. XRgY

#

=3

=]
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Hazelton Research Animals, Inc Olfk: Beagle &
b HARBZEYEMTIRIRL DAL, 77
—~ALAZRZ M) -—AWTEHER 84 BB®T
phenobarbital & OHEY LT, BKiE5% 24hr T
ERUME2E, FRGES S AS S cyrL, &
BRI TR, L TR E T —80C tiiE
UZz, 72, PenCBALEEIZ o — > A4 A WVICTEEL 72
PenCB 2 ¥ 7 F > 7 NicHiEL, 1 HEE 3HE
1EF0.1mg/kg £ 7% % & 51 O#HS5 L 7=, Charles
River Japan, Inc @ Wistar Bl S v M ZJLEIER &
DAL, &I L 72535 T phenobarbital #5454,
BB S/, FRRRCERAE T-80°C i
REFEL 72,

3. BROBE

A XEHEFE VBB LNV I 70y -4 %8
L, 72— VETHEE »-aminooctyl -Sephar-
ose 4 B, hydroxylapatite, DEAE-5 PW O& X T A7
uw 574 —%Aw, v b CYP2CIHifkic
W A RERIGEETRECEE 2 1T> 2. %72, cyto-
chrome bs id w-aminooctyl-Sepharose 4B, hydrox-
ylapatite, DEAE-Sephacel, Sephadex G-75 D&%
T A TR B L 72, NADPH - cytochrome P 450
reductase i3 phenobarbital L 5 v N FlE X v,
Yasukochi & Masters DA% 2WHEUCTHEL /-,

4. MFEDTAHE S &L U Western blotting

SERIHRE L7 HEDIC LS TiTo 7o, 12721, 38
B JAE 3 BER® wdH 2 & 512, 2B subfamily
D P450 bEHE L 727, HBETHHEREL 2B
subfamily @ P 450 T# % P 450cp_, % F\> THEIL
fe 54TV, 2 Csubfamily P450 o3 2 EpRME S FIF
TeBERL 72,

5. NXB7 I /BEFHOMT

Applied Biosystems #: 473 A HE/ 7 o7 A > ¥ —
gx =k FAWTHTLI.

6. #Xsn<b+t535 74— (GLC)

HETEFHERNA A+ bt (ECD) (T B
GC-3BEBF XA 7ua= 272 73mmX2.1m®
HIAH T L BTG T eb D, HEHIXECDT&H
M263-T0BHA A7~ T 73mmX1.5m D
Ko AR T LR T DERRW, &2 AFIER
1% 1.5% OV-17 % 22— b+ L7z Chromosorb W (AW-
DMCS) ®2HERL, FX VU7 —HAWKE N, 2w
7.

7. EERER

RIGHE 2 E&1mlH i P450 0.1 nmol,
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NADPH - cytochrome P 450 reductase 0.5 unit,
dilauroylphosphatidylcholine 15 xg, potassium
phosphate buffer (pH 7.4), bovine serum albumin
0.8 mg, PCB congener 40 M, NADPH generating
system (NADP 0.5 mM, glucose-6-phosphate 8
mM, MgCl, 6 mM, glucose-6-phosphate dehy-
drogenase 0.1 unit), < 2112 2~ B %2 # & I cyto-
chrome bs % P 450 L FE/LEIML . 37°C 3 min ©
T vFaN—yva Dk Ktk NADPH 45k
FZOFEMZ L DBHBL, I0min 4 Fa—y3a L
fo. RSB IR & O EBEERD W U oS> TiT o Te,
= 7z, F5EL P 450 35 M O positive control & L T benz-
phetamine ¥ & UF aminopyrine @ N -fix X F Vb
{429, 7-ethoxycoumarin @ O-ix F VALEE {410,
aniline @ p-KEACEE 2/E L 72, £7z, steroid
kBfb, BRbiEMEIX HPLC 2 Hw»CHlE L 72,

x B ® R

1. CYP2C m#E8d

A4 X 70V — hd 6 OREEETE % Table 1
WET 5, BRBEER I EREKENCE—THD,
STFEEH 485K E RFE S iz(Figure 1), &L 72
&N EHFEMC 2 C subfamily WE$ % P 450 T
HELELEERT 2201 N RKiG7 3 0 BEH %
WE LIz, ZOFER, R P 450 i3 T Komori &8
HRUEHEE — 7 VAR E DR L 72 P450-D 129 B L U
Shiraga % % phenobarbital LB E— 7 VR X D #E
B L 72DPB-22 & N R 7 & / BRESIH LW —
BT 5 ERER L, BEHOSIEP 405, ETHL
Jedd, ZHIECYP2C21 M EN B FREWH LY T
% P450 £EZ oz,

Table 2 I HREE L 724 X ODCYP2C Lt b D
CYP2C D N K7 3 /BRI 2K L FERPR

T, E MDCYP2CICREDLDHFRDOIEENM S
NTWBO0, SEFEHET 24 X0 FREEL
YA, T I BYAVTH 70 B 0E W HEEETED
BN, DD Z b o SaEE S BRI La0F
BERVEIEICE>TE F CYP2C KB TR
OHET R ITo 1A O TRV H 2BENRETHZ 1D

e - 68 K

e —m 43 K

e -t 257 K

2C std

Fig.1 SDS-polyacrylamide gel electrophoresis of
purified P4505.., (CYP2C21) Loaded
amount of purified enzyme (2C) was 1.4 ug,
and molecular weight marker proteins
(std) used were bovine serum albumin,
ovalbumin and chymotrypsinogen A.

Table 1  Purification of CYP2C from dog liver microsomes
Step Total protein Total content  Specific content Yield
(mg) (nmol) (nmol/mg protein) (%)
Microsomes 4272 3288 0.77 100
Solubilized
T CLOSOmes 3963 3300 0.83 100
Octylamino-
Sepharose 344 1878 5.46 57
Hydroxylapatite 34 345 10.05 10
DEAE-5PW 2.6 40 15.00 1.2




156 H OE O# OF EL6A
Table 2 Comparison of NH:-terminal amino acid sequence of P-450,.-; with human 2 C sub-
family P450¢
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
P4505.-3 MetAspLeuPhe Ile ValLeuVal Ile X LeuSer X Leu Ile X PhePheLeuTrpAsnGln X
CYP2C8 |Met|Gln Pro[Phe|Val|Val Leu Val|Leu|Cys Leu Ser Phe Met Leu Leu|Phe|Ser|Leu Trp|Arg|Gln|Ser
CYP2C9 MetAsp|Ser LeuValVal Leu ValLeu|Cys Leu Ser Cys Leu/Leu LeuLeu Ser|Leu Trp|Arg|Gln|Ser
CYP2C18 Met/Val Pro Ala Val Ala|Leu Val|Leu|Cys Leu Ser Cys Leu|Phe Leu Ile Ser|LeuTrp/Arg/Gln|Ser
CYP2C19 MetAsplPro[PhelVal[Val Leu VallLeu|Cys Leu Ser Cys Leu|Leu LeuLeu Ser 1le [TrplArg|Gln|Ser

The same amino acids residue are shown in boxes.

Table 3 Metabolic activities of purified P450,._; in reconstituted system
product formed (nmol/min/nmol P-450)
Substrate reaction
—bs +bs
Benzphetamine N -demethylation 18.0 13.1(73)
Aminopyrine N -demethylation 21.5 12.5(58)
7-Ethoxycoumarin (O-deethylation 1.4 1.1(78)
Aniline p-hydroxylation 6.1 4.1(68)
Testosterone 2 a-hydroxylation N.D. N.D.
16 e@-hydroxylation 19.8 —
17-oxidation 17.3 -
Progesterone 2 a-hydroxylation N.D. N.D.
16 @-hydroxylation 13.8 7.8(57)
Estradiol-17 g8 2-hydroxylation 5.0 2.6(52)
16 @-hydroxylation 2.3 0.7(30)

Figures in parentheses are the 9% of values in the absence of bs.

N.D,, not detected —,not determined

Table 4 PCB metabolism with purified P450,, 5 in reconstituted system

product formed (nmol/min/nmol P-450)

Substrate [UPAC PCB No.
~bs +Dbs
2,4,5,2,4,5-HCB 153 N.D. N.D.
2,5,2",5-TCB 52 N.D. -
3,4,3,4-TCB 77 N.D. —

N.D, not detected —,not determined

EEZ I,

2. P450,, s DBEEN

L PERPEEEROLDOTH S 2 & R HERT
i, 7y MFLDESEL 72 NADPH -cyto-
chrome P 450 reductase & A X BT & D #EELL 72 cyto-
chrome by, OFET, FHHEERTEPREEES LUV
A7 a4 FRENEEEEE L7, £ O#R% Table 3
AR, FOFERE, A P 450 BEDRBHEELE TS L

DD, A7Fu4 FREEEN SO TEL, ZOEE
7 A MATa st UESROD regioselectivity % &
DAZXD2IBY T 773V —PA0 DFNFTN5.41E

(16 @-hydroxylation #&E#), 18.6 % (17-oxidation
EHE) THo .

3., FBELCYP2C 24 3 PCB X3

DEWHEP 450, FAWIERERCBEWT
PCBURBan 2 oELEZRA LI, FORKEL



PCB Toxicity and CYP2C

110 7
100 4
90
80
70
60
50
40
30
20
10
0 T T T o
0 10 20 30 40
HCB conc. (uM)

Metabolite formed
(% of control)

50

Fig. 2

160-hydroxylation activity
17-oxidation activity

———

e

Inhibition study of CYP2C-catalyzed testosterone

panel) and 3, 4,5, 3’, 4-PenCB (right panal)

Table 41279 . PCB & U TIHIRAEHIEBEE DENK
BRLEEETHRE SN 2,4,5 2,4, 5 -hexachlor-
obiphenyl (HCB), Z{{#M% non-planarPCB D&
& LT 2,5, 2, 5-tetrachlorobiphenyl (TCB) B X U*
coplanar PCB OJFR#TH 5 3,4,3,4-TCB 2:EAT
RMERET -7, ZOME, SEOSTEF B
TRWTFLORBE L MBI o T,

4. CYP2C ORBEHICH L(TT PCB DEEER

DX PCB A CYP2C oSGk YD X 5 2%
BrBIETHIOVTORNETA AT Y EE
BE LT invitro R THRETL 72, PCB & U CIARRD
2,4,5,2,4,5'-HCB t & O R IEHE M %2 R 7 co-
planar PCB & L C&Inh 3 3,4,5,3, 4-pentachlor-
obiphenyl (PenCB) # vy, HERRICBWTETZ
5 congener ¥ CYP2C % 25°C, 30434 > =
NR—b LD EE2RML TRSEREA L. 20
R % figure 2 12737, Figure WR$T#Y, 2,4,5,2,
4,5-HCB BBEREFENCCYP2C OfiEd 27 X
PRT O RENEEEREE L 0L, 3,4,5,3,4
~PenCB 3ETHEFOEREZRLIzd DDEL WEIR
Wizmoie, 2,4,52,4,5-HCB @ CYP 2 CREX
IO ERAE 2 HEE T 2 o2, P450p,5 A PCB
BERIIL TEERFBAIC L b5 AT AR S
NEDEDRRE U, 2 ORE% figure 3R T,
2,4,5,2,4,5-HCB QI & Y P 450p._; 13 386
nm 2%, 422 nm WS %5 T HEER L Type 1 E
DEEREEEANRI "V EEZ 012U, 3,4,5,3,
4£-PenCB BV FhOF A 7ORHBEEART P L E
R0l (F—FREH), LD 552,452,
£,5-HCB i CYP2C 0EBERFEAWMMUICHEEL I S
MBS EL STz,
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Fig.3 Substrate difference spectrum of purified
CYP2C21 induced by addition of 2,4,5,2,
4,5-HCB
The amount of enzyme and PCB used were
80 pmol and 1 nmol in a final volume of 220
ul, respectively.

5. CYP2CORBEL~NNLIZELIFT PCBOME

B P 450 57181, ERHEERGE AL
FrC 3 —Mic 2 OFRBICEHHED 615, £ I TH
% PCB UL 1238 CYP2C ORBIED LD
REEDBHSNDDEPERET L T2, BEELD,
A RXCBWT CYP2C DR ICHENR SN ED
BT, CYP2C W7y b TRHEEDEL WHFHE
THB0S, 41X THEAROHERBFD 5N BEHE,
MEHE R EEESFF W e B st ThH 5,
BARPLL0EEOUZIC DV TIIIRA E TR S
TR o J22048,

RMHEOMERE 1 X Fc B %5 CYP2C OFHE YV
~UVIZHET 125 pmol/mg protein, MET 100 pmol/mg

protein TREN L L, £ 72H Tld RO O P 450
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Fig.4 SDS-polyacrylamide gel electrophoresis

(A) and Western blot (B) analysis of liver
microsomes of untreated (lane U),
phenobarbital-treated (lane PB) and 3, 4, 5,
3, 4'-PenCB-treated dog (lane PenCB)
Each microsomes was applied in the
amount of 10 yg. Lane 2C contained pur-
ified CYP2C21 (0.4 pg). Arrow indicates
the position of CYP2C21 protein.

BEOH UREED Tz, 2L ORI Ciz—IE
FTOOAXLPHAWRZENTET, $7:CYP2C O
& & 1k immunoblotting THIEE L -0t L, #
P450 EBIFNHENCRKD DD TH LD TEHD
TNBHLLOEHEHIND.,

Figure 4 I2k443#, phenobarbital (PB) 4l &
U PenCB LA XFF 2 7 0 Y — ADBESUKE & im-
munoblotting DFER &% & NTRT. 50 2,4,5,2,
£,5-HCBLED A X FHEEHETE G o720, K
PCB %3 PB type OFEEHITH 5 Z L 3H 5N T
%050 Jo, PBAEEA XEFS 70y —AZ2HWTHR
APHid2ZLell, ZOERPBUAETIFERD
EEHFED 55 DX L PenCB L TI3E L WL
RO &7, Figure 4 OFER 2 HELL 72
7 —# % Table 5 /R, Table ic=d#bH, CYP2
CRPBAHETHIIFHEML CwoiextlL,
PenCB AL TiEHY 1/8 BT L iz, SEIT— 512

(26)
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Table 5 Comparison of 2C subfamily
P450 content expressed in the
liver of dog
Treatment relative band intensity
untreated 1.00
phenobarbital 1.34
PenCB 0.13

Values represent the mean of two determinations

BRELRWECYP2BEE D PenCBALEIC & - T
FEL B LT

Z =

A4 X X DR 72 2C subfamilyP 450 3B R
BWITESEMHVT T O PCB congener Z4H T
Ehpoll Ehrs, RP450 1 PCB ORBICIZ &
AFBS L0, BEL T b TLTHEb0DEE
Zoehni, L»L, P450 RO TR L - CTIIEH#ERS
TEARNTOEEE2FRTERWLEESA SN T

218 e 3o T, in vivo TOEER2S T 235
&, FEAER OS2, JiRE B THEEEREAA

L EWAHRTH S, HiFE & LT sulphaphenazole
PHEISNTV S, ZohEWEe boCYP2C in-
hibitor ¥ LTHER SN2 bDOTH Y, SEE VK
P 450p-s OWEEE & OREZRIRK» DT ICHEL
3 5IEEE S I o Ty, —HEHE IBHERNI
iz 2 DIcBIRMES & DS, BRI 4R L L
212, SEE & itk CYP 2 C & % SHRAGICER
BT BLDTIRD»ol, Licddo THEIRHIAR &
LHEORS RITh R, &1, CYP2C IR
HORmWHELAKL, BRETT 2755250
Bbonsd, 2OHEBEL>-BEIL, Lt bS5
Fiv>72 PCB congener ©2 5,2 4,5,2°,4,5-HCB &
CYP2C OEHEREHMIEEST 2 LR E T
HTHB, e bDOCYP2CHRATOA REHIZ EIIF
CHELTw P BHERETRIAE TR, O
54 testosterone O FHHWIX 6 g-KBLiETHD,
CDORGE MBS 5 P450 1k 3 A subfamily
P 450 T B %209 3, Kawano & & P 450 human
2 (CYP2C9) IZtestosteronel6 8- KEg{b i1 & 17-
BALEMER RHL T0w52, S5 Jurimas it MT
T CYP 2 C THES 1% mephenytoin KEE L IE M LY,
B LI A5 o4 REEDOF T & 7 cortisone
& ethynylestradiol 2 & » T {HEE N B T L %
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BHELTELY, cheoohlerRECLESLT
WBHEBEH T E T E R, 402, 4,5,2, 4,5-HCB
BT APATO YD 1/20 DEEBWT, ZOKEE
MR 60~TORRAEL 72, Lichd>T 2,4,5,2,4,5-
HCB #* CYP2C OoEBEFaMrEHEL, LEAT
oA RRENEHEAEET AT RERTE RV EE
Z6h3, £, AEEREREEOPCB & E2 560
T3 3,4,53,4-PenCB TRIZEAEEEINT,
INETIHEFINTWL LI FERICL-T
& non-planarPCB OB MO AR EWHIRNH 2L T & %
BRBLTWAHOE U THEEEN,

—7, FFigTo CYP 2 C FHic B L iZT &g
L7z & 2 %, coplanarPCB i3, # OFIR % FEE I HNHI
T2HDEEZ LN, £z, PenCB MBI Tk %
P OSFTFEIBKMTCELIEES N TR
NS sl DT(Figure 4 21R), £ OREI
Ek 725, 4 non-planar PCB TOF— 4 1%
Btz o fzd%, phenobarbital JUE DR 53H
HLT, 2,45,2,4,5-HCB ##iTi3 CYP2C H#H
BEREEERERT b OEEZONLS, LEL, K
PCB 054, FESE ML THREEE SHET 2
ZEehn, BEANLEPHMOERE OBETELER
BHEELLTL 3 b0 L& S, 4H PenCB
TR X5 7% P 450 FIRMFIOEFEL Tike
CAREBETH 583, {RIC Ah-receptor 2§ 2 IHETH
3 EThiE, 2,4,5 2,4, 5-HCB iX coplanar PCB @
EMERPHENCED 2 LOHELH D Z L,
coplanar PCB i & 3 CYP2C 0 RHEMWH 2 E D %
fER &, 5 OEEHEEFRSHE-> T CYP2C
O T ARIEEEL {HET 2D LHEEIN S,
HEHRICEHLZZL 51 PenCB I CYP2B IR b 4]
BT, & MZBWT CYP2B RN~ A1 F
—RATRETHY, ZOREIIIEAZIKRENT
EBHISEN TS, FOEBHRIEED LI 5K
HHCH 50 EEEO CYP2B 0 & 5w EYRHELE
VL FEZ SN TR,

Hol-oTEERZ LE, CYP2C BHERKGH
ENTwEE L OEHORBEE L TwERTHS,
TRbBIAZE, FEXT o4 FRUIRESRE, RO
PR, MEHE fENEzCoRHice b
CYP2C 5T A EEENLER-2TBY, K
P450 TREENIZEWF IO W2 52D L FHES
NTwb, ABLAEH122,4,52,4,5-HCB BH
EOMEREFACRE L HEECHE SN % con-
gener ThH I b, INLHEYEPCBOMIC
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CYP2C %A L /- PCB-drug fHEfEM 25# & 5 fali
HBEZ N, SBRERTNEHELEbhS.,

=
AR

#

INZE T HEHO PCB HMEFRIME BT 20
en3h LB, D% L 1% TCDD ®#EM D coplanar-
PCB # AW TAEKOBNEEEEHRLLDOTH
L, Zh o OEED 6155 BRI ERE LR
EMEEET L ETRENMCERLbDEEZONS
2, TR AR L RO BEOFEICA
ELHEGLTWARERELEY, I LBE»6FE
S IREENE S REOBEFRNIIR O GRECE
BINTw52,4,52,4,5-HCB OEAN#ERICEST
LHEEEITo T3, L L, & congener IXfEER
HREBWEIBEEREVEZEZ 5N TB D, EHINY
LETH- Tz, Fltic’z - T, PCB &MU LD
EREUDTBY, filEVAALSHTFLRL, 51
BEFVRVTOMELTOR2 LI o Twn3,
UHRECTHLITEEFLTVEY, ZOHAIR
whole body TOBEMICES L T 3 hELNRHET
HD, FTFVVOEMITICE S bR R D
BETH B, ¥, FFEHE— congener TOEMERTIEH
ATH- 75, BEVMOHFERZR, ZhZhd congener
DR BIEOE S 2 RFCREBEN O LR WEENH
EAND IR -TBY, BREYORSNEEEN
D0h%, FE24,52,4,5-HCBREEWELLT
W5 7234, o congener DEM 2 HEN IS D
ZIERENS, SHEEEFNICLERTERWLE
WrBbhs, BIRLILD12,4,5,2,4,5-HCB
OBEMIERC >V TR EITRATH 22, SERHS
N7z CYP2CEREMOMBIERL2,4,5,2,4,5-
HCB BT o#H M & L THRCER S RYI 05
TH»EHEZOND, el E e VT
DEZFERPAOSTEE L TRBIZIICYPIA RS
D, iz, BEIDZWHCYP2D b EERWE 2
STWRE I ERS, INSSTFREICBI 5 HRE IRE
HERTHD, FBLICHoTE b P 450 HEZH
MRANWAD 12D T, SHRITINGEZHVIRELF
ELTWw3,

AWz H 720, Beagle ROFTE, HPUE, BER
CERIDWR & E LIS FT 77 —b TR T MY =X
WOBBRERCECHLRL LT3,
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2, 2, 4, £-Tetrachlorobiphenyl OKEILABE LU A F LXK
KBNS v b loB T 2EEBRIM
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Tissue Retention of Hydroxy and Methylsulfonyl Metabolites of
2, 2°, 4, 4-Tetrachlorobiphenyl in Rats

Koichi HaracucHr and Yoshito Masupa
Daiichi College of Phavmaceutical Sciences, 22-1 Tamagawa-cho, Minami-ku, Fukuoka 815

Yoshihisa KaTo and Ryohei KiMURA
School of Pharmaceutical Science, University of Shizuoka, 52-1, Yada, Shizuoka 422

Abstract Previously, we have identified a large number of methylsulfonyl metabolites in tissues
of mink treated with Clophen A50. Most of them were found to be derived from CBs with a 2,
5- dichlorophenyl or a 2, 3, 6~ trichlorophenyl ring. It is further necessary to investigate if CBs
with a 2, 4- dichlorophenyl ring could be biotransformed to the sulfur-containing metabolites in
animals.

In the present study, 2, 2°, 4, 4’-tetrachlorobiphenyl (TCB) was administered i.p. to rats, and
liver, lung, kidney, adipose tissue and blood were analyzed for the unchanged CB and its
metabolites. Both hydroxy and methylsulfonyl metabolites were detected in all tissues analyzed.
Major metabolites were identified as 3-OH-2, 2’, 4, 4~-TCB, 5-OH-2, 2’, 4, 4-TCB, 5-MeS0,-2,
2’, 4, 4-TCB and 6-MeS0,-2, 2’, 4, 4-TCB. Total level of the four metabolites was estimated to
be 1.5 ug/g wet weight in the liver, corresponding to similar level of the unchanged CB. The
concentration ratios of 3-OH- to 5-OH-TCB and 5-MeSO,- to 6-MeSO,-TCB were about 2: 3
and 2 : 1, respectively, in liver and kidney. These results indicate that CBs with a 2, 4-dichloro-
phenyl ring can provide both hydroxy and methylsulfonyl metabolites that are retainable in
tissues of rats.

BRO 2O LIk &5, BB PO &L

i L &

RV E 7 2 =0 (PCB) O&FHAFYO—>T
BDAFNAVK ARIENREENF L, AMES
DELOHALBMOEB» s, EEEATY
299 PCBIBZ:DER L VEDT T Y DHBE,
130D PCB- X FNVANK ENEYE PCB O
1/20 ORE CRRIGHEBICEE L Tv 59 1% H, TP
AR BB EOREEET 2 A FVANK VS
PCB L ZIZRIV ANV TEIRNCEE L T 2 e
oMo Tw 3, &ifl, ¥BETPCBEAGY

(Clophen A 50) % 3 > 7 i85 Libh & OHBNE

(31)

T2 AFNVANK Y REM TR L, T 51X 2, 5-dich-
lorophenyl % 7213 2, 3, 6-trichlorophenyl ‘B#& %8 3
%5 PCBHRLTWA I ERASIZ LIz, £, 2,
2, 4,5 5-pentaCB 27 v V5T % &, £HNT
3-8 £ U 4-MeSO, R4 L, fEBTICERET 59,
ZDDH 3-MeSO, BIZHEN T = /NN E Y — VA
Off 3 7 0V — L EYREREFEERERL, &7
FHEGRCAKRBKBRCEREE 2158 0.5 pmol/
kg THEW LR SR ZERDpo /199, 23 1L
2, 5-Yruu7 = VERHT % PCB OBRFEE
FIC I T 2 A F VAV K o REIEL S LT
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Wi ENTBINT,

—FH, 4 fLEREBRL /2 PCB 3—# i RBHHEE
EBL, TDX D BENED S ERREMOER, BA
SRIZET 2HE D, KB9F2 2, 4, 4-
tetrachlorobiphenyl (2,2, 4,4-TCB) O< 27 AHB
J2EPRBWE LT 2O AFNVFAERE 2D A
FNANKAREREL, XFIVANKARDAZET
fEcmHE L Tw5, 7 Darnerud 5713 3, 3, 4, 4'-
TCB 2B E L IIEIE~ Y ADRRIBIZAFNVANKY
HEOERE T 5 0 ETER L T\ 5, PCB OKER LKz D
WTRERREHT L LTELOREYBH 200,
FEASFE DT FSEBET S A TR, Ll
i, 3, 4-dichlorophenyl #4253 % Bifkn» 54U
LARBALRBBIMRFICRE LTI &b rb,
FhoeDBEEELEE C O0BEEPEHE SR TY
54)5)18)-

AR T AERER LA T 2 R ORBTSR
D—BELT, 2,2,4,4-TCBEST v + DEREY
B OMER BT, B OMBIRE I D W TR
L7z

x B F E

1. ¥

B Wistar R » b (BEH180g) %28
vy, BEETY 18 Rt 3 v, REME R T —
b 810 WIBFEL, 342 umol/kg 2N 1 ERS L
7. 596 BERRRR AT, BIE, M, AERSAEMR, M
EERDIZL, afER e Ui,

2,2,4,4-TCB i Ullman It 2 & D &L, %
DOEEE '"H-NMR 8 L S EI-GC-MS 2 L D HEL
7z, 3-MeO-2, 2, 4, 4-TCB i3 2, 4-dichloroaniline
& 2, 6-dichloroanisole2» & Cadogan coupling % %
WTEHERL, 5-Me0-2,2,4,4-TCB i 2, 4- dich-
loroaniline & 2, 4-dichloroanisole % Fi V> CRIR G
DALz, 5-MeS0,-2, 2, 4, 4-TCB &K IZBE
O IZHEV, 6-MeS0,-2, 2/, 4, 4-TCB & 2, 4-dichlor-
oaniline & 3, 5- dichlorothioanisole @ Cadogan X
G, D TWTBERIGIC & > TER LT, WIZEESE
i3 3-MeS0,-4-Me-2", 3, 4°, 5, 5’-pentaCB % Hv> 7z,
B EERARA 2 3EERER s o b 5 7
4 —HAEHw,
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HBzhZhiflg #NESEYE 20ng 28307 &
FriaFrr (1 DIEE0ml Nz, Y rov
REYF 4P — (KINEMATICA) T2 E#EL, £
KREEET b U ATHIK, 23U, MR ~F
VR E L, FRIZH30mMI DY UEEAKEIE (0.1M
H,PO,, 0.9% NaCl) 2z TRV EE, ~FH B
PO IZL, BELCRE (BS) #FELL. M
WIZZ O 1ml 2 REEYE & 1M KOH/x ¥
=N (T3 B Amlchnz, 50~60°C TH 1 R
LT, 2%k, 6MEEB Iml TBEELEh L,
ANFHY tert-TFIVAF LT —F ) (9 1) ORE
5ml T 3EHH L%, BiEL TR 2L k.
JERGHERR AT 2 £ LA R eV A4 F—TOEL
ok, BREL, 00X IEHERHEIEL 2.

2) VR —S 1 —varruvw S5 7 4 —

(GPC)

Bio Beads S-X 3 (200~400 mesh, /¥4 %+ J v ¥)
HE0g EAFYy i Vrauiyy (1:1) BRI
%z, —UREE R DEH T L%E (SR 25/45, 77
WY T) TEEL, EREY T (LC-6 A, BE) »
& P 4 ml/min TRGE L 72, SHHY3EE
R 1. 5ml KL LTEE 2ml OV —F 2B 72
G TINA s F (1125, VAT A Y) THI A
WWEBAL, #140~180ml O/EE T I 7y aray
2% (FCV-100 B, SCL-6 A, B&) THWL. 4
B L R IERER, ~F VBB EL GC/MS BE U
GC/ECD i D&k & Lz,

4, T, TR

1) AAza= 97 4 — HEHF (GC/MS)

R OEZEXARET IMS-AX 505 HE&94MeF
-IMA-DA 5000 28 # fi\v» T, El&— ¥ CHEL 72,
GC# 7 AW IEDB-5 (30mx0.25mm KN&E, J&W
Scientific Inc) # vy, A7V v b L X T 70°C(2 min)
» 5 220°C AN 20°C/min T, D 7w T 280°C ~ 3°C/
min THEL, 30 5E—EwRo7z, XF VAN EK Y
REMOFEEITER L 2REW O GC R B L U
RAANRY MV E VT ot AKEEEARIC DT Id GPC
WEBBHBEE~FFUBER JW5m) L, 1M
KOH/x % /— (7:3) & 2ml THIH U7z, 8
L7z/kf@ iz 6 M ERE 1 ml 202 T L, ~F9
voltert-7F N AF NI —F (91 1) 10 ml T 2 [EHh
HL7:, COREBIEL, Y7V A DI—F VA
#% (N -~ methyl - N’ nitro -~ N - nitrosoguanidine &
NaOH KFR & ORIGIC £ O S iz, 1RHEK
B8, GC/MS 2HIEEL, A2 FvB XU GC 4R
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BEEEER LA bF AL,
2) H¥Aza<w k777 4— (GC/ECD)
FREWOFERIRGPC I L 2K X F 1k
2TH T GC/ECD TEEL 1z, EE2EEHF>NT
sa=x b7 7 A0REYOREEYHICNST 2 —7
ERLERD, REYE— 7 tWEEY — 7 BA—&
TE—-HEETH S ERELTEEL..

& R

Fig. 142, 2/, 4, £-TCB 2% 5L T 4 A% O
B & UFESOME® O GC/ECD 27:7%, KOHES
vy rIERSHEWL IL T BL IV O — 27550
Mg crER s R, GC/MS 447 (Fig. 2) D#EE, 18
LTI DT ARART PIVIFZENREFNEEE 306 D5
T4 4 e 2, EIEEEL S 4 EHROKRE
R fEE sz, MABIAROBERHEE T 27:012,

HHME Y 7V A Y T RAF VAL 2 E R SR
R LU, Tablel WiRd X5, I, HOHE
ik bz M+-15 (M*-CH,), M*-43 (M*-COCH,)
BLUM-113 M+*-COCHLCL,) XD 757 X~ b
A4 vEE23ZEhd0TRY 3-MeOETH B
EFREE N, B, AR L T AEHER O GC {RIFRE
M= ot#Ei X -, 113 3-0H-2, 2, 4, 4-TCB, 1I
13 5-0H-2, 2, 4, 4-TCB ixAg4 32— Th s &
HE LIz, —H, LIV v 2 A7 P VIZEER 368
DHFAZX > EEZ L1, 4EFRIEOXFIVANVEK
VERLHEELR I I M-35 04 4 > BE#E — 27 &
RO TS T A N T RELE L5,
AFNANVE Y DZ NV MIBBE - HEES L,
U CEBRES E O & 0, 1T & 6-MeSO,-2, 2, 4,
4£-TCB, IV iX5-MeS0,-2,2', 4,4-TCB * A& s h
7z.

>
Z95

unchanged CB

(A)

I
unchanged CB (B)
| W
I IS
B m
. , Ny
10 B 2 5 30 min
Fig.1 ECD gas chromatograms of extracts from liver (A) and lung (B) of rats treated with 2, 27, 4,
4-TCB.
Table 1 Identification of methylated derivative of hydroxy metabolites (I and II) in liver
of rats dosed with 2, 2’, 4, 4-TCB.
GC retention time m/e Relative abundance (%)
(relative to IS) M M-15 M-43 M-113

1 (methylated) 0.4499 320 78 20 22 10
I (methylated) 0.4772 320 80 15 25 32
3-MeO-2, 2°, 4, £-TCB 0.4502 320 77 18 28 10
5-MeO-2, 2, 4, 4-TCB 0.4775 320 80 12 33 35

IS : internal standard, 3-MeSO,-4-Me-2",3',4’,5,5-pentaCB

(33)
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Fig.2 EI mass spectra of metabolites I, II, Ill and IV in liver extract.

Table 2 Concentrations (ug/g wet weight) of unchanged CB and its metabolites in tissues
of rats treated with 2, 2°, 4, 4-TCB.

compounds Liver Lung Kidney Adipose
3-OH-2, 2, 4, £-TCB 0.464+0.11 0.12£0.05 0.21+0.09 ND
5-OH-2, 2, 4, 4-TCB 0.61+0.23 0.44+0.14 0.331+0.16 ND
ratio (3-OH/5-OH) 0.75 0.27 0.64 —
6-MeS0O,-2, 2, 4, 4-TCB 0.13+0.05 0.01+0.01 0.11+0.04 0.3540.13
5-MeS0,-2, 27, 4, 4-TCB 0.2840.09 0.37+£0.13 0.2940.10 1.08+0.32
ratio (6-MeSO,/5-MeS0,) 0.46 0.03 0.38 0.32
unchanged CB 1.34+0.42 1.3040.36 1.00£0.33 113+41.7
total metabolites 1.48+0.48 0.94-+0.33 0.94+0.39 1.43+0.45
ratio (unchanged CB/metabolites) 0.91 1.38 1.06 79.0

Values are means=*S. E. for four rats.

HELABORBYOSEBPORERE 2
Table 2 2R3, F, B & CIHER 13K
B LA FNVANK ARNEIZE VRV THRE S 1,
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BLUXFLRVER AR (0.06 pg/ml) SEH &Sz
B3, HE OBEEICHARS AR DIEN T LS h o
7o, REVOBE*BHENCAH 2 L, s L 08
T 3-OH- ¥k 5-OH-TCB 0B&Z 3K 2:3, — 55
-MeS0,- & 6-MeSO,-TCB OEELIZH2:1TH
-tz BT 3-OH 1A, 38 & U 6-MeSO, A DR
B3 Y& T2,

Z

Jrar7+h—PCBTH5 2, 5-Yrunua’ =)y
EEEHT 2 PCBERBRIIENTAF VANV ER I RE
UTHRRREEL, %< OFE8mEN» S bmL &
nTtwa, Larl, 4fEREBEBL PCB » 58
RV OEHOFE, EAFHTCOL AR
nCwn, KEFFe T2, 4~y r7na 7 o VvEERE
T35 PCBREOHKEREIELZ 205 BEL, %
DEBAFRE YRR L2, 2 ORER, 2,2, 4,4-TCB
7w NG TS EAKBIMEB LI U AT VAT
HOTREDLERL & FRE THRE I L, 20RK
HBEEI2 3, 4, 5TCBHREIC L > TET B ATV
ANRREY LT S &, 1/5~1/10 DEE (CkF
£)ThHH, -(IERERD PCB 052 2R &Y &
LTRTFEMECEERERETHS IO BEbNS,
KW X2, 2, 4, £-TCB vy ARERS Lz L &
MIZ A F N ANVK Y DEIL, #OEEIIRELED
/80 TH5EMELTWEN,SEDT Yy Mz k5
EERTRREEOH 1/3 KL T2 AFNVAIVEY
DIFEA ST DSTED S iz,

—7, KELEOEARFR T DWW T8 S
TRy, 8ED 2, 3, 4, 5-TCB ®F v MENEH
HERTEE (R¥E%R) TR, ABIARIYOEBRELE
B, UL, BPFR T2, 4-Y7un 7 == vERH
T2 PCB 2 6 RE S B KB LIRIE A F VALK >
HEFAREOREERE T eGP LR,
EHER S @I A ATV A0 DESD L DTH B
2,3,4,4-TCB %29 v bici&EL, 7>vhi@me L
T3-0H-2, 3, 4, 4-TCB B L UF5-0H-2, 3, 4, 4-
TCB 2[E L Tv 5, RHFSE T & iz KB LE D
BELRCERERTHZ2 o, 2,4-Y 7 uuEt
747D PCB T v MMERTHREOABBRELET,
DART B2 EBSFEEINS,
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2L, #OE L0 4-0H-3, 5-dichloro-% 7z
1% 3-OH-2, 4-dichloro- B 5 H T % L MEL T35,
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UHEGS B OMBEERIC Lo THESREL S
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3, 4, 4-TCB oR#E¥cH 5 5-0H-2, 3, 4,4-TCB
OABFEIZRHMEEM LD b IX2 W 2 LMK
52 ko TESIhT W3, 2, 2, 4, £-TCB ik
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-OH 8 & U 6-MeSO, R DIBE X, DKo
7. =77, RERGAEARH IS IR IRE DR 1/80 14
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Preliminary Studies on the Retention of Hydroxylated PCDF Metabolites
in Rat Blood

Hiroaki Kuroxi, Noriko Isgmmura and Yoshito Masupa
Daiichi College of Phaymaceutical Sciences, Minami-ku, Fukuoka 815

Eva Krasson-WEHLER and Ake BERGMAN

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

We recently reported that certain hydroxylated PCB (OH-CB) metabolites were selectively
retained in blood of rats experimentally dosed with PCB (Aroclor 1254), and also in blood of seals
and humans environmentally exposed to PCBs. We also showed that metabolism i vivo of
polychlorinated dibenzofurans (PCDFs) gave rise to a large number of hydroxylated PCDF (OH
-CDF) metabolites, excreted in faeces, after oral administration to rats of PCDFs mixture (1, 2,
7, 8-tetraCDF 149, 2, 3, 7, 8-tetraCDF 35%, 1, 2, 3, 7, 8-pentaCDF 489%). These results suggest
that OH-CDFs could be present in blood. In the present study, potential retention of OH-CDF
metabolites in blood (serum) was investigated in a female Wistar rat exposed to the PCDFs
mixture. Serum was analyzed for the methylated OH-CDFs by gas chromatography (GC) and GC
-mass spectrometry. Two major metabolites were determined in serum 1 day after oral adminis-
tration. These were identified to be 3-OH-2, 4, 7, 8-tetraCDF (A) and 3-OH-2, 4, 7, 8, 9-pentaCDF
(B) by comparison with synthesized reference compounds. 3-OH-2, 4, 7, 8-tetraCDF and 3-OH
-2, 4,7, 8, 9-pentaCDF were possibly produced from 2, 3, 7, 8-tetraCDF and 1, 2, 3, 7, 8-pentaCDF,
respectively, via 3, 4(6, 7)-epoxide intermediate and subsequent NIH-shift of the 3(7)-chlorine to
the 4(6)-position. The amounts of 3-OH-2, 4, 7, 8-tetraCDF and 3-OH-2, 4, 7, 8, 9-pentaCDF in
the serum (5.72 g) analyzed accounted for 0.0189 of 2, 3, 7, 8-tetraCDF and 0.003% of 1, 2, 3, 7,
8-pentaCDF dosed, respectively. The both OH-CDF metabolites detected in rat serum were quite
similar in structure for the retained OH-CBs in blood, i.e. two chlorine atoms substituted
adjacent to the hydroxy-group. These results indicate a profound similarity in structural require-
ment and mechanism for the selective retention of OH-CDFs and OH-CBs in blood.

zo-p-dioxins (PCDDs)7% ¥ & I HIBRFIHIE T DER

i U ®» s
BERYETHS. £z, PCDFs X% D WEHED
Polychlorinated dibenzofurans (PCDFs) X polych- W, 1968 R HA—H THEL 7z PCBHEETH
lorinated biphenyls (PCBs)% polychlorinated diben- AAIHEDELZFERME L Rz 3hTnws, Zh
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% PCB, PCDF 8 - ' PCDD BiEEDERHh, B
CEM LB R RYT. UL, ZOEWHREEEIZ
FHBEHE R TR EZEwsn, BEOEED
b D, B 2T 3, 4,3, -tetraCBie &£ 2 1 5 Co-
planar PCB % 2, 3, 7, 8-tetraCDD 7% ¥ OV HEE %
B9 2H00HM - EMERTHERN ANV 2T —
EALTHET2HDEEZONTVLEY, Lal, 2
DB D A THHER PCB 0EMLIEFLHEE PCB O
HFHEE2HETEL L DOTREY,

®il, bbb PCBORBERMO—DTH 3
PCB 7kE{b4k (OH-CB) 23 PCB BB 285727 v
rOMBEBFOHL BT, BEBRENLTCTFI VR
t N OMEFICHRFENCERFEL TS 2 ERHS 2
WLy Zm k5% OH-CBs idgEE L OB E L
T30 B WiF 4 KEEEE L, MR IERER
BNTVWEEWHIHBOEUEEFEL TWwi, 85K
BiEOH-CBZ Db O DEMFRERIC DWW T HEE
S ENDDH DL, HlZE, TvTNT I T
DI, S rarv R YT REBT AN VB
LDBIZI, T X bus vk 7y —~OHH
P9, MRREEHREEAOFZEY, R4 (JRIR) HFihw
RIZTHES L ERFEINTHE, LMo T, &
#% PCB 0B M FIR I OH-CB BN EE 5T 2877k
AH =X LDBHFERS,

PCDF s KBLEEERBWELTEL L 2 &
HonTWw3Y, Lieh-TPCBOEE LR,
PCDF KE{tf& (OH-CDF) @55, bEaflizLd5%
REEER S UVEREROBELE T2 b DIFENI
MFEFCERVAENIFAREELSEZOND, 6K
PCDF ®#Mic OH-CDFs S5 L Tw3 Z & $F
3 h, D»Tid PCB, PCDF, PCDD 1z3t@ L 722
o OKBIAREY X 2BHFEIR A = X L558
ansd, FEZIO LD 2EL»S PCOF 0T
EmEMED 2, 3, 7, S-tetraCDF 8L U1, 2, 3, 7, 8-
pentaCDF 2 £ & LT& 4 PCDFs BEM%E 5 v
FEE5L, Zv MK (WE) F ki 5 OH-CDF
ORIRBRE W > TR RE 2 inz 7.

£ B FH &

1. RE

#5377 PCOFs BAEMRY RV 7 7 2R
322 EDERLILY, ZOMKIEL, 2, 7, 8
tetraCDF (14%), 2, 3, 7, 8-tetraCDF (35%), 1, 2, 4, 7,
8-pentaCDF (1%), 1, 2, 3, 7, 8-pentaCDF (48%), 1, 2,
6, 7, 8-pentaCDF (1%), 2, 3, 4, 7, 8-pentaCDF (1%),
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1,2, 3, 4,7 8hexaCDF (1%)BL 11, 2, 3, 6, 7, 8-
hexaCDF (0.5%)T® %'0, Methoxy-PCDFs OfE#
Y B RSl L CREET—4). OH-
CDFs&3#i D7z O NEEYE (IS) & L T4-
hydroxy(OH)-2, 3, 5, 6, 3, 4, 5-heptaCB (&)
R, B PCBAHTH b % v 3B E BERR
xR,

2. REREY, EYIXSHIUCNEFEORR

Wistar AT v & (15, &8 420g) wa—y
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OHBC=HEES L CRARS L, BRE51H
B U (o—7 VBT X OBl 7z, #
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MU, 35 0 5MMmBEPIME CBEE Lz, Z0R
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No(101) TIEMELL. HHEAERELESRL
HERfi4> (20mg) ZA~FH Y 2mlicE»L, ZOAF
U AR ) 7 AKEIR (0.5M, 5ml) Bk
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BEL 72, ZOBEW & DAEREY ) Y Ak ~F
B L O THERIE 2T, 7 x /- AV HEREY R
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WINERED IMEREMABEL LR, 72/
—WERB E~FYV > L tent-TFNVAF N T —F
Ao (1:1) 20ml T3 EHAH L 72, Hd® (Bghh5 10
mg) EANFHr2ml KELL, TR TV XY D
T—7 VIR (ERERCHEE) 1ml 2M2ERT—
BREL 7., ZORIGIC LD 7 =/ — NV HRE % A
FOVEEMAEL Ui, RIGE, BREBAE(QmD LY
BHAT RS EWMD BRI, ~F Y B 2 KGR
FRVTLEDDIATIGELE, BELESN
To~F VIR % GC/ECD B & ) GC/MS 347 DR
el

4, HXo/a=wro3574— (GC)

B IECN] B AEARLE (ECD) (f&xBEr 2
7o 75 7GC-I5ARFREL, &2 40
ULBON HR-52 (0.25mmX50m, BE) ®Hwi,
717 LAEEIEY 70°C T 2 SRMEF L, 220°C £ T 20
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‘C/min T, #\T280°C T 3C/min THE\L—F
AR 7o EALRE, RESEBEERZ AT 250C B

FUUMOCTITo7, FY U THARKEN, 2RV,

5, HAXoA2 bS53 74—+3XAXsbatth
) — (GC/MS)

FEBEIIHAET IMS-AX 506 W GC/MS (F—7%
My 25 2 JMA-DA 5000) #EHL, # 7 A3 DB
-5 (0.25mmXx30m, J & W Scientific Inc.) #Hw»

7oo A7 LAFEBONTETOA A L EERAE SR L 7.

A A MEERETFEEA A 1 (ED) EBLUAS S
Ak A oAl (NICD B (RISH A @ AT 2 HA)
TiT-o 7z, 77 LABER150°C (3min) 205 280°C
T16°C/min THRBL—EXHE-s T, Fv ) THAK
EAY v ARBW, NICIE— RN L 5 GC/MS D
7 1Z Finnigan 4021 GC/MS (4500 ion source, Incos
2400 Data System) EEIWC L > TdfTo72. BT ALK
13 DB-5 (0.32mmXx30m) 2w, 77 ABEIZT0
°C (1min) »& 320°C (20 min) % T 10°C/mim T&
WLz, F¥VTHARCEAND T LERG, RIEH A
WAy AR (0.45torr) BT, 44 VIRIRE
13 120°C W tR - 7z,
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6. MEPABMOEE

OH-CDFs @E& 13 GC (ECD) 1 %5 OH-CDF
DY — 7 EE 2 NEEYE T 2 HEfEth» 55 EL
7. E—2HEBEAEX C-R7TA (B&#) 2RV,

X R B R

1. KEHOEITRAZARS PLICL 3485

Mo SR U 7ok B D &, X F L EEE
e L7k, GC (ECD) wftL7-#R % Fig. 1 &x
. I SBHL R X DI IS BIA T AREE AR
METFEEN22D00F -7 ABLUBWED
St INSDE— 7 DWTELE— FDO GC/MS

(HAEF AX 505 W) THHT L 7 F5R, Fig. 2 oR$
LI ADTRARARI VBB LN, ARSTFA A4
¥ (M¥) #m/z 334 wRL, FEMEE—-7HED 418
FlkeEZzZoN2 I 95, Al methoxy-tetra-
CDF ThdEHESN]:, LPL, BORAART b
NVEBERARDI DB ENTERPH T,

Fig. 31 X b ¥ v H OB EI R % methoxy-
tetraCDF 3 ¥ & Of methoxy-pentaCDF 1 ® EI
TRAARY PNETRT, WIFLOBEL [M-15 (M-
CH,) 1+, [M-43 (M-CH;CO)]* 8k " [M-106 (M

s

Fig.1
column.

B
LJJ\E
) ) . i
76 35 58 55

Gas chromatogram of methylated OH-CDFs in rat serum on a DB-5 fused silica capillary

[3°)
min,

228

133 JJL
[P TR

M*.334
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31
336
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i LL]JL]
258 388 350
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M2

age 458

Fig. 2 EI mass spectrum of methylated OH-CDFs in rat serum.
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B K & OB BE»4A
EIE3
321 OCH;
(=}
JILL)
(=]
228 233
115 158 193 291‘ i
1 1113“3\ [T Y IHI il i 335
aglzrs
+
M-15 M :334
“ o OcH,
c'cl
M-106 M-43 223
\238 N
ISR P T T Il
3T
23¢ o .
1
228 293
P
3p5
370
BYwe R N VO
c o OCH,
<l ] M-106 M-43
\254 w327
192
. T , ,
180 158 208 258 300 350 400 as8 500

Fig.3 EI mass spectra of methoxy-CDF standards.

-CH,CO-COCN I* #7537 A b4 A LT
52570, 793 7A MY —viEIEINLRE

EEEHEWIZRAT 2R TERD T,

N NS0

75T RN E— 7 QN4 & UIEREIREERC L -
TN E > T d (Fig. 3) 28, XA 4 U 5aEIE A
b EVEOBBABOAZ ST, BF 6 JEFERERTO
HBREBVABEC Lo THEEBINLI DB S,

L7zdd->T, ADEI]

TAANRY bV (Fig.2) o %

DA P FYBROBBMEBERRET 523 TEE»o

7e#8, A X Fig. 3 WRTERERD S B 3-methoxy-
2, 4,7 8-tetraCDF & o o Bl—D~ A ¥ — %

w~ LTz,

2. R%HPWO NICI TXXRZ Pz & BI85t
KBIEERE  PREANS Fig 1O —27 A%
LU Bz &, NICI £ — F 70D GC/MS S (BAE
F AX 5056 W) %17 7o#ER % Fig. 4 WWrd. %0 El
ET—FOGC/MS CRRMHTE o728 % NICI
TN TRBEDTAARY MVEHET LI ENTE

188

150 269 258

309

358 408

458

s
50
Mo

~N®

Fig.4 NICI mass spectra of methylated OH-CDFs in rat serum.
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Fig.5 NICI mass spectra of methoxy-CDF standards.

7o, ABXU B RA A VEEEBRORNS, 5TA4
(M) 2FNFhm/z334 BLU IS WRL, iz
4 3EFAB &L U5 BRI RCEE -2
WEDHENB I EHSH, ABIUB RZNFN meth-
oxy-tetraCDF 8 & U methoxy-pentaCDF T& % &
HESNT, ARDWTIRED EL GC/MS 12 & 51
HORR BT 2,

Fig. 5 W& L 72> { D D methoxy -tetraCDF
B & U methoxy-pentaCDF @ NICI = A A7 h v
PRT. WThOBRBERCEWTHGTI4> (M)
DA FVEEIRTON, Th7I7A AL EL
7 [M-15 (M-CH,)]~, [M-19 (M-C1+0)]-, [M-
36 (M-CI-H)]- 8 & U* [M-49 (M-CH,CI+H) ]~ %
ERED ST, 2 S DRI 1-UH B i 3L
AN FVERPETIEMEOADERE TS 525,
Fig. 5 \@RT kDX M F v EOBEBRAME 2RI
LEBRTITAVINI—VERBDONL DT,
ZDEIWNICI® ARARZ hVIZ BT b methoxy-
PCDF D A ¥ v EOBBRUECET 2BE®REIES
nizdotz, Lal, ABIZUBDNICIwAARY
M Vid Fig. 5 WRTHERD > B, £ £ 3-methoxy
-2, 4, 7, 8-tetraCDF 8 & tf 3-methoxy-2, 4, 7, 8, 9-

(41)

pentaCDF D% 11 & Z&ic—8 L 7.

NICI & — F @ GC/MS 2 X % 43 #f iZ Finnigan
Mat 4021 W T $FT o7, Fig. 6 K2 D+ —F A
FArraw 7 hERT, IO EDREYA
BLIUBAKY, BERSELLTEHRZE6ED
methoxy-tetraCDFs SfgHi & L7z, Fig.6 D —27 &
CHRLLRHFRTRAANRY SN ER o 2B
PUERBE R LIz bOTH B, PCBRREWERS L7
Z v h OFFEH 12 12 monohydroxy D ftiz, MET
¥ H B 08 dihydroxy ARE b R 723 Twn 319,
L#L, 4E D PCDFs BEWE#RE L 127 v MK
i & it PCDF @ dihydroxy fRigi i a g o 7z,

3. LiBEPREYORELELUER

B OREYE DYE I Fig. 35 X U Fig.5 0w L
7z methoxy-PCDF 225 ORI & g L 717 - .
ZDiER, A O GC B XU GC/MS kBT R
13 3-methoxy-2, 4, 7, 8-tetraCDF @ % h & —E L 7z,
T, REWAOEIBLXUNICIEE—NIZBI}3
?AA~NZ MV (Fig. 2 8 X U Fig. 4) kil &5
W, ZOESOWHE—FOYARARY bV (Fig.3 8 X
U Fig.5) LlA—Thotz, LEDSERLD, Alk3-
methoxy-2, 4, 7, 8-tetraCDF LEE & iz,
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Fig.6 NICI total ion chromatogram of methylated OH-CDFs in rat serum. The numbers above the
peaks indicate the number of chlorine atoms on the OH-CDFs.

BOGCB L UGC/MS I8BT4 FRFRKFBIX3-
methoxy-2, 4, 7, 8, 9-pentaCDF D # i & —& L 7=,
A5 IREW B O NICI v A A7 bu (Fig. 4) i3k
MU & D, 20RO NICI v X A~ + v (Fig.
5) ERE—TH-722 &5, BiL3-methoxy-2, 4,7,
8, 9-pentaCDF L AE& iz, UL, Fig. 6 2RT
BERS (methoxy-tetraCDFs) O IZRET X7
oz,

mEFRHEDO I bREI N RETABLIUB
KOWTREEDLTH>7%. A (3-methoxy-2, 4, 7, 8-
tetraCDF) B X U*B (3-methoxy-2, 4, 7, 8, 9-
pentaCDF) OEE I Z 2N 140 ng/g EB L U733
ng/g METH-> ABIUVBREEBERTZ LI, %
nFEh 2 3,7 8-tetraCDF B XL f1, 2, 3, 7, 8-penta-
CDF wHiskd 2@ EE2z NS, Lo T, @
REDOMED (5.722) KBI 2BERIFhENE
Exniz2, 3, 7, 8tetraCDF 8LV, 2, 3, 7, 8
pentaCDF @ 0.018% % X 1} 0.003% i2FEY L7z, Lo
LT L7eIiE (5.72g) 37 v F 2MEED £ ORE
THDOPRETH S 7o, 2IME (M) Fwsiy
EEE (%) IRDenkroT, &, KEMLE
EOWTREEBL T RWED, MEREBT5RE
btk L KB LR B &L OEE I AHTH 5.

% =

PCDF kB bR E oMK R 8T 2 BE T
B, 1,2,7, 8-tetraCDF, 2, 3,7, 8-tetraCDF

(42)

BIUI, 2, 3,7, 8-pentaCDF % 4 & 3% PCDFs
BEeEWE=®E5 L7y bEF O OH-CDFs 2 2w
THE L. 2,3, 7 8-tetraCDE B L UL, 2, 3, 7, 8-
pentaCDF O 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(tetraCDD) W2 3 2 M EMREE 22N 0.1 B
LTV0.06 THY, WbEYiE PCDF HEGEOF TF
HOBRANEERTHL, i, WLEMEIAZEDT:
EVFRIP I EE T % PCDF REFO—ES - LT
IS BRER» S SNTHLEEETHH 5,
REMOFEERED /2D AART MV E2FIHT 2
ZriE, KAWL EFERO—DTHS., flz KX
methoxy-PCB T, #OEI A X7 MV X b
FVEOBMUELRET 2DICERTHS I L4
S5NTWw39,  LUal, methoxy-PCDF 054, EI
RAARZ "WVIEERATRWEINT WS, 22T
AT BT b methoxy-PCDF D 2 + F v EODE
WNE 2 BB T, < DhD methoxy-PCDF 1
WmEAY, NICIBXUEIvAR~Z bVERIEL
Jo. LpLas, ElE—FD&ZS T NICITE—F
WBOTY, ZROHDTARNRY Mvpb A dF o
DEBRMEET2ERIBOAE PR, 2O
13 PCDF OKBACAREY OBERITIcB VLT, A b
FYROBBABRPHZ DR AARY PVOA T
T THLIERERLTNS,
EFORHY & L€ 3-OH-2, 4, 7, 8-tetraCDF
(A) BLU3-0H-2, 4,7, 8, 9-pentaCDF (B) 3]
E&hT, 53N PCDFs BEYWH DO FERKSO—



Z v +EFH D OH-CDF

175

oo —| S| oo

Fig. 7
in rats.

DTH 5 2,3,7, 8 tetraCDF id, T v BV T
BASICRE S, Bt ans? 2 L4
SNTWw3, &7, 7y MBI 2FEREYE L TOH
-tetraCDF 8 & U (OH) ,-triCDF (v» 3" & #:ER85)
BRVBEESHTWAEY, INsDI L EERTH L, K
WEEi LD ERBE L THRE &N 3-0H-2,4,7,8
~tetraCDF 1Z, 8% 5 < 2,3,7, 8-tetraCDF %> 545k
anborBbhd, Thbb,FigTkmTii
3, 41 TR F Vb, 3L DEREF S 4Ly 7
b U7z NIH &7 MR E U TR ER L /2
CEZDIENTES,

I —DODREMTH S 3-OH-2, 4, 7, 8, 9-penta-
CDF it 1, 2, 3, 7, 8-pentaCDF #» & iz 7, 8-f1
arene oxide #HfE{k L LT, E5W NIH ¥ 7 b %4
WA hizbokEZONS, 1, 2, 3, 7, 8-penta-
CDF OB OS2 T 2 RE TR H 7 530408,
LA P iR s h, RN L T#E
FcHHES N3 2 EMRSENTHREY0, ZDHEED 3
-0OH-2, 4, 7, 8, 9-pentaCDF 25 1, 2, 3, 7, 8-pentaCDF

-
[,

DoDOREMTHL I EERBLTVIEEZLNS.

1,2,3,7, 8-pentaCDF i B3k % KL ERE# Y & L
T, 3, 4-{7® arene oxide Z#H ik & 3% 3-OH-1, 2,
4,7, 8-pentaCDF OEROTREELFE 2 5528,
DOEIEL TRSHRORNEETH 25, IEHHE
KRB TcH 5 6 D OH-tetraCBs (Fig. 6) 22w T
132,37 8tetra-BL U/ BB ik, 2, 7, 8-tetra-
CDF ek s a2 REMTchs0A%Z5T, 1,2,3,7,8
-pentaCDF & Btk % £ - 7o (FBiEAHE) 20
HEFINDLHEESNS,

bR U 724848 (arene oxide HREDERK, Zhi5]
EECHBERERTD 1, 2-V 7 M) 1L b EBbh b KE
AARRHE DL 2, 3, 7, 8-tetraCDF & 13H6i 2348
BLLTWwW3 2, 3, 7, 8-tetraCDD ® PCB GIEETH 2
3, 4, 3, 4-tetraCB, 2, 3, 4, 3’, 4-pentaCB icBWT
bEO LN TWEEHITH S, FHlziL, 2, 3, 7, 8
tetraCDD %5 L7 — 7 VRO F5 & FRH
& LT 3, 4-arene oxide ZHfEHA L L, 3-fioEHE
FHF 47 1-61) wBELIzeEZ 515 2-OH-1,
3,7, 8-tetraCDD DS & T 3®, &7, 3,4,3,

-
<

(43)

The postulated pathway for the formation of hydroxylated metabolites of 2, 3, 7, 8-tetraCDF

4-tetraCB (v, w7 R) BLU 2,3, 4,3, 4~
pentaCB (7 X, 7)ok, ThEh 4-OH-
3, 5, 3, 4-tetraCB*»® B k1 4-OH-2, .3, 5, 3’, 4~
pentaCB?” B & LTSN T WS, 20L&k %R
KEEfkE S 2 2 R, Fl2E 2,37 8-
tetraCDF, 2, 3, 7, 8-tetraCDD®B & U 3, 4, 3, 4~
tetraCB O#E 2T 2 L, ZRFROERLECS
I REERRTOBR NS — P EWIENL T3 Z
LS AEL. 1,2, 3,7, 8pentaCDF & 2,3, 4,3, 4
-pentaCB B W T HEERTH 5. ThbbH, TIN5
DDEYEIREBLCE Y = =—VERTIE2, 3, 4-
trichloro-% % % 3, 4-dichloro-, ¥ V¥4 F &
YYBEUVYURYY T T BT, 2, 3-trichloro-
B\ 2, 3-dichloro-iB#% 4 " Th s Z b
L, LichoT I > RilERBEH Y -V 5ET S
PCB, PCDF % X Uf PCDD 845 6 1%, PCB TiZ 3,
4-\7 (4, 5-fi) 1z, PCDD/PCDF TiZ 3, 4-fiL (6, 7-
fiI) & arene oxide FEHARAE L, Zhws|&FEE <
741 (PCB) &%\ id 3(7)-fL (PCDF, PCDD) i
REFVL 2-¥ 7 b T2 L0 HBOAN ALK
& D AKBIRREIBER T2 D EEZ NS,
AR LV EEE N Z v METS O OH-CDFs
i, wihd 3L KBESE L, ZOmBEIERE
FTERENTWS Z LR CHIREY, B¥zs
BEfibitbhiRELTW5 L5, OH-CBs D5 5
3(Ld BV 4L KEBBEAE L, HIERELR S
NTw 3 b OERICIIRF W EE T2 2 &8 S
PIEENTVREZMI NS THL, ZOLHCMmE (m
) ERE L3 OH-CBs 8 & ¢F OH-CDFs i«
BIGEL s ORISR s, &7, Dk
3 RKEERZ LD OH-CBs B/ v 77 s v it LS
WEIFIERE T A 2 LB HE SR T W R, &5,
OH-CBs & M HFRBE AN E Y, EF 32 A DORD
L OMEMNY A BRR) sy 3 OH-CBs O
HE® R PRRBEINTED, PCB oFMFHE I OH
CBs 5B BE L TWwWa L BTFBINTWS, —
4, OH-CDFs & V7NV T7 3 v & OFESHRBREL
7ol iz a3, PCB OBa LRI, KEE I B
L7EREBRE L0 L O RBFMSE W I L0 gE s
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NTWaEY Lied->7T, 20 LD HEER*EFT % OH
-CDFs & Ifl# @ thyroxine-binding proteins (7v 7
VT v y) ST AER, MEFIGRIRNCE
ETBZenEZLNS, 1, 2,3, 7, 8-PentaCDF &
v M2 B W T (OH),-tetraCDFs (5 f&, F (U
%1, OH-tetraCDF (2 %&), OH-pentaCDF (17&)
REBKORBYESZ L EPHEIN T2,
IhesDI b, FEEEWTIETLD 1,2,3,7,8
-pentaCDF OfR# L LT 3-0H-2, 4, 7, 8, 9-
pentaCDF O & Bl a2 b id, M o
thyroxine-binding proteins & ¥ & O #&1& @ OH -
CDFs L OfESHERHBCEMT2bDTHS S, £z,
PCB D58 L [Elfkic OH-CDFs 2 PCDF O#E M FIR
KL Twa I b TR TR,

PEDZ tins PCB, PCDF 8% & < PCDD &
DTHBOA A=A L E LT, KEBECHEET 2HER
Bix b0 NS AKBRILEREYOMBE BT 58
REEED AABDRE S iz, BRI, oKk
HRrEBFBOBBTCENLThOEERRCBEE L TWS
ZEBRTRaNG, S, MEFRKBTEI0L5%
KEB LAY DR M M - EEtE L OBE R
BT 22 EEoTC, ThoBREELWE DR 272
EUMFRRA DAL BHHATES O LERFEND,

PCDFs B&# (1, 2, 7, 8-tetraCDF 14%, 2, 3, 7, 8
-tetraCDF 35%, 1, 2, 3, 7, 8-pentaCDF 48% % F 5
EF3) BTy M3 HEERL TROKREL, &K
¥5 1 HEHOMBEH wEE T 5 OH-CDFs 2 43#13
L2 EWREDRD LD BER RS,

1) mEFFediz &b 2D OH-CDFs ¥t H
ah, EEROOREEIX 2, 3,7, 8-tetraCDF WCHZkR T %
3-OH-2, 4, 7, 8-tetraCDF (A) &EESIN, S
—HOESE 1, 2, 3, 7, 8-pentaCDF W2k T % 3-
OH-2, 4, 7, 8, 9-pentaCDF (B) r[RIES 7.

2) Mot aniz 2O OH-CDFs it
ThHKEE 3-61) OWEE 2-fik & UF4-f1) M5
FRETCTEBRINTE Y, MEFGERERREE:
73 OH-CB L AfkGH#E OB 2R L 72,

3) kERELCBEE L EEETEE T % OH-CDF,
OH-CB i (8% 5 < OH-CDD %2&%T) MW IR
BWCEET 2 I ESRBENT,
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ethers by gas chromatography mass spectrometry.
Biomed. Mass Spectrom. 4: 310-316, 1977.

25)  Yoshimura H, Yonemoto Y, Yamada H,
Koga N, Oguri K and Saeki S: Metabolism i vivo
of 3, 4, 3, 4-tetrachlorobiphenyl and toxicological
assessment of the metabolites in rats. Xenobiotica
17 : 897-910, 1987.
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Change of PCDF and PCB Concentrations in the Blood of
Yucheng and Yusho Patients for 25 Years

Yoshito Masupa, Koichi Haracuchr and Hiroaki Kurox1
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Minami-ku, Fukuoka 815

John Jake Ryan
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The blood samples of 3 Yucheng patients collected 6-7 times from 1980 to 1993 and 5 Yusho

patients collected 6-8 times from 1982 to 1993 were analyzed for congeners of polychlorinated
dibenzofurans (PCDF) and polychlorinated biphenyls (PCB) by high resolution gas
chromatography-mass spectrometry and gas chromatography-electron capture detection. In the
blood of Yucheng patients, the high concentrations of 3 PCDF congeners, 2, 3, 4, 4, 5-penta-CB
and 5 PCB congeners were eliminated at half-lives of 2.4 ~ 2.9, 1.7 and 4.1 ~ 6.1 years, respective-
ly, while in Yusho patients, 14 years after the incident, their half-lives were converted to longer
times as observed 3.2 ~ 13.4, 24.0 and 13.7 ~ 34.2 years, respectively. In the same Yucheng and
Yusho patients, the half-lives of the 5 PCB congeners were about twice longer than those of the

3 PCDF congeners. PCBs are more retainable than PCDFs in human blood.
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su= 257 (DB-5%34) « 2 BIURE&HE
(VG Analytical-70 70EQ) T PCDF &ZM#& %247 L
7z,
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BEMEBRE LD b 5 BEERVIRETHS, 2nid,
BEB I UEREBED T 4 A4 A4 v d PCDF £
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Table 1 Knd., BBMERETIX?2, 3, 4,7, 8-penta
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8-hepta-CDF OB h £ FHE 2.5, 2.9
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Elimination of 2,3,4,7,8-penta-CDF
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Fig. 1

Elimination of PCDF congeners in Yu-
cheng and Yusho patients
(Whole blood basis, ppt)
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BEB & ORI OMEBE QMR R RO BEH
B% Fig. 3 iRd., GBMESE T, wWiho PCB
B, BERBEER -, MRTEEsES
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Elimination of 2,3,4,7,8-penta-CDF
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Fig.2 Elimination PCDF congeners in Yucheng
and Yusho patients
(Lipid weight basis, ppb)
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Table 1 Half-lives of Congeners of PCDFs and PCBs in Yucheng and Yusho patients

Biological half-life, Year
PCDFs/PCBs Yucheng Yusho

BS SS RK KK TS YUM TH HH
2,3, 4,7, 8-penta-CDF 2.1 2.9 2.6 44.2 166 6.7 12.1 13.4
24 (1) (28  (—58989) (12.5) (6.0) (9.6) (13.4)
e 2.3 32 3.2 15.9 6.8 5.4 8.6 12.0
1,2,3, 4,7, 8-hexa-CDF @8 33 (9 (94.9) ©.0) (4.9) @3 a0
B B 25 25 2.1 11.0 2.6 32 2.6 6.6
1,2,3, 4,67 8-hepta-CDF 29 @8 (@0 (15.9) 2D 3.2) 23) 6.0)
2,3, 4, &, 5-penta-CB 1.6 1.9 15 —54.3 41 24.0 386 48
2,2, 4 4,5, 5-hexa-CB 35 43 45 27.4 14.6 —46.1 245.2 49
2,2, 3 4, £, 5-hexa-CB 48 42 5.7 55.5 76 206  —24.7 8.0
2,3, 3, 4, 4, 5-hexa-CB 39 5.9 6.2 56.5 73 —502.0 342 12.6
2,2, 53 4, 4, 5, 5-hepta-CB 45 6.5 7.2 —23.2 85 209 84  —666
2,2,3 %, 4, 4, 5-hepta-CB 5.1 6.1 6.7 13.7 6.2 55.3 8.8 47.0

Half-lives are calculated from the concentrations in whole blood basis.
The values in parentheses are calculated from the lipid basis concentrations.

2,2,4,4,5, 5-hexa-CB, 2,2, 3,4,4,5-hexa-CB,

2,3, 3,4, 4 5-hexa-CB, 2,2, 3,4, 4,5, 5-hepta-
CBBLU22,38,3,4, 4, 5-hepta-CB OFEHI %

NENYET 1.7, 4.1, 4.9, 5.3, 6.1 BL U 6.0 4
THotz, 2, 3, 4, 4, 5-penta-CB O3z thod
PCB D #i & D b/ANE L, R TORBHERE IR
R PCB TH 3, 20 PCB BEMAISIHESRSE
BAHOPCB /Sy —% (2,3, 4, £, 5-penta-CB D
EDLEMEL, 2,3,3, 4,4, 5-hexa-CB DEENS
WRBERTZbOLEZ NG, fO58D PCB O
FEMIE4.1~6.1FETHY, HUEEEXND PCDF
OFFH2.4~2.9F LD L 2FRER L, 2hdD
PCB EiKi3 PCDF 2 L D S RAERAES & .
BRMWERE T, 2ho PCB O, 20th
BT 24.0, 27.4, 20.6, 34.2, 20.9 B L 13.74F
THo7, wThd PCBOXREIAIZ 20 FRETH
D, B 5100 A (14 ) DR, 1+ PCB O
ERSIEE By, B UEAEOMED PCDF 0¥
N3 1I~I3AETHDDOT, Zhs PCB X PCDF
£0 b ABRBEESSVEEZOND,

BETERS 3 &8 L CEMMESY 5 A0MKE %,
FNFNEHE I~4EOMB L U 14~25 £OMIC
BEERE L, #hic&En s PCDF 8 X U PCB B
HOBELGSEET A 7 a< N 757 - EHEEE

(49)

ESWMEBEBN AR 7u~ V77 - BT
BB THRL 72,
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~0.2ppb) TH-722, 3, 4,7, 8penta-CDF, 1,2,3,
4,7, 8-hexa-CDF 8 X U1, 2, 3, 4, 6, 7, 8-hepta-CDF
FHFEHAOESES ZN TN 2.5,2.9 8L U 2.4 FD
EETW-L D EFBELL, BRAOMERE TR, B
18 14 ELRE, Zh 2O o FRfE» 13 .4,
86BLUI2HELRYD, BERIBESIE K-
7z,

2. BEMERE T, 2,3, 4,4, 5-penta-CB, 2,
2’, 4, 4,5, 5-hexa-CB, 2,2, 3, 4, 4, 5-hexa-CB,
2,3,3,4, 4, 5-hexa-CB, 2,2, 3, 4, 4,5, 5-hepta-
CBBLU2 2,3, 3,4, 4, 5-hepta-CB D gz #
NENFEEHET 1.7, 4.1, 4.9,5.3, 6.1 BLU6.05F
THY, 2,3, 4, 4, 5-penta-CB HELEFHIE < SR,
AU T35, i PCB DI T EE DTS E <,
L O RIBMBREEEL 2. R OHERSE TR,
5 PCB OBz 2R {E T 24.0, 27.4,
20.6, 34.2, 20.9BEIUVI3.7TETHY, E K I4E
DIRE I, Mg+ PCB OBEUEL LV E L 2o Tz,

3. B UWERRT SATORE (BBME) 8 X
VORH ERME) ovThiesnth, 2,34,
4, 5-penta-CB %k < PCB EMERD LRI HHT I [E
UBE O PCDF BHADOFEIFI & 0 2 BRER L.
PCB @753 PCDF & D b AR B 2 BEME»FH

-
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Elimination of 2,3',4,4',5-penta-CB
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Fig.3 Elimination of PCB congeners in Yucheng and Yusho patients
(Whole blood basis, ppb)
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Effect of 2, 3, 4, 7, 8~Pentachlorodibenzofuran and Its Analogues
on Induction of Sister Chromatid Exchanges in
Cultured Human Lymphocytes

Junya Nacavyama and Mayumi NAGAYAMA

Laboratory of Envivonmental Health Sciences, School of Health Sciences,
Kyushu University 90, Fukuoka 812-82

Koicht HaracucH, Hiroaki Kuroki and Yoshito Masupa
Daiichi College of Pharmaceutical Sciences, Fukuoka 815

Abstract We have been already 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 {(Co-PenCB). In this
study, in order to evaluate the genotoxicity of the three chemicals, we have examined their effects
on the induction of sister chromatid exchanges (SCEs), which has been frequently utilized as an
indicator of biological and genetic damage due to exposure to carcinogens or mutagens, in
cultured human lymphocytes in the absence or presence of 7, 8-benzoflavone (ANF) and the
following results were obtained. 1) TCDD, PenCDF and Co-PenCB significantly increased the
frequency of SCEs with almost the same dose-dependent manner in terms of the concentration of
TCDD toxic equivalent. 2) 8 X105 MANF significantly enhanced the frequency of SCEs and the
simultaneous treatment of ANF and either of TCDD, PenCDF or Co-PenCB seemed to exert an
additive effect as SCEs inducer. 3) TCDD, PenCDF and Co-PenCB were considered to be very
potent inducers of SCEs, because their 50% effective concentration in SCEs enhancement were
only 5 to 10 times higher than the level of the adipose tissue in healthy Japanese, namely, 70ppt
as TCDD.

Consequently, the respective TCDD toxic equivalency factors of 0.5 and 0.2 for PenCDF and Co
-PenCB seemed to be reasonable so far as the induction of SCEs was employed as an indicator
of the genotoxic potency. The three chemicals are 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 our descendants.

Introduction

Recently, cytogenetic changes such as the
induction of micronucleated cells (MNs) and
sister chromatid exchanges (SCEs) have fre-
quently been utilized as indicators of biological
damage due to exposure to different carcino-
gens or mutagens. These two cytogenetic
changes are considered to occur as results of
different mechanisms to DNA or chromosome
damage. MNs have been considered to be the
result of chromosome fragments or whole chro-

mosomes lagging behind the genome at cell

(52)

division. On the other hand, SCEs are formed
during the S phase after an initial change in the
form of DNA base damage?, when quadrir-
adials as mitotic chiasmas are a consequence of
mitotic crossing over??,

Many studies indicate that we have been
already contaminated with numerous chemicals
which have been intentionally or accidentally
made by man and some of those are highly
toxic organochlorine compounds such as poly-
chlorinated dibenzo-p-dioxins (PCDDs), poly-
chlorinated dibenzofurans (PCDFs) and co-
planar polychlorinated biphenyls (Co - PCBs)



PenCDF and Its Analogues on SCEs

1D In this study, we have investigated the

induction of SCEs
lymphocytes by 2, 3, 7, 8-tetrachlorodibenzo-p-

in mitogen-stimulated

dioxin (TCDD), the most toxic congener among
PCDDs,
(PenCDF), the most toxic congener among
PCDFs and 3,4,5,3, 4-pentachlorobiphenyl
(Co-PenCB), the most toxic congener among Co

2,3,4,7,8 - pentachlorodibenzofuran

~PCBs, in order to elucidate their genotoxicity.
Materials and Methods

1. Chemicals

TCDD and PenCDF were synthesized by Dr.
Y. Masuda and his colleagues and Co-PenCB
was purchased from Cambridge Isotope Labo-
ratories, Woburn, USA. Their purities were
over 99% by gas chromatography. The sources
of chemicals used in this study were as follows :
demecolcin, 7, 8-benzoflavone (ANF) and hoe-
chst 33258 from Wako, Osaka, 5-bromo-2'-
deoxyuridine (BUdR) from Sigma, St. Louis,
phytohemagglutinin M (PHA)
Detroit and penicillin, streptomycin and RPMI
1640 from Gibco, New York. All other chemi-
cals and reagents were of the highest quality

from Difco,

commercially available.

2, Chemical treatment and lymphocyte
culture

We assumed that the total concentration of
PCDDs, PCDFs and Co-PCBs in the adipose
tissue of Japanese people was 70ppt as TCDD
toxic equivalent value on fat weight basis and
that the toxic equivalency factors (TEFs, rela-
tive toxic potency to TCDD) were 0.5 for PenC-
DF and 0.2 for Co-PenCB. Their effects on the
induction of SCEs in peripheral human lympho-
cytes were examined at doses of about 5, 25 and
50 times higher concentrations than 70ppt
as TCDD. Therefore, human lymphocytes 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 Co-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.

(53)
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Heparinized peripheral blood samples were
obtained by venipuncture from healthy females
(mean age : 37 years old). Lymphocyte cultures
(5.0ml) were initiated from whole blood (0.3ml)
aliquoted into culture tubes containing RPMI
1640 medium (4.5ml) supplemented with 15%
fetal calf serum, 100 units/ml penicillin and
100 g/ml streptomycin, in either the presence
or absence of 8 X10~°* MANF. Hundred xM BU-
dR and 0.15ml PHA (a final concentration ; 3%)
were added at culture initiation. The whole
blood cultures were then incubated at 37°C in 5
% CO, and 100% humidity. Seventy hrs later
and 3 hrs before fixation, 2 X 107" M demecolcin
was added. The cells were then collected by
centrifugation, exposed to 0.075MKCI hypoto-
nic solution for 15 min at 37°C and fixed 3 times
in methanol : acetic acid (3: 1 v/v) at room
temperature.

3. Slide preparation and scoring

Samples for microscopic observation were
obtained by carefully dropping the lymphocyte
suspensions from Pasteur pipettes onto pre-
cleaned wet slides and dried in vapor of the
water. The slides were stained for SCEs ana-
lyses using a little modification of the fluores-
cence (Hoechst 33258) plus Giemsa (FPG) tech-
nique®. Slides were coded and scored blind
under a magnification of 1,000 fold. SCEs were
analyzed in 30 to 64 metaphases for each point
and scored.

4, Statistical analysis

The results were expressed as the average
Data
were statistically analyzed by Student’s f-test.

number +S. E. of SCEs per metaphase.

Results

1. Frequency of SCEs induced by TCDD,
PenCDF and Co-PenCB in the absence of
ANF

The experimental results are shown in Fig. 1.
The frequency of SCEs/cell in the control cul-
ture was 10.5+0.4, and the three chemicals
significantly enhanced the SCEs formation even
at the lowest concentration, namely, about 5
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Fig.1 Effect of TCDD (), PenCDF (¥¢) or Co-
PenCB (O) on the induction of SCEs in
human lymphocytes of whole-blood cul-
tures
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times more than the average Japanese level.
The greatest SCEs induction was observed at
about 25 or 50 times over the mean level in
Japanese and those were 15.0+0.8SCEs/cell for
TCDD, 14.2+0.58CEs/cell for PenCDF and 14.
2+0.6SCEs/cell for Co-PenCB. In the whole-
blood culture without ANF, the freqency of
SCEs in human lymphocytes seemed to increase
in almost the same proportion to the concentra-
tion of TCDD, PenCDF and Co-PenCB in terms
of TCDD toxic equivalent level. Therefore, our
assumption that TEF values are 0.5 for PenCDF
and 0.2 for Co-PenCB is considered to be acce-
ptable.

Based on these findings, we recalculate the
frequency of SCEs/cell values induced by the
three chemicals at the same concentration in
the toxic equivalent of TCDD and the result is
shown in Fig. 3. The frequency of SCEs in the
control culture was 10.5+0.4/cell, enhanced in
proportion to their concentration and at the
highest one it was 14.2+0.4/cell. Fifty % effec-
tive concentration (ECs,) for the induction of
SCEs in the lymphocytes cultured without ANF
appeared to be only 5.3 times higher concentra-
tion than the average one in Japanese, namely,
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70ppt as TCDD.

2. Frequency of SCEs induced by TCDD,
PenCDF and Co-PenCB in the presence of
ANF

The results are indicated in Fig. 2. The fre-
quency of SCEs in the control culture was 12.
5£0.4/cell, PenCDF significantly induced the
SCEs formation even at the lowest concentra-
tion and the other two chemicals from about 25
The
greatest SCEs formation was seen at about 25

times over the mean Japanese level.

or 50 times more than the mean level in
Japanese and those were 16.6+1.0SCEs/cell for
TCDD, 17.3+0.7SCEs/cell for PenCDF and 16.8
+1.0SCEs/cell for Co-PenCB. In general, the
three chemicals enhanced the frequency of SCEs
in the lymphocytes of whole-blood cultures in
the presence of ANF with almost the same
dose-dependent manner in terms of TCDD toxic
equivalent. Therfore, our assumption concern-
ing TEF values for PenCDF and Co-PenCB
seems to be reasonable not only in the absence
of ANF but also in its presence.

Based on the findings mentioned above, we
reevaluated the frequency of SCEs at each
concentration, adding up the SCEs/cell of the
three chemicals at the same concentration in
TCDD toxic equivalent and the result is indi-
cated in Fig. 3. The frequency of SCEs in the
control culture was 12.5+0.4/cell, increased
significantly in proportion to their concentra-
tion and at the greatest concentration it was
16.6+£0.5/cell. Their ECs, for the induction of
SCEs in the human lymphocytes cultured in the
presence of ANF seemed to be 10 times
higher concentration than the average one in
Japanese people, namely, 70ppt as TCDD.

Discussion

The development of TEFs for PCDDs and
related compounds has been necessitated by the
identification of complex mixtures of these
chemicals in almost every compartment of the
global ecosystem. PenCDF is the second toxic
congener among PCDDs, PCDFs and Co-PCBs
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and its proposed TEF value is 0.529. Co-PenCB
is the most toxic PCB congener and the range
of its proposed TEF value is 0.1 to 0.4992%  In
this study, we assumed that TEF values for
PenCDF and Co-PenCB were 0.5 and 0.2, respec-
tively and this assumption seemed to be reason-
able because TCDD, PenCDF and Co-PenCB
enhanced the frequency of SCEs in almost the
same dose-dependent manner in terms of the
TCDD toxic equivalent concentration, as in-
dicated in Figs 1 and 2.

PCDDs, PCDFs and PCBs did not bind
covalently to DNA, did not affect the frequency
of SCEs and were negative in other short-term
genotoxicity tests®?¥. Contrary to the findings
mentioned above, the present study and other
recent investigations indicated PCDDs, PCDFs
and PCBs significantly increased the frequency
of SCEs in cultured human lymphocytes!®191720
and that of micronucleated cells in vitro'®1®),
and cytogenetic analysis of peripheral blood
lymphocytes demonstrated that accidental or
occupational exposure to PCBs and/or PCDFs
resulted in an enhanced frequency of SCEs®®,

The present study also indicated that TCDD,
PenCDF and Co-PenCB seemed very potent
inducers of SCEs, because, as shown in Fig. 3,
their ECs, values of SCEs induction were only 5.
3 and 10 times higher concentration than that in
healty Japanese, that is, 70ppt as TCDD in the
absence and presence of ANF, respectively.
ANF greatly enhanced the sensitivity of SCEs
assay in detecting effects of cigarette smoking
and accidental exposure to a mixture of PCBs
and PCDFs in peripheral lymphocytes®!?. As
indicated in Fig. 3, ANF significantly enhanced
the frequency of SCEs in the control culture and
the simultaneous treatment of ANF and either
of the three chemicals was considered to be
additive in SCEs induction. This kind of effect
has been seen in our former study on the induc-
tion of micronucleated cells with the same
chemicals®®.

Several, however, of these chemicals are
carcinogenic in animal models, where they have
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been classified as tumor promoters rather than
initiatorsV™®1%  Taking account of recent
findings described above and the results of this
study, we had better consider that these
halogenated aromatics are carcinogenic partly
as promoters and partly as initiators, because
they are probably potent genotoxic compounds
and sometimes seem to act through mechanisms
involving direct genetic damage.

Human breast milk has been also contaminat-
ed with PCDDs, PCDFs and Co-PCBs*V'® and
daily intakes of these chemicals in breast-
feeding babies of healthy mothers have been
estimated to be about 100 to 200 pg/kg/day as
(TEQs)'®. These
TEQs values are about 100 to 200 times greater
than the acceptable daily intake (ADI) value,

namely, 1pg/kg/day. Therefore, we should

TCDD equivalent values

give due attention to the comprehensive genoto-
xicity and possible health consequences due to
PCDDs, PCDFs and related chemicals in the
breast milk to breast-feeding babies.
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Influence of Five Methylsulphonyl PCB Congeners on
Frequency of
Micronucleated Cells in Cultured Human Lymphocytes
by Cytokinesis Block Method

Junya Nacavama and Mayumi NAGAYAMA

Laboratory of Environmental Health Sciences, School of Health Sciences,
Kyushu University 90, Fukuoka 812-82

Koichi HaracucHl, Hiroaki Kuroxrt and Yoshito Masupa
Daiichi College of Pharmaceutical Sciences, Fukuoka 815

Abstract The lungs and blood of Yusho patients and healthy Japanese people have already been
contaminated with methylsulphonyl polychlorinated biphenyls (MSF-PCBs) at relatively high
concentration. Therefore, we should give due attention to their biological and toxicological
effects to man. In this study, in order to mainly evaluate non-S-dependent genotoxicity of five
MSF-PCB congeners, namely, 3-MSF-4, 5, 3, 4-tetrachlorobiphenyl (TCB), 3-MSF-4,5,2’, 3’-
TCB, 3-MSF-2, 5, 2, 4, 5’-pentachlorobiphenyl (PenCB), 4-MSF-2, 5, 2’, 3, ~-PenCB and 4-MSF
-2,5,2,3,5, 6-hexachlorobiphenyl (HCB). We have examined their effects on the induction of
micronucleated cells, which has been frequently used to estimate the dose of ionizing radiation
and truly radiomimetic, non-S-dependent, clastogens, in cultured human Iymphocytes in the
absence or presence of 2, 3, 4, 7, 8-pentachlorodibenzofuran (PenCDF), 2, 3, 7, 8~tetrachlorodiben-
zo—p-dioxin (TCDD) or 3, 4, 5, 3’, 4'-pentachlorobiphenly (Co-PenCB). The following results were
obtained. 1) 4X107° M7, 8-benzoflavone (ANF) significantly enhanced the frequency of micronu-
cleated cells and all of the five MSF-PCB congeners failed to induce the formation of micronu-
cleated cells at doses of 5.2 to 9.6 ppm, which were about 35,000 times higher than the concentra-
tions in the lungs and adipose tissue of healthy Japanese people. 2) In the simultaneous treatment
of one of the five MSF-PCB congeners and PenCDF (3.9 ppb), TCDD (1.5 ppb) or Co-PenCB (8.8
ppb), the combination of 3-MSF-2,5,2’,4’,5-PenCB (5.2 ppm) and PenCDF only significantly
enhanced the formation of micronucleated cells and the frequency rate was two times greater
than that of the control culture, which was treated with PenCDF alone.

Based on the results of this study, the five MSF-PCB congeners examined are considered not
to be or very weak non-S-dependent genotoxic chemicals. We, however, have not studied yet
whether some MSF-PCBs are S-dependent genotoxic compounds or not. Therefore, their effects
on the induction of sister chromatid exchanges (SCEs), which has proved to be the most sensitive
mammalian endpoint for determining exposure to S-dependent DNA insults, in cultured human
lymphocytes are now under investigation in our laboratory.

Introduction

Methylsulphonyl polychlorinated biphenyls
(MSF - PCBs), which are one of the major
metabolites of polychlorinated biphenyls
(PCBs), have been determined in several tissues
of patients with Yusho, polychlorinated diben-

(58)

zofurans (PCDFs) poisoning that occurred in
western Japan in 1968, and of healthy Japanese
people®®N10 - According to their analysis, the
concentrations of MSF-PCBs were much lower
than those of PCBs in the liver and adipose
tissues of both Yusho patients and healthy
people. However, in the lungs and blood their
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concentrations were comparable to or higher
than those of PCBs.
Japanese people have already been contaminat-
ed with MSF-PCBs at relatively high concen-
tration. Therefore, we should give due atten-

Thus, several tissues of

tion to their biological and toxicological action.

We have already investigated the effects of
some MSF-PCB congeners on aryl hydrocar-
bon hydroxylase (AHH) activity in cultured
human lymphoblastoid cells and in hepatic
microsomes prepared from both aryl hydrocar-
bon (Ah) responsive and nonresponsive strains
of micels)lﬁ)ﬂ)m)w)zs).

above indicated that some congeners of MSF-

Our studies mentioned

PCBs decreased and/or enhanced the enzyme
activity in both cultured human lymphoblastoid
There-
fore, some MSF-PCB congeners have been

cells and murine hepatic microsomes.

expected to elicit biological or toxicological
effect in man.

Micronuclei, which have been thought to
reflect chromosomal or genetic damage from
carcinogenic insults such as smoking and irra-
diation, enclose acentric chromosome frag-
ments or whole chromosomes that have not
been incorporated in the main nuclei at cell
division, and enumeration of micronuclei or
micronucleated cells in mitogen-stimulated
lymphocytes provides a simpler and statisti-
cally more precise method than karyotypic
analysis for quantitation of chromosomal dam-
age. A cytokinesis-block method, using cyto-
chalasin B (CYB), an inhibitor of actin asse-
mbly?, was firstly reported in 1985%, and the
prevention of cytoplasmic division after nuclear
division by CYB, resulting in binucleated cells,
facilitates the scoring of micronuclel or mi-
cronucleated cells and increases the precision of
the assay.

In this study, we investigated the induction of
micronucleated cells in mitogen-stimulated
lymphocytes by five MSF - PCB congeners,
which were major ones among MSF - PCBs
determined in the tissues of Yusho patients and
healthy Japanese people®, in order to elucidate
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their genotoxicity in terms of inducer of mi-
cronucleated cells.

Materials and Methods

1. Chemicals

Five MSF-PCB congeners, 3-MSF-4, 5, 3, 4~
tetrachlorobiphenyl (TCB), 3-MSF-4,5,2’, 3"~
TCB, 3-MSF-2,5, 2’, 4, 5’-pentachlorobiphenyl
(PenCB), 4-MSF-2,5,2,3,4~-PenCB and 4-
MSF-2,5,2, 3,5, 6 - hexachlorobiphenyl
(HCB), 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 2, 3, 4, 7, 8-pentachlorodibenzofur-
an (PenCDF) were synthesized by Dr. Masuda
3,4,5,3, 4£-Pentachlorobi-
phenyl (Co-PenCB) was purchased from Cam-
bridge Isotope Laboratories, Woburn, USA.
Their purities were over 99% by gas chromato-

and his colleagues.

graphy. The sources of chemicals used in this
work were as follows: 7,8 - benzoflavone
(ANF) from Wako, Osaka, cytochalasin B
(CYB) from Sigma, St.Louis, phytohemagg-
lutinin M (PHA) from Difco, Detroit, penicillin,
streptomycin and RPMI 1640 from Gibco, New
York. All other chemicals and reagents were of
the highest quality commercially available.

2. Chemical treatment and lymphocyte
culture

Final concentrations of test chemicals in
whole-blood cultures were as follows : 3-MSF-
4,5,3,4-TCB; 6.8ppm, 3-MSF-4,5,2,3 -
TCB; 7.1 ppm, 3-MSF-25,2" 4, 5-PenCB;
52 ppm, 4-MSF-2,5,2’,3,4-PenCB; 5.8 ppm,
4-MSF-2,5,2’,3,5,6'-HCB ; 9.6 ppm, TCDD;
1.5 ppb, PenCDF ; 3.9 ppb, Co-PenCB ; 8.8 ppb
and ANF ; 4X107°M (11 ppm).

Lymphocyte cultures (5.0 ml) were initiated
from whole blood (0.3 ml) aliquated into culture
tubes containing the test chemical(s) as de-
scribed later and RPMI 1640 medium (4.5 ml)
supplemented with 15% fetal calf serum, 100
units/ml penicillin and 100g/ml streptomycin.

Firstly, these whole-blood cultures were in-
cubated with either acetone (solvent) alone,
ANF or one of the five MSF-PCBs. Secondly,
the whole-blood cultures were treated with one
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of the five MSF-PCB congeners in the presence
of either TCDD, PenCDF or Co-PenCB. These
test chemicals were added at the beginning of
the culture time and left until harvesting.
PHA (0.15m! and a final concentration: 3%)
The whole-
blood cultures were then incubated at 37°C in
5% CO, and 10095 humidity. At 71 hrs after the
commencement of the culture, 7«uM CYB was

was added at culture initiation.

added and the incubation was further continued
for additional 26 hrs.

3. Slide preparation and scoring

At the end of incubation, the whole-blood
cultures were centrifuged (1,000 rpm X5 min),
resuspended in 0.1M KCI hypotonic solution for
Then, cells
were fixed 3 times in fresh fixative (methanol :

15 min at 37°C and centrifuged.

acetic acid, 3: 1) at room temperature. Samples
for microscopic observation 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
magnification of 1,000 fold. A total of 1,500
binucleated lymphocytes with preserved cyto-
plasm were scored for each experimental
group. Criteria for evaluation of micronucleat-
ed cells were those suggested by Countryman
and Heddle®.

Table 1

4 . Statistical analysis

The results are expressed as the average
number £S. E. of micronucleated cells from 3
observations of 500 binucleated cells each on
Data
were statistically analyzed by Student’s f-test.

different slides from the same group.

Results

1. Frequency of micronucleated cells induced
by each of the five MSF-PCB congeners in the
absence or presence of PenCDF.

The experimental results are shown in Table
1. The frequency of micronucleated cells in the
control culture was 2.7+0.4 per 500 binucleated
lymphocytes, and the treatment of PenCDF (3.9
ppb) did not enhance the micronuclei formation.
ANF(4 X 10-3M), however, significantly induc-
ed the micronucleated cells and the frquency
rate was 4.3+0.4 per 500 binucleated lym-
phocytes.

In the five MSF-PCB congeners, significant
increase of the micronucleated cells was not
observed after their single treatment in the
absence of PenCDF, and the range of micronu-
cleated cell rates was 2.7 to 4.0 per 500 binu-
cleated lymphocytes. However, in the presence
of PenCDF, 3-MSF-2,5,2’, 4,5-PenCB only
significantly enhanced the frequency of mi-
cronucleated cells and the rate was 4.0+0.7 per
500 binucleated lymphocytes even at the lowest

Statistical analysis of the effect of the five MSF-PCB congeners

on micronucleated cell rates in the absence or presence of PenCDF

MSF-PCB congener

Micronucleated cells
(per 500 binucleated lymphocytes)

and ANF Dose(ppm) PenCDF(-) PenCDF (3.9 ppb)
Control — 2.7+0.4 2.0+0.4
3-MSF-4,5,3,4-TCB 6.8 2.7+0.4 2.7£0.4
3-MSF-4,5,2',3-TCB 7.1 3.0£0.7 3.0+0.7
3-MSF-2,5,2’,4’,5-PenCB 5.2 3.7£0.4 4.0£0.7*
4-MSF-2,5,2",3,4-PenCB 5.8 3.3%0.4 2.7+0.4
4-MSF-2,5,2,3,5,6-HCB 9.6 4.0£0.7 3.3+0.4

ANF 11 4.3+£0.4* —

* . Significantly different from respective control figures, p<<0.05
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dose (5.2 ppm) among the MSF-PCB congeners.
The rest of them did not show any significant
effect on the induction of the micronucleated
cells.

2. Frequency of micronucleated cells induced
by each of the five MSF-PCB congeners in the
presence of TCDD or Co-PenCB.

The experimental results are indicated in
Table 2. Respective micronucleated cell rates
after the treatment of TCDD (1.5 ppb) and Co-
PenCB (8.8 ppb) were 3.7%0.4 and 2.3+0.8 per
500 binucleated lymphocytes and these rates
were not significantly different from that in
control culture, which was 2.7+0.4, as shown in
Table 1.

Simultaneous treatment of TCDD and one of
the five MSF-PCB congeners did not show any
significant effect on the induction of the mi-
cronucleated cells and the range of the fre-
quency rates was 3.3 to 4.7 per 500 binucleated
lymphocytes. In the presence of TCDD, 3-MSF
-2,5,2",4,5-PenCB showed the highest fre-
quency rate per 1 ppm dose in the five MSF-
PCB congeners.

Simultaneous treatment of Co-PenCB and
one of the five MSF-PCB congeners did not
significantly enhance the formation of micronu-
cleated cells and the range of the frequency
rates was 3.3 to 3.7 per 500 binucleated
As in the case of TCDD, the
highest rate per 1 ppm dose was observed after

lymphocytes.

Table 2
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the simultaneous treatment of 3-MSF-2,5,2’,
4’, 5’-PenCB and Co-PenCB.

Discussion

We have already reported that ANF and 3-
MSF-4, 5, 3", 4-TCB, one of the MSF-PCB con-
inhibit or

enhance aryl hydrocarbon hydroxylase (AHH)

geners examined in this study,

activity in mice and human lymphoblastoid
cells, probably depending on the quantity and
quality of cytochrome P-450 (P-450) enzymes,
which catalyze benzo(a)pyrene (BP), a subst-
rate of the AHH assay, metabolism!5?!9171925)
We have also investigated the effect of eleven
MSF-PCB congeners on AHH activity of cul-
tured human lymphoblastoid cells treated with
TCDD and demonstrated that the TCDD-in-
duced enzyme activity was mostly inhibited
with them by 10 to 809%, depending on
congeners'®. Three of the eleven MSF-PCBs
were 3-MSF-4, 5, 3", 4-TCB, 3-MSF-4,5,2’, 3~
TCB and 4-MSF-2,5,2°, 3, 4-PenCB, which
were used in this study, and respective rates of
the enzyme inhibition were about 809, 409 and
209% at the dose of 1.54g/ml, in other words, 1.5
ppm which was about 4 to 5 times lower concen-
tration than those used in this study, namely 5.8
to 7.1 ppm. In that experiment, ANF showed
the highest AHH inhibition at the dose of
l.4ug/ml (1.4 ppm), which was about 8 times
lower concentration than that (4 x10-°M) used

Statistical analysis of the effect of the five MSF-PCB congeners

on micronucleated cell rates in the simultaneous treatment of

TCDD or Co-PenCB

Micronucleated cells
(per 500 binucleated lymphocytes)

MSF-PCB congener Dose(ppm) TCDD(1.5ppb) Co-PenCB(8.8 pph)
Control — 3.7+0.4 2.31£0.8
3-MSF-4,5,3,4-TCB 6.8 3.31+0.4 3.310.4
3-MSF-4,5,2’,3-TCB 7.1 3.7+0.4 3.7+0.4
3-MSF-2,5,2’,4’,5-PenCB 5.2 4.7+1.1 3.310.8
4-MSF-2,5,2’,3’,4’-PenCB 5.8 3.7t0.4 3.3x0.4
4-MSF-2,5,2",3,5,6'-HCB 9.6 4.7+£0.8 3.7£0.8

(61)
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in this study, that is, about 11xzg/ml (11 ppm)
and the inhibition rate was about 909%. Like
this, some MSF-PCB congeners such as 3-MSF
-4,5,3,4-TCB and 3-MSF-4,5,2,3-TCB
have been expected to demonstrate the same
biological action as ANF.

At doses of 4X107°M to 8X107°M, ANF has
been shown to elicit some clastogenic or co-
clastogenic potency?12131h202n202824) - g6 we
anticipated that some MSF-PCB congeners
including those mentioned above also could
evoke similar clastogenic or co-clastogenic
effect to ANF and this study was carried out.
As the results of this study, 4X10°M ANF
significantly enhanced the frequency of micro-
nucleated cells per 500 binucleated lympho-
cytes. However, as shown in Tables 1 and 2,
any of the five MSF-PCB congeners did not
induce the formation of micronucleated cells by
themselves and 3-MSF-2,5,2, 4, 5'~PenCB
only significantly elevated the micronucleated
cell rate in case of the simultaneous treatment
with PenCDF. Based on the results of this
study, the five MSF-PCB congeners examined
including 3-MSF-4, 5, 3’, 4£-TCB, which is prob-
ably the most effective AHH inhibitor among
MSF-PCBs, are considered not to be an effec-
tive inducer of micronucleated cells in man,
because their final concentrations used in this
study were about 35,000 times higher than those
in the lungs and adipose tissue of healthy
Japanese people®.

The types of mutations which could contrib-
ute to spontaneous micronucleated cells include
(a) mutations to kinetochore proteins, centro-
meres and spindle apparatus that could lead to
unequal chromosome distribution or whole
chromosome loss at anaphase, and (b) unrepair-
ed DNA-strand breaks induced endogenously
or as a result of exposure to environmental
mutagens which may result in acentric chromo-
some fragments?. Therefore, the assay of
micronucleated cells can detect both clastogens
and spindle poisons and can be preferentially
used to estimate the dose of ionizing radiation
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or truly radiomimetic (non-S-dependent) chem-
icals to which people have been exposed.
According to the results of this study, the
MSF-PCB congeners examined are considered
not to be or very weak non-S-dependent geno-
toxic chemicals. We, however, have not inves-
tigated yet whether some MSF-PCBs are S-
dependent genotoxic compounds or not. Sister
chromatid exchanges (SCEs), which are not
readily induced by ionizing radiation or non-S-
dependent clastogens, have proved to be the
most sensitive mammalian genotoxic endpoint
for determining exposure to S-dependent chem-
icals, because SCEs occur during the S-phase of
the cell cycle?”, probably at DNA replication
forks or sites where replication is incompl-
ete!t?),

ther some MSF-PCB congeners have the

Consequently, in order to clarify whe-

potency to elicit the genotoxicity such as S-
dependent DNA insults, effects of the five MSF
-PCBs on the induction of SCEs in cultured
human lymphocytes are now under investiga-
tion in our laboratory.
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In Vitro (Z$ (¥ % Polychlorinated Biphenyls(PCBs) & & U
2, 3,4, 7, 8pentachlorodibenzofuran(PCDF)
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In Vitro Analysis for Cellular Toxicity of Polychlorinated
Biphenyls(PCBs) and 2, 3, 4, 7, 8-Pentachlorodibenzofuran(PCDF)
on HeLa Cell Proliferation(III)

-The Effect of Cytoactivator and Antilipemic Agents on Cell Toxicity-

Kazutada MAaTSuOKA

Division of Pharmacology, Nuational Kikuchi Hospital for Mental
and Nervous Diseases, Kumamoto 86111

Naoko Tsukazaki and Hikotaro YosHIpDA
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-pentach-
lorodibenzofuran (PCDF) as indicators of the optical density (280nm) which is total protein in
Hel.a cells. Furthermore, the reductive action of cytoactivator and antilipemic agents on the
PCBs and PCDF toxicity were evaluated. The quantity of total cellular protein increased to 20%
with the addition of sodium dextran sulfate (2.59) at the presence of PCBs, and 256% in the case
of PCDFE. However, the slope of the curve of cell proliferation of Hel.a cells at the presence of
PCBs or PCDF became to overlap with a control group at the presence of any other drugs except
for sodium dextran sulfate. These results mean that PCBs and PCDF cell toxicity were supressed
a little by sodium dextran sulfate, but the case of other cytoactivator and antilipemic agents did

not.
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Fig2 The reference of optimun concentratios on each drug
Drugs The Ualue of OD 280 nm

v 2 3 4 5 6
Trapodil (Mochida, Tokyo)? 0.00® 0.06 0.15 0.36 0.44 0.90
Cimepazide Maleate (Daiichi, Tokyo) 0.34 0.65 1.34 2.00 2.00 2.00
Inosine (Morishita, Osaka) 0.26 0.57 1.23 2.00 2.00 2.00
Indeloxazine HCl (Yamanouchi, Tokyo) 0.00 0.04 0.11 0.30 1.28 2.00
Meclofenoxate HCI (Dainippon, Osaka) 0.11 0.34 0.92 1.78 2.00 2.00
Aclatonium napadisilate (Toyama, Tokyo)0.00 0.00 0.20 0.76 1.39 2.00
Solcoseryl (Taiho, Tokyo) 0.02 0.10 0.10 0.43 0.87 1.54
Bifemelane HCI (Fujisawa, Osaka) 0.00 0.06 0.23 0.75 1.76 2.00

1): dilutions (X107

2): concentration is 1 mg/ml respectively except for Solcoseryl (%)

3): N=3
Fig3 The List of Antilipemic Agents and its Solubiity
Drugs Solubility
Sodium Dextran Sulfate (Kowa, Nagoya) Soluble

Probucol (Daiichi, Tokyo)
Clinofibrate (Sumitomo, Osaka)
Nicomol (Kyorin, Tokyo)
Bezafibrate (Kissei, Matsumoto)

Soystrol (Roussel Morishita, Osaka)

Polyenephosphatidylcholine (Nippon shoji, Osaka)

Simvastatin (Banyu, Tokyo)

slight soluble
slight soluble
slight soluble
slight soluble
slight soluble
slight soluble
slight soluble

13- BT
- : ~ezply-1Control
o \: 3
> ;
& 1.0 2N
5 \
w
—
3 07 3
@ [ : Nonidet:P 40
- : (Tween +20)
g @ : Kaytwo :I
A 04 QO : a-Cyclodextrin
: (Triton X-100)
0.1
0.2 04 06 08 10

Concentration of solubilizer (%)

Fig.4 The efficacy of solubilizer
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Drugs Concentrations (%)
2.0 1.5 1.0 0.5 0.1
Sodium Dextran Sulfate 0.38 0.44 0.48 0.49 0.57
Probucol 0.43 0.48 0.49 0.53 0.57
Clinofibrate 0.44 0.46 0.54 0.52 0.52
Nicomol 0.42 0.50 0.49 0.54 0.51
Bezafibrate 0.24 0.30 0.46 0.41 0.5
Soysterol 0.51 0.45 0.44 0.50 0.48
Polyenephosphatidylcholine 0.40 0.33° 0.41 0.45 0.52
Simvastatin 0.37 0.39 0.43 0.58 0.55
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Concentration of Meclofenoxate (0.2 x2 =N mg) Concentrarions of Sodium Dextran Sulfate (%)
Fig.6 The efficacy of PCB or PCDF to Hela Fig.7 The efficacy of Sodium Dextran Sulfate on

cells proliferation

A4 WV AEHEFE), DNA 2 (Dot Hybridization) ¥ &
U'RNA (PCR ) & & e BEIBERRAAL, ThE
N—F—E8H-> PR ST FEOEMH S IFD R
Mo te, SEMEOEGE R HET 5 Bl HiEE B
WEIEREDEEDFEENTD - L EREDER D
A7) == S BEBNE R ir o T,

HIRERIE A 0 8 SEATC I AR MR BRIE 7R O R RdAR
BEEMER L LTHERINTWAIERBA 7 b 72/
FH— MWREL D b T HROBEESE SN
({6, HEZRBED >N - T) . BIFIERF O
WERREE 7 R U & D CHE—OKIBEEERITH
ST FFANTVHEET M) Y AD AR A
T 2.5%DEEESEE ¢ PCDF T 25%, %72 PCB T 20
% & BEEEERNEE s Wz, RRTFA T VE
B Yy ARPIEREIESY £ LTERSh Ty
BEHTH DD, ZTOFEHDO—D & L THIRMER

(68)

PCBs or PCDF
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Polychlorinated Biphenyls (PCBs) and Polychlorinated Quaterphenyls (PCQs)
Concentrations in
Skin Surface Lipids and Blood of Patients with Yusho

Keiichi TanaAKA

Division of Dermatology, Nagasaki Municipal Hospital, Nagasaki 850

Naoko Tsukazaki and Hikotaro YosHIDA
Department of Dermatology, Nagasaki University School of Medicine, Nagasaki 852

Hiroko IrRIFUNE

Division of Dermatology, Ureshino National Hospital, Saga 843-03

Masahisa WATANABE
Division of Dermatology, Ohmura City Hospital, Ohmura 856

Yoshinori TANIMURA
Nagasaki Prefectuval Institute of Public Health and Environmental Science, Nagasaki 852

Abstract The relationship between Polychlorinated Biphenyls (PCBs), and Polychlorinated
Quaterphenyls (PCQs) concentrations in the skin surface lipids and blood was investigated in
twenty two patients with PCB poisoning (Yusho) and 9 control subjects were analyzed. The
collection of skin surface lipids was performed by the method of cotton pad with 709% ethyl
alcohol. The alkaline decomposition method described as “the official standard analytical
methods for the isolation of PCBs and PCQs fractions” was used. In the blood of control group,
the mean value of PCBs concentration was 1.8 ng/g, and that of PCQs concentration was very low
and undetectable by our analytical method. On the other hand, the PCBs concentration in the
Yusho group was three times higher than those in the control group. The mean value of PCQs
concentration was 1.90 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
668.6 ng/g, but was 256.7 ng/g in the control group. The mean value of PCQs concentration in the

(70)
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skin surface lipids of Yusho patients was 35.4 ng/g, although it was not detected in the control
group. These values of the skin surface lipids in 1993 were decreased as compared with those in
1992. PCBs and PCQs levels in the skin surface lipids were higher than those in the blood. These
findings suggests that cutaneous sebaceous system is one of the excretory systems of poly-
halogenated chemicals, such as PCBs or PCQs, when these chemicals are precipited in human or
mammalian.
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Effects of Polychlorinated Biphenyls (PCBs) on Porphyrin Metabolism
—Experimental Porphyria Induced by Large Single Doses of PCBs—

Naoko Tsukazaki and Hikotaro YosHIDA

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

Hiroko IRIFUNE
Division of Dermatology, Ureshino National Hospital, Saga 843-03
Masahisa WATANABE
Division of Devmatology, Ohmura City Hospital, Ohmura 856

Keiich TANAKA
Division of Dermatology, Nagasaki Municipal Hospital, Nagasaki 850

The effects of large single doses of PCBs and iron overload on porphyrin metabolism were
investigated in male C57BL/6 mice. A single intraperitoneal dose of Kanechlor-500 (10 mg/
mouse) caused urinary uroporphyrin to increase three days after injection. This increase was
transient without porphyrin accumulation in the liver. Iron overload (12.5 mg/mouse) showed a

tendency to prolong the action of PCBs.
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RUEFENES L, 3 HEE XU 1 EBRCERY RV
7 4V AREEM S ¥ — > % high performance liquid
chromatography (HPLC) Hhic K D#ET L7z, &7 1
BHCERL, Fi, 26, MEFoRLrT7 4 ) 4k
BHEL T,

EER2 . TR, HECSHTBL/6FRT TR, 200E% 4
BRI, AR PCBs+ 8k 58, BEE . PCBs #JH
K58, CBf BB SR, DR MULENSREE L
oo ABBIUBEIEY A7 — 1 KC-500, 10
mg/mouse %, ABEBIUCHICIEYF 72w (H
AlhgaesEiRatt, KB 0.5ml (kL T12.5
mg) /mouse % Z X EHENEF L7z, RERLVT7 4V
R E BRI HPLC Bic X D EIE L, £/ 5 8%
B, FPEE, #E, MBEFILVT Y EEEEL,
BB 21T o T,

FL7 4 ) AFREE

(1) RHENVT 4 AEHE

< 7 AR% 3000 rpm, 20 SREOSEEL, EEE
0.05% 2 7 KEFRER: 1 1IEALERLEZLO
» HPLCHOY > 7 Vve Uiz BEY AL e LTI
PORPHYRIN PRODUCTS # @ porphyrin acid
chromatographic marker kit ZHWw/z, 27 A1
Waters uBondasphere C18 (3.9 mm x 15¢cm) %8
Wz, SRS 1.0 ml/min, AR 20 4,
BEFE DAL B L O gradient i3 Table 1, 2R L

by

Table 1 HPLC OREMHEDOHE

S0mMEERE 7 v =7 A KEERE | TR =D UL

AW 71.4% 4.6% 24 %
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W 78#& UP/CP 0.97+0:29

BReRIVT 4 U (nmol/l)

6-p
PCBs 55O RNV T 4 ) VAEOEE

cp
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Table 3 R Uroporphyrin/Copropophyrin HO#ERREIZ1 L

(E8 2)
group | trestiment m&)‘é_se Uroporphyrin/Copropophyrin ratio
1 week |2 weeks|3 weeks |4 weeks |5 weeks
1 0.43 0.46 * 0.36 *
2 0.35 * * 0.31 *
A PCBs+Fe 3 0.51 * * * 0.18
4 0.41 * 0.32 * 0.24
5 0.90 1.05 1.23 1.00 0.84
1 1.35 0.62 0.28 0.44 *
2 0.22 0.27 * * *
B PCBs 3 0.32 * 0.03 * *
4 0.29 * 0.09 * *
5 0.43 0.28 * * 0.21
1 * * * * *
) * * * ND *
C Fe 3 * * * ND *
4 * 0.06 0.04 * *
5 * 0.05 * * *
1 *
2 *
D control 3 * ND ND ND ND
4 *
5 *

* » uroporphyrin : trace
ND; not done

B1EED DA THoT, CHTIR2EEE
SEBRE—HMOTIATUPOY — 7 28 s’
UP/CP L EfETH - 7z (Table 3). 5EEOIF/&
B AME BHETDHIVERERLTSD, &
ZAREBBREIVERECEETSH /2. $XTCORE
THFlE, EE DI UP BEED oh b - 7285, CEETIR
FEig CP OBE A B L U#EFES CP, 7u bRV
4 Vv (PP) O LA%FDI: (Table 4).

* -3

PCBs KE 1 ARG ORNL 7 4 V) VRECRIZTTE

iz DT, Goldstein 52 137 » iz Aloclor 1254,
1000 mg/kg % 1 EI# 5 4 % & b - aminolevulinic
acid synthetase (ALA-s) O R ZHEKTBRFRL T
4 ) UEROEMEED shhose LTna, 40
DEERTIZ, C57TBL/6 R~ A ZH F 71— 500,
#1500 mg/kg W3 KEDPCBs % 1 @575 Z
L&Y, 3HBL VR UP, 7-P OHIE L w3 Ev
T4 ) UHRENY — DEALSE LU B I LR ERT S
ZENTE, ZOBRMERETEHZ2EEDT v
b2, RED B 2 EERSOBREZIZ—HIT LD
DEBbhd, £/, ZOEEEIHRE1IEER2E—2

(77)
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Table 4 &5 5 EEOIRELE L IR, 2, ROKTORLT 4V 5E (EBE2)
. Liver Feces Erythrocyte
Liver/Body
Group | Treatment weight (nmol/g.w.w.) (nmol/g.w.w.) (ng/dl p.cv)
3 0,
ratiol®) 1 cp [ pp | cp | PP | cp | PP
6.95 0.034 0.566 0.104 0.798 21.25 69.30
A PCBs+Fe +* + =+ + + + +
0.54 0.015 0.075 0.078 0.236 12.77 31.79
5.88 0.092 0.488 0.078 0.630 8.91 42.22
B PCBs +* + + + + + +
0.51 0.046 0.062 0.058 1.660 6.53 22.39
5.29 0.180 0.680 0.200 1.230 43.75 152.12
C Fe + + + +* 4+ + +
0.56 0.070 0.090 0.160 0.520 32.72 49.67
4.99 0.092 0.640 0.078 0.524 22.57 122.93
D control + + + + + x +
0.59 0.060 0.064 0.041 0.194 12.24 72.31

g.w.w.; gram wet weight
pcv ; packed cell volume
CP; coproporphyrin

PP ; protoporphyrin

*: p<0.05

ELZDHBBRCERLL TH EMBED s, fF
BEADORNV T 4 ) AREE SR o 72, SEKI 69
12 C57BL/6 %~ 2z PCBs 2B FE CHE T 2
Z & & D AFREEA~® UP OiL%, uroporphyrinogen
decarboxylase {(uro-D) OIETF, BLUWALA-s D F
RBEELTILEREL TS, FRA~OXVT7 4 Y
R RIRT UP OFRL» ORERNZIEINE R TIC
& PCBs i —EHARERKICBET 2 2 L BLER
Db Lizn,

PCBs “FEBO RN T 4 V) VREEE %K T hexa-
chlorobenzen (HCB), 2, 3,7, 8-tetrachlorodibenzo-
p-dioxin (TCDD) i C57BL/6 2 Wi 10 Z~ 7 A
WBWIHAFI LD ZOEAMEEI NS 2 E235
BEENTWBED PCBs DRV T 4 ) »R#wBT %
BOFEW DV, Verneuil 59 =7 + ) OIFAF
HMHBZw PCBs 2IRIIL CH5E T 2 & ALA-s O,
uro-D DETBLURLVT 4 Vv OEREPET &
PHRELTWEY, ROBMEZORCEMEEZT,
FU—MEIRHRINT 2 ERLT 4 ) OEENET
2-LT0w3, SEOLNMONOBE T 1EED
UP/CP ILic sk B OEZERAED sz o7z, Ly
L, #5 5:8% PCBs & &% A L B CHESLIE
D= ALEE UP OBES L ONED I BD 1IRLT
13 UP/CP LS HEEE W E £ TH o 72 Z & IZTHIRE

WwrBbib, Slersema” i C57BL/I0HR~< 7 X
W HCB L $ROER & 2 W 3k 0 Bs 5 TR F UP
OHEMPFHO uro-DMFIEX T Z & 2HERLTw3
PO HERE L EE, RPO UPBSEMNLELD
LDRIBETHZELELTWVEG, Lizdi- THERD
HEPHERT 2201 3 LEHOBRENLET
hrrEZHN5,

X [
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BYiHD PCB REEH

—in vivo & in vitro MLLE —

R R SR
W FLIE - K O - iR R R

Binding of PCB by Several Types of Dietary Fiber in vivo and in vitro

Kunimasa MoriTa, Kengo HaMaMURrA and Takao Iipa
Fukuoka Institute of Health and Environmental Sciences, Fukuoka 818-01

We investigated the binding of PCB by dietary fiber in vivo and in vitro. Forty male rats

consisting of four rats a group were housed and rats of each group were given a treatment diet
containing rice-bran fiber, spinach fiber, burdock fiber, cabbage fiber, soybean fiber Japanese-
radish fiber, carrot fiber, corn fiber and cellulose for five days. The remaining four rats were fed
a non-fiber diet as controls. The animals were administered with 0.5 ml of the race-bran oil used
by Yusho patients and kept on the same diets for five days. Fecal excretion of PCB in the group
fed rice-bran fiber and spinach fiber was significantly (p<0.01) stimulated 6.6 and 4.1 times,
respectively, as compared with controls.

Dietary fiber was suspended in distilled water, and methanolic solution of PCB was added to
these suspensions. The mixtures were then incubated. After centrifugation, the unbound PCB in
supernatant was analyzed by gas chromatograph. Rice-bran fiber and spinach fiber bount more
PCB than any of the other dietary fiber. A significant correlation existed between the amounts
of binding PCB in vitro and fecal PCB output in rats by eight types of dietary fiber (r=0.986, p<

0.01).

* L ®»

B SN BMERBEOARM L IENT, KEPA
FEDVAIZPEL B2 L0 RHED 1971 F 10
EINTLR, FEFNCTHEERS THL EELS
NCWRYBEOEBENMEI FEES NS Lok
o T &9, BRI OLFREBE RO AYED B X
UEREWEY 2WET2ERAC, HIBEY L
ETHEMLH B, Nk BERT, HHEEB LU
DV AT —)VOBERINERIEIL, #EohEkthe g
2, MEIVATO—VEL2TT2@E8BD6N
TWBEY, AW IR, (RF8Y X LA5E, B
ROFE & EEZSCRb 2 BT EE S FORMST
BHDIEWERENDIOECRD, HRCBWTD
1994 fE i B YIS OE BB £ LT 20-25g (10 g/
1000 kca) BB U THEE I NN, L L, ZO4EE

PER I E RS BEHI N TR WOMEIRTH 5,

FITEHES I IEHEOAYBERENEL, invivo T

(80)

@ PCB O#ES kit i B2 3 %% & in vitro T® PCB
BB DWW T HERET L e D THET 3.

xR F

1. BESIUHH

TIT—EBLUY VT F T REFRIEEEE D
T7E5—VYAH TP~/ BLUI7Vv7F 2 F 2l
AL,

ANFYY, Frby, 7aukivh, AF /7,
AR F NV oA, 70U D0V IR T 2ea
DEEEERBAY, TOMOREEIHRLEERL
fe.

BT AR A 451 ADVANTEC # 8 o 86
R, 33mmXx120 mm 2L 7.

Sy NOEDOIEAL v, SAINVEENAS—, B
Y IVBRBENAN—, TT oI T VEE
HUSEME R HEAL 7.

EHRZ 4 244 VIZHERED SR s REAH

*
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OHDT, 1mlLi=h PCB #5780 ug (853 ug/g) &
ENDHOEFEHALT.

WESERICHER L2, 4, 5, 2, 4, 5-Hexachlo-
robiphenyl (2, 4, 5, 2, 4, 5-H,CB), 2, 3, 4, 7, &
Pentachlorodibenzofuran (2, 3, 4, 7, 8-PsCDF) ¥ &
1, 2, 3, 4-Tetrachlorodibenzo-p-dioxin (1, 2, 3, 4
-T,CDD) W E—FEBREHEHABARE L ViE5 s h
7z,

2. &iE

HRAzu< 777 2EREFRHE O ECD &
GC-TAGHRIZHEH L, FAZ7av T 7&ER
1.5% OV-1 (chromosorb W, AW-DMCS, 80-
100mesh) OFHEFI%, 2.1mX2.6 mme¢ OF T A%
T ARTKEL, » 7 ARE205C, RHIFBEE 300°C,
BRI ATE 40 ml/SFTHEL 2,

BEBEIMTEIEEREOFES NA-F4Y6
e NA-FSOL1BRMERL .

T—b—3INVEAVIBDONA Ay Iy TEE
ERL I,

3. BEYORIEE

Ko ORISR EAR L ORT., BlEkar %
24mesh DRAF Y VABMEDLWERWT, EIHTRQ
EERE DB, B 26cm, #E 54 cm DFERIOSIC
1.5kg 55, T 0 2WERERT 6 BIK¥EL 72, Kk
WEAGEA R BV, 1 RIOKGERERIZEED 12 43, B
AKIFELT FEE 2N DRR2EFNZENRA
, AK101 2Nz T 1RBMEAL, A¥E%E 9 EITo
1o, Kb REEED S L, AEAL0L, pHT
D0.2M V) UEBEEW S00ml, 7 87—+ 30ml 2/E
Wiz, 90°C T 1 REHIBERALEE U /2, #9 45°C % THoS
%, 4%KEEF> NV 7 A TpHS ICHHEL, pH3 D
0.2M Y VEBIEEW 1], S 27 Vv 7 Fr30g B,
45°C T I HFHBERIE L 718, BERSBCHEO KL R
6 EfT- /e, ZhwAkEAS51 %Mz, 0.4NEET
pH 1.5 3L, 30 0MMEL 724 9 B L 72,
PRES % B REZ RS 1 AL, 80°C T—RMNEL L KE S D
K EERE, 2~IERBEOT 2 b T3E, Fiv T
FH T 1EIZAEFN 5 SRS CRAE L 72,
g, BEEZEESR R v 80°C T—RmEA L, ER
TR LI, a—b— 3 vaf->THREL, X
DEERRE L2, 2B, BKBONT AR E BT
&, FRE2 485 RIERCYERARIE L 72,

T4 R, I—rFAREMZT—REEL, B
WEIERIME L e, S L, 2 Y —TlmRL
bOERMEBICED, 6EKREL, UTKadrikig:F

CEB{ER{T- 72,

RV yyy, IRy, F+_Y, F14ar (@),
SV BB Yo T R —THF L2 b DR
LcEED, 6EKEEL, DT, Kanii: FUEE
T 1z,

4. BEYEOTE

BYIHE 1 Southgate 9 ICEEL T, NS b m—
Ay, AT —ABIN) =D IBEHHT, ~F
V= AET AR VRBEY LD S va—-RE LT,
Ry P REANY = VEIEREY I LD F o —
RELT, OVBRIASY - VERBEI LS
Z7vuvgE UTHEL, ~3era—AB LU
Va—XEBEEL, V7= VESIE 105C TERL
718, 525°C TlILL, EREE L K{tERLDER Y
SovBE L

5. KB

F v MIRFIEERESE D © 5 B O Wistar B
Zv b (CEFEE 126 ) #EAL, 1EE4LELTI0
B4, Table 1 w3 B8R T 5 BETHEE
Uiz, 99y VERBr—Yi1ES D AR, R EK
HEHIES 2 72, SR LB E ¥ 5 70 —&i
BEE,FEES A A4 AN 0.5ml 2L &L O
Flig % 1 E4 B EL, 51 &G, A UARTS H
EE L2, i 70°C T~ HiZE LUEREZHEL -,

Table 1 Composition of diet (g/100 g)
Non-fiber  piper diet
Dietary fiber" 0 10
Sucrose 70 60
Casein 20 20
Corn oil 5 5
Mineral mixture 4 4
Vitamine mixture 0.85 0.85
Choline chloride 0.15 0.15

YRice-bran fiber, Spinach fiber, Burdock fiber,
Cabbage fiber, Soybeans fiber, Japanese-radish
fiber, Carrot fiber, Corn fiber, Cellulose

6. PCBOEE

BRI ARG AT AN, VY 7 AV —H
HBEHWT, Z20uhVA-AF -1 (2:1, v/v)
150 ml T 10 B AE U /2, ST 5 ml % TBiE
Liet, 70a kv A T50ml iz Uiz, 7o a kv A
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HE Iml % 10 ml OF T AELRIE I L D, BT A
TroaRVARRELURE, INKBESY VAT
¥/ — VB 2ml BIlZ, 80°C T 17 VA V5
BT, ek, AKlml, ~FHr2ml 2MZEE S
L 72, 2000 rpm T 5 SR OOHL, ~FH v
BRI, 851, ~F Y 2mlBL T 1ml 2H
WTRERBREE L7, ~F Rt EEbYE, K1
ml THe - 72tk EARBE Y 7 A8 2.5g THAL
Jo. ~FVUMBERG Iml 2 TEEL, 550D
ANFEFIOmMI ZHLIZ0.6gD7 YDV D T LK
HEAL, ~FH>6ml TPCB 2EH S, HHE
BEEEL, ~FY U227 2ml & U, B 0.5ml T
Yoo 2%, PCB 24 A7 0~ N7 7 THREEEZRAY
TEZ L.

7. in vitro MBEHER

BYHHE30.0mg 2 10ml OF I AERE LB &
D, 7K3ml ZMMZEEL 788, 0.4 ug/ml D 2,4,5,2,
4, 5-H B A ¥/ — VEWR 3ml #Mz, 37C T30
SRIA v F 2— Mg, 2500 rpm T 10 SRR 5B
Utz EBWE2ml 2D, Zhic 2%FEEF bV oL
B 2ml BEIUANFY > 4ml 20X, RESHEL
fo. ~FHUHHBERRE T LB 7%, YA 70
TN T TCRBEED 2, 4,5 2,4, 5-HLB REEL
7=, 2,3, 4,7, 8P,CDF 58X U1, 2, 3, 4-T,CDD ik
Wb FERRICERIEL 72,

8. HiEtwE

B2 ORYGHER OB DO ZE ORE i Student-t

FAMIE ST, BEREIRLUTEb>TEEL L,

RS UER

1. RMBHEOHER

SEHRORMEM >S5 EE L - ARVBE DK =
Table 2 Wing., BYBHOSE X T b 8% L
HEh, RHEICED, KBRS I SHIEE QR B

Table 2

EENET L L NTER, AYEEEERT s~
Va—X, vro—2R, V7 rOHRIFAFNLD
B K> TESTED N, L, V=
BB, TRYBES L R VY T
HEM% < FEn Tk,

2. PCB O#hHEt - RIF TR

Table 3R d &9, BWSELERS LI gk
BRI A AL A NVERMLUTCESET 2L, 5 HEO
PCB 3 rhgliit & 13 Non-fiber B236.7 ug Th > 72
DX LT, K44 3ug, TT VLYY 7.7 ug,
TRV 191 ug, FrY 12.1ug, 54 2 10.4 ug,
FA 22123 ug, =2V 8.6 ug BT — g
D310.9 ug, EAT—AD9.9 pg 7D, YKL
5881k Non-fiber 8 L HE_X T PCB HHEE S W b
WU, Z OBl K, sy Lvrvy, I
Ry, F¥rY, FA4X, FM4ay, =208l
a— VN F N ZF N Non-fiber 8D 6.6, 4.1, 2.8,
1.8, 1.6, 1.8, 1.3, 1.6 f5CTHY, ¥Aru—ADEN
zh 4.5 2.8, 1.9, 1.2, 1.1, 1.2, 0.9, 1.1 5%
o, BEEMOESIZL > TER ZHRREIRENS S
iz, L, kv LRy 2y viR# T Non-
fiber R L CHEE RS2 R L (P<0.01), #
DOt 6 IR OMHE DO PEIFRME & b b ZhZh
3.6, 2.3 5Ly OBEMBAE LN, RICEESZ
2,3, 4,7, 8-P,CDF ORSMEIIC DWBT T v %>
THET TV, KapBEEv Vo —X LT 45
f&, IRY, a—, S4BT 25EBDE
WHEPHRMIRS S 2 Z L #BH I LD, 351
SEOERIZ BV TR 1k, PCDF & R,
Hzhls PCB OREERAMED sh iz,

SHE oo BEER L L CIEEHE#E % Table 312
AL, SEEORMFMIESHOEER I Non-
fiber B & AT 5.7~7. 8 fEOWAIER L /243, HE
BL PCBENEE r O BEELMEBEIA S -

Composition of dietary fiber (g/100 g)

Dietary fiber

Hemicellulose Cellulose Lignin Water

Rice-bran fiber 85.4
Spinach fiber 85.6
Burdock fiber 90.8
Cabbage fiber 94.7
Soybeans fiber 85.9
Japanese-radish fiber 92.8
Carrot fiber 95.2
Corn fiber 86.4

43.2 23.5 18.7 1.1
42.7 33.8 9.1 0.6
20.6 54.9 15.3 1.1
45.4 45.2 4.1 0.4
38.2 45.5 2.2 6.3
28.6 56.4 7.8 0.7
34.5 58.2 2.5 0.5
65.2 18.3 2.9 2.6

(82)
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Table 3 Effect of diets on fecal excretion of PCB and fecal data in rats

Diet PCB in feces Feces Fat in feces

(ug/5 days) (g/5 days) (mg/5 days)
Non-fiber 6.7+1.8° (1.0) 1.3+0.2° (1.0) 189+ 42°  (1.0)
Cellulose 9.9+2.8° (1.5) 10.1+0.6° (7.7) 530+ 38% (2.8)
Rice-bran fiber 44.3%£0.7* (6.6) 8.7+1.0* (6.6) 869+114* (4.6)
Spinach fiber 27.7£5.2% (4.1) 7.5+0.8 (5.7) 832+ 74* (4.4)
Burdock fiber 19.1+2.1% (2.8) 10.2+1.2% (7.8) 515+ 982 (2.7)
Cabbage fiber 12.1+3.9> (1.8) 8.2+1.8% (6.2) 383+ 470 (2.0)
Soybeans fiber 10.4£2.9° (1.6) 7.4+t1.9° (5.7) 392+ 96 (2.1)
Japanese-radish fiber 12.3+3.2> (1.8) 8.5+0.7% (6.5) 359+£129> (1.9)
Carrot fiber 8.6+1.4> (1.3) 8.6+£1.12 (6.6) 356+ 56% (1.9)
Corn fiber 10.9£2.0° (1.6) 9.1+0.8* (6.9 493+ 82%* (2.6)

Values represent the mean+SD for four rats, and numbers in parenthesis show ratio to a non-fiber

group.

a Significantly different from a non-fiber group, p<<0.01.
b Significantly different from a rice-bran fiber group, p<0.01.

Table 4 Binding of PCB, PCDF and PCDD in vitro by eight types of

dietary fiber

2,452, 4 5-HCB 2,354 7, 8P,CDF 1,2, 3, 4-T,CDD

Bound (%) Bound (%) Bound (%)
Rice-bran fiber 85.9* 90.0 83.8
Spinach fiber 64.7 81.2 68.9
Burdock fiber 45.2 65.4 50.8
Cabbage fiber 44.2 63.0 50.2
Soybeans fiber 38.7 56.8 51.9
Japanese-radish fiber 38.2 56.2 40.1
Carrot fiber 36.2 44.3 35.7
Corn fiber 35.2 45.0 36.5

* Percent bound ; 30 mg of each substance was incubated for 30 min.
at 37°C with 3 ml of distilled water and 0.4 ppm PCB in 3 ml methanolic

solution.

jo. BHROREBEHIEIRMEERRES T2 L&
D g DGR A S0, IREIREESS LR
PCBHHME L A HA%ERL, @EOMT IER
AEBEMERD S e (r=0.888, p<0.01), TDIk
Mo, RV SEERECHE S W IBE RS OB
BN B E s 2 RERS ORI ELEE2 T
WEIEPRBENS, UL, ¥y —AD PCBHE
MBI ENEEZRZ Th o o IR Vi S
N EBAERETEAON, B LY, PCBHERE
BRI —FE L EEE RS R o T,
PCB#5&E (390 ug) iwxd LT 5 HED % Dkt E
X Non-fiber & 1.7%, ¥ 1 — A 2.5%, K 11 4
%, xRV Y T T 1%, TRY 4.9%, FeV 31

(83)

%y TARX2.7%, ¥4 23>3.1%, =¥ 2.2%8B
FUa— N 2 8% TH o Tz, ThERRING &
EzLHE, BEALKESO PCB BRI S LT,

3. EMEHEA~D in vitro BE

2,4,5 2,4, 5-HCB & 2,3, 4,7, 8P,CDF 3 8#%
BLURBEEOENICEEL T03 2 ePHsh T
% PCB B XU PCDF RIBEED 1 2 THB™D, 20D 2
FEEOEHE 1,2, 3,4-T,CDD 2FT, 35K
RREIREE T 2 L Sk A5 /7 — (1:1)
RYETC in vitro WEREBRE1To 7o, £ OISR, Kanr
BLORT VY VMO 6 EOBYIRHE L T
NTELDTREFLREDRELFED 5h iz (Table
1), FRENOBREFRICOWT 2, 4,5, 2, £, 5-HCB,
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2,3,4,7, 8-P,CDF X 11, 2, 3, 4-T,CDD %k L
7o E, 2,3, 4,7, 8-P;CDF 13ffhd 2 #EE & 0 T
ERBEETH 7208, FRFhORYEHE Y
ZWEROBBOERITIZIEF—EL Tz, Lo
T, PCB, PCDF % & O PCDD Rz § 2 ik
HEOBEER OB OHE X SEEOELAMOH T
NEAWTHEARETH L LEZ SN,

Table 2 R L7 BB #EOME L OB#ETA S &,
V7 BRBOLARYBREIZE 2, 4,5, 2, 4, 5-H,
CB, 2,3,4,7 8P, CDF 8L 01,23, 4-T.CDD O

EXEWERERLE (p<0.01), Lil, d7v
UV B T R R N TSR E o oS
V7= i3E 3o, TORRELT, BRE
VERBETIHENDD, REBRCHFET I 70
o7 4Ry VY v cEEh, BECEASL
oD b Lgne,

PCB 0#EfHEE E 2, 4, 5, 2, 4, 5-H, B @ in
vitro BER & DBRE A TH B &, in vitro TEED
BORBYIBHEIT Y PCB 0 # Rt &R % % 2 1B
2D Sh, TEOMZIEEREOHEBERIED
e (r=0.986, P<0.01). L/zdoT, ZORRIZ
EWRHED in vitro REER 2 5 in vivo BT 5
PCB, PCDF # X Uf PCDD D% kit iz BIE 4 %1%
PHHIT 2 Z LDERETH B I EERL TS,

e

S B O AV 2 55E L T, PCB O in vitro IRE
{EF & PCB OEFHHIC RIZF TR DOWTHFL
7.

1) 2R FE- BB ORERIC LD,
KaamB L KT LY 7 EOEEED S BN E
B SR UL DOEMEOREEEHErHET 2 L
TEI,

2) KbrB I UERT LY 7 #iHE T Non-fiber
BEIANT, ThEN6.615, 4.1 FDEE S PCB#E
WIS A S, KALBLIUERY VY T T T
Ry, FeyY, FAX, F1ay, =vIrB8LU
IO 6 BEOBMEDOFIHE LT b 2T
3.6, 2.3fF LY OEINERL, EIEEENCE
7% PCB A FRHOBIMENTRD S,

3) KA MmO BRYEH L R TH D2,
4,5, 2,4, 5-HCB, 2,3,4,7,8P.CDF 8L U1, 2,
3, 4-T,CDD % in vitro k&L, Zh7Fh, BEEIX
85.9, 90.0, 83.8% TCThH-7z. LT, xyLvrVyw
B BB RIFRBEE R A SN, E, V=

W

(84)

H-¥® ~N-8k H

FEOFHVWEYMEIE CEEELNFWERERL 2,
4) in vitro REMR OB WEWHEEZ L PCB O
HHRERHEN S WERAIED S, MEORCERER
EOHEEIEARIETED 5z (r=0.986, P<0.01),
DFERITEVBHED in vitro BETERS 5 in vivo iZ
¥ % PCB, PCDF B X U PCDD > d#Eiti i3
TRIREHHT 2 LA TH LI LETR LTS,

-
<

2,3,4,7 8P;CDF 2 EDRELME L Tl /i &
EUMHBEARE B—ER) CRJIEHRLET.
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PCDF n#Ed#klt & &L OB f ISX T 2 RMMH#OMHR

B R RS
HREHME-MBEE-KHE#

Effect of Dietary Fiber on Fecal Excretion and
Liver Distribution of PCDF in Rats

Kunimasa Morita, Takahiko MaTsuepa and Takao Iipa
Fukuoka Institute of Health and Ewnvironmental Sciences, Fukuoka 818-01

Forty male rats (126 g body weight) consisting of four rats a group were housed and rats of
each group were given a treatment diets containing cellulose, rice-bran fiber, spinach fiber,
burdock fiber, cabbage fiber, soybean fiber, Japanese-radish fiber, carrot fiber and corn fiber for
five days. The remaining four rats were fed a non-fiber diet as controls. The animals were orally
administered with 0.5 ml of the rice-bran oil used by Yusho patients and kept on the same diets
for five days. The rice-bran oil was contaminated with 2, 3, 7, 8-tetrachlorodibenzofuran (2, 3,
7, 8-T,CDF, 458.7 ng/ml), 2, 3, 4, 7, 8-pentachlorodibenzofuran (2, 3, 4, 7, 8-P;CDF, 802.4 ng/ml)
and 1, 2, 3, 4, 7, 8-hexachlorodibenzofuran (1, 2, 3, 4, 7, 8-H;CDF, 752.3 ng/ml). PCDF in feces and
liver were analyzed by high resolution gas chromatography-mass spectrometry. The fecal
excretion of 2, 3, 7, 8-T,CDF in the group fed rice-bran fiber and spinach fiber was significantly
(p<0.01) stimulated 11.3 and 6.8 times, respectively, as compared with controls. Moreover, 2, 3,
4,7, 8-P;CDF and 1, 2, 3, 4, 7, 8-H;CDF were excreted in stool at the rate of 4.1 and 3.4 times,
respectively and 2.1 and 2.2 times, respectively, as compared with controls. These results suggest
that administration of dietary fiber is useful for a new approach to therapy of Yusho patients.

BOBEAET 22 EBEHINIZ s, IBERT

@ Lo PCB % & 0 PCDF OFURINE 5 3 2, %1% X < 4

iz

1968 FEICFKE L oA A SIEOCRRZ 4 A4 4 v

112 14 Polychlorinated biphenyls(PCB), Polychlor-
inated quaterphenyls (PCQ) DiE» iz, MED Poly-

chlorinated dibenzofurans (PCDF), Polychlorinated
dibenzo-p-dioxins (PCDD) DEAMNIED 6Tl
290 MIEOCFELRRRAYMELEZ SN TV
PCDF [FElfEfRodT, 2, 3, 4, 7, 8-Pentachloro-
dibenzofuran (2, 3, 4, 7, 8-P;CDF) &, (@3 hic
L, ERFHRAMP ELY TE W, FKIER 20 $4E
BRLLEERNICHETH 2 B3FEL T 099,

¥z, 2,3, 4,7, 8-P.CDF B—MFET I BLUESE
BEEYORHS L EhoFEL, 3HTERENIE
WEEL T, —REFEEOR TR S ppt LN
WOERNRED SN T2 BBEFELRYETLH 2,

PCB RN & 7218, B 2RHET 2 2 Lk NBOD
TR SRR AN, EEZBECCHERINZE

(86)

NEERT B L LI ERIgRE L D LIz, FREEOY:
MEER DA SN2, bbb EER S A A4 4
NEBRE L7y F RS 2, B
PCDF o3t Jux T B 2@z, % DR,
kBT v —A LIENT 456, TRy, 2
—, 54 XHHE S T 2.5 15, LB ENCHEE
BN 2,3, 4,7, 8-P.CDF Ot {83 2 Z & 28
ST LT=0, BEORE L BEOHE, MEriEns
5 2°C, PCDF OFc BRI 2 BYMED 2 Wik Zz 0
BYBHEOFM E 2 5 RBPEBNT S 2 L3RR
EEEZL, L, hbsoEHEFEREIRON
TWB, KAPLZFOLDERT LI LIRETH D,
ZITEES IR, HEERLTWERED:25KA
DEFERRIREDD 2D DORERT 510, ERME
FERED » 5 HBEWEREDOSZWR YV Yy, I
A7, FyY, AR, F4ay, I8t
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21— %FEVU PCDF QHEFEEIZ DWW THRE 21T-
7z,

® B F &

1. EEMH

AFFY, Ty, 7unkii, X8/ —,
vryuaxyy, HAKEEF M) VLA 70U YN
MG ORE BEGBRR Y, ZOMORE TR
B EER L2,

FRHEZ A A4 A VGWERED SRS Wik EA
Db OTImlE 7 b PCB 780 ug (853 ng/g),
PCDF %8 9.3 ug (10.2 ng/g) 2 &Ll 2 A L
7z. F7 PCDF FIBEEOEE % Table 1 1R L 2,

BYRER T 39— X eV v T F vk BuRE
FUHI LY, 8SULLEOME DX an, wYLV Y
v, IR, FrY, AR, F4ay, =vIv
BLOD— REREE L 7,

T v b BERIEBREYI, SHEBAL, 9y OO
BEA Y, TATNVEENL 8=, EF S VRENA
N—y IR Y T Y OVEERHE R R L
7z.

2. BpRER

HEMN126g (58 DVARY—RMES v + %,
TEE4PEE LT 10 #2531, Table 2 /R § SRR
OFJRIT 5 OMTHREE L, —REExe7:%, &
BagWFERIA A4 AN0.5ml #HEMLTERSL,
Slafis, RUEE TS5 BREEE L 72, PCDF Ofi#
581k 37 ug/kg THY, 20352, 3,7, 8-T,CDF

Table 1 Concentrations of PCDF in
the rice-bran oil used by
Yusho patients

ng/ g ng/ml
2,3,7 8T,CDF 501.6 458.7
2,3, 6, 8-T,CDF 191.4 175.1
1, 2, 4, 7, 8-P;CDF 459.3 420.0
2,3,4,7, 8-P,CDF 877.4 802.4
1,2, 3,4, 6, 8H,CDF 109.8 100.4
1,2, 4,6, 7 8H,CDF 163.2 149.2
1,2, 3,7, 8, 9-H,CDF 11.9 10.9
2,3, 4,6, 7, 8-H,CDF 224.3 205.1
1,2, 3,4, 7 8H,CDF 822.6 752.3
1,2, 3, 6,7, 8-H,CDF 128.9 117.8
1,2, 3, 4,6, 7, 8H,CDF 321.9 294 .4
1, 2,3, 4,7, 8, 9-H,CDF 16.9 15.4
0OCD 38.0 34.7

1.8 ug/keg, 2,3,4,7, 8P,CDF 1% 3.2 ug/kg iH
a7y bRR#S -V IETO AR, AtHE
AIZEBICS 2T, FHR AR T8 L T
MEEFTz, HRZ0CT—HER L LEBLBEL
7z,

3. EBLUFFESD PCDF OEE

ERY 7 AV —HHEEHAWT, 7ok b—
AZ 7= (201, v/v) 150 ml T 10 BFREHH L 72,
R IERI 5 ml F CEBHEL, 700 R A TS50 ml iz
L7z, FFlig A%/ —n32ml, Z2uakih l6ml %
mz, RV P REYFAF—FHOTRES 2 —
ML, ZoakiAl6m]l EIIZEEREY 2 —
FL, RI6ml 212 CHS[ 2B, &5, FEI K
ZaafRis30ml B KREY R — L, &I
AMBLTz, 7ua RN ABE S UEKEES Y Y
LTHARER, F130ml £ TEIEL, 2700RVATSD
ml iz L7z, EORMEW 4 ml B & GO 8 ml
EZhER10ml OFRBREIC LY, BES/ATI0D
RNV L EERE, ~FF2 1ml 227 ZHCERE
FEOATH 53C-2, 3, 4, 7, 8-P;CDF % 720 pg, “C-
2, 4, 6, 7-T,CDF, °C-1, 2, 3, 7, 8-P,CDF, *C-1, 2,
3, 4,7, 8-H,CDF & X U"*C-1, 2, 3, 4, 6, 7, 8-H,CDF
% Z 2 h 500 pg, *C-0,CDD % 1000 pg PIEHEYE
ELTHML, INKEBA Y ALY/ — VTR 1
ml M2 R/ C—ETNVH VBRI, ~FH 2
ml, KO.5ml #IIZIEE S L, KBEBRELE, 3
SWAFHUEEAKIml CHRERE, BFHEE2ml TS
EALEE L f2, ZOANFY UBEBE0.6g OREBESY
ATFNAT LEEAL, ~FHY6ml CHEHLZEL
ml WL, 851 0.6gD 70 ) PNA T A
UAFH>8ml TPCB 2, Ty ruaxy 20
ml T PCDF ¥ U7z, EHBRIZEEL, ~F 931

Table 2 Composition of diets (g/100 g)
Non-fiber diet Fiber diets

Dietary fiber? 0 10
Sucrose 70 60
Casein 20 20
Corn oil 5 5
Mineral mixture 4 4
Vitamine mixture 0.85 0.8
Choline chloride 0.15 0.15

1) Rice-bran fiber, Spinach fiber, Burdock fiber,
Cabbage fiber, Soybeans fiber, Japanese-radish fiber,
Carrot fiber, Corn fiber, Cellulose
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ml 202 FHEEAE % 1 B{T - 72, PCDF A~ v a2t
HSP-2331 DF ¥+ TV —H T A5 (0.32mmX30m)
BEZE L 72 GC-MS (Varian3400-Finnigan MAT-
90) % AV T HEEE 8000 123 L T Selected Ion
Monitoring (SIM) % TEEL 72,

4. HEHLIE

B RV O FHEOZE ORIE I Student-t 7 A
MZEoT, BRBRIBUTE2b-oTEREE L,

X B B 2

1. BEYBEORKHENE, A8, FREES LUV
EhOKEBCREFTHE

PCDF OIBE RN AR P OREBER L LW Lo T
EHREERZTAZEB8%EZ 505 0T Table 2
Rt &SRR Y 7 = 2 —FETHIEL, %
DEPOMRIIEEEE bE—IC LT, Z0OBE, &Y
RS EOMBNENE, RES L UHFBERZ Y
b —VEED Nonfiber g & o — R L HERTK
EREBASNED»-T: (Table3), L, &
BB S B O E P 8 13 Non-fiber & & T
BH&ELRD, Kak, kyvrYy, IRy, Fo
Y, FARX, FA4ay, =IvBIa— @i
BnENENL6, 4.4, 2.7, 2.0, 2.1, 1.9, 1.9, 2.6
ML T e,

2. PCDF ¥kt (2 RITTRMBHODR
Table 1w R 7z PCDF FEED B 5 5 4 LA
D 2,36 8T,CDF, 2,3,7, 8T,CDF, 5#HtEo 1,
2,4, 7, 8-PsCDF, 2,3,4,7 8P,CDF, 6#{t#&D 1,

FRH - AR - BRE

2,4,6,7 8H,CDF, 1,2,3,4,7, 8-H,CDF, 7t
D1,2,3,4,6, 7, 8-H,CDF & X U 8 #1kiE D O,CDF
DB DWT, FKERZ A4 A4 4 V5% 5 HEO
#hfEitE % Table 4 5 £ U Table 5= 9. Non-
fiber ROFEME XS B 12 U T 4 WAETH 1%,
5 1ALRT 2~5%, 6 & T 9~20%, 7Rtk T
49%, 8B TH2%wck Y, HEEE (%) 2oy
BEEOHZ > PCDF FIERED F 535 - Iz,

FhZEnd PCDF FABEEIDWT, 2> ha— Vi
ERYER S OYEME R BT 5 &, 2,3,6,8-T,
CDF 8 £ 1U'2,3,7,8T,CDF X8, K7Ly wy
B XU IR Z N £ Non-fiber & D 10.4,
6.0, 3.4 BB L U11.3, 6.8, 3.6 B OFHE
THEML Twiz (P<0.01)., vy, 14X, 54
ay, ZVYYEIVI—UB#EOFOHEE RN
Zh Non-fiber DO 2 fEz#EhnL Twiz,

1,2, 4, 7, 8-P;CDF iZ%dad», "o v Vo, oK
T, F¥RY, F4X, F4ay, =P rBiva
— VR EB F L F 1 Non-fiber 88D 5.7, 4.9, 3.7,
2.4, 2.3, 2.9, 2.3, 2.1 f5IHEIBML TWie, 2,3,
4,7,8-P;CDF igkshad, kv oYy, IR7BIV
A4 a R T Fh Non-fiber 8D 4.1, 3.4,
2.3, 1.9FEBL Ut eru—2XED 3.6, 3.0, 2.0, 1.7
FrEmL (P<0.01), F+Y, ¥4 X, =vyv
B LU f#ED 2 0P E 13 Non-fiber BOH
1.5 &L Tk,

1,2,4,6,7,8H,CDF 88X U'1, 2, 3, 4, 7, 8-H,CDF
Ky, kv Yy, IRY, FeY, F4 X,

Table 3 Food intake, body weight, liver weight and fecal data in rats
Diet Food intake Body weight Liver weight Fat in feces
(g/5 days) (g) (g/100 g) (mg/5 days)
Non-fiber 99.8+ 1.3 197.5+ 9.0 9.4%0.47 189+ 42°
Cellulose 104.2+ 5.1 205.6+12.3 8.5+0.28 530+ 38
Rice-bran fiber 96.7+ 9.4 206.0+16.8 8.0+0.64 869+1142
Spinach fiber 9.7t 3.0 190.5%£15.3 8.71£0.71 8324 747
Burdock fiber 104.0x= 8.4 204.8+ 9.2 8.540.38 515+ 98
Cabbage fiber 98.8+10.1 203.2+14.8 8.4+0.45 383+ 477
Soybeans fiber 94 5+11.7 189.4+13.7 8.91+0.46 392+ 96°°
Japanese-radish fiber 85.8+ 9.4 192.4+15.5 8.5+0.94 3594129°
Carrot fiber 97.1x 1.5% 195.7+ 9.6 8.7+0.60 356+ 56%°
Corn fiber 102.0+ 4.3 202.2+15.8 9.1+£0.61 493+ 820

Values represent the mean = SD for four rats

a Significantly different from a non-fiber group, p<0.01.
b Significantly different from a rice-bran fiber group, p<<0.01.

(88)
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Table 4 Effect of diets on fecal excretion of T,CDF and P,CDF for 5 days after adminis-

tration
Diet 2,3, 6, 8 2,3, 7, 8 1,2, 4,7 8 2,3, 4,7, 8
T,CDF T,CDF P;CDF P;CDF

Non-fiber 0.86+0.35 0.73+0.31 2.4%+0.4 4.940.3
Cellulose 1.874+0.89 1.48+0.65 4.0+1.7 5.5+1.6
Rice-bran fiber 8.91+1.19% 8.30+0.83% 13.6x2.12® 19.8+1.1%°
Spinach fiber 5.18%£0.972 4.9740.968° 11.5+2.6%° 16.44£2 4%°
Burdock fiber 2.91+0.57* 2.6140.422 8.8+1.0%° 11.2+1.5%
Cabbage fiber 2.01+0.82 1.65+0.66 5.7+1.6% 7.5x1.9
Soybeans fiber 1.71x0.52 1.45+0.40 5.34+0.72 7.0£1.2
Japanese-radish fiber 1.8120.45 1.50+0.46 6.9+1.3° 9.2+0.64%®
Carrot fiber 1.561+0.73 1.31+0.72 5.5%1.9 8.1+1.9
Corn fiber 1.75+0.38 1.42+0.29 5.0%£1.22 7.2£1.12

Values represent the mean of Percene of dose + SD for four rats
a Significantly different form a non-fiber group, p<0.01.
b Significantly different form a cellulose group, p<0.01.

Table 5 Effect of diets on fecal excretion of H,CDF H,CDF and Q,CDF for 5 days after

administration
Diet 1,2,4,6,7, 8 1,2,34,7, 8 1,2,34,6,7, 8 O CDF
HCDF HCDF H,CDF
Non-fiber 9.1£0.6 19.8%£2.5 43.6+3.0° 52.1%4.1
Cellulose 11.3£3.8 21.2+3.1 58.7+2.72 64.5+1.2?2
Rice-bran fiber 28.514.6% 40.8+3 4% 72.9+5.62 72.517.4%°
Spinach fiber 28.5+5.3% 42 .6+4 0% 75.54+4 .38 71.946.3%
Burdock fiber 23.8+3.5%° 34.8+4.9%° 67.3+2.7% 65.1+7.3°
Cabbage fiber 16.0£3.9 26.1%+4.2 61.5+4.8% 65.6%1.42
Soybeans fiber 14.4+2 .42 26.6+3.5 63.7£5.12 78.8+£8.4*
Japanese-radish fiber 21.1£2.0% 33.5%£2.1% 64.8+3.6% 71.7+5.8%
Carrot fiber 17.2+4.9 30.2+4.6% 60.8+5.52 73.2%5.2#
Corn fiber 14.6+2.9 26.3+3.1 62.6%+3.92 81.5+5.28

Values represent the mean of percent of dose + SD for four rats
a Significantly different form a non-fiber group, p<0.01.
b Significantly different form a cellulose group, p<0.01.

FA4ay, vy rsitfa—vilERssneEhn
Non-fiber & ©® 3.1, 3.1, 2.6, 1.8, 1.6, 2.3,
1.9, 1.6fEBL0r2.1, 2.2, 1.8, 1.3, 1.7, 1.5, 1.3
EEML, Kbd, FvLvrYyy, ITRYBIUSY
A a2 YHRHED 6 HALfEOPENE 12 Non-fiber 3 X
Tena—AREHNTHEZZHEMNL w1 (P<
0.01),

1,2, 3,4, 6,7, 8H,CDF 8 X ' O;CDF 3k,
Ry, IRY, FyY, F1X, F1{ay,
ZUYUBIVa—-vBERENFER 1S, 1.6, 1.4,

1.3, 1.3, 1.3, 1.3, 1.3fE8 X fF1.4, 1.4, 1.3,
1.3, 1.5, 1.4, 1.4, 1.6 % ¥ Non-fiber &L TH
BRI & & i dz,

3. PCDF ORI R T EMBMEDOR

Table 4 8 & ¢F Table 5 127" L7z 5 HEOHEREE %
KRGS L £ 2 % &, Non-fiber B0 PCDF WRITE ik
BREBuH LT 4ABAETI %, 5HELETR
95~98%, 6 B|ALETIE 80~91%, 7Lk TIizs5]1
%, BIALIKRTIZ48% & 2 b, RINE X7 v VEHD
BH3 D7 vs PCDF HEEO FRE» o 7o, SRR L
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8 FEE OB YIS S5 ORINE T Non-fiber &
WL T 4 AT 1~8%, 5 L& TIE 2~15%,
6 WALATIZ 5~21%, 7HEAETIE 12~24%, 8
{EAE T 13~20% DIET 2R L, BYSHEIC X 2RI
EOEAIZ 7 o VEOBEBRE D% » PCDF RE&ED
Fte L AKERL D> T,

4. PCDF OFFESH CRIEITEYREODR

ERIAAATANVKEESHEDOT v PSR O
PCDF 43458 % Table 6 8L U Table7 Rs., #h
2h o PCDF BlEHI >WwW T2y ha— Vs A&y
W SHEONBORE 2 EET 2 £, 2, 3, 6, 8-T,
CDF SE& I3k, Sy Yy, TRy, Fex

T,

ARE - AR - BRH

VB X UF A XiB#E D £ 2 1 Non-fiber & D 49,
44, 52, 54, BB L HEBEZET A5 iz (P
0.01), 22— ¥t T3 Nonfiber B8 L Uz o —
A LR TSRESES o7, 2,3, 7, 8 T,CDF 54
Bikbd, RyvyVy, TRY, FrRY, ¥4
RB LT A 3 D Z N2 1 Non-fiber D 78,
63, 80, 75, 47, 9BBIEF LTz, iz, =
VYU B LTI -V BETRSMEDSE > T,
1,2,4,7, 8-P,CDF & 3K, Ry,
TRY, F¥rY, FA4RX, F4av, =vIr8L
o — Vi#EAs # 2 h Non-fiber B 41, 38, 48,
51, 47, 57, 75, 94% LW FhbEP LT iz, —HA,

Table 6 Liver distribution of T,CDF and PsCDF 5 days after administration
Diet 2, 3,6, 8 2,3, 17, 8 1,2, 4,7 8 2,3, 4,7, 8
T,CDF T.,CDF P,CDF P,CDF

Non-fiber 2.081+0.47 0.734£0.07 1.724+0.53 65.9+5.0
Cellulose 1.49+0.12 0.70+0.19 1.34£0.15 74.8+5.0
Rice-bran fiber 1.02+0.21%° 0.57+0.15 0.71+0.13% 67.3+2.8
Spinach fiber 0.91+0.16%° 0.46+0.122 0.65+0.03° 73.1+1.5
Burdock fiber 1.09+0.192 0.584+0.12 0.82+0.13° 78.0%£3.7%
Cabbage fiber 1.12+0.18¢2 0.54+0.12 0.87+0.14° 82.0+6.02
Soybeans fiber 1.00£0.06° 0.34+0.152 0.81+0.08° 83.3+5.82
Japanese-radish fiber 1.63+0.32 0.69£0.15 0.9710.18 71.1%4.4
Carrot fiber 2.09+0.58 0.93+0.16 1.284+0.26 75.8+1.12
Corn fiber 2.4240.26° 0.81+0.11 1.61£0.16 74.843.9

Values represent the mean of percent of dose + SD for four rats
a Significantly different form a non-fiber group, p<<0.01.
b Significantly different form a cellulose group, p<0.01.

Table 7 Liver distribution of HiCDF, H,CDF and OsCDF 5 days after administration
Diet 1,2,4,6,7,8 1,2,3,4,7,8 1,2,3,4,6,7,8 O CDF
H,CDF H,CDF H,CDF

Non-fiber 1.3040.65 48.1+7.7 30.5+5.5 13.1+4.6
Cellulose 0.90+0.13 54.1+5.2 29.1+4.0 11.7£2.4
Rice-bran fiber 0.38+0.05° 43.7£2.1° 18.2+£1.3%® 6.3£0.7°
Spinach fiber 0.3240.02° 42.4+3.1° 14.9+1.5% 5.1+0.4
Burdock fiber 0.45+0.08° 50.1+2.5 20.5+2.1° 7.2+0.8
Cabbage fiber 0.54+0.09° 56.8+5.4 23.8+4.1 8.9£2.0
Soybeans fiber 0.52%£0.09° 60.6+7.5 24.1£3.7 8.7+1.8
Japanese-radish fiber 0.56+0.15 50.1%3.5 24.3+2.5 8.6+0.9
Carrot fiber 0.67+0.08 54.7+4.5 27.8+4.2 10.7£0.6
Corn fiber 0.98%+0.11 62.2+3.0 32.0£3.2 9.6+1.4

Values represent the mean of percent of dose + SD for four rats
a Significantly different form a non-fiber group, p<0.01.
b Significantly different form a cellulose group, p<<0.01.
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Abstract A clinical trial using the combination of rice bran fiber (RBF) and cholestyramine
(CHO) was carried out on Yu-Cheng patients in 1993-1994. By the analysis of blood and stool
samples collected from the patients before and after (or during in the case of stool), it was verified
that the administration of RBF and CHO is effective for excretion of polychlorinated biphenyl
(PCB) (p<0.05) and polychlorinated dibenzofuran (PCDF), especially 2,3,4,7,8-
pentachlorodibenzofuran (p<0.05). However, the degree of effectiveness varied upon individual
patients from 60 to 1609 for 2, 3, 4, 7, 8-pentachlorodibenzofuran, from 30 to 1109 for 1,2, 3, 4, 7,
8-hexachlorodibenzofuran and from 50 to 19095 for PCB, respectively.

the most effective therapy. In animal test, it

Introduction . . .

was clarified cholestyramine (CHO) and rice

In 1968, a PCB and polychlorinated diben- bran fiber (RBF) have an ability of promoting

zofuran (PCDF) contaminated rice-oil poisoning PCB and PCDF excretion, the former by

occurred in western Japan®. That disease was Kamimura et al.” and the latter by Takenake

named Yusho. Yusho patients are now still suff- and Morita et al.’®®, respectively. Especially

ering from various Yusho symptoms®. There- the combined administration of cholestyramine

fore the availability of various therapies have and RBF was greatly effective and the excre-

been considered by Yusho researchers and it is tion enhancement of 2, 3, 4, 7, 8-penta-
suggested that removal of the toxic chemicals is chlorodibenzofuran was 4.2 folds in rats.
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On the other hand, we have previously repo-
rted that the level of polychlorinated diben-
zofuran in the subcutaneous adipose tissue of
Yusho patients is 100 times higher than that in
normal subjects, and that the fecal PCDF excre-
tion by these patiens corresponds to its concen-
tration in subcutaneous adipose tissue as well
as in blood?. Therefore, at first, a clinical trial
of the combination of RBF and CHO was car-
ried out in Japanese Yusho patient in 1989-1992.
In that study, upon administration, a tendency
of excess fecal excretion was observed, how-
ever, the effect of the therapy could not be
confirmed®. In this study, results of the second
trial that was carried out on Yu-Cheng patients
in Taiwan in 1993-1994 to examine the degree
of enhancement of excretion of residual PCDF
and PCB are described.

Materials and Methods

1. Materials

Cholestyramine (CHO) was purchased from
Bristol Co. LTD. RBF containing 859 dietary
fiber (23.59% cellulose, 43.2% hemicellulose and
18.4% lignin) was prepared following the Pros-
ky method®.

Chaff and other debris are removed from the
defatted rice bran by using a 24 mesh sieve.
1.5kg of the refined rice bran is filled in a bag
made of hemp cloth (26cm X 54cm). The bag is
sealed firmly and then washed in a washing
machine for twelve minutes and spin-drying for
three minutes. After repeating the process for
6 times, the bag is moved into a 27 liter pot.
Ten liters of tap water is added and heated for
an hour, and then washed for nine times. The
rice bran is taken out of bag, moved into the
pot. Ten liters of tap water, 500 ml of pH 7
0.2M phosphoric acid buffer solution and 30 ml
of amylase are added and the mixture is treated
enzymatic at 90°C. The mixture is let to cool
down to 45°C, and then it is adjusted to pH 8 by
using 49 sodium hydroxide solution. One liter
of pH 8 0.2M phosphoric acid buffer solution
and 30g of pancreatin are added and after

(95)
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enzyme treating for three hours at 45°C the rice
bran is filled into the bag again and the pH is
adjusted to 1.5 by 0.4N hydrochloric acid, and
after 30 minutes the rice bran fiber is washed
for nine times. The bag with the fiber in it is
dried in a drying machine overnight at 80°C.
The fat that still remains in the treated rice
bran is extracted by washing the bag (contained
rice bran) with acetone for three times and then
hexane for one time for five minutes each in an
ultrasonic washing machine. The bag is let to
dry at room temperature and moved into a
drying machine overnight at 80°C. The fiber is
let to cool down at room temperature and then
it is ground by coffee mill.

As the fiber particles still rough, they are
fine-ground by using electric stone-mill.

2, Administration of drugs and collection
of blood and stool samples.

Eight Yu-Cheng patients were administered
orally 6g of RBF and 4g of CHO suspended in a
cup of water three times a day after meals for
two weeks. Prior to the administration, all
samples of stool excreted by the patients were
collected for a 7-day period. During the admin-
istration, all samples of stool excreted by the
patients were collected for a 14-day period.
Twenty milliliters of blood was obtained from
each patient before and after the clinical trial.

3. Preparation of specimens for determina-
tion of PCDF and PCB
Blood sample

For determination of PCB in the blood, to a
portion of sample (2g) was added 2ml of 1IN
KOH-ethanol. The mixture was heated at 80°C
for one hour, then extracted with hexane. The
extract was cleaned up with a silica gel column
and analyzed with ECD/GC. For PCDF
determination in the blood, a portion of the
sample (10g) was extracted three times with
acetone/hexane (2:1, v/v), and after the addi-
tion of distilled water, the hexane layer was
collected. Then, the extract was concentrated
to dryness and weighed. The extract was
dissolved with hexane and was cleaned up with



228

an AgNO;-silica gel column, charcoal column,
Florisil column and concentrated sulfuric acid,
and analyzed with GC/MS.
Stool sample

Stool samples of each patient were pooled
together for each period separately (7-day
period prior to administration, 6-day period
from the second to the seventh day, and 7-day
period from the eighth to fourteenth day after
beginning of administration). Samples for each
period were homogenized. For determination of
PCB and PCDF, 100g of each sample was used,
and about 300g of sample was stored in a
freezer at—20°C. PCB and PCDF in the stool
were extracted 3 times with chloroform/meth-
anol (1:1, v/v).
through glass filter paper, and after dilution

The extracts were filtered

with distilled water, the chloroform layer was
collected. Then, the chloroform layer was
concentrated to dryness and weighed. A por-
tion (20ml) of 1IN KOH-ethanol was added to
the extracts. Then, it was mixed and left at
room temperature over night, and extracted
with hexane. The hexane extracts were con-
centrated and adjusted to 10ml. A portion (2ml)
of hexane solution was cleaned up with Florisil
column for the determination of PCB with ECD
-GC, and another portion of the solution (8ml)
was cleaned up with concentrated sulfuric acid,
an AgNO3-silica gel column, charcoal and
Florisil column for the determination of PCDF
with GC/MS.

4 . Determination of cholestyramine excret-
ed into stools

One to four grams of stool were weighed into
50ml centrifuge tube. To it 2N KOH-ethanol
was added and then it was heated at 80°C for
one hour . After mixture with distilled water, it
was centrifuged at 2000 rpm. The water-etha-
nol supernatant was removed and the pellet was
washed with acetone, Subsequently, to the
residus was added 2.5% of NaOCl and was left
at room temperature overnight. Distilled water
was added and the mixture was centrifuged at

2000 rpm. The water supernatant was removed

T.lida et al.

and the pellet was washed with acetone. Subse-
quently, cold 729 of sulfuric acid was added to
the pellet and mixed, then it was left at 4°C
overnight. Finally, the mixture was filtered
with a G4 glass filter and the trapped material
was washed with distilled water, hot water,
G-4 glass filter and the

trapped material were let to dryness at 105°C

acetone and hexane.

for 4 hours and after cooled they were weighed
(A). Then, they were heated at 525°C for 4
hours, and weighed after cooled (B). The differ-
ence in weight between A and B was considered
as the weight of cholestyramine.

Results and Discussion

1. PCDF and PCB levels in blood and stools
before and after administration of RBF and
Cholestyramine

Table 1 shows the concentrations of PCDD,
PCDF, Co-PCB (coplanar PCB) and PCB in the
blood obtained from each patient before and
after the clinical trial on a whole base. After
the treatment, most of the average congener
concentrations decreased compared with the
ones before the treatment. The decrease in the
concentrations of 1,2,3,6,7, 8HxCDD, 2,3, 4,
7, 8-PeCDF, Total TEQ was statistically signif-
icant (p<0.01) and the decrease in fat concen-
tration was also significant (p<0.05).

Table 2 shows the fecal excretion levels of
PeCDF (2, 3, 4, 7, 8-PeCDF), HxCDF (1, 2, 3,4, 7,
8- and 1,2, 3,4,7,8-HxCDF) and PCB into
stools during the three periods of measure-
ments. The fecal excretion data of patients D
14 and D 15 were eliminated in Table 2, because
the collection of stool samples were not com-
plete before the treatment in two patients.
Stool weight was 212+45 g/day before treat-
ment, 245450 g/day during the first week of
administration, and 21561 g/day during the
second week. The fecal excretion level of
PeCDF was 8371449, 9194516 and 9451461
pg/day, respectively. The fecal excretion level
of HxCDF was 2894%1421, 2556+1183 and
2536+1006 pg/day, respectively. On the other
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Table 1  Concentrations of PCDD, PCDF, coplanar PCB and PCB in blood of Yu-Cheng patients
(pg/g, whole basis)

Congener A0l A02 A 03 D4 D05 D12 D14 D15 Mean
2,3,7,8-TCDD ND 0.02 0.03 ND ND 0.01 0.03 ND 0.02
0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

1,2,3,7,8-PeCDD 0.05 0.07 0.13 0.02 0.04 0.04 0.04 0.03 0.05
0.04 0.03 0.08 0.03 0.03 0.03 0.03 0.04 0.04

1,2,3,6,7,8-HxCDD 0.31 0.42 0.92 0.18 0.33 0.36 0.36 0.44 0.41
0.28 0.33 0.72 0.17 0.22 0.18 0.26 0.39 0.32

1,2,3,4,6,7,8-HpCDD 0.21 0.13 0.29 0.23 0.21 0.25 0.15 0.17 0.21
0.24 0.14 0.24 0.14 0.13 0.15 0.14 0.19 0.17

OCDD 1.7 2.9 4.6 1.3 1.1 2.0 1.8 1.6 2.1
1.8 2.4 4.0 1.0 1.7 1.4 1.4 1.5 1.9

2,3,7,8-TCDF 0.05 0.07 0.06 0.02 0.04 0.03 0.03 0.03 0.04
0.03 0.03 0.03 0.02 0.03 0.06 0.04 0.03 0.03

1,2,3,7,8-PeCDF 0.05 0.06 0.08 0.05 0.03 0.04 0.02 0.03 0.04
0.04 0.02 0.04 0.02 0.02 0.06 0.03 0.04 0.03

2,3,4,7,8-PeCDF 2.6 3.5 3.8 1.3 1.9 1.0 1.9 2.7 2.3
2.0 3.0 2.8 1.0 1.3 0.5 1.2 2.3 1.8

1,2,3,4,7,8-HxCDF 5.4 9.7 15.8 3.8 5.2 5.3 4.7 8.7 7.3
4.9 10.8 13.1 3.1 4.0 3.3 4.2 10.1 6.7

1,2,3,4,6,7,8-HpCDF 0.19 0.40 0.44 0.16 0.21 0.17 0.13 0.16 0.23
0.20 0.28 0.32 0.16 0.13 0.20 0.24 0.20 0.22

3,3,4,4-TeCB 0.10 0.16 0.12 0.07 0.06 0.07 0.09 0.05 0.09
0.17 0.06 0.09 0.06 0.05 0.13 0.10 0.09 0.09

3,3,4,4,5-PeCB 0.21 0.21 0.53 0.21 0.22 0.34 0.34 0.96 0.38
0.31 0.14 0.50 0.19 0.17 0.29 0.26 0.65 0.31

3,3,4,4,5,5-HxCB 0.16 0.13 0.41 0.07 0.09 0.18 0.14 0.36 0.19
0.20 0.11 0.45 0.08 0.11 0.14 0.14 0.31 0.19

Total TEQ? 2.0 2.9 3.8 1.1 1.6 1.2 1.6 2.5 2.1
1.6 2.7 2.9 0.9 1.2 0.7 1.1 2.3 1.7

PCB (ng/g) 11 10 45 13 23 18 21 64 26
11 9 32 12 22 19 13 38 20

Fat (%) 0.46 0.43 0.80 0.34 0.37 0.54 0.44 0.48 0.48
0.38 0.40 0.56 0.33 0.33 0.41 0.39 0.40 0.40

a: Calculated by TCDD equivalent factors in reference 1 and 7.
Upper line data shows the measurements in the blood collected in January 1993 (before clinical trial) and

lower line data shows the measurements in the blood collected in August 1994 (after clinical trial).
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Table 2 PCDF and PCB fecal excretion of Yu-Cheng patients
Patient Administration Stool PeCDF HxCDF PCB
(g/day) (pg/day) (pg/day) (ng/day)
Before 280 1000 2800 500
A0l First week 300 980 2500 600
Second week 330 1100 2600 650
Before 220 1300 3300 420
A02 First week 240 1600 3400 500
Second week 210 1500 2900 390
Before 210 900 4100 540
A 03 First week 200 840 2900 590
Second week 230 1200 3500 580
Before 210 430 1400 330
D04 First week 300 520 1300 470
Second week 190 470 1300 430
Before 210 1200 4600 1100
D05 First week 220 1400 4200 1500
Second week 180 1100 3600 1000
Before 140 170 1100 460
D12 First week 180 210 1100 630
Second week 160 290 1300 600

hand, the fecal excretion level of PCB was
565267, 716 =394 and 613+223 ng/day, respec-
tively. These findings indicate that due to the
administration of RBF and CHO, the quantity
of stools, and the fecal PeCDF and PCB excre-
tion level became slightly increased. However,
the fecal excretion of HxCDF during adminis-
tration was less than that before treatment.

2 . Determination of cholestyramine excret-
ed into stools

Table 3 shows the results of the determina-
tion of CHO excreted into daily stools by Yu-
Cheng patients during the administration peri-

od. CHO is an anion exchange resin, and it is
not absorbed or metabolized. Moreover, over
969% of CHO was excreted into feces within 24
hours on rat. As 12 g/day CHO was administer-
ed to every patient, it is obvious that similar
amounts should be excreted into the stools. As
to Patient A0I, the amount regarded as CHO
was 15.4 g/day in the first week, and 14.6 g/day
in the second week of administration. At pres-
ent, we have no explanation regarding the
higher amount of CHO. In Patient A03, the
amount regarded as CHO coincided with 12g.
In Patients A02, D04, D05 and D12, the amount

Table 3 Determination of CHO in the stools of Yu-Cheng patients

(g/day)
Administration A0l A02 A03 D04 D05 D12
Before 0.01 0.2 0.06 0.3 0.1 0.1
First week 15.4 7.9 12.3 8.7 6.5 9.8
Second week 14.6 9.2 11.7 3.9 3.6 9.3

(98)
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Table 4 Calibrated data of PCDF and PCB fecal excretion of Yu-Cheng patients by the
cholestyramine in the stools
Patient Administration Stool PeCDF HxCDF PCB
(g/day) (pg/day) (pg/day) (pg/day)
Before 280 1000 2800 500
A01 First week 300 980 2500 600
Second week 330 1100 2600 650
Before 220 1300 3300 420
A02 First week 360 2500 5100 760
Second week 270 1900 3800 510
Before 210 900 4100 540
A 03 First week 200 840 2900 590
Second week 230 1200 3500 580
Before 210 430 1400 380
D04 First week 410 720 1800 640
Second week 530 1400 4000 1300
Before 210 1200 4600 1100
D05 First week 410 2500 7700 2800
Second week 600 3700 12000 3400
Before 140 170 1100 450
D12 First week 220 260 1300 780
Second week 200 370 1740 800

S
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Aot A02  A03 D04 D05 D12
| PeCDF HxCDF

Figure 1 Stimulation of PeCDF, HxCDF and PCB

excretion into the stools by administra-

tion of RBF and cholestyramine

ranged from 3.6 to 9.8g/day . It is suggested
that the patients had failed to collect all the
stools they discharged.

The data in Table 2 were calibrated accord-
ing to the data shown in Table 3 and the new
data are shown in Table 4.

Figure 1 shows the increase in the percentage

(99)

of excretion of PeCDF, HxCDF and PCB into
stool compared with that before the treatment.
In Patients A02, D04, D05 and D12, the increase
in excretion was 60 to 160% for PeCDF, 30 to
11094 for HxCDF, and 50 to 190% for PCB.
However, no increase in excretion was noticed
in Patients A0l and A03 regarding PeCDF,
HxCDF and PCB. Administration of 18g/day
of RBF, and 12g/day of CHO for two weeks
caused an increase in excretion of PeCDF,
HxCDF and PCB from 30 to 1909 in four out of
six treated Yu-Cheng patients.

The promotion of fecal excretion for pentach-
lorodibenzofuran and PCB could be statistically
confirmed by analysis of variance method and
t-test, but the promotion of fecal excretion for
hexachlorodibenzofuran was not clear.
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Conclusions

1. Administration of rice bran fiber and

cholestyramine increased the excretion of

pentachlorodibenzofuran, hexachlorodiben-

zofuran and PCB. Statistic analysis proved
that this treatment is effective for pentachlor-
odibenzofuran and PCB.

2. The degree of effectiveness varied upon
individual patients from thirty to one hundred
and ninety percent in Yu-Cheng patients.
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Levels of PCDDs, PCDFs and Coplanar PCBs in the blood and stool of
Taiwanese Yu-Cheng patients
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Abstract Levels of PCDDs, PCDFs and coplanar PCBs were measured in the blood and stool
obtained from seventeen patients with Yu-Cheng in Taiwan. The average total concentrations
of PCDDs, PCDFs and coplanar PCBs in the blood collected from Yu-Cheng patients in January

(102)



HEYu-ChengBE OPCDFE O # i

235

1993 and August 1994 were 590 and 570 pg Toxic Equivalents (TEQs)/g lipid, respectively.

The concentrations of PCDDs, PCDFs and coplanar PCBs in the blood of patients were 21, 540
and 10 pg TEQs/g fat, respectively. On the other hand, the fecal excretion of PCDDs, PCDFs and
coplanar PCBs were 26, 720 and 15 pg TEQs/day, respectively. The composition of congeners in
the feces was quite similar to the one in the blood. The half lives were estimated as 9.1 and 8.6
years for 2, 3, 4, 7, 8-pentachlorodibenzofuran and 1, 2, 3, 4, 7, 8-hexachlorodibenzofuran based on

fecal excretion, respectively.
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Table 3 Concentration of PCDDs, PCDFs and Co-PCB congeners in the blood lipid and
fecal excretion of patient with Yu-Cheng in Taiwan
Concentration in blood lipid (pg/g) Fecal excretion level (pg/day)
Mean+SD Range Mean+SD Range
PCDD-TEQ 21+5 15-37 26113 7-61
(4+3%)* (2-9%)* (3+2%) (2-7%)*
PCDF-TEQ 5504340 210-1600 720+440 150-1800
(94+3%)* (87-98%)* (95+2%)* (89-98%)*
Co-PCB-TEQ 10+4 5-19 15+14 4-60
(2+1%)* (1-5%)* (2+1%)* (1-4%)*
Total TEQ 530+340 250£1600 7601460 160-1900
(100%) (100%)

*: Percentage to the total TEQ

2,3,7,8-TCDD

1,2,3,7,8-PeCDD

1,2,3,6,7,8-HxCDD

1,2,3,4,6,7,8-HpCDD
0CDD

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF

3,3',4,4-TeCB

3,3,4,4',5-PeCB

3,3'4,4'5,5-HxCB

T
0 100 200

500

1000 1500 2000 2500 3000

(pg/g lipid or py/day)

NN Concentrations of congeners in the blood lipid (pg/g)

Fig. 1

The fecal excretion levels (pg/day)

Concentration of PCDDs, PCDFs and Co-PCBs congeners in the blood (pg/g lipid) and fecal

excretion levels (pg/day) of those congeners in the patients with Yu-Cheng in Taiwan

2,3,4,7,8HxCDF 2 £ 5 b DT, FNFN, & TEQ
DOl BIVREYTH- T, —H, BEERICHHE T
\» % PCDFs % 0 8 TEQ & ¥ T 760 pg/day TIfil
FEEDOHEGEHE L2 Ak KES (95%) &
PCDFsic & % b O TPCDDs 8 & Uf Co-PCBs @ &
5, #hEh, 3BLU2%THY, £72, PCDFs @
55 132,3,4,7,8-PeCDF 8 X 1'1,2,3,4,7, 8
HxCDF 2 &% DT, #1LFh, # TEQ ® 60 B &
V3B Tho72, TDI E»S5EED Yu-Cheng %
E 2B ET23478PCDFB X U],2 34,7, 8
HxCDF 3 b BELEWE w2 5.

% B

B8 Yu-Cheng BE 17 £ D 19934 1 B & 1994 4
8 IR & Wiz ¥ PCDDs, PCDFs % & f Co-
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PCBs OOFHERIE, ThZN I —H L TWwi-, Zh
FInsoewr N1 ETHOMchE VI Lx
Mol Z EERBL TS, Lrl, OCDD ifltosy
HEHE & HART 2 E OSBRI ER 2 75 —ABE <,
SEBET S 380 pg/g B L U550 pg/g &bt D OEH
BRIz, ZHiE OCDD DNy 7 2775w > FEHE <
HENCENIN2B8ELSOFELZIE VWD L
EZonB,

2 & T Bl HAE OBHEESEE S N B HEREI» 5
it S M- AERRER TR, ¥, R T HSRAAERS, )
H1 @ PCDDs, PCDFs 3 & 1fCo-PCBs & % T~
729, 2 OFER, B TREIHE L MO Zh s Dbal
DIER N — A DWEE FHEN L < —BL, mwhoz
o DAY DIEE~— X DEE» SRR OISE i
EOWESTRELEZ 6ND, %7, IEHEBTOR
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Estimation of the fecal excretion rate (%/year) to the residual congeners of PCDDs, PCDFs

and Co-PCBs in Yu-Cheng patients in Taiwan

EEMOBBPOBELHEANTELH TEWEETL
ERICLH W (REDK18%) @0 Zea s Zhsnik
EMERESFIEFRCERB L Tws &z o0, #
ZC, ANERE R IX Table 1 1ITR L& BE DMK+
DREE~N— ZABRE AR (RBEEOFRNIEHE
% 10kg SMRE) 2 FEUTKRD 2, &7z, FEMFEHE R
Table 2 D—HEEME D &K 72, Fig. 2 81L&
DEERAOREE HEEWE) s 2 £ 0#EhE
MEOEEGETT. ZOMMSSH»E LD ICERTEW
2P ROEEGK E VD IE TeCB (EH{HEE
SD [ 15+18%/year), OCDD (11+7.5%/year) T&
D, #WPZWwDIX2 3,78 TCDD (3.3+2.3%/
vear) T, Z D3, 1,2, 3,7 8-PeCDD(5.4+4.1%/
vear), 1,2,3,4,7 8-HxCDD (5.042.3%/vear), 1,
2,3,4,6,7,8- HpCDD (6.1+2.8%/year), 2,3,7, 8
TCDF (4.9+3.8%/year), 2,3,4,7, 8-PeCDF (5.5+
3.5%/year), 1,2,3,4,7, 8 HxCDF (5.84+3.49%/
vear), 1,2,3,4,6,7, 8~HpCDF (6.0+3.5%/
year), 3,3, 4,4,5-PeCB(5.2+5.2%/vear), 3,34,
4,5, 5-HxCB (5.6+3.3/year) & FRIOPEHE 349
25 6.1% OHEPEICH -7z, I e DLEYIIBREE
PFET, FELTRHEBEL TAKIERY AT LT
5 DTHMEE X2 DB EZT 5, L, 2,3,4,7,
8-PeCDF & £ 1/1,2,3,4,7,8-HxCDF i3 & % Yu-
Cheng BE CHHENBEEEXREFLOLE L HE
TEBBRKELOTE QPR E 3 BRI - % 2
o5, HRHEDHIENE D & TR
MDA EARE L CHHMIZ2,3,4,7,8-PeCDF B LUV 1,
2,3,4,7, 8-HxCDF Ok 3 £, #nFh,

9.1 BLUB.6FEER S, HHSZEED Yu-Cheng
FEHFEED S E b 1980 5 5 1989 F 2o i TR
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HX U 7z Yu-Cheng B3 Ol 0> PCDFs B % 15k
FICHlE L 2,3,4,7,8PeCDF 35 & 181,2,3,4,7, 8-
HxCDF O¥BHi% 2. 14 BX U256 £ L H|EL T
59, F7r, WERE»S 4 FEDOHK 1982 F£h» 5 1991
BT CER L 7 BRDBESRE DM D 2, 3, 4,
7,8-PeCDF 8 £ 1F1,2,3, 4,7, 8-HxCDF &R
MH1aY =AY NEFATEHE L BB
RIET, TN, 11.TBLBT0FEEL TN,
SR OEE Yu-Cheng B3O PCDFs OEFEHAOHE
o SHEE U Je 2 OFEH I AR OSSO 24
I EER U2, ZHIZEE Yu-Cheng & 5418
TCRTHERBRL VA EEL 6N,

&

174 0OEE Yu-Cheng B3 & D3R L 72 I 2 D
v>C PCDDs, PCDFs % & Uf Co-PCBs 2 #izEL, & &
W, o DS ORBERHHIE 2 #E L.

5 & Yu - Cheng 8 % 17 4% o Ifi 2 PCDDs,
PCDFs % & U Co-PCBs I (JgE~—R) @ 1993 4
1ARBIZHEEME 1994 E 8 Bz 2 EED
I 2,3,7,8-TCDD5 B X M dpg/g, 1,2,3,7, 8
PeCDD 14 % & ¥ 13pg/g, 1,2,3,4,7, 8- HxCDD 93
BLU83pg/g, 1,2,3,4,6,7,8-HpCDD 56 3 & UF 49
pg/g, OCDD 380 B & U 550 pg/g, 2, 3,7, 8-TCDF 10
B & F13pg/g, 2,3,4,7 8 PeCDF 750 & 1F 690
pg/g 1,2,3,4,7,8- % X 181,23 4,7 8 HxCDF
1,7003 & ©*1,900pg/g, 1,2,3,4,6,7, 8-HpCDF 4935
LU 56 pg/g, 3,3, 4,4-TeCB23 8 X120 pg/g, 3,
3,4,45-PeCB79 % & "8l pg/g, 3,3,4,4°5,5-
HxCB39 B8 & U'49pg/g TH Y, OCDD 2BwTE&
L&D 2 BORE/E L, Zhzh, ARECHET
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Effect of PCBs on Insulin Sensitivity in Rats

Masahiro Nisuizum! and Yasuki Hicakl

Department of Community Health Science
Saga Medical School, Saga 849

Insulin sensitivity was assessed by euglycemic insulin clamp method in the rats given

Kanechlor (KC)-400 for 1 to 12 weeks.

As a result, insulin sensitivity was depressed increasingly with period of administration of
KC-400. Increases in total cholesterol, HDL-C, triglyceride, lipid peroxide and T, in blood
plasma were also observed in the experimental rats. Voluntary daily activity of rats given KC
-400, especially in a later half of night-time, had been depressed since approximately 9 weeks

after start of the experiment.

It was concluded that depression of insulin sensitivity might be related to not only distur-
bance of glucose and lipid metabolism, but reduced daily activity in conjunction with dis-

turbed thyroid function.

F L »

HERE QPRI » U CIER - HERIFHATR
Hiz, 2FEERE, AR, BENELZEOLEE
ROBFEINTWEP, RUEELEE 7 2 =0
(PCBs) W~ 7R, 7v bREDEREPIZNL T
b, BEEMOHHI* I EBEORSE K X - T8
BOEY, HEEHEOETHA LN 9, &, K
VALY R ¥4 4 %32 (PCDD) @ %, RV 4k
YRV 77 (PCDR) ™ 5T, XD EHERE
EHEORD, EEEOET L IcEFERIIETLC
FETCICE % wasting syndrome' X UTERES LTV
%, ZOLBEEORRCBCTIR, ENTOREE
DFAZPEFCODE LI AVF—RKRBOEEINLTY
SHEEMNEZ 6N B,
ZOERBET B0, A 7o) (KC)-400 %
&R 1ZEMCD-TTy b5 L, 1A »-
IEVTHEIICE o TA VA VRS R L LI L
&0 PCBs DFERBAOBERBE L 1. 2B, FAR
KIMHFD 7 va—X, 4 A >, B8, BRERL
Y, WAV E B LU FHERIEEE L TOET O
BIEME CVEEL T, 22 VF RT3

(109)

FEIZODWTHEHEL I,

X B FH &

5~10 B & O Wistar R HE 7 v b 450L % v,
PCBs & LT KC-400 4 V — 7iHICIEfEL, KE 1
kg %7- D 100 mg #sRHIEELR, H2 EoEET1
HEERET 58, 4EMBRST2H, $EMEEST 2
MBI U IEMRE T MO 4B L, ZhZh o
HLTA) =7 WHOAsERET LMBEERT 2. &
SHMENEHCER B0, EBRT— ¥ ~Ohi &
SRRV TEIDE, AVAYY 75V TE
BRadT 0 Kok 13I3E R (11~16 i) & 72
5D WHREL, KC-400 DR SBIMGEIFE 2B L ¢
HEL Tz, S8 ORI, Zili24Clifts, Wy
A7 WIEBHER® AM 7 00~PM7:00 125 L,
FED CE-2 (7 V78 B UKBEREL b BHICE
RERTz, BB, KC-400 % 12 BE# 51 58 L R
Mooy, ThZh2cont, HE5H, BEE
EHRHERIC LY BREHE L HEL /-,

BHE, BRO KC-400 854 T# 2 A EOME %
BT, A VAV e T TEEEToT, A RY
Vo 79 v EENZ, Kraegen & DD WWHE - 17,
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MERUTO®EY TH 5, 12 BEOHRREDE, <
VR UVE Y — NV OBEFENES (5 mg, 100 g FE) @
Y BT C, EEEIRS L UESEERCY T —T v
PREAL, BIEEMEY >~ IV ORIz, BEr 7V
T—ABLUA VR YHEADSEHALZ. 305
oR&HOE, MHO N 7V 274 R, BIVAT
00— B L BB OBIE D729 12, 500 kel DI
WEFIR LIz, 20%, 72 7Y FMCA YRY

> (40 U/ml, / ®#E) % 5 mU/kg/min OFEE TH
BRI EA L 72, AR, 5581 60 1] OIME %
HEL, EhicliiEs v —A@EEHEL, iz 120
mg/dl BT 2 & 5 WHARNR 0% 7 v a—2 D
EAEE R o, AL ) VER, AR

S ABIATE 60 431 250 ] DIMYR ZERA L, WEL
7o, ZO—EOEBRIIEREDORBET R 20
RIS CRERBLIEE—T 47« ry b ETiT-

fo. M7 N a2 — AEOHIE FEEERE (V1o

—R T F T4 ¥ —2300STAT, YSIH&) kb,
MigA >R ) EFRIAFC L DEIELZ, £ A Y

Ve 2T TR, MREFRIL, ZoMmco &

N UETA4 R (BERE), B2 AT o—)L (COD
-POD B, BERILIEE (BE/ UK, T, (RIA
EME), T, (RIABEERE), 7A FAF2> (RIA
k), TANIYA—N(E2) (RIAEME), GOT

Table 1

(ABHGE), GPT (HEBRMGE) QEE®{T- %, %
7z, BF, B, B, WiReXoX TSRS, ZE8H
R, FREEBEARRCEE U,

KC-400 $:58 L RO S ERAEf I D & FHE
DEDMEIIE, Student’s t-test £ vy, AEEODR
ST 5% K & Uz,

¥R B R

KC-400 #5810 BB b L, 85% 8y ok
ERMOEE OIS (Table 1) DiEd, AEHOEBRE
DA L7z (5081, 10 B THIERED 85%) 25,
S HRETHENOREIFED o hibot, 1275, 2
HoZy b CHENESERESICL S 1 HEEES
BIE LT3, MEZ v MIERYIE G6~8 i) 1
L, B (13~16 388 Tk, &L 5:EZhEH8EMm
L7zt L, EBREEOZ v b IZE Uk (KC-400 #
53Rt 9~128) T, EBPHENCILN, 10%TEE
WETLTWw, Zh% I HEFREOKELS % EHD D
HEDEHEIZDWTAS &, FEE, NHEEE LK
EERBIATIER (1~438) TREMATE (18 BF~24 &)
DIEFE RS (0~ 65 OEHEO 2~3 £
TH50, EBh-BH 6~12:8) wix 2 Lo\
BEEEEOESESEINL T, BHEORRE D
BEEEEER->TL 5. Larl, EHI v hTlE

Changes in the values of blood chemical analysis and organ weights in the rats administer-

ed Kanechlor 400 and received insulin clamp.

Period of administration 1 week 4 weeks 8 weeks 12 weeks
Control KC-400 Control KC-400 Control KC-400 Control KC-400
Item (n=6) (n=10) n=5) n=7) (n=>5) (n=6) (n=5) (n=23)
Body weight (g) 34848 347+8 3565 337+£9 38011 338+ 10* 484+9 391+9*
Liver weight (g) 16.8+0.4 17.1+0.4 |17.0£0.3 21.84+0.7*(13.1£0.7 20.6%0.7* |15.7+0.4 21.6+0.7*
Relative liver weight 4.8+0.1 4.9+0.1 | 4.8+£0.1 6.5%0.3*) 3.4+0.1 6.1+0.1* | 3.2£0.1 5.5+0.1"

(liver weight/100g body weight)

Thymus weight (g)

0.61+0.04 0.59+0.03

0.45%0.03 0.39%0.02

0.54+0.03 0.3240.05*

0.46%0.05 0.21£0.02%

Fasting blood sugar (mg/dl) 113+3 118+3 122+5 120+8 115+7 123+3 112+3 116+3
Total cholestero! (mg/dl) 967 112£5 10047 140£7* 80+6 181+10* 7514 166+9*
Triglyceride (mg/dl) 19+6 21+4 — 21+5 22+7 247 — 5017
Lipid peroxide (nmol/ml) 2.3£0.1  2.4%0.1 | 2.1£0.1  2.9+0.1*] 1.7%0.1 3.4£0.2% | 1.8£0.1 3.2£0.2%
HDL (mg/dl) 2612 3342* 33+4 51L£4* 22+2 665 28+3 67+£4*
Ty (zg/dl) <1.0 <1.0 <1.0 <1.0 — — 2.2+1.0 <1.0
T, (ng/dl) <25 27x1 <25 387 <25 363 467 59+1*
Testosterone(ng/dl) 99+26 110£19 17027 152+39 16559 209+48 142430 199+29
E2(pg/ml) <10 <10 <10 <10 — — — —_—
GOT(U/D 8319 114+£9* 77+5 36+2 100424 9921 63110 117+ 14*
GPT(U/D 29+2 43+4* 341 29+4 36+6 49+13 28+2 60+10*

* 1 significantly (P<0.05) differed from control group.
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Table 2 The values of blood sugar and plasma insulin levels during insulin clamp.

Control KC-400
Period of administration | Blood sugar ~ Plasma insulin  Blood sugar  Plasma insulin
{(mg/dl) (2 U/ml) (mg/dl) {(#U/ml)
1 week 121+1(6) 91+£3 121 £1(9) 91+6
4 weeks 120+1(5) 113+16 123+1(7) 127+18
8 weeks 120£1{4) 111+12 123+1(5) 101+14
12 weeks 123+£1(4) 119+7 1214 1(4) 11547

Number in parenthesis shows number of rats measured.

Bod - i, RFHICEST 38, kL eEHE
BFOEHEOE T WEHE T, HHITEOEEEZED 1/
IBELZZ2BRMPEHES L, | HOEHEDOET X
FeLTIOREBRFLOEBBOETICL D EEZ S
ni.

A VAN e 7T TR OREPDIREE T O FEE
& KC-400 e 58t L Wi - O cORBEEZRED T

(Tablel), A YRV Y « 75 v FERBRBOMEE
TNnaA—AEB LU A Y I Table2 IR L
ek dw, ERHECEESER Ao 2o T,

KEFRICBWTA YA VREZGOEE: Uieq
AN vy T v THEH 60 5005 120 SO L o
— A D IAARRIT KC-400 B E5HEBEL k2 120h,
ETERERL, ek 8 ECHBR LR
RIE T % L72 (Table3, Fig.1).

MADIEE A YA Y VEAC L DV BERST 50
REMERE LD, 1RV Y - 752 FERBOME
EDWTHEL 7248, KC-400 BE5HoBILv X7 o
— VB L UBEREE RS 4 8E» 0 282 T
FTARTCTHBBFICH LEE 2 SE2/R L, HDLEZ
TR LEE» o WEEILL, BERBELRL,
128 CEEERREL O, —FH, N7 VEI4
FEHEEOMEMAH D, 128 TRESEET 1EOME
D2EEMZ 2BENA SN, LERWL §HED
R TS EREE & R CERE RN E 3% - Twuikkn

(Table1, Fig.2, 3, 4, 5).

FRBALVEYD T, 33 TS 1:EE» 508
Bcl, &EE2RL, BESEMICHKE L CHNER
BHronln, T,EOLEREZAGNT, 12:8% T,
oL AAEEEDH RS EERL 7.

HrRE S E L THE L 72 testosterone 1 838, 12
BEEIMER IS 2 b D0, SREEE HEEILZ,
estradiol (E2) WxiR#E s AR EME LR L 7.

Ifide GOT, GPT 33tz 1885 L 08 12 @ik it

Table 3 Effects of administration of
KC-400 on glucose disposal
rate (mg/kg/min)

Period of administration Control KC-400
1 week 15.9+2.2(6) 15.0+1.4 (9)
4 weeks 15.441.4(5) 14.6%£1.5 (7)
8 weeks 18.1+1.9(4) 12.141.4*5)
12 weeks 14.1+0.9(4) 12.1+2.3 (4)

* ¢ significantly (P<0.05) differed from control group.
Number in parenthesis shows number of rats measured.
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(ml/kg/min)
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Fig.1 Effect of KC-400 on glucose disposal rate
measured by insulin clamp method.

BRI HANEE S EE R LI,
FEERICOWTE, 4EBUE, TEE%s UK

BB O E i, Bk s P R ERE OB H

BEahi: (Table), TR, 4:8%-—&oD

(111)
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Fig.4 Effect of KC-400 on plasma HDL-C con-

centration.
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Fig.3 Effect of KC-400 on plasma lipid peroxide
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Fig.5 Effect of KC-400 on plasma triglyceride
concentration.
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Blood Polychlorinated Biphenyls and Manifestation of
Symptoms in Chronic “Yusho” Patients
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Kyushu University 60, Fukuoka 812-82
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Abstract The correlation between blood PCB concentration and clinical manifestation of
symptoms was investigated in 259 chronic “Yusho” patients, using the information obtained from
the nationwide health examination conducted in 1988, twenty years after the outbreak. Concent-
rations of blood PCBs ranged 0.6-32.0 ppb (mean; 4.78), and they were categorized into approxi-
mate quartile for analysis. For general fatigue, odds ratios at 2.7+, 4.1+, and 6.1+ ppb were
2.4, 3.6, and 3.1, respectively, with a reference category of <2.7 ppb (test for trend; p<0.005).
For numbness in extremities, the corresponding odds ratios were 2.8, 2.8, and 2.9(p<0.005). For
comedone, they were 1.4, 1.0, and 4.0 on face (p<0.025); and 3.6, 4.6, and 9.5 on trunk (p<0.005),
respectively. A distinctive increase in odds ratio was observed at 2.7 ppb for these two subjective
symptoms ; and at 6.1 ppb for skin symptoms. The blood PCB concentrations among patients
were relatively close to the normal subjects. Therefore, the observed correlations may be due to
the effects of PCBs with a peculiar pattern in components, PCQs or PCDFs, taken and retained
in the patients. Association with blood PCBs was also suggested for headaches ; abnormal breath
sounds ; and acneiform eruptions in the genital region, but were statistically insignificant. None
of the eye symptoms showed significant association with blood PCBs.

. 1990.
Introduction

In 1968, sporadic outbreaks of an illness with
peculiar skin symptoms occurred in western
Japan, mainly in Fukuoka and Nagasaki Pre-
fectures. This illness was characterized by
clinical manifestations, such as follicular accen-
tuation, acneiform eruptions, pigmentation of
the skin and nails, and hypersecretion of the
At that time it became

“Yusho” which means “oil dis-

Meibomian gland.
well-known as
ease” in Japanese. Epidemiological investiga-
tions revealed that it was caused by the use of
the rice bran oil, contaminated with PCBs (poly-
chlorinated biphenyls), which had been utilized
as the thermic conductor in the oil refining
process?®. A total of 1,862 patients have been

officially identified as Yusho patients as of

(115)

Since the initial outbreak, health examina-
tions have been carried out for case detection as
well as for follow-up of the patients, in accor-
dance with the diagnostic criteria established in
1968, and amended in 1972 and 1976 to cope with
the chronic phase patients®. These examina-
tions have shown that the typical symptoms for
Yusho improved greatly over the 10 years since
the outbreak, but they were superseded gradu-
ally by systemic disorders, such as dullness,
headaches, numbness of the extremities, and so
on*V?3-2%  Thege features are so complicated as
to be indistinguishable from the ones observed
in the general population.

In 1986, a nationwide annual health examina-
tion for Yusho was started using the standard-
ized examination form, in order to promote
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patients’ health and to determine the health
status of the chronic patients. A whole system
for data-processing has been arranged through
the efforts of two-years’ work®. Here, we
present the correlation between blood PCB
concentration and the clinical manifestation of
symptoms in Yusho patients at the chronic
stage twenty years after exposure, using the
information obtained from that health examina-
tion in 1988. These correlations were not fully
studied in the early years after the outbreak,
because the routine analysis of blood PCBs only
became possible and started in 1973.

Subjects and Methods

The total number of patients who received the
1988’s health examination was 285 (143 males
and 142 females), and registration was volun-
tary, not obligatory. of these, 259 patients (136
males and 123 females) whose blood PCB con-
centrations were reported, were later subjected
to the analysis. The peak age distribution was
between ages 60-64 with about 20% of total
study subjects, and between ages 50 - 69 with
60% and between 40-79 with 85% of these
subjects.

PCBs in the
saponification with 1N NaOH ethanol solution,

blood were analyzed by

extraction with n-hexane, column chromato-
graphy on silica gel, and then gas chromatogra-
The
blood PCB concentration for the subjects ran-
ged 0.6-32.0 ppb (mean*+SE; 4.78+0.22), and
they were classified for comparison

phy with electron capture detection*?!4.

into
approximate quartile; <2.7, 2.7+, 4.1+, and
6.1+ ppb. Numbers of subjects at each PCB
level were 65, 79, 64, and 51, respectively.
Information on symptoms corresponding or
relating to the diagnostic criteria for Yusho at
the chronic phase was obtained from the stan-
dardized examination form. A total of 32
items were selected; general fatigue,
headaches, coughing, sputum, abdominal pain,
diarrhea, numbness in extremities, troubles

with menstruation, abnormal breath sounds,

(116)
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hepatomegaly, splenomegaly, paresthesia in
extremities, and abdominal ultrasonography,
from the examinations in internal medicine.
Liability to suppuration, comedones (face, auri-
cle, trunk, and other regions), acneiform erup-
tions (face, genital region, gluteal region, trunk,
and other regions), pigmentation (face, finger
nails,toe nails, and other regions), and deform-
ity of nails, from the examinations in dermatol-
ogy. Hypersebum, pigmentation in palpebral
conjunctiva, and cystic degeneration or hyper-
secretion of the Meibomian gland, from the
examinations in ophthalmology.

The standardized form indicates the results
by a semiquantitative scale for most of the
e.g, —, +, and # for
subjective symptoms; —, =, +, #, and #
for signs in the skin or eyes. Then each result

examination items,

was classified into two categories for analysis ;
+/

, ==

absence / presence, i.e, —/ +, # or —
+, +, 1, respectively.

The result of each examination item was
summarized into a two by four contingency
table, i. e., two categories of each symptom by
four levels of blood PCBs. The distributions of
subjects at four levels of blood PCBs were
compared between two categories with or with-
out each symptom, using the Kolmogorov-
Smirnov (K-S) test and Mann-Whitney test.
Since similar results were obtained from the
two tests, only the results of the K-S test are
shown hereinafter. Concerning the symptoms
for which statistically significant differences
were observed or suggested by the K-S test, the
odds ratio and its 95% confidence interval
(95% CI) were calculated at each level of blood
PCBs with a reference category of the lowest
level. The test for trend in increasing blood
PCB levels was performed using the Mantel-

extension method.
Results

A frequency of each symptom is shown in
Table 1. The proportions of those with subjec-
tive symptoms in internal medicine (No.1-8)
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Yusho at the Chronic Stage
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Frequencies of Symptoms Corresponding or Relating to the Diagnostic Criteria for

Symptoms Proportion (%)
Internal medicine
1. General fatigue 76.1 (194/255)8
2. Headaches 67.3 (173/257)
3. Coughing 51.0 (131/257)
4. Sputum 52.0 (133/256)
5. Abdominal pain 43.2 (111/257)
6. Diarrhea 42.0 (108/257)
7. Numbness in extremities 61.9 (159/257)
8. Troubles with menstruation 19.3 (16/83)
9. Abnormal breath sounds 2.7 (7/257)
10. Hepatomegaly 7.8 (20/257)
11. Splenomegaly 0.0 (0/256)
12. Paresthesia in extremities 7.5 (19/235)
13. Abdominal ultrasonography 33.7 (60/178)
Dermatology -
14. Liability to suppuration 16.6 (14/247)
15. Comedones on face 12.1 (31/256)
16. on auricle 7.4 (19/256)
17. on trunk 11.8 (30/254)
18. in other regions 2.9 (4/139)
19. Acneiform eruptions on face 4.7 (12/255)
20. in genital region 4.7 (12/256)
21. in gluteal region 3.5 (9/255)
22. on trunk 6.3 (16/255)
23. in other regions 1.5 (2/136)
24. Pigmentation of face 2.7 (7/256)
25. of finger nails 2.3 (6/256)
26. of toe nails 6.3 (16/256)
27. in other regions 0.0 (0/132)
28. Deformity of nails 10.3 (26/253)
Ophthalmology
29. Hypersebum 15.3 (38/249)
30. Pigmentation in palpebral conjunctiva 4.4 (11/248)
31. Meibomian gland, cystic degeneration 12.0 (30/249)
32. hypersecretion 4.6 (9/196)

eNumber of subjects with symptoms in numerator, and number of total subjects examined in

denominator.

ranged 19% for troubles with menstruation to
76% for general fatigue. The symptoms in
which the prevalence exceeded 60% were gen-
and numbness in

eral fatigue, headaches,

extremities. Abnormal findings in abdominal
ultrasonography (No. 13) were present in 34%
of the examinees. As to the examinations in
dermatology, comedones or acneiform erup-

tions in specific regions (No. 15-17, and 19-22)

(117)

were observed in 7-12% and 4-6% of the sub-
jects, respectively. The proportions of the sub-
jects with positive signs in the eyes (No. 29-32)
ranged 4% for pigmentation in palpebral con-
junctiva to 15% for hypersebum.

Table 2 shows the distributions of subjects at
four levels of blood PCBs, along with the results
of the K-S test. Between groups with or with-
out each symptom, significant differences in
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Table 2
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Distributions of Subjects with or without Selected Symptoms by Blood PCB Level,

and Results of Kolmogorov-Smirnov Test

No. of subjects by PCB level (ppb)

Symptom and K-S
category <2.7 2.7+ 4.1+ 6.1+ Total test

General fatigue

Presence 39(20)° 60(51) 53(73) 42(100) 194

Absence 26(43) 17(71) 9(85) 9(100) 61 p<0.01
Headaches

Presence 33(19) 62(55) 44(80) 34(100) 173

Absence 32(38) 16(57) 19(80) 17(100) 84 p<0.02
Numbness in extremities

Presence 28(18) 53(51) 43(78) 35(100) 159

Absence 37(38) 25(63) 20(84) 16(100) 98 p<0.01
Abnormal breath sounds

Presence 0( 0) 1(14) 5(86) 1(100) 7

Absence 65(26) 77(57) 58(80) 50(100) 250 p<0.10
Comedones on face

Presence 5(16) 8(42) 5(58) 13(100) 31

Absence 59 (26) 70(57) 58(83) 38(100) 225 p<0.05
Comedones on trunk

Presence 2(7) 8(33) 8(60) 12(100) 30

Absence 62(28) 69(59) 54(83) 39(100) 224 p<0.05
Acneiform eruptions in genital region

Presence 1( 8) 2(25) 6(75) 3(100) 12

Absence 63(26) 76(57) 57(80) 48(100) 244 p<0.10

21K olmogorov-Smirnov test, one-sided test.

*Cumulative relative frequency (%) in parenthesis.

cumulative relative frequency by blood PCB
levels were observed for general fatigue (p<
0.01) ; headaches(p<0.02) ; numbness
extremities (p<(0.01); comedones on face (p<
0.05) and on trunk (p<0.05).
were also suggested for abnormal breath

in

The differences

sounds ; and acneiform eruptions in the genital
region, but were statistically insignificant.
The symptoms not mentioned in Table 2
showed no significant or suggestive difference
in the K-S test.

The odds ratios at each level of blood PCBs
and the results of the test for trend are shown in
Table 3. For general fatigue, the odds ratios at
blood PCB levels of 2.7+, 4.1+, and 6.1+
ppb were 2.35, 3.63, and 3.11, respectively. For
numbness in extremities, the corresponding
odds ratios were 2.80, 2.84, and 2.89, respective-
ly. For comedones, they were 1.35, 1.02, and

(118)

4.04 on face; and 3.59, 4.59, and 9.54 on trunk,
respectively. Thus, an increase in the odds
ratio with increasing blood PCB level was
evident for general fatigue (test for trend; p<
(p<0.005) ;
and comedones on face (p<0.025) and on trunk

0.005) ; numbness in extremities
(p<0.005). For general fatigue and numbness in
extremities, a distinctive increase in the odds
ratio was observed at a blood PCB level of 2.7
ppb. For comedones on face and on trunk, the
odds ratio clearly increased at 6.1 ppb of PCBs.
Although significant increases in the odds ratio
at some of the blood PCB levels was found for
headaches, abnormal breath sounds, and ac-
neiform eruptions in the genital region, the
trend was not statistically significant.

As a whole, the symptoms for which signifi-
cant results were obtained both in the K-S test
and in the test for trend were ; general fatigue ;
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Table 3 Odds Ratios and Dose-response Correlation for Selected Symptoms
Symptom P(?(gplgy el Odds ratio 95% CI p-Value Trend
General fatigue <2.7 1.0
2.7+ 2.4 1.1-4.9 p<0.05
4.1+ 3.6 1.7-9.1 p<0.01 p<0.005
6.1+ 3.1 1.3-7.3 p<0.01
Headaches <2.7 1.0
2.7+ 3.8 1.8-7.7 p<0.01
4.1+ 2.3 1.1-4.6 p<0.05 p<0.100
6.1+ 1.9 0.9-4.1 p<0.10
Numbness <2.7 1.0
in extremities 2.7+ 2.8 1.4-5.5 p<0.01
4.1+ 2.8 1.4-5.8 p<0.01 p<0.005
6.1+ 2.9 1.4-6.2 p<0.01
Abnormal <4.1°® 1.0
breath sounds 4.1+ 12.2 2.2-69.0 p<0.01 p<0.100
6.1+ 2.8 0.2-41.4 p>0.10
Comedones <2.7 1.0
on face 2.7+ 1.4 0.4-4.4 p>0.10
4.1+ 1.0 0.3-3.7 p>0.10 p<0.025
6.1+ 4.0 1.4-11.7 p<0.01
Comedones <2.7 1.0
on trunk 2.7+ 3.6 0.8-16.2 p<0.10
4.1+ 4.6 1.1-20.1 p<0.05 p<0.005
6.1+ 9.5 2.5-36.3 p<0.01
Acneiform <2.7 1.0
eruptions 2.7+ 1.7 0.2-18.4 p>0.10
in genital region 4.1+ 6.6 1.0-44.1 p<0.05 p<0.100
6.1+ 3.9 0.5-33.7 p>0.10

aSince the number of subjects with abnormal breath sounds at the blood PCB level less than 2.7 ppb
was zero, two levels of <2.7 and 2.7-4.0 ppb were combined for reference.

numbness in extremities; and comedones on
the face and trunk. The association with
blood PCBs was also suggested for headaches;
abnormal breath sounds; and acneiform erup-
tions in the genital region, but was statistically
insignificant.

Discussion

1) Blood PCB Concentration as an Index
for Exposure

After the initial outbreak in 1968, it became
clear that the causal oil was also contaminated
with a trace amount of PCDFs (polychlorinated
dibenzofurans) and PCQs
quarterphenyls)®'® . Highly toxic PCDFs were

(polychlorinated

detected in adipose tissue and liver samples

(119)

from the Yusho patients in the early years after
the outbreak, as were PCQs in the blood?'®'%),
In addition, animal experiments demonstrated
the manifestation of dermal symptoms resem-
bling those of Yusho, in cynomolgus monkeys
treated with the PCDF mixture®.
presently, PCDFs are suggested to be the

Therefore,

responsible compounds for the development of
Yusho”. It can be outlined that the causal rice
oil was contaminated with 150-1,000 ppm of
PCBs and 2-7 ppm of PCDFs, and 500-1,000
ppm of PCQs'*7,

However, blood PCBs are still regarded as a
pertinent index for exposure in Yusho patients,
since its concentration has shown a gradual
decrease after outbreak but diminishing to a
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slight decrease during recent years®?9?®. The
concentration of blood PCBs may well reflect
the magnitude of the previous acute exposure
and current internal exposure to PCBs them-
selves as well as to other PCB-related com-
pounds involved.

2) Validity of Data from Health Examina-
tion

Since the present examinees account for only
15% of all officially-identified Yusho cases, the
representativeness of the sample should be
taken into consideration. Possible selection
bias, such as the involvement of more patients
with high health consciousness or with poor hea-
Ith conditions, should be taken into account.
However, the dose-dependent association observ-
ed between blood PCBs and several items in the
health examination cannot be fully explained
by such a selection bias.

According to the study in dermatology®,
comedones and acneiform eruptions were pres-
ent in half of the patients who were followed for
up to a twenty year period. The observed high
prevalence of symptoms was probably because
the patients with severe conditions had
remained in the study. In the present health
examination, however, the proportion of the
subjects with comedones or acneiform erup-
tions was 12% and 6% at most, respectively.
Therefore, those who received the present
health examination are to be more representa-
tive of the Yusho patients twenty years after
exposure.

3) Association between Blood PCBs and
Symptoms

In the diagnostic criteria for Yusho at chronic
stage, three important bases are listed ; symp-
toms on the skin; and eyes; and blood PCB
concentration. Contrarily, subjective symptoms
In fact, it
seems unlikely that subjective symptoms are of

are listed as only referent items®.

any crucial importance for diagnosing individ-
ual cases as Yusho at twenty years after the
outbreak. However, when subjective symptoms
were collectively investigated in the present

(120)

Y. Hirota et al.

study, close associations with blood PCB con-
centration were observed for general fatigue
and numbness in extremities. For these subjec-
tive symptoms, statistically significant elevated
risks were indicated at all of the three higher
PCB levels with clear dose-response relation-
ships. A distinctive risk increase was found at
the level of 2.7 pph. For headaches, correlation
with blood PCBs was also suggested, but dose-
response relationships were not clear.

The diagnostic criteria includes the manifes-
tation of respiratory symptoms similar to
chronic bronchitis, characterized by coughing
and sputum. In the medical examination con-
ducted one year after the outbreak, about 40%
of smokers with Yusho complained of coughing
with sputum®”. Although respiratory symp-
toms gradually improved during the subsequent
ten years, they have shown little improvement

in recent years'® .

In particular, patients with
high concentrations of blood PCBs or with
chronic respiratory infections have been suffer-
ing from inveterate respiratory symptoms??. A
recent study suggested the existence of the
target cells in human lungs to which certain
PCB-methylsulfones bind specifically'?. In the
present examination, about 50% of the subjects
complained of coughing or sputum, but no asso-
ciation was found between coughing or sputum
and blood PCB concentrations. On the other
hand, although the subjects with abnormal
breath sounds were only seven (2.7%), associa-
tion with blood PCBs was suggested in the K-S
test.

Skin symptoms in Yusho patients improved
moderately during the first two years after the
outbreak, although they still persisted in non-
exposed areas, such as the genital region??.
Those areas too have shown a tendency toward
gradual improvement®®. In general, the skin
symptoms are the most important features for
Yusho, both at the time of outbreak and at
present. From among 15 examination items in
dermatology (No.14-28 in Table 1), associa-
tions with blood PCBs were clearly observed
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for comedones on the face and trunk, and sug-
gested for acneiform eruptions in the genital
region. As for comedones on the face and
trunk, a dose-dependent risk increase was in-
dicated among four levels of blood PCBs, with
a distinctive risk increase at 6.1 ppb. Among
five regions with acneiform eruptions (No. 19-
23 in Table 1), association with blood PCBs was
suggested only in the genital region, although
the proportion of subjects with acneiform erup-
tions in the genital region was the same as that
of faces. These findings may be related to the
previous report which showed persisting ac-
neiform eruptions in non-exposed areas, in con-
trast with the favorable progress in exposed
areas, such as the face?®.

None of the eye symptoms showed significant
association with blood PCBs, although they
were the most characteristic symptoms for
Yusho at the time of outbreak?. A high fre-
quency of abnormal results in abdominal
ultrasonography (No. 13 in Table 1) may be due
to the inclusion of findings which bear no patho-
logical meaning.

4) Interpretation of the Positive Associa-
tion between Blood PCBs and Symptoms

Several years after the outbreak, the average
concentrations of PCBs in the adipose tissue,
liver, and blood of patients were 1.9 ppm, 0.08
ppm, and 6.7 ppb, respectively, and were only
about two times higher than those of ordinary
persons'?. Major parts of the PCBs ingested
by the patients had been eliminated from the
bodies, and the remaining PCBs became shown
as the peculiar pattern in components of PCB
congeners as compared to that of normal sub-
jects; higher concentration of 2, 3, 3, 4, 4°, 5-
hexa-CB, and lower concentration of 2, 3’, 4, 4,
5-penta-CB, in the blood®.
PCDF congeners detected in the contaminated

Among about 40

rice o0il?, the main components retained in
patients were 2, 3, 6, 8-tetra-, 2, 3, 7, 8-tetra-,
1, 2, 4, 7, 8-penta-, 2, 3,4, 7, 8penta-, 1, 2, 3,
4,7, 8-hexa-,and 1, 2, 3,6, 7, 8-hexa-CDF in the
adipose tissue or liver'®'®, whereas no detect-

(121)
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able amount of PCDFs was demonstrated in
normal subjects'®. Thus, certain PCB isomers
and PCB-related compounds, such as PCQs and
PCDFs, which were determined in the causal oil
and are specifically retained in the Yusho
patients, have been suggested to relate to the
pathogenesis of this persisting illness™.

The present health examination for Yusho
patients at the chronic stage, twenty years after
the outbreak, revealed close associations with
blood PCB concentration, for general fatigue ;
numbness in extremities; and comedones on
the face and trunk, with clear dose-response
relationships. A distinctive risk increase was
observed at the PCB level of 2.7 ppb for these
two subjective symptoms, and at the level of 6.1
ppb for skin symptoms. It has been reported
that even healthy fishermen who frequently
intake fish or shellfish show relatively high
concentrations of blood PCBs (mean+SD ;
5.6+ 3.2 ppb)». Therefore, it is hardly possible
that such a low level of blood PCBs directly
correlates to the manifestation of symptoms, if
patients’ blood PCBs are comparable in compo-
Thus, it might
be a more appropriate interpretation to say that
the present blood PCB concentration is the
general index for exposure, and that PCBs with

nents to those of natural origin.

a peculiar pattern in components, PCQs or
PCDFs taken and retained in the patients have
played a role in bringing about these associa-
tions. It is also plausible that the increased risk
for subjective symptoms reflects the lasting
discomforts of Yusho patients due to the previ-
ous acute exposure, and that a clear risk
increase for skin symptoms at the level of 6.1
ppb or more suggests the persisting effects of
the previous acute exposure as well as the
effects of the current internal exposure.

In summary, the present study on Yusho
patients at the chronic stage, twenty years after
the outbreak, revealed close associations with
blood PCB concentration, for general fatigue;
numbness in extremities; and comedones on
the face and trunk, with a clear dose-response
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relationship, even though their concentrations
of blood PCBs were relatively close to the
normal subjects. These associations may be
due to the effects of small amounts of PCBs, in
which components differ from those in normal
subjects, or their related compounds, PCQs or
PCDFs, retained in the patients.

with blood PCBs were also suggested, for

Associations

headaches ; abnormal breath sounds; and ac-
No
association was observed for acneiform erup-

neiform eruptions in the genital region.

tions in regions other than in the genital region,
nor for any symptoms in the eyes.
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An Epidemiologic Examination on the Prevalence of the Periodontal Diseases
and Oral Pigmentation in Yusho Patients
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Abstract An epidemiologic examination was carried out to reveal the prevalence of the
periodontal diseases and oral pigmentation in Yusho patients 26 years after PCB exposure.
The results obtained were as follows.

1) 158 teeth of the total 284 examined teeth had the periodontal pockets deeper than 3 mm and the
lower left first molar showed the highest prevalence of the periodontal pocket among the
examined six index teeth. There was no definitive difference not only between sexes but also
between age groups. However, 42 teeth had the periodontal pockets deeper than 4 mm.

2) Oral pigmentation was observed in 25 Yusho patients (33.8%). Chronological examination
revealed that the prevalence of oral pigmentation seemed to be higher in the patients below the
age of 49 than in those beyond the age of 50, but there was no definitive difference between sexes.
It was of particular interest that the incidence of oral pigmentation appeared to decrease with

(124)
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Effect of Polychlorinated Biphenyls and
Polychlorinated Dibenzofurans on Leukocyte
in Peripheral Blood and Bronchoalveolar Lavage Fluid

Yoichi Nakanisti, Yoshitsugu Nomoro, Akihiro MATSUKI,
Ritsuko KuniTake and Nobuyuki Hara

Research Institute for Diseases of the Chest, Faculty of Medicine,
Kyushu University 60, Fukuoka 812-82

Abstract In order to investigate immunological abnormalities induced by polychlorinated
biphenyls and polychlorinated dibenzofurans, we have performed bronchoalveolar lavage in the
rats given polychlorinated biphenyls and polychlorinated dibenzofurans. We have administrated
5.0 mg of polychlorinated biphenyls or 0.5 mg of polychlorinated dibenzofurans to Sprague-
Dawley rats intraperitoneally. Four weeks after the administration, mild necrosis of bronchiolar
Clara cells and mild edema associated with chronic inflammatory infiltration in the alveoli were
seen in both groups. In the peripheral blood, percentage of T-lymphocyte, helper T-cell and
suppressor T-cell decreased significantly both in polychlorinated biphenyls and polychlorinated
dibenzofurans given rats. On the other hand, in the bronchoalveolar lavage fluid, percentage of
T-cell increased only in polychlorinated dibenzofurans given rats and percentage of suppressor
T-cell increased in both groups. O, release by alveolar macrophage increased significantly both
when stimulated with wheat germ lectin and with phorbol myristate acetate. These results
indicate that immunological alternation may be different between peripheral blood and respira-
tory system as one of the target organs of these chemicals. Further examination is needed for the
analysis of immunological abnormalities in the target organs of polychlorinated biphenyls and
polychlorinated dibenzofurans poisoning.

. tem ; necrosis of the bronchiolar Clara cells
Introduction

and inflammation of alveoli!®'®. In addition,

“Yusho” is a mass food poisoning caused by there are several reports suggesting im-

ingestion of a commercial brand of rice oil
contaminated with polychlorinated biphenyls
The
major causal agents responsible for the early as

(PCBs) and their related compounds.

well as late clinical manifestations of Yusho are
now generally thought to be polychlorinated
dibenzofurans (PCDFs)?.

One of the target organs of PCBs and PCDFs
is the respiratory system. Cough, sputum
expectoration and wheezing were the major
identifiable symptoms of Yusho, and respira-
tory distress was often exacerbated by viral or
bacterial infection'®. Animal experimental
model suggests that PCDFs rather than PCBs

cause pathologic changes in respiratory sys-

(129)

munologic disorders both in patients with
Yusho and Yu-Cheng, and in animals given
PCBs and their related compounds®®!21419),
However, there are few reports on the im-
munological change of respiratory system in
spite of emphasis of respiratory involvement in
patients with Yusho and Yu-Cheng. We have
performed bronchoalveolar lavage in the rats
given PCBs or PCDFs in order to analyze
immune disorder of respiratory system.

Materials and Methods

1) Animal Experiments
Female rats of the Sprague-Dawley strain,
8-week of birth, were given 5.0mg of PCBs
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(Kanechlor 400) in 2m! of corn oil (PCBs
group), 0.5 mg of PCDFs in 2 ml of oil (PCDFs
group) or only 2ml of oil (control group)
intraperitoneally. Four weeks after the admin-
istration, each group of the animals was anesth-
etized with ether and peripheral blood was
collected from left ventricle using a heparinized
syringe. White blood cells were counted with
hemocytometer and lymphocyte count was
determined by May-Giemsa stain. Lung tissues
were prepared for light microscopy. Bron-
choalveolar lavage was performed 2 times with
PBS (calcium-and magnesium-free phosphate-
buffered saline) after placing intravenous cath-
eter in the trachea. Aliquots of the lavage fluid
were divided for cell count, assay of surface
marker of lymphocytes and determination of
0, release.

2)
Lymphocytes

Analysis of Surface Markers of

The monoclonal antibodies used were MAS
010 for pan T-cell, MAS 1131 for helper T-cell
and MAS 041 for suppressor T-cell, respec-
tivelyV?”. The surface marker of lymphocytes
were measured as described? with minor modi-
fications. In brief, peripheral blood and bron-
choalveolar lavage fluid were incubated at 4°C
for 45 min with saturating concentrations of
each antibody. After washing, the cells were

incubated with fluorescein-conjugated rabbit

Y. Nakanishi et al.

anti-mouse immunoglobulin and washed again.
After removal of red blood cells with sodium
ammonite, cell surface markers were examined
in the FACS.

3) Production of by 0, alveolar macro-
phage

The release of O,~ was assayed by the previ-
the
dismutase-inhibitale reduction of cytochrome c,

ously reported method, superoxide
with minor modifications!®. In brief, aliquot of
the lavage fluid was centrifuged at 220 x g for
10 min at 4°C. Cell pellets were incubated at 37
°C for 7min after being suspended in 0.83%
NH,Cl and 170 mM Tris-HC1 (9: 1, vol/vol) at
pH 7.5 for hemolysis of red blood cells. The
cells were resuspended in RPMI 1640 medium
(Sigma, St Louis, USA) containing 10% heat-
inactivated fetal calf serum and poured into
plastic petri dishes and incubated for 1 hour at
37°C followed by washing with phosphate-
buffered saline to remove nonadherent cells and
debris. The cells (4 X 10° cells) were suspended
in 5mM Hepes buffer (pH 7.4) containing 160
After
preincubation for 5 min at 37°C, the cells were

M cytochrome ¢ and 1 mM CaCl,.

first stimulated with cytochalasin E (10 xg/ml),
followed in 3 min by wheat germ lectin (100 xg/
ml) or phorbol myristate acetate (2.5 xg/ml).
The change in absorbancy at 550 nm in refer-
ence to 540 nm was followed on a recorder by

Tissue from lungs of rats given PCDFs (Fig. 1a). Clara cells are hyperplastic but more scarcely seen
in terminal bronchiole, and mild edema with chronic inflammatory cell infiltration were seen in alveoli,
compared with controls (Fig. 1b).

(130)
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using a dual wave length spectrophotometer
(Hitachi 556, Tokyo, Japan) and converted to
superoxide release with a molar absorption
coefficient of the reduced minus the oxidized
cytochrome ¢ as 19.1 X10*M~'Xcm™.

Results

1) Pathologic changes in the lung

In rat lungs given PCDFs, Clara cells were
hyperplastic but more scarcely seen in terminal
bronchiole, and mild edema with chronic
inflammatory cell infiltration were seen in
alveoli, compared with controls (Fig. 1). In rat
lungs given PCBs, these pathologic changes
were more mild than those given PCDFs.

2) Effect of PCBs and PCDFs on Periph-
eral Blood

The changes of peripheral white blood in the
rats given PCBs, PCDFs and oil alone as a
control are summarized in table 1. Total count
of white blood cells and lymphocytes tended to

decreased in the rats given PCBs and PCDFs.
Percent T-lymphocyte, helper T-cell and sup-
pressor T-cell decreased significantly in both
PCBs and PCDFs given rats, although the ratios
of helper T-cell to suppressor T-cell were not
different significantly in both groups.

3) Effect of PCBs and PCDFs on bron-
choalveolar lavage fluid

In each procedure, recovery of the lavage
fluid was more than 909, and viable cells deter-
mined by trypan blue staining were more than
959%. The percentage of lymphocytes in the
lavage fluid decreased both in PCBs and PCDFs
given rats without significant difference. The
percentage of T-cell significantly increased
only in the lavage fluid of PCDFs given rats.
Measurement of T-cell subsets revealed that
percentage of suppressor T-cell increased sig-
nificantly in both group, but that of helper T-
cell was not different. The ratio of helper T-
cells to suppressor T-cells was 0.79 for control,

Table 1 Effect of administration of PCBs and PCDFs on peripheral white
blood cells.
Group Control PCBs PCDFs
WBC (u1) 678312417 631742348 53331571
lymphocyte (u1) 63912241 5646 £2446 4818+1349
% T-cell 66.5+12.2 48.0+16.2* 47.7+12.1*
% Helper T 47.5+6.9 33.7+8.2* 33.7+7.2*
% Suppressor T 29.1£5.2 19.0£7.1% 19.8+6.7*
ratio 1.67+0.11 1.91+0.30 1.78+£0.13

Fach value represents the mean = S. D. of six rats.
*Significantly different from the control (P<0.05).

Table 2 Effect of administration of PCBs and PCDFs on bronchoalveolar
lavage fluid.
Group Control PCBs PCDFs

% lymphocytes 71.9+17.7 52.0+7.56 51.2+15.4
% T-cell 8.80%1.38 8.00x2.58 12.85+15.4*

% Helper T 5.20+2.63 6.20%£2.58 5.7311.23
% Suppressor T 6.43+1.31 9.03+1.50* 11.10£3.25*
H/S Ratio 0.79+0.36 0.67+0.24 0.54+0.10

Each value represents the mean =+ S. D. of four rats.
*Significantly different from the control (P<0.05).

(131)
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Table 3 Effects of administration of PCBs
and PCDFs on superoxide produc-
ing activities of alveolar macro-
phages.

Production of O, (nmol/min/2X10° cells)

trigger control PCBs PCDFs
WGA  0.14%£0.05 0.31£0.07Ff  0.31%0.07*
PMA 0.13£0.05 0.29+0.06* 0.34£0.07*

Each value represents the mean + S. D. of four rats.
*Significantly different from the control (P<0.01).
T Significantly different from the control (P<0.05).

0.67 for PCBs group, and 0.54 for PCDF's group.
However, the difference was not statistically
significant (table 2).

4) Effect of PCBs and PCDFs on produc-
tion of O, by alveolar macrophage

Release of O, by alveolar macrophage is
shown in table 3. When wheat germ lectin was
used as a trigger of O, release, O, production
increased significantly both in the rats given
PCBs and PCDFs.
also stimulated O, production with a statisti-

Phorbol myristate acetate
cal significance. There was no statistically
significant difference in O,~ production by alve-
olar macrophage between PCBs group and
PCDFs group.

Discussion

The respiratory symptoms as well as skin
seem to be strongly associated with higher
blood PCB level and to be pathognomonic for
Yusho, even twenty years after exposure?. The
major causal agents responsible for clinical
manifestations of Yusho are generally thought
to be PCDFs”. In rats given PCBs and PCDFs
by gastric intubation, necrosis of Clara cells,
mild edema and vascular congestion in the lung
were induced'?. In this experiment, we adopted
single administration of these chemicals by
intraperitoneal injection in order to minimize
the chance of infection and to give precise dose.
Similar morphological changes were induced by
intraperitoneal administration of PCBs and
PCDFs, while 0.5 mg of PCDFs caused more

(132)
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severe pathologic chances than 5 mg of PCBs.

In patients with Yu-Cheng, various kinds of
immunological abnormalities are reported?® ;
decrease of serum IgA and IgM, negative skin
test to tuberculin and to streptokinase/stre-
ptodornase antigen, decrease of T-cells and Ty
~cells (helper T-cells) in peripheral blood, the
increased response of lymphocytes to phyto-
hemagglutinin, to pokeweed mitogen and to
tuberculin. In animal experiments, decrease of
gammaglobulin levels®*® and decrease of
skin sensitivity to tuberculin'® and to sheep red
blood cell® has been noted. In our experiment,
percentage of T-cell, helper T-cell and suppres-
sor T-cell in peripheral blood were significant-
ly decreased both in PCBs and PCDFs given
rats. Clinical observation of the patients with
Yu-Cheng revealed that T-cell and helper T-
cell (but not suppressor T-cell) decreased in
peripheral blood®. Our former report revealed
that T-cell (Thy-1* cell) and helper T-cell (Lyt
-1% cell) decreased in mice given PCDFs'". The
discrepancy between thses former reports and
the experiments using rats may resulted from
difference of species, exposure period to the
chemicals (one year vs. 4 weeks), difference of
assay system or antibodies for lymphocyte sub-
sets, although the details are not known.
However, there are general accordance that
abnormalities of T-cell and helper T-cell are
seen in an early stage of this poisoning.

There are few reports on the immunological
changes of respiratory system, although respi-
ratory involvement in PCBs and PCDF's poison-
ing was reported. Bronchoalveolar lavage was
performed in order to analyze lymphocyte sub-
sets of lavage fluid and O, generation by
Although a mild
decrease of lymphocytes in the lavage fluid was

alveolar macrophage.

seen in both groups, significant increase of
percent T-cell was seen only in PCDFs given
rats. The results of analysis of T-cell subset in
the lavage fluid were generally opposite to
those in peripheral blood ; increase of percent
suppressor T-cell and decrease of helper T-
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cell/suppressor T-cell ratio. The discrepancy
between systemic immune system and respira-
tory immune system is seen in several im-
munological disorders involving lung; In sar-
and

coidosis, hypersensitivity pneumonitis

chronic berylliosis, systemic cell-mediated
immunity is lowered in spite of enhanced immu-
Although the

mechanism may be different between these

nity in the involved organs.

diseases and PCBs and PCDFs poisoning, im-
munological abnormalities in target organs
may not always reflect systemic immune func-
tion. In such a sense, investigation of abnormal-
ities in target organ would be important for the
better understanding of this poisoning.

Contrary to our expectations, increased O,
generation by alveolar macrophages was seen
in both PCBs and PCDFs given rats. O, is
believed to injure cells by oxidizing cell mem-
brane lipids and enhancing the permeability of
lung vessels'®, Pathological study of lung speci-
mens from autopsy patients disclosed pulmo-
nary hemorrhage and pulmonary edema®®®. In
our experimental system, mild inflammation of
the alveoli was seen by the administration of
PCBs and PCDFs. Therefore, in PCBs and
PCDFs given rats, increase of O, producing
activities by alveolar macrophage might con-
tribute to the pathogenesis of interstitial
changes of the lung.
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Effects of Polychlorinated Biphenyls on Regeneration of the Peripheral
Nerve in Rats
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The effects of polychlorinated biphenyls (PCB) on regeneration of the peripheral nerves were
investigated in rats. The sciatic nerves were crushed at the mid-thigh level on the last day of 32
days of oral administration of PCB. The sciatic nerves were biopsied from the crushed regions
at 1, 2, 4, 8 and 12 weeks after crushing. Myelin thickness on the axon diameter was smaller in
the PCB administered group than in the control group. There was no difference between the
experimental group and the control group in the density of regenerating fibers and distribution
of fiber diameters in unmyelinated fibers. After 12 weeks the number of large diameter
myelinated fiber densities was lower in the experimental group than in the control group. These
results indicate that PCB may affect the remyelination of the regenerating nerve.
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Laboratory Findings in Patients with Yusho :
26 Year Follow-up Study

Hiroshi Tsujg, Koichi IkEpa, Norihisa Suzukl
and Masatoshi FujisHiMa

Second Department of Internal Medicine (Divector : Prof. M. Fujishima), Faculty of Medicine,
Kyushu University 60, Fukuoka 812-82

To evaluate chronic effect of PCBs on laboratory findings, peripheral blood cells and bio-
chemical parameters were studied in 74 patients with Yusho in 1994. Serum level of triglyceride
was elevated in 21 cases (28.4%) of these patients. Serum triglyceride levels showed statistically
significant correlation with body mass index (Quetelet Index) and blood PCB concentration. We
concluce that hypertriglyceridemia in patients with Yusho is not frequent and it may be associat-

ed with both obesity and blood PCB concentration.

& U & (=

1968 4£ 4 HWH & Y, polychlorinated biphenyls
(PCB) BAZ A A4 A VBRI & D LI % Huls
CRELUIEETIE, RBRELVOEFEFOBRERRIZ
BOTBREOE, HMEKES, FRIOISKEMEE DT
&, TNVTECOET, BTV VT AT 75—
¥ & BSPEHEORE L&, R ORmg £
HwEINTV B, MEFREDSE 26 F2FEL, Ee
O AMEERIIERL T 503, FEEFIB WA
HN®D PCB BENS2 B & <, Md PCB OfKIZ ixw
IR Ny — A LNBT, 72, PCB &b
B 5w EMN ® b D polychrorinated  diben-
zofuran (PCDF)DHREE bEfanTtBHY, B4
FECBITLTW R LTSNS, SE, bivbhid
HEFEE 26 TR I B 2 ERBEMBOHERIC DWW T
WETL 72D THET 5.

MR B LU HE

1994 EERARHE - FRZ OZ2E B0 5
WERERE 4l etREL Uiz, EREO 1994 F
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IR & e U 7z, Table 1 Numbers of patients with
Yusho showing abnormal labo-
# S ratory data (total 74 cases)
1994 EEME-FRZ C B W ORBIIIEWE D 2 No. %)
WM A ERECTREBE LS R U MEERER Porioheral blood
Table 1 127, FM MR T RIAM% 6 B1(8.1%) 12%12: eral bloo .
R, HMEKESE 26 (2.7%), HMERED % 4 WBC 6 (8.1)
B (5.4%) iR 1=, MIEEFERE TP O Plt 4 (5.4)
FE% 214 (28.4%) L BLEEEICED . WHT Blood Chemistry
HDL 2 V2 70— VST % 16 B1(21.6%), 8V & Lé" } ﬁi;
BEAOHME 104] (13.5%), BavAFa—rdk GOT 6 (8:1)
FE 84l (10.8%) LIMPIgBEB LU 8 Y REHOR GPT 4 (5.4)
e EHEECHED ., £7, LDHO L& % 16/ LDH 16 (2L6)
(21.6%) iz, FTAAV T4 AT 75— FD LR § AF(}P’TP 2 (1(2213;
1 (10.8%) 12, GOT O EREB LV y-GTP O FE% T il : oD
641 (8.1%) i, 3V Y IAT I —EDET% 54 ChE 5 (6.8)
(6.8%) 12, GPT D EE% 44 (5.4%) WFHw i, T. Chol 8 (10.8)
1968 7F 10 F IS4 455 O BB 3 1 B BTRAR ggL‘ChOI ;;5 (géi’)
BE, WERA 1L 0 1979 11 A5 X 026 45 i " 213'5;
%D 1994 £F 10 B O E—F 2 OB FRMAERT R 5 BUN 0 )
B L7z (Table2), JHEFRIE L]0 ERERF QMR R Creat. 1 (1.4)
EBWTAHLNLBEOEN, HIMERES, FRIMkx
Table 2 Laboratory data of patients with Yusho in 1968, 1979 and 1994
1968.10 1979.11 1994.10
N=9 N=110 N=74
Peripheral blood
RBC (x10% 382430 446+49 439439
WBC 103002800 60001400 576441993
ESR (mm/hr) 27427 14+15 1512
Blood Chemistry
T.P. 6.840.7 75404 75+0.4
(6.4—8.4g/dD)* (6.4—8.4g/dl)
Alb 3.9+0.3 44%03 45403
(3.6—5.1g/dl) (3.6—5.1g/d)
GOT 23+7.7 21+6.0 27+14.8
(7—38units) (10—40IU/L)
GPT 23+11.9 14+9.4 23+16.2
(1—30units) (5—401U/L)
ALP 14.949.3 6.3+3.2 150 +49
(2.8—10.5KA units) (68—220IU/L)
T.Chol 167447 18837 217+34
(99—243mg/dl) (130—260mg/dl)
TG 181+88 124466 123168
(35—150mg/dl) (35—150mg/dl)
BUN 12421 14436 14+3.3

(6—21mg/dl)

(6—21mg/dl)

*Normal ranges in 1979 or in 1994.
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KBWTHDHEBZCEULZEE AN 2N
WEIN T 292 IR O SHELHI & D &
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D 10 FEH 72 O HERRH ORGB ZBEF L1572 24 41
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RSO S E 2R 5 TV 7283, MBTEREREAQ
THBsHONIZERELTWS, UL, MEHERE
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720, SEOBEIC BT H B OB ER b H
EOBVWEETHo 2 L kD, hikiEl oM
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b IMEPEEEOEMEED, EREW L E8 T -7
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RERGDMEINS 548, #e&5rhik# 2 » AR EHI O
VARNWVIET T3 2 e iRESN T2, WERHE
BT BRICH T 2 HIEEEORMAEERICL 5 b
D, FEEHEINOBFEDOECIZL 2 b O I
TH 5, SEORE TIIBERE OMmMEF IR X
body mass index (Q.1)3 & U*IiFh PCB # & O
CHBEERED -, MERFZICB T 5 MEPEIgh o
MO & LT, BB L UE” PCB oXFH» S
LTW3ZEWRBENS, £/, MFRavATo
—HBWiE A U AREHDS M PCB B & EOMHE
ERDBHI LD, PCBHBOMBEREEBLU LY
REHOEFICHLEEL TWITEY ELIOND,

FHERERA O EIRBECOBRETFTH 5 Z &8
WESNTWEY, PCB L #IREL L OBFE Iz D W
T, Kreiss 59 |Z PCBEE X E&, £ E X Ubody
mass index N7 LU CHEIME L BEL T iz L3R
LTwa, Lal, MERF BT 2HETII PCB &
B LEE : OBEEED sk o k2?2, MEES
WIIME ARG Ok R i b 2 DR L Tw
LEEZONDDOTHSEHORBEEBHT 2 LENH 2
rEzZohnb,

1994 FERMBHE—FHRZOZZ2E D D b HliE
R B T4 B W R EERRERT R R AT U 7o, K
EACERRE TR OB IR 21 # (28.4%) £ &
HEHEEIIED, WATHDL av AT o—V{ET
%164 (21.6%), BY REH O ¥ 0 % 10 #

(13.5%), BavxFu—Lo &% 84 (10.8%)
EMPRES LU LY REHORRE »REE CHD
Jz. %72, LDH O LER% 164 (21.6%) &, TiA
VI3 A7 78 —¥DLEHER8H] (10.8%) iz,
UL, HHEFRELYOEEFOEBKRECB W TA
SNTRERRRIEEL TBY, 1979 FEEHE—FR
P OBRBER R A b @E A s gz, P
figls, B YV KEE X body mass index (Q. 1) & IED4H
BE%, HDL 2 Vv A5 a— )V 3& OB %S, TiElg
B, avxyo—i, gV REHZLT PCBEE L

ORI IEQOMHBEZR D 7z,
X B

1D FARAE, NHE—BR, &5 D mERE O
RRER, £ Y REFE W BHER 72
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Dermatological Findings in the Annual Examination
of the Patients with Yusho in 1993-1994

Juichiro Nakavama and Yoshiaki Hori
Department of Dermatology (Divector : Prof Y. Hori), Faculty of Medicine,
Kyushu University 60, Fukuoka 812-82
Shoji ToOSHITANI
Department of Dermatology (Divector : Prof S. Toshitani), Faculty of Medicine,
Fukuoka University, Fukuoka 814-01
Masakazu AsaHI

Department of Dermatology (Divector : Prof M. Asahi), University of Occupational
and Environmental Health, Kitakyushu 807

Abstract We reported the grades of severity of skin symptoms and the blood PCB patterns and
concentrations in Yusho patients who were examined in the annual examinations in 1993 and
1994. The skin severity grades and skin severity scores showed the same tendency as recorded
in the last 15 years. Approximately 209 of the patients, however, claimed the tendency of
recurrence of skin infections and/or infected epidermal cysts, and still approximately 30% of the
patients exhibited acneiform eruptions. Ten patients recorded with more than 6 points of skin
severity scoring in these examinations were further investigated thier initial skin severity grades
and blood PCB patterns and concentrations. It was found that most of their blood PCB patterns
showed the A pattern, and the level of the blood PCB in one patient was 55.5 ppb in the initial
stage. Five patients out of 10 patients still have more than 10 ppb of blood PCB concentration.
Thus, it is concluded that small populations of Yusho patients still have active skin symptoms
with considerable blood PCB levels even at present.

FEBEE R 72,
EEDFELISE 27 EHMEE L 7205, BT H KRR
1993 FF (PR S FF) B L U51994 & (P 6 FE) & LCHE OMBEREOHE, BmEORiERRIEL
W2 EHE & N FE R O KR DV T, T BEMERENE, SH, FRIFEHZ VI
L OB RRER B L OB RIED, ERBR, 6 EFCMEEERESRN 6 U L BEE s BE
HIERB OFE, R, TERBZ DL TZOR DRI 5 B & TOMKRBBIZ DL T bR Lz
ErzHFTiikl, SBEEONEERERY BIUKE DTHHETHET 5.
HEERRES 2E8E L. ARCEEETHES L
72PCB NS — 9 B X UPCBRE EEEERE D

& L ®»
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1993, 1994 FEFICH I 2KRBHER

SRR

1993 EEORZEERIZL (D53 LI PCBAIES
JUVIMBREDSH) T, BHE29 4 - 604, 1994
FEEITBHATHEE D AU HTH . EE
L) 38 1:2.07, 1:1.12 THo e,

BEERENE  HEBEEESSAY

F1, 212 1993~1994 £ & B X 111977, 1981,
1985, 1990, 1992 OREEOFEEFEEY B L UKEE
EEESARY 2RY. 9B EES L V19 EED
FEEREETRIEIEACEBERORLEENE
47.7%, 43 4% EAZITFHE S8, 1990 FE~1992 £
BOBEE D BETETL T, SEERS ORI ES

BETH> THUARA SN ZEFHE 33.7%, 30.8%
ERRTC S 6 R OKBERETH - f2. BEEH I
EFlz@d IV 2 R UERANEEEIFT oA SN, K
REHERPEEC A SN EAB T PHTRIH L
0 (3%E) Reiahi, Efe KEEEESERT
F RS 0-1 DEFDEERELT 59.3%, 52.6% LKIF
bl UTESRD2-308524.4%% 23.1%, 4
5458.1% & 14.1%, 6-72%4.7% & 5.1%, 8-9 3.5
% & 3.8%, 10~1328 19U EEw 14 (1.3%) MR
shiz. KEEEETIX, BEOSME 2 6% (EE
BorlEi@dlicy—2) 2Ryostl, FHEE
EERARTREREDDZ VTP 6 E0ANERE
BRIV LT, FHOBHBIRE 1.79 £ 2.00
T, IEEPIFEOREENETH o %,

R EERNEEEE

T 1977 1981 4 1985 4 1990 4 1992 £ 1993 4 1994 &
EiEE BIE(%)  FIE(%)  BIE(%)  PIE(%) (%) BR(%)  BIB(%)
0 30(29.4) 39(36.4) 61(39.1) 53(58.2) 48(57.8) 41(47.7) 37(47.4)
0 I 10 13 1 3 2 7 4
I 13(22‘5) 18(28.9) 14(17.9) 3( 6.6) 6(9.6) 4(12.7) 7(14.1)
I I 7 6 3 7 5 2 1
I 12(18.6) 11(15.9) 23(16.7) 6(14.4) 2( 8.4) 0( 2.3) 2( 3.8)
I I 11 4 4 10 18 21 18
I 14(24.5) 12(14.9) 33(23.7) 8(19.8) 1(22.9) 8(33.7) 6(30.8)
ar v 3 3 0 1 1 3 3
v 2( 4.1) 1( 3.7) 4( 2.6) O( 1.1 0( 1.2) 0( 3.5) 0( 3.8)
E 102 107 156 91 102 86 78
R EERINEEEES SR
FE 1977 4 1981 4 1985 £ 1990 &£ 1992 & 1993 4 1994 4
Bl P (%)  BIE(%)  BIE(%) FIEU(%)  BIE(%) BB BIE(%)
0-1 32(31.1) 52(48.6) 88(56.4) 66(72.5) 44(53.0) 51(59.3) 41(52.6)
23 35(34.0) 33(30.8) 42(26.9) 20(22.0) 32(38.6) 21(24.4) 18(23.1)
45 22(21.4) 12(11.2) 20(12.8) 40 4.4 6(7.2) 7(8.1) 11(14.1)
67 7(6.8) 7( 6.5) 5( 3.2) 0 0 40 4.7) 4(5.1)
8+9 5( 4.9) 200.9 1(0.6) 1(1.1) 1(1.2) 3( 3.5) 3(3.9)
10~13 0 0 0 0 0 0 1(1.3)
14~ 2(1.9 10 0.9 0 0 0 0 0
& 103 107 156 91 83 86 78
IR 3.13 2.15 1.58 0.96 1.47 1.79 2.00
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sk PCB /X4 — > & RBEERES A NEMY

%312 1993 FEE S L 11994 FE O PCB ¢y — >
&R EEES SR OB 25T, 1981 EE LIRS
A, B, CY - OFIBORERZE LAY EDL ST,
Iz, %88 — 2 TOFHEO K EBEES S S WE
BEO/ Y —rvrnbhbd AP&2.27, 2.29, B
1.43, 1.18, CA81.30, 1.71 & iZIEH1F8E D OBE I
TEETH- Tz,

ms PCB/s9—>r PCBBE

FAWCI993 EEB L U 1994 EEE O PCB 8y — v
BOFHBEERT, 1993 FETDA Y —>DF
BREIZ7.03 & IZIZHIEE D OBIETH - 72085, B
ADRY =Y ewnbnd CoNy — > DR BEER
32T EFIE L DRREMETH - 2, 1994 £ Tid A,
B, COWTND/ Y — > OFHIEE S FISEFE D O
Lz,

£33 M PCB /Y - & FREEERS SHOMEEME

(&) 19814 ®

1985 & © 1990 &F

ny—v G S NG —

i TR Ny—v Pl T

A 41 2.88 A 59 2.29 A 37 1.24

B 12 1.75 B 17 1.76 B 17 0.94

BC 4 2.25 BC 9 1.11 BC 3 0.33

C 27 1.78 C 53 1.26 C 33 0.64

E 84 2.33 B 138 1.63 B 101 0.93
O 1992 & (B) 1993 (F) 1994 £

NE—v B PR Ny —

Pk S Ng—v G S

A 28 2.00 A 37 2.27 A 34 2.29
B 16 1.50 B 21 1.43 B 11 1.18
BC 2 0.00 BC 1 1.00 BC 2 2.50
C 37 1.22 C 30 1.30 C 31 1.71
Bl 83 1.51 gt 89 1.72 gt 78 1.91

F4 IMF PCB Yy — & PCBEE O

A 1981 4 ®)

1985 £ © 1990 4

ny—v G TERE NG =

Bl EORE Ny—v PR CFBE

A 6 6.39" A 31 7.38 A 37 6.00

B 12 4.08 B 4 5.0 B 17 3.94

BC 4 3.00 BC 1 5.0 BC 3 3.49

C 28 2.57 C 18 2.13 C 3 2.59

3 9 5.0 & 5 5.64 it 90 4.20
O 1992 4 (B) 1993 & (B 1994 4

Ny~ Pl FHRE Ny =

P ESRE Ny—v Bl FERE

A 29 6.19 A 37 7.03 A 34 6.34

B 16 3.48 B 21 4.22 B 11 3.57

BC 2 3.34 BC 1 1.60 BC 2 4.28

C 41 2.50 C 30 3.27 C 31 2.60

Eis 88 3.91 g 89 5.04 g 78 4.41
*IBE D HATIX ppb
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BREORBOMARE - REBREER
£S5 W —FRZRCHAEL LRI OMBERRE LU
MEEFERIC DWW TORRERT, 9B EEB LV
1994 EE DV TN b &EDBE O 20%BFEE L &
OEFERNH L, LE2TBD, BETOHEDOK
BEREEE TS 28—V Tw 5 2 e L

#®5  BolOMERSE - MEERER
O OMBERRER | RLORBHEAER
FE (=) () (=) (+)
19934 70" (81.4) 16(18.6) | 69(80.2) 17(19.8)
1994 4 61 (79.2) 16(20.8) | 55(71.4)  22(28.6)

* ()%

BUVHEBEREEGSEERL HENORKEZR
4H, 1993 EEH 202 1994 EEOWTRHTH
BEEESSHEDS 6 U ERRL I 10 ADOHIERE D
BEERS & Ol PCBEE OB ZE 6 1R T.
WAEFSAE MRS (IBF 44 ) X D HRAEE CEIBZEF—F

2,3 A

FROWBENE DD TR I EMNRE S Nz, Mf
PCB D/ — VBB EAEBA ST —2THY, T
{—ERWw B HZ0EFC/Y - ~DEHBLE LN T
W5, PCB QNP EE ZB 4 EOVZERSE T
55.5 ppb ® R UIfERIH D, BETH 10 FH 5 4
W10 ppb LAETH o 7z,

% =

1993 FEE B L U 1994 FFE O—FRZ % 2 1 - iliE
BHOEEERORERE, B & Ot PCB Xy —, &
BRDODWIDTFT—F 2L, SHIICI97HELD
1992 FE & TOE & HE L 72,

RIEEEE T, BEEE 0B 46%~47% %2R0, #
EHOBENKEEROSL ZVRRZH o7, iz
BREBEZOLUBEOHBEEROH 2 BE 0% 5
ZR LT, SRIOAEEROFHHE LT, BEEI-
N~NOEE, Tihbb, EBERRKELKRRETSE
EREEDH %R SN2 L THo T2, FELTE
FEERTRTBERILERD 5%~ % EETHD (&
1£H),1993~1994 E£E TR SUEEORMEIED &
Nz, ZOHEMBELTEATIERAS»DOFEEREE
TLREVELERT AEANTE > TS I LWE

W2 EZT T EEN 10FlF 6 flic Roh, RAEY Zondh, SBEOZTBRIC OV TRERRE BT
B 65 % THROEMS D -7 2 LR3I P0Sbh s, LLBENDH B Bbhs,

URFOBEEEFIE? I 0L IVAE 28T DR5N1 T REEEEORARES2 L, Br0-12550%51C
W3, BETHEEERI - Wroll- IVTHY, DY, FEEEEEREOMEEIFF-BLTRS, K
®b BONBEERES SRR L HEGIOERERE
P P Y ¥ s W 28 2y Th e

2k BE
N-M|F| 55 65 ALY Ase  mwAs2s mAess  LIALES
K-y|M| 48 65 |0l I-AZ  WFAGS  IFA4S  UAGS  U-Adgd
1-T|M| 62 78 xesex LR il £375
-G 3 36
E-y|F| 46 6 |10 Ay TUASS ppsy  [AS2 MIBar HIEASIY gcaro B
M-M| F | 56 6] mabss  mmawes Qi
wolr oo BHEOBME ML TRPC w5
vilr| e B Rl B
Moy M| 26 63 [N mAss  MUCATSppears JIASS . WAL payas DAL mmaaes
wsel o w|wowaes BAED RAEE NP DL wewss BV RSN
K-N[F| a5 62 |m myvas  OASS pagq  HEAML BLATL gy HASET mass
F ook, M B, REEEE-PCB /¢y — PCBRE - FEEERRMKTER
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WTHRH 238 20%ETHY, BEN0~3 ETOR
FBEHDOED EEEROK 0% B EBERMBE L 2w
B, TBHMTHEH, LIREEDE. ZOKR
B2 BEORREFIE-T L DTH %, BERk
EBEPRETH, EBIEC T EEEERETIE
II-MEABMEHESIDED, ZOBEKEEREE
BEBTRILDVBOEBERES TR 1AL LyrFE
ENT, IHSONPHEOEBEROBESY IVE
BRI RBL T3 EEZ N3,

M PCB /8% — 42 D W T it 1993~1994 £ E ¢
BHIEEDEVERREDONR P 0Tz, ARy —2
Bbh2widCiy—>» kA% L Reni. PCB
NF—> & PCBEE & OB TY, & PCB Yy —
YEBITHPCBEHEED A NI —rBEHENS
BIFEBD OFERTH ), J2EL, 1993 E£E D C ¥
— O PCBEE X 3.27 ¥ 1981 ELRBEE %
WU Tz, 1994 FEE X 2.60 ETTIIE->TH D, 1993 4
EORE T BEOER E Ebn 5055 % 08B
BErBEbhs,

BT OMBERREMEN H 5 O IEERBESIC DV T
OHRETIE, 1993 EEB LTI EFEDOVLTLHH
20%DEBEV EEERERLTB D, ST E
DOEEERPESW B EEF > TR VI EPHSHT
Holz, iz, SBOEEEFEESSEN6 M EER
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L7210 2D BHE I DWW TRE O M EER O#ER & 1
H PCB ORREFZEN % B8 L 72, IEFE 4 T4E (1B
ME) K—FHRZEZZLEENINS 04T 6
Bk oh, TNOSOBEONLHEEEER X
~WTh-t:, BHFETHFEEEF IR - N~IH
BEAETHY, b REEREEMMERRA ST
%, 14 PCBIBE T, PIR2EFGRE 50 ppb % Z T1E
Bin3ds - 708, BAETH 10 ppb B E 2R IEMHS 10
BI5 615 0, PCB OEAFERS b o TEREZH DT
HHIENFRENT:, SHIOL D RIEREOE
BEROESRESNELrEZ N5,

Bk

1) JHEIE—, 5L, FISHEE @ BB 48 4EE, 49
FE-HFRBCBY 2MEEEEEEOEE L LV
KRG EREETRZE, FRESE 66 629-634, 1975,

2) HEMER, MOBKR  MmEMEE 72—
WVHREERE) O F RIS R, BEERE 60 : 409-
431, 1969,

3) BHEA, FE3E, SEEMRE  MESEB X
C—fABAOR VB 7 2 =— v {BAESE 65
17-24, 1974,

4)  FaEgE, INO— TmEGRE 7 22—
PEE) DERWEZE, *KEEMROZOBOE
i@, fEMESE 62 1 132-138, 1971,

(Zff 1995-3-27)
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