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Foreword

Masanori KURATSUNE

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

During the past 21 years since the outbreak of “Yusho” in 1963, great efforts have been made
by the Study Group to develop a treatment method or methods which accelerate the excretion of
polychlorinated biphenyls, polychlorinated dibenzofurans, and related compounds still retained in
the body of patients. To our regret, we have not yet achieved our purpose. Professor H.
Yoshimura, chief, Study Group for the Therapy of “Yusho” at Kyushu University, and his
associates, however, have rather recently demonstrated an important fact that an oral adminis-
tration of “Squalane”, hardly exerting any toxic effects, facilitates the fecal excretion of the
above toxic agents in animals. Other valuable findings for improving the health care of patients
have also been made by other members recently. This 12th report on Yusho includes such notable
findings. It is our belief that the report will help those interested in this unique poisoning better
understand it. Any comment or advice by readers would be highly appreciated.
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Foreword

Hidetoshi YOSHIMURA

Chief, Study Group for the Thevapy of “Yusho”, at Kyushu University Professor,
Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka 812
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g " BO#F K £ " B e 4
BR43EE 676 BRIG4FEE 1,696
44 1,001 55 1,729
45 1,056 56 1,770
46 1,081 57 1,788
47 1,097 58 1,824
48 1,200 59 1,833
49 1,288 60 1,841
50 1,531 61 1,854
51 1,629 62 1,857
52 1,665 63 1,860
53 1,684
® I RETERBRURERE (EEE)
K 7| Z22HFEE % 2 & #|22% (%) i 2 & ES
B FE | RHEXRG% | KR #© FRZL
g OE a b b/ a c c/b
47 45 35 77.8 8 2
48 91 69 75.8 16 6
49 366 258 70.5 123 47.7 93 42
50 171 158 92.4 44 27.8 91 23
51 136 126 92.6 14 1.1 98 14
52 145 118 81.4 8 6.8 73 37
53 128 110 85.9 9 8.2 86 15
54 126 90 71.4 26 28.9 58 6
55 105 82 78.1 14 17.1 47 21
56 83 72 86.7 9 12.5 24 39
57 72 61 84.7 6 9.8 30 25
58 68 39 57.4 1 2.6 21 17
59 68 51 75.0 4 7.8 22 25
60 56 45 80.4 2 4.4 23 20
61 47 32 68.1 1 3.3 11 20
62 35 24 68.6 1 4.1 15
63 27 20* 74.1 0 0 9 10

*RPE 1 BEREEHTRIC D ZHETHE.

HHRER A EEEBTIHACELT, bo L bEESNZDRNEEENEOES Kb H D L 51T, Fb
ADEIEERETH 5, FERHER &£ > T PCDFs hREBEE £ 2 5 Ty % 2,3,4,7,8-pentachlorodibenzofuran
X 101,2,3,4,7,8-hexachlorodibenzofuran OFEHAME S v M DWW TR L, Z2OHEE2FTELBRV . L%
BRTWB, DL S REIRE, FEAEWEEANTRLSZ THNITHELI 22 ThHD, ZORERRAI T
T Y EAVTOYRMERICET 2MATMIb T E 2, SEEN SR, A2 77 OEEGE AR ZORE
HE, A ROV TIFACLRZVBELTVS, ZORER, A7 7 &5k 2RI REEEELEM o8
Z2and, v MBI LEBOREENRENT. LEL, 4 X TR —EFENKRIRE NI A7 7T Vi
YT s EE» A SN, Sy TORMNIMTbhTw3,

ZOEMIHELOMEDZHENNEEINTEY, INsORR2EE, WMk, BRCHTR R EHE
DT END LIS D, HBIE62, 63FERH-CRESNBER ML, EXFOLEMEBRESR
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Foreword

Hikotaro YosHiDA

Chief, Study Group for the Therapy of “Yusho”, at Nagasaki.
Professor, Nagasaki University, School of Medicine, Nagasaki 852
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RIERICE T 3 MEREORBREE R LR, BELYREZELE LUBRIZDIT > T, B
BB LIH > TEAL, RETIRI0EE L2 ->TW3, b LZ0ORIEESHECEE S 20 ThNIEES
NREEMLHNGE VY, HECRL L OFEARMESHD SN TWE LS Th 3,

=7, BEREORTIRBIMOEE S b L CHETERBZER L > TIHbA TV, 20RERREE 2 ICFR
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SMEEEES 1 X #F 4 )Lh 5 Polychlorinated Phenyldibenzofurans
(PCPDFs) Ot

F— R AR EHE
B K K H-X N #® F
K O ® —-8 H & A

Identification of Polychlorinated Phenyldibenzofurans (PCPDFs)
in the Casual Rice Oil Associated with Yusho

Hiroaki Kuroki, Yuko OHMURA, Koichi HARAGUCHI
and Yoshito MAsuDpA

Daiichi College of Pharmaceutical Sciences,
Minami-ku, Fukuoka 815

The polychlorinated dibenzofuran (PCDF) fractions obtained from the casual rice oils
associated with Yusho were analyzed by capillary column gas chromatography with electron
capture detection (ECD/GC) and capillary column gas chromatography-mass spectrometry (GC/
MS) in negative chemical ionization (NCI) mode. The GC/MS analysis revealed that the PCDF
fraction contained, in addition to PCDF congeners, penta-to octa-and probably nona-chlorinated
phenyldibenzofuran (PCPDF) congeners in comparison with retention times and NCI mass
spectra of PCPDF standards. The ECD/GC analysis showed the presence of at least 30 different
PCPDF congeners in the rice oils.

(Fukuoka Acta Med. 80(5) : 189—195, 1989)

ELTwS, S5 VIBFERIERZ A A4 A Vi

124 PCB @ — &4k T & % polychlorinated quater-

1968 FICHHEA—H TAH > SHESEEIFREL T phenyls (PCQs) #5 PCBs ¢ FIRREDEBE CIRALT
TR 20 EIREBL TS, A IWMEIZBENE W3 Z e, Kamps et al? 8 & Uf Miyata et al.® ic
BLo4XFA»s PCBELGLTH % Kanechlor VEBsmrzaNnT, %72, BT, PCBEEAL
00 B BICRE I Lo, BHERELYI EYORHTEL CHWEEEE T 2LEWL L TH
PCBickathEELEZ 6N T, LrLZEODRE, & T \» % polychlorinated dibenzo-p-dioxins
FHHEZ A4 24 A4 vd» s PCB iz PCBEAEAS (PCDDs) iz DT hH, BELY kv 5k~ 8HEIk
e LT OEFZREEYSBEEhTwS, oL A0 PCDDs (¥8¥8F 0.13ppm) BSRHE N TV 3,
23, 1970 ££iz Vos et al® 7% PCB &g iz & 2 2 Ll k@ PCBs, PCDFs, PCQs ¥ X tf PCDDs LAstic b
SHBET 2EEMHMEY & L T polychlorinated BERS A X4 A VIZRET 216&% & L T polychlor-

T L & [

dibenzofurans (PCDFs) 2#H L 7- O 2 &ML L T, inated quaterphenyl ethers®, polychlorinated
BFEES 4 A% 4 VvH» 5 b Nagayama et al®, terphenyls®, polychlorinated naphthalenes” ¥ & ¢}
Miyata et al® 8 X f Buser et al® itk b, &% 5, PCBo =Z &4 T % % polychlorinated
2.2~5.48 X 15.6 ppm ® PCDFs D EE B HE X sexiphenyls”® {5 T 3,

nTw3, g7z, Bifl, BERSY ZET VA4 ) SR o ki, BRI A A4 4 ndizid PCB oftuic

BEEIROANER LY THEMMEE2ERS T2 4 % DEELEMHEENTED, BERIALSTA
~ 8 H1kik PCDFs (JRIBE 1.9ppm) O %28 TOERREYEEM L2 L% D, LrLis
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Ix—varvHs A (30X2.2cm ILD) wfRFLY 2
OAFH Y TEE L7, 110~230 ml O 4 E % 5rELL,
ZRERK 15 ml OBEHEET 3 EIR - o1k, Kk, Bk
L7, ZOBRBAEsL:Yy 7 a~d Y v IBHEY
BEL, NEDON-~FHUBEKBE LK, BEERY
745 (058 ftL, 27 M0mloyroa Xy
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5. BIEHE

1) #FAzuw 7o 7 /EEHE (GC/MS)
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RISH R4 Y 77> (FAFE:1x107° Torr) % H
WBEA L A & b (NCD) £—F ¢fTo 7,
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®2I0 W 2D AR (i) 20H220 2R o7
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ZOEIHENCIwAANYZ P AVRRERL TS5 HEE

A
58 108 158 200 258 328 350 ata as@ 506
108 3
a @ 414 B
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Fig. 1 EI mass spectra of PCPDF standards
(A): 8-phenyl-2, 3, 6-TriCDF (B): 8-phenyl-1, 2, 3, 4, 6-PenCDF
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Fig. 2 NCI mass spectra of PCPDF standards
(A): 8-phenyl-2, 3, 6-TriCDF (B): 8-phenyl-1, 2, 3, 4, 6-PenCDF
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Fig. 3 Total ion chromatogram of PCDF fraction obtained from the rice oil caused Yusho and NCI mass

spectra of peaks A, B and C
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Fig. 4 Total ion chromatogram and mass chromatograms of the PCDF fraction obtained from the rice oil,
monitored at [M-19]- isotope ions of PCPDFs
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Fig. 5 NCI mass spectra of peaks D, E, F and G
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Fig. 7 NCI mass spectra of PCPDFs (Cl,-Cl,) detected in the rice oil {alkali saponification)
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Effects of Dioxin Congeners on Aryl Hydrocarbon Hydroxylase Activity

Junya Nacavyama and Noriko MOHRI
Laboratory of Public Health, School of Health Sciences
Kyushu University, Fukuoka 812
Yoshito MAsuDA
Daiichi College of Pharmaceutical Sciences Fukuoka 815
Chikako KivoHARA and Tomio HIROHATA

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

In this study, we examined the effect of 1,3,6,8-tetrachlorodibenzo-p-dioxin (1,3,6,8-TCDD),
octachlorodibenzo-p-dioxin (OCDD) and 2,4,6,8-tetrachlorodibenzofuran (2,4,6,8-TCDF) on aryl
hydrocarbon hydroxylase (AHH) activity in cultured human lymphoblastoid cells. These com-
pounds are considered to be no or less toxic isomers of polychlorinated dibenzo-p-dioxins (Diox-
ins) and polychlorinated dibenzofurans (Dibenzofurans). At a concentration of 90 ppb, 1,3,6,8
-TCDD induced the enzyme activity about 2 times over the basal (untreated) AHH activity and
2,4,6,8-TCDF reduced the basal enzyme activity by about 40%. At a concentration of 5 ppb,
OCDD enhanced the basal AHH activity by about 30%. In case of simultaneous treatment of 1,
3,6,8-TCDD, OCDD or 2,4,6,8-TCDF with highly toxic 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,
8-TCDD), at a concentration of 7.5 ppb of each compound, the AHH activities induced by 1,3,6,
8-TCDD plus 2,3,7,8-TCDD and OCDD plus 2,3,7,8-TCDD were about 25% and 43%, respectively,
higher than that induced by 2,3,7,8-TCDD alone. On the contrary, at the same concentration, the
enzyme activity treated with 2,4,6,8-TCDF plus 2,3,7,8-TCDD were about 30% less than that
treated with 2,3,7,8-TCDD alone. It has been reported that the AHH inducibility of Dioxins and
Dibenzofurans correlates well with their toxic potency. Hence, taking the resuits of this study
into account, we should clarify the biological and/or health consequences of the mixed contami-
nation of no or less toxic and highly toxic congeners of Dioxins and Dibenzofurans by animal
experiments and epidemiological studies.

(Fukuoka Acta Med. 80(5) : 196—200, 1989)

5V BIUENS QEEESMOBENED 5 VidESE

x L ®» (<
ER & FEBRGKEABLER (Aryl Hydrocar-
Polychlorinated dibenzo-p-dioxins (5" A # * & bon Hydroxylase, AHH) FEEMH OB, HW»
>), polychlorinated dibenzofurans (¥4 ~>» V7 IEOMHBEMENED 5N TR, 7, B, fi7
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# 13 polychlorinated biphenyls (PCBs) @ % & {834
T % % methylsulphonyl PCBs (MSF-PCBs) @ % 2
BEESANY osIREEMO AHH EH 2 HET
ZIEEBMELLY, Z0kSKk, F1AFy vk
ZDOREEY T AHH EHoFELHEL W),
o ERMNOBEKVEHEIND, ZOHETHE,
BRETFOFEEUE»6EZT, F4AFvy, 54
NV T I ORPTREBNEESECEEZ SR
% 1,3,6,8-tetrachlorodibenzo-p-dioxin (1,3,6,8
-TCDD), 2.4,6,8-tetrachlorodibenzofuran (2,4,6,8
STCDR) BE U, F AL F>OHTRbo2EH A
B 3 L XLV D B » octachlorodibenzo-p-dioxin
(OCDD) DAY > EREEMIGO AHH et 2
TERERNTz, &5, O, F1FFxv
BIUPCBsOH»TIEb->E bFEROHHEMK
D—D2ThH% 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,
3,7,8-TCDD), ® & tf3,4,5,3,4’,5'-hexachlorobi-
phenyl (HCB) ® AHH EH x4 2EHIZ DWW T
ATz,

B xR # &

1. ERES

1,3,6,8-TCDD & 24,68-TCDF iz =H #H Eb 5tk
Aett (REEF X 0EEL Tt wni, MER
AR N7 4—12&D, #FNFNYM.6%,
99% TH 5. OCDD i3 Analabs, Inc. (North Haven,
Conn., USA) X hBEA L/, MER 9%ULETH 2,
2,378-TCDD 8 X U HCB 3¢ D I £ &5%
L, BRILZY, MBRTYRAZ7uv bl 57410k
D, ZNZFN 8%, VBULETHB, 2OMOES
KEOWTRINETHELTWEDEEETH 5,

2. #pakEE, AHH SRz

U 2o SERESEM O, MiangEss X AHH
FEHHERE N E TRBEL TL 2 HELHEETS
5%, BROEBRIZBWT, BEERED > o5kig
BEWBIEEH W, ) v oSEREEE SR O basal
AHH &M (BETHE72 b OARMBEL -BED
AHH &) 238 & 2 OMREHkR TR % 5 O T, basal
AHHEM 2 5#%¥ (1.0) L ¥ 2 relative AHH &4
(BRER S EAE L 784 D AHH 1% /basal
AHH &EH) #8HL 72, ZoEEC L ) REH#ESR
t&®mo AHH BHFEENE, 2 viAEE2RF7
T3, BERERCAYONIEERE, LEFEITR
DEBYTHS.

(EBRI)

U 2RISR B & 3~4 X 10° cells/ml & L,
BERERTCEY R ROBRBEICR S L 5 THEML
7z. 1,3,6,8-TCDD, 2,4,6,8-TCDF ¥ & tf HCB it 90
ng/ml, 2,3,7,8-TCDD % 15 ng/ml, OCDD it 5 ng/ml
TH23, aviro—r0filcik7E by (B o
& 0.5 pl/ml BRINL 72, HRNtk 48 BERIE MR % &%
o, AHH EH2RIEL 72,

(EBXR1)

Y oNEREEERMAEE & 3~4 X10° cells/ml & L,
1,3,6,8-TCDD & % >t 2,4,6,8-TCDF % # h Z &
FRBEY 45 ng/ml, 9ng/ml, 22.5ng/ml, 45ng/ml,
0ng/ml L% k5 ICHEMLE, a3y bu—LM
Bz 72 b DA 0.5 p)/mlyEL 72, WA 48
REIE e 2 £, AHH I\ 2HEIE L7,
(EERIN)

Y Lo SERBEEMIIIEE % 3~4 X105 cells/ml & L,
BERERLAM R RKBES 7.5ng/ml iz 3 &k
DML 7z, ALEYRIBLEOHEOHEAEDE
%, 2,3,7,8-TCDD & 1,3,6,8-TCDD, 2,3,7,8-TCDD
& OCDD, 2,3,78-TCDD & 2,4,6,8-TCDF & & U° 2,3,
73-TCDD £ HCB Th 3. v bt o—LOMEciZ
TR EDHL0L/mIERML 72, BN 48 R E
wiilaeEs, AHH EME2EIEL 2.

¥ R

1. EERI

EEFER % Table 1 wrd. 2,3,7,8-TCDD (£
BE 15ng/ml) MBIk b, #55 AHH EES E
3%, 2378-TCDD &Y % 6 5= BEDMEIZ X
D, 1,3,6,8-TCDD i3#9 2 f5BERIEH 20 583, 24,
6,8-TCDF i3 ¥ 12 47 40%7E 2 FHE L 72, % 77,
OCDD (7 % b » ~OBMESEL Z L2 X D Rk
i3 5ng/ml) 1249 30%AHH &M 2 & o 7., HCB
% 90 ng/ml DB IZ b Hhb o F, AHH EH4
NOEEIIZEALBEIWZ LT,

2. EBRII

KEE ] OFER»S, 1,368 TCDD » AHH M5
HHEB XU, 2,4,68-TCDF © AHH JE ¥ = 1587
ENoOT, ZOXRRTRE(LEYO AHH FH iz
W 2O - RIGEFR 2R, 20#ER % Fig.
1w, 1,3,68-TCDD iz L 21 0HE L 4.5 ng/
ml OEBEE» SEES N, HENEWE.KISHEFR
AHohtz, 2,4,68-TCDF iz k2 AHH R OEE
BLTH, & - LEEFRSEHES N, 4.5ng/ml DK
BEICBOTHH 30%DIERE T 2D stz
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Table 1 Effect of dioxin congeners on basal aryl hydrocarbon hydroxylase activity in human

lymphoblastoid cells.

R

elative AHH activity*

Human lymphoblastoid cell line

Treatment Dose (ng/ml) A B C Mean+S. E. M.
Acetone - 1.0 1.0 1.0 1.0
2,3,7,8-TCDD 15 5.8 3.3 5.4 4.8+0.8
1,3,6,8-TCDD 90 2.8 1.6 1.8 2.1+0.4
OCDD 5 1.1 1.2 1.5 1.3%0.1
2,4,6,8-TCDF 90 0.6 0.6 0.7 0.6+0.02
HCB 90 0.9 0.6 1.3 1.0+0.2

Relative AHH Activity

Respective basal AHH activities of human lymphoblastoid cell lines of A, B and C were 0.035, 0.039 and

0.020 pmol/min/108 cells.

* AHH activity of the lymphoblastoid cells treated with each organochlorine compound/basal AHH

activity of the same cells.

5.0

3.0
1. 3,6, 8-TCDD

N

3

"
A

2,4, 6, 8-TCOF

_—

e __§

!\i

-y i ] L |

10 60 100

Concentration(ng/ml)

Correlation between concentration of 1,3,6,
8-TCDD or 2,4,6,8- TCDF and relative
AHH activity in cultured human lympho-
blastoid cells. Relative AHH activity indi-
cates the ratio of AHH activity treated
with 1,3,6,8-TCDD or 2, 4, 6, 8-TCDF to
basal AHH activity. Each point represents
the mean+S. E. M. of relative AHH acti-
vities from three
lymphoblastoid cells.

individual human

3. EERII

2,3,78-TCDD ic X Y £ 5w AHH EME»SFEH I
%5, 202378 TCDD ik h&HEHEa 3 AHH &%
LT, MOBEBERLEYRED X S RFREZR
TTHS D0,
>%b, 2378 TCDD r #0fhoEHERLEWE
WAL A LEAGDE TRERNCY & BRI

ZOERBRTI I OFET DL TR,
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L, AHH EMoZRtE#EALOTH 2, SLEY
DOHEMBEIXTRTT7.5ng/ml Th b, ZOEET,
2,3,7,8-TCDD iz & W #5.6 %, 1,3,68-TCDD iz & b
HS0%REREE S LR LS, Livl, 2OMOEE
RS EMTIE AHH BE~OFERRIZ LA
FEganh o,

2,3,7,8-TCDD & 1,3,6,83-TCDD % 3% \» 13 OCDD %
BIERIZ U Vo SEREEBHIIRIC AL T3 2 L2 & D, 23,
78-TCDD BB D HBS D AHHE®R LD b, %
nNZ 25%, A3%BREES LA LR, 72, 2378
-TCDD & 2,4,68-TCDF % BB ICMET 5 Z ¥ 12 &
D, 2,3,78-TCDD BB OHE& D AHH EH LD
LK EERE®ESET L 72, HCBI223,7,8
-TCDDic & hFH s h 3 AHHEH XL T b,
Fol K BELRIZE R,

% =

ZOHETIRLEBE»SEZ T, BEMEVLLE
AehbyA4xFvy, ¥4 w750 AHH
EHCR T B ER 2 #<7z, 90 ng/ml (90 ppb) DB
& T, 1,3,68-TCDD &8 & *OCDD i AHH & % %
ZEL, 2,4,68-TCDF ix basal AHHEMZHEEL
J2. % 7z, 7.5ng/ml (7.5ppb) D{KEE T, 2,378
-TCDDw & v EFEE s 5 AHHE % %, 1,3,68
-TCDD B X *OCDD X & s e E®, Mg, 24,68
-TCDF ixfEEL 72,

1,3,6,8-TCDD 13 HEDEEE A B> & 138K
HxhTwizwss, OCDD 3T, FeRsfEfkc 0.1-1
ppb DBETHRE IR TWEY, 20k 3, OCDD
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Table 2 Changes of relative aryl hydrocarbon hydroxylase activity in human lymphoblastoid cells
after the treatment of the organochlorine compound and the combination of 2,3,7,8-
tetrachlorodibenzo-p-dioxin and the another compound.

Relative AHH activity*

Human lymphoblastoid cell line

Treatment Dose (ng/ml) D E F Mean+S. E. M.
Acetone - 1.0 1.0 1.0 1.0
2,3,7,8-TCDD 7.5 4.4 7.0 5.4 5.6+0.7

(100)
1,3,6,8-TCDD 7.5 1.4 1.5 1.5 1.5+0.03
OCDD 7.5 0.9 1.1 1.0 1.0+£0.06
2,4,6,8-TCDF 7.5 1.1 0.6 0.9 0.9+0.2
HCB 7.5 0.8 0.9 1.0 0.9%£0.05
2,3,7,8-TCDD 7.5+7.5 6.5 9.2 5.4 7.0%£1.1
+1,3,6,8-TCDD (125)
2,3,7,8-TCDD 7.5+7.5 7.6 8.9 7.6 8.0+0.4
+QCDD (143)
2,3,7,8-TCDD 7.5+7.5 3.6 4.1 3.9 3.940.1
+2,4,6,8-TCDF (70)
2,3,7,8-TCDD 7.5+7.5 4.6 6.5 5.7 5.6%0.5
+HCB (100)

Basal AHH activities of the human lymphoblastoid cell lines of D, E and F were 0.058, 0.042 and 0.029

pmol/min/10° cells respectively.

* AHH activity of the lymphoblastoid cells treated with each organochlorine compound or the
combination of the two compound/basal AHH activity of the same cells.
Figure in parenthesis indicates the percentage of the relative AHH activity to the 2,3,7,8-TCDD induced

relative AHH activity (1009).

BEAAFYY, FARY 75000 TRED E
bREETCARERE OBRHEENTEY, ZTOAGE
BEFET 2 2 LA HANCEEHIATWS, 20
WRTRaNz LD i, OCDD BT £EERH
HEURVBLY~LTY, 2,378-TCDD O L 3> 2 EHEM
EEMERET LI XY, ZOER2ED 268
Ma3H %5 (Table 2), 2Dz ki, fOFHEIE
EEZONTWEFAFTFY Yy, T4V T T,
PCBs %z v DFH X HBEHRTE 20 b Ly, 51,
TAXFO Yy, FANYY TS5 L5 ANEBRBE
DEICHBET 2 DOLEETIZ RV, WAL LLER
HFT, IhsOFBERLEWBERT 2 2 L HHE
BINTWEYDT, AMBBENS > E k54
HEHLEETE R, 7, BHE-AfgstkoBE:L
THMLTWABREDERIETIE, oML, HBE
AL RET % & 5 RBEOMBEI, ZORRAD L
THY, $HBE, ZOLIREE»LDT Fu—F%

HETH 5,

Bolt, #Jzbid PCBs R8T & 3 MSF-PCBs
S, AHHEER2BEET 2 2 L 28E L9, ot
FTH, FRICKLT, 24,68 TCDF 7 AHH &
#FHE L. 2,4,68-TCDF i BAEOEYE ADKE- 4
B s IRTORNLY 28, SEERMED LE
ZONTVAMODY ANV TIEBBThH, R
DIEADBH 23 AN LERD S, £,
MSF-PCBs % 2,4,6,8-TCDF %« ¥ 1z & % AHH & #
HEEROEMFNER PP T L L b EETH 2.

2755 —PCBs i3 PCBs D% TIIEMROR WA
HETHD, F44Fvy, FARUY 750K
T2, ABBELRVWY. ZOWFRTIE, 9ng/
ml (90 ppb) O T basal AHH {2t 2 1EH
BRI AYBEshiho/, £/, T5ng/ml (75
ppb) DB E T, 2378-TCDDic Xk h EHEx h 3
AHHESICH L C b o @8R RIZS hdh ot &5

(21)



200 E b =
%, 3773 —PCBs OEMBFEI DT FEHICH
FTTLRENDH B,
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UCoHelT, WhnsatFEMELIFEREATY
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53, ZOBHIRAER E->T, b THRELMET
%%, AHHEYOFRED 2 HIREE & » I HEERE,
VB WS IALEE I L TAEBHSRT S o & D HHE
BRIGD—D2 FEZoND, Z0O&) 2SBEEEL
Awt, RBENT, LrbEllos B, »wan
2 bFEWED, FI-EEEROEREZEELTAL,
AV —=v TR L REETHE, LT, O
LI RPRERI S, ThSOEEB L UAKREE R
RS 2 IHEER X D IE S 5 2 L3,
SLWEETHS,

4 & &

HEEEELE L EE 2 5 R 3 1,3,68-TCDD,
OCDD, 2,4,6,8-TCDF 8 & U HCB @ AV >/ EREz#
WO AHHES T 2/EA 28RN, TiLo LD
BRERPHE IR,

1) 90 ppb ©1,3,6,3-TCDD ix #7 2 % AHH & £
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Effects of 3-Methylsulphonyl-4,5,3’,4’-Tetrachlorobiphenyl
and 7,8-Benzoflavone on Aryl Hydrocarbon Hydroxylase Activity
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First, we examined the effects of 3-methylsulphonyl-4,5,3’,4’-tetrachlorobiphenyl (3-MSF
-TCB, 1.5 ppm) and 7,8-benzoflavone (ANF, 1.4 ppm) on aryl hydrocarbon hydroxylase (AHH)
activity in cultured human lymphoblastoid cells and we have obtained the following results: (1)
3-MSF-TCB preferentially inhibited the enzyme activity induced by 2,3,4,7,8-pentachlorodiben-
zofuran (PenCDF) or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and slightly stimulated the
enzyme activity induced by 3-methylcholanthrene (MC). (2) ANF reduced well the AHH activ-
ities induced by all the three enzyme inducers and more strongly inhibited the PenCDF- or TCDD-
induced enzyme activity (about 89%). (3) About 64 and 76% of basal (uninduced) AHH activity
was lowered by 3-MSF-TCB and ANF, respectively.

Second, we investigated the effects of 3-MSF-TCB (1.5-45 ppm) and ANF (1.4-42 ppm) on
AHH activity of hepatic microsomes from the Ah nonresponsive (DDD) and responsive (C3H)
strains of mice and we have got the following results: (1) 3-MSF-TCB and ANF enhanced or
reduced the enzyme activity depending on both their concentrations and kinds of microsomes,
namely, those prepared from untreated mice (control-microsomes) and mice treated with MC (MC
-microsomes) or TCDD (TCDD-microsomes). (2) ANF showed higher potency for both the
enhancement and the inhibition of the enzyme activity than 3-MSF-TCB. (3) The AHH activity
of TCDD-microsomes seemed to be more greatly reduced with either 3-MSF-TCB or ANF than
that of MC-microsomes. (4) The effects of 3-MSF-TCB and ANF on the enzyme activity of MC
-microsomes of DDD mice and of control-microsomes of C3H mice were quite similar. The
effects of both compounds on the AHH activity of TCDD-microsomes of DDD mice were also
quite similar to their effects on the enzyme activity of MC-microsomes of C3H mice.

Taking account of both the experimental results described above and the action of ANF on
the enzyme activity, which have been studied so far by other scientists, the following considera-
tions will be possible: (1) The stimulation and/or inhibition of the AHH activity by 3-MSF
-TCB and ANF seems to depend on the quality and quantity of cytochromes P-450 (P-450), which

(23)
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are key enzymes for the AHH activity, present in the microsomes. (2) When the main P-450 in
the microsomes is LM3C, the enzyme activity is probably enhanced well by 3-MSF-TCB and
ANF, and when it is LM6, the enzyme activity will be strongly inhibited by them. We consider
that MC possibly induces LM3C, LM4 and L.M6, and PenCDF and TCDD more preferentially
induce LM6.

It has been shown that no or less toxic TCDD congeners inhibit the induction of P-450
dependent monooxygenases including AHH by TCDD through the competitive displacement of
TCDD with them in the aryl hydrocarbon (Ah) cytosolic receptor. The Ah cytosolic receptor,
however, is considered not to be present in the hepatic microsomal preparation used in this study.
Hence, we think that the Ah receptor is not involved in the action of 3-MSF-TCB and ANF on
the AHH activity and that the two compounds more directly act on P-450.

According to our present study, PenCDF and TCDD seemed to predominantly induce LMS6,
and this type of P-450 considered to be much more effectively inhibited by 3-MSF-TCB and ANF
than the other types of P-450. Our human bodies have already been contaminated with the
organochlorine compounds such as 3-MSF-TCB, PenCDF and TCDD. One of the most important
problems to be solved will be the biological and/or health consequences of the mixed contamina-

tion of these compounds, particularly for the descendants.

(Fukuoka Acta Med. 80(5): 201—209, 1989)
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Fig. 1 Effects of 3-MSF-TCB and ANF on the basal, MC-, PenCDF- and TCDD- induced AHH activity in
cultured human lymphoblastoid cells. Final concentrations of 3-MSF-TCB, ANF, MC, PenCDF and
TCDD in culture medium were 1.5 pg/ml, 1.4 pg/ml, 0.7 ug/ml, 7.5 ng/ml and 3 ng/ml, respectively.
Relative AHH activity represents the ratio of the enzyme activity treated with the chemical or the

combination of chemicals to the basal enzyme activity.

In this experiment, two individual human

lymphoblastoid cell lines were used for the enzyme assay and their respective basal AHH activities,

which were used as the standard (1.0) of the relative enzyme activity, were 0.017 and 0.017 pmol/min/

10° cells.

calculated from the two lymphoblastoid cells.
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Each figure on the top of the bar indicates the mean of two relative enzyme activities
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Fig. 3 Correlation of specific AHH activity and
concentration of hepatic microsomal pro-
tein prepared from DDD mice treated with
MC (O) or TCDD (@) and from C3H mice
treated with MC ({J) or TCDD (H).
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Fig. 4 Effects of concentration of 3-MSF-TCB
and ANF on AHH activities of hepatic
microsomes from untreated, MC-and
TCDD-treated DDD mice. Specific enzyme
activities of the untrented, MC- and TCDD
-treated mice, the standard (1.0) of each
AHH activity, were 413, 644 and 3344
pmol/min/mg protein, respectively.
Untreated mice; @: 3-MSF-TCB and:
(O ANF, MC-treated mice; A : 3-MSF
-TCB and A : ANF, and TCDD-treated
mice; l: 3-MSF-TCB and []: ANF.
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Fig. 5 Effects of concentration of 3-MSF-TCB
and ANF on AHH activities of hepatic
microsomes from untreated, MC-and
TCDD-treated C3H mice. Specific enzyme
activities of the untreated, MC- and TCDD
-treated mice, the standard (1.0) of each
AHH activity, were 52, 2693 and 10275
pmol/min/mg protein, respectively.
Untreated mice; @: 3-MSF-TCB and
O: ANF, MC-treated mice; A : 3-MSF
-TCB and A : ANF, and TCDD-treated
mice; M: 3-MSF-TCB and (J: ANF.
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SO THEMLTWwWSE, %7, DDD o TCDD-: >
DY —LOBERERCHT 2EAEEMOER L,
C3H O MC-3 7oy — ADBREE T 5HLE
VIOIERR E o THEULTW S,

% =

AHH &EMIZIZ, WA W2 24 FFED cytochrome
P-450 (P-450) »SEE5 L T B H 2920 2D 3 5EITHEe

55 A

ELEYMBICLY, 2R DERTH B9, ANF &
AHH FH w57 5 P-450 » BRI, “hiT
BHLZ TV FONED P-4550 s B THESATL
9 CDEETY, PAS0 O EHEGRIE T F
DP-45012 BT 2 % DRSO, MChH 2 v i
TCOD L OV FEEIND EEZONTWBE YT RAD
P-450 1, P;-450 ¥ P,-450 T & 2%, P,-450 £ P,
450 X Z I TD Y ED P-450 DS TIE, ThF
NIM6 & LM4 %D, $72, #hFNTFv +DP
-450, & P-450, wAHY ¥ 2,

BRLZ, WAhuip v FOP-45012 &k 2 in
vitro » AHH #EMicnt 2 ANF OER 52 HN5 &,
ANF 3% { @ P-450 © AHH B2 ED 7228, 1275
IM3C Iz L 2 BEREEOAFE DY, ZOPE T,
F 72, TCDD % %\ [k rifampicin 385 L7z w4
DHE»S 70V —a2BRL, #5030
Y —40 AHH BT 2 ANF OER T
B, vHFOEES TCDOD ok b LM4 » LM6 »nFE
2, rifampicin 12 & D LM3C #HEBE X A 219,
FREENZ L5112, ANFIZTCODEE L7+ %
DI zrzuYV—hADAHHE® % K &, ¥,
rifampicin 5 L7: v FD 370y —ADBEE
HERBLED ., BIOPETSH, ANF iz LM3C
Wk bHAHH ER2E oY, LM6IC L 2BEEE
FIZTERICHEL 2?9, Ll, LMAIC X 28RS
s 2 ANF ORI, chEThL 2 28HET
Bazw, DD, BREEREDLY, 800ED
72D T 50TH B, ANF O P-450 o343 2 {EH
i, Lok, P40 0AFEICLY, £-57:<
&3 2., ANF2 AHHESZHET 52, 550
BEDLILEI 70V —ACHEET 2 P-450 0@
EERIMTIKEL T2 L5 TH B,

ZOWETYH, 3-MSF-TCB &« ANFit b + ) >
NEREEMEB I Y A0 70V —5aD
AHHEMZHEELLD, s, Bob L
(Figs. 1, 4 8L U'5), bt Y v Sk ciy, 3
-MSF-TCB i MCAL B D55, BRIEM % 10%5
%, PenCDF & 2 & TCDD B OBE X, #iz,
TNFh65%, 34%E D 72 (Fig. 1), % 72, ANF
¥ MC, PenCDF &% % >3 TCDD L3 L 72358 D B2
REEERZNFR, 62%, 89%, 89%FEEL 7 (Fig.
D, COk> R E, FHEShIP-H00EEL
B, ThZhoOFEFCIVELTEY, 205
BT P-450 HFFEIC T 5 3-MSF-TCB % 5 \»
X ANF OfERI b —BTRL I L2 RBLTWS, A

a
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BHOBERE, ~VAOFEI 2oy —40 AHH &
BT 2HEENOERE OV TLEEI N
(Figs. 4 8 £ 1'5). 3-MSF-TCB i 3.0~45ppm T
DDDpay rue—-BEIUMC-2270yY—»4abh3
W CHOary rto—A-3 70V —20BEEHE
%1.3~23fE&EH /. UL» L, ANFOEHIZ3
-MSF-TCBOEH £t 3 ER->Twik, 2% b,
ANFI121.45% i3 2.8ppm TDDD D3> b o—
NW-BIUMC-3 70y —20H50w3C3HODav b
o—p-327nyY—»s0 AHHEE® 1.4~ 3EED
7o, BESSSHICELRSE, IORRUERE
MRwwlHEs N, 20X RERERLID, 3
-MSF-TCB % % \»i3 ANF & AHH &Eicxt 3 515
AREO DL LT, ROLS B I eNRBEND,
(1) EHRUBEEET, H28DP-450 k3% 3
-MSF-TCB ofEESGE 1 AFFTH D, DAL
BERENEY FRECLFAVLS S, ZOEAIE 1 ug
DIV —AhLiZDE0.3~0.5pg D 3-MSF-TCB
wihfafT e Ez 60D, (2) EBRL-BEERH
T, »5MED P-450 ixxt 3 5 ANF O {ERERAI X 2
AFRH B, ANF oL CEMEDOE WS 1 B3R
REME LRI 2EALHLD, HAMEDOEHZ2E2E
e, BREERZET SR 2ERARH S, F15
fLiZlugd 37 ayV—LiZD%0.05~0.3ug®d
ANFiwz kX vgafiL, Zok, ANFI3E 2 #iricfE
BT3,

DDD &, Wb 2 AhFEICERERRKO T A TH
b, CBH X AhISERRKL O A TH 2, L
BT, MC®E5wk kb, DDD i iFigo AHH E#
WhHEH EERT, CBHREZICLHET 5, 3-MSF
-TCB®8 L PANFZDDD O MC-3 7 aV—4A Lk
CBHopzrviro—n-327uy—5r0 AHH XL T,
¥ 7, DDDo TCDD-3 7 o V—24 & C3H @ MC
~E7uV—-L0BRENLT, EbOTHEUL R
ERENO LEH S AESERAR2RLL (Figs 48
L U5), 2o Z ik DDD D MC-% 3 iz TCDD
~IuV—LREET S P-450 DFESE L B, #
NZEFNCHOaYy ba—A-HB0nEIMC-3 70
VoLUWHEETALDLHEMUT A I EERBL TS,
$7, CCHo TCDDic X D FEE 3 1 2 P-450 1%
ANFiz kY, b THERL, ZOHEESHEESR
% (Fig. 5),

INFE TR L, MCH 2wz TCDD i2
IVFEEaNBEEL P-4501F LM4 & LM6 £ 2 5
T30 s, 3-MSF-TCB & % ik ANF

Oz 7oy —20 AHHEM 5 2 FED &
I BMERREER TS &, MCH 2wz TCDD iz
EIVFEaN L P-45013, # oM, B bIicHEE
LTwaageEsnsd s, 20, DDD Tz MCiz &
DEICLM3C & LMAnFEHE S h, TCODWw L h £
WIM4 & LM6 FHE a2 EEZ 5N D, £,
C3H iz MCiz &k v £ LM4 & LM6 23558 = h,
TCDD iz & v LM6 BB CHEEsnD tE Lo
%, BB, b NYUoSEREEAROBES T DWW THE
#£325r, MCizxh LM3C, LM4 8 & 1f LMS6 248
W42 P-450 FFEHE S 1, PenCDF iz & b iz LM6
WHHT % P450 sgEE & 1, TCDD iz & » LM3C,
LM4 & FIFEZ LM6 24855 % P-450 25 & 0 (B
WHEEShD EOwEbh 3,

polychlorinated dibenzofurans (PCDFs) D&M 0D
& \» B % fk % PCBs % TCDD @ 1,000~100,000 4%
DF, TCDD ¢ EREEMBCLET 3 &,
TCDD BMAEOBEEE I NI BREFEENEE
&N S Z e BsHEs N TWEM2, 2L T, &
#M o PCDFs A7z iz k5, 20 & 3 kilElE
BHiZAhY 27y —%2 AL TRBETILIEEZLNTY
5, 2%Y, Ah V& 7% —izxt3 2 PCDFs Bk
BEOETNNESHEERABFD A=A LELTE
ZENTWRDTHL, & b EREFEMEOES,
AHHEMS ORI ZER A 2HATHF>07T, 3
-MSF-TCB % % \» i ANF OREZIER T 3 /EH
W, Ah Y 278 =5 L TwahE Db, HEHN
HEETH2, ZOPFETIE, b b ooSEREERBO
AHH E 33 2 LG OIER D, in vitro DFF
fgs 7oy —a0BRER L CLEBERS N
Je. —fZ, AhV 7y —3RBECEET S L&
ZHNTVEY, ZOWRT, Flb@RLLz: 2
0y —ASGEZZHEEREEL 2O T, AhUx
TE—bHFHELZVWEEFEZONRD, Lo, 3
-MSF-TCB % ANF ORZiE 3 2 EAKHEK
Ah Y w7y -5 LT85, Mm{ba#id P-450
WEEFRAL TLAREEIRW EE L TV 5,
3-MSF-TCB & () ANF i3 55 84853 5 2 W I BT
ooy —roBRERC L TREEREREZE
B, FHMEEIO 2D &5 2{EEIX in vivo o B
TLRBCEESNSETHS > », ANFiZ 7,12
-dimethylbenz (a) anthracene iZ X 2~ 7 X7 H >
OFEEBIMFL 7225, AHH EEOHEIZME L~
»ot® %7z, ANF i MC iz X 2 §Figo AHH 3E
O EFEEMHE T2 2 2Lz, MC I & 2 g ild]
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ERZIZIZR2WERHE LY. 20 &5, ANF
OBERBEHCHT 3EAZ in vivo TREE AN T
BOH, EMENCIEELIEAE2RBEL WS, 3
-MSF-TCBiZ2>WwWTik, 2hET, 2DLH7%in
VivoOOFIFF BB S L Twv 2w, AKIiE3-MSF
-TCB 7z & MSF-PCBs ic Xk 0 ¢ T2, »ikbhiHg
ENTnB9® &4 MSF-PCBs @ in vivo 2817
2AHH 23U T 23270y —sBRendT 2
EH L Z DAEYIFHER, b2 ifloBEEYE, &
HEE OMEER - FOEMFENEEL X ID0
THHT 2 LB H 5,

E3 & &b

YU OoSHREEMEO AHHES 4+ 53
-MSF-TCB & ANF OfFF % s - #f58L, KD &
I RRERESE SN,

1) 3-MSF-TCB i3 MC iz & h S8 S h 2 EERIEN:
Tix7 ¢, PenCDF $ %3 TCDD i k h FEx h
ZRREERBANCEETS %,

2) ANF i MC, PenCDF % 2 \» i3 TCDD 1z & 0
FHINWIBREEZV T L E{HET 3, Pen-
CDF 5wz TCDDic X W FE S N ABEEREE &
DEHET 3,

3) 3-MSF-TCB %2 Wiz ANF ik hEZE s 1 3
BERRKSTI basal AHH MOy, R DEFEET
5,

AhFEEEHODDD w7 R 8 L AW ISE O
C3BHY Y 2RDFs 7oy —240 AHH EH ¥
% 3-MSF-TCB & ANF OfEf % Hg &L, RO
Lo fERBB LN,

1) 3-MSF-TCB 8 L U'ANF RBEW LD, %7-
170V -LA0BEC L VBREEEED D, B,
FEELD T3,

2) BERENEEE D 2HE, TOMEME, 3-MSF
-TCB & v & ANF 55580,

3) BREUEEET IHE, TOEMAIR, 3-MSF
-TCB &9 & ANF D135 2330,

4) 3-MSF-TCB % % \»ix ANF O RIiEMEEE
B, MC-27uav—nskby TCDD-3 270y —A
DEEF WXL T L DR,

5 DDD @ MC-3 7 uy — ADBEZERICNT 2
WMEEOER Y, CCHOa v ru—L-3 270 —
L OBEFRER T 2 LSO ERD & b o THED
LTw3, $7%, DDDO TCDD-: 7 u Vv —LDk
FEHCHT WA OER L, C3HO MC-3 2

E»5A

7Y — AOBREEICH T 2HLAEYOIERNEbY
THERL Tw 3,

IDEIRHEERYE, IhE TICMMOBIEE
fT-72 AHH iEtkicxtd 5 ANF OB P 2EE L
T, TERDEI REBENARETH L),

1) 3-MSF-TCB ® ANF 0 & 5 fb&¥ic & DB
REMNBE 50, hLniIEHICHEILEBIZ I Y
Y — ACTEET % P-450 OFEIE & BIhiCKkIE T 5.

2) 20V —AiZP-450 £ L TLM3ICH %<&
FNBEAEWIE, 3-MSF-TCB® ANF Iz L ) B
EHNERL, 7, LM6S%H< SN 2HEI0IR
BEREESREEa N EE2 RS, FEROME
HRELrEETZ L, MCizkbh LM3C, LM4B LU
LM6 #3353 X f1, PenCDF % TCDD iz & h LM6 »8
L VEENCHEEEINZ LS TH S,

—EROIEE I AHH EEOHERE ClRED
AWV 7y —BREEL Twb EE2Tw3, Libl,
ZOMETHWR 2 70V —ASEICE ALY 7
Y—BHELELZWOT, 3-MSF-TCB ® ANF 0 B
REE T A2ERI Ah Y v 75 5L Tw3
AR VW EEZ T3, Zhs D{ed¥id P-450
KEHENZERLTWEDTHS S,

Z ORI & b, PenCDF % TCDD 1z & H LM6
WZAHY T % P-450 28BN E S L, e, LMS6
iZ 3-MSF-TCB ® ANF iz X D fthd P-450 £ 0 & &
<, ZOEENEESNS ZENTRBINS, A
% T PenCDF, TCDD, 3-MSF-TCB % ¥z £ b,
HEECEREINTH S, S8IE, 00X 2EEHS
BOAREELEPET L, L RFHRAOEES
AT 2 C EEELMRFTEL 2 L EZ T D,

X 7y
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Evaluation of Toxic Effects on Yusho Causal Substances by
Chick Embryo Hepatic Microsomal Enzymes Activities

Takashi KasHiMoTo, Koji Takavama, Mayumi MIMURA,

Souichi OHTA and Hideaki MivaTa

Faculty of Pharmaceutical Sciences, Setsunan University, 45-1,
Nagaotoge-cho, Hivakata, Osaka 573-01

PCBs, non-ortho chlorine substituted PCBs (Co-PCBs), PCQs and (PCDFs+PCDDs), all of
which contained similar compositions of those corresponding in Yusho oil, were prepared from a
PCB preparation used as a heat exchanger fluid. After dissolved in 1, 4-dioxane, they were applied
into the air sac of white leghorn eggs incubated for 16.5 days at 37.5°C. Forty eight hours after
injection, the hepatic benzo(a)pyrene hydroxylase (AHH) and 7-ethoxyresorufin deethylase
(EROD) activities were assayed.

The average relative potencies of induction for the two microsomal drug metabolizing
enzymes by (PCDFs+PCDDs), Co-PCBs, PCBs and PCQs were 100, 13.4, 0.0006 and 0.0004,
respectively. The toxic effects for Yusho disease by these substances were calculated from the
relative enzyme induction potencies and the average concentrations in Yusho oils with the
production dates of February 9 and 10, 1968. Consequently, the relative toxicities of (PCDFs+
PCDDs), Co-PCBs, PCBs and PCQs were 100, 13.2, 0.06 and 0.12, respectively. This result, as well
as our previous investigations using rats and monkeys, insists that (PCDFs+PCDDs) are the
primary causal agents for Yusho disease. However, the Co-PCBs, which were recently detected
in the Yusho oils by us, were revealed to be fairly effective in Yusho manifestation.

In addition, it was cleared that the hepatic enzyme induction by the Co-PCBs fraction, which
contained other several PCB isomers, was almost completely contributed by only Co-PCBs such
as 3,4,3,4’-tetra- 3,4,5,3,4’-penta- and 3,4,5,3,4’,5'-hexachlorinated biphenyls present in the
fraction.

A chemical uptake rate from the air sac by the chick embryo decreased significantly in the
cases of extremely high doses of PCBs (10,000 ng/egg) and PCQs (3,333 and 10,000 1g/egg), and
resultantly the elevations of hepatic enzymes activities were depressed, indicating that the
suitable chemical dose amount to be less than about 1,000 xg/egg.

(Fukuoka Acta Med. 80(5) : 210—220, 1989)

L B L BRI, ARREFNIT RS X CIIERER R,

bhvbiik, BIEEFEHRE PCBRGE,» S, WIER
RmbicEzngd b0 EUOMHE%E b D PCBs,
PCDFs 84 ' PCQs 2F®iL, 7y b B XUV L%
AW CHERRYE ML TERLYIM, v b
B DEENE, FEIEX, MIRER, FEEDRS

(32)

YN B T BRERY, BE, 7orT 7 AER, &
JERBEIE T 72 ¥ @ # % » o, PCDFs i PCBs ®
PCQSIZEANT, BE/~ETHE L EEREOE N
BB ER 0T, FOHKRE, BEQFREYE X
PCDFs T& % L& s huie,

Lo L, FiRY C®HELR LS, FrelEREL



HERERYE O

Ttk e Ao THERRB 2B ML &R,

PCDF #Ar T3, ERBE E N T v/ EiEl
PCDF it & - = b AH iz, BT
bR DEZoTWE I ENERINR, 72,

PCDFs » izizRIBED 2 75+ —& PCBs &, #1/
EEOXRVEEAI NV V-p-F F v v
(PCDDs) 3@i7-icRHi &z, & 512, fEkoMWE
BEEBH O PCDF e R BTz, SWEME
SEFETHE U5k PCDFs 0 3 fR4E R T5H 2 K1

{EPCDFs R E T w5 Z L S & o717,

SEi, ChoOFAEE S Lic, BE, HEEY
REEEFFERE 2B L CREBBOEE L&D
ExXvi) -2 ik Ep I BYAN

X B F &

1. HE

1) n-~FHy, HxXFVvy, =¥/ -, X
¥ /=B & UEAFRES MY 7 A EERAFE TSR
B, BYHEESNE, L4-VA Yy EREFEIE
Fmy, ESEAERG  KEbA Y v A, FHEBER, MU REE
et (pH74), =+ Vv 97 3 YIUERR, 7F
LeRaFybrry, VUBTAREAY YL, Y
B—kFEAH Y T A, Bloeer 2y A, KRBT MY
TAIHIEMETELE, RERR I 7 Vva-—2
-6-Y 8 (G-6-P), NADP* . 4V x> ¥ VEfFt:
gl 20— R-6-V ik £ B F . Boehringer
Mannheim 8,

2) AFr7u~v A7 IS Merck # %! (Art.
No.1077), %, EHEEIL.

3) A AzuwbAYY DTN Merck #H &1
Kiesel gel 60 (70~230mesh) D& D% X5 L —NVT
R —-REE L b 0,

4) 10%REEEERY U A7, 22%B & U 44%FRER

S UHAFN, 1.98%KOH &Y 4 @ iR 0&EY .,

5) Co-PCB #E#5, : 3,4,3’,4’-tetrachlorinated bi-
phenyl (3,4,3,4-T,CB) 8 X tF3,4,5,3,4,5-hexach-
lorinated biphenyl (3,4,5,3,4',5-H:CB) 2 Analab #
#1. 3,453 ,4-pentachlorinated biphenyl (3,4,5,3,4’,

-P;CB) B AU RFENEEE L o RES L7 b D,

6) Resorufin BZ¥ES, @ BB T34 4,
7) 7-Ethoxyresorufin #2#£ 5 | Pierce #1584,
8) Benzo(a)pyrene #BHES, | FILHIRE T 345,
9) 3-Hydroxybenzo(a)pyrene #Z ¥ 5 © K HF 37
NREEFZET BH NETIDBEIALDLO,

(33)
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10) E&H PCDDs, PCDFs fZ#¥5 | A4RS O@D,

2. (PCDFs+PCDDs), PCBs Co-PCBs &0
PCQs D{ES

ERgER b T2 & B s W BRI E A% PCB
% Fig, 1 Cmd HIERICHE > TOBBR L 2. B
I A 8 B % PCB 81 5 300 g % 30 mmHg o 3 [E T
200~300°C TR 1/10 Bz /2 5 £ THRE L 1. BEY
1g%30ml D n-~F4 2 ZEEL 72, 100ml 53
Wo— L, 0.5N KOH-x % 7 — Lk 20 ml
BNz, BRETT2EEKRE S Lk, ®iZ, 35mlo
AREHM, S5AMEE > Lk, 10 BKREL, T
BoKBEETKk, n-~FY¥ B, K20mlT,
2 EcEE, EAFEEF MU YA THAL, BIERY
WCHEU CEHRBLL 1oREERER S U 4 o FERY Y 4 «KOH ¥
DAREEY T LA LR, n-~FH > 100ml T,
PCBs, Co-PCBs, PCQs, PCDDs, PCDFs % Hi L7z,
COBEHEREBRETT VIS I00g R RE LSS
L (70cmXx3.0cm i.d) ICEEELAARE, 79,
1.5% A F v e n-~ %4 v E¥K3,600ml T
Co-PCBs %< PCBs 2 & ¥, #T, 2.5%E
AF Ly e n-~FH% EHK6,600ml T Co-PCBs
L KERSD PCQs, & 51, 50%HbXF 1> n-~
FH EIKT,200ml THE D O PCQs & PCDDs,
PCDFs #4794 L DT &€k, F1ESOD-~F
B 100ml W BREL R, TALI AT A
(200g, 3.0cm i.d) TEHEBRZ T (BHEK:
1.0%HE L X F 1>« n-~F 4 2K 3,600 ml), #
H 2 B L 72, 20 —8% ECD-GC i fit L,
By EBIRERE L,

BIRBEOTALIF AT LBSEBLNE2EDS
FUEIES 2 K DBHER CRBER, TRWBEE
BELT, R, FREFLOBRE2EMAFL >~
10ml FOWRERL %, BEOWCELCTGPCr o
TSI T4 —R{Tolk, B2EHZBCDOWTE, Co-
PCBs % K&f4530 PCQs, H3EFICDWTIREY D
PCQs & (PCDFs+PCDDs) 2 /T BERSSI L 72, 55 2
HOBLUEIES» BN PCRsEHEEE
L, PCQsESE L7,

GPCHILza~r o774 EDENT:
Co-PCBs i 4, PCQsE 4 8 & ¢f (PCDDs+
PCDFs) Eis3%#hZh5ml WEEL 12, #h ¥
NOBEST L cEHEGPCH 7 282 MA I, *
nENLO—E% ECD-GC 8 & 1 GC-MS it L,
AT 21T o T2,
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PCB Preparation used as heat exchanger fluid

Distillation at 200-300°C u

nder a reduced pressure

Addition of n-hexane

Digested with 0.5 N KOH-ethanol sol. for 2 hrs at room temp.

AgNOs-silica/ H2SO4 -silica/KOH-silica column chromatography

3rd fr. :

1st fr. :1.5% MeCl2/n-hexane
2nd fr. :2.5% MeClz /n-hexane

50% MeClz /n-hexane

1st fraction 2nd fraction

3rd fraction

Alumina column GPC column GPC column
chromatography chromatography chromatography
1.0% MeClz /n-hexane
PCBs Co-PCBs PCQs PCDFs+PCDDs
GPC column GPC column GPC column
chromatogtaphy chromatogtaphy chromatogtaphy
ECD-GC GC-MS ECD-GC GC-MS
Analysis Analysis Analysis Analysis
Fig. 1 Outline of analytical method
3. OHTHRE 30ml THAT LTz, EEE, B PCQs OMEE L
1) PCBsE&=f BY5 I LicEDiThot,

83Ni-ECD #2& B 8/EfrEl GCTAG ¥ A 7 o< b
75712 2%0V-1 %2a—F 4 > L7 Gaschrom Q
(100~120 mesh) #FHKL 724 Z A (2.1mX2.6 mm
id) 2EwW, 77 ABELINC FrU v—FA R
(N,) BRE3NmlI TOH L7, BBERIE, FESD
BEE ko7,

2) PCQsEE

PCBsEEfLAEOF Az7a~ b3 712%
OV-1% a—% 4> 2" L7 Gaschrom Q (100~120
mesh) 2FEL 724 F A (0.5mx2.6mm i.d) %
v, #34BE20C, ¥+ ) ¥—#A (N) HE

(34)

3) Co-PCBs 2R

Hewlett » Packard 5890] # A 7 au< /5 7 .
JEOL SX102 & &4tz Hewlett « Packard Ultra
bond#1 ¥+ 5V —4 74 (25mX0.31 mm i.d,
0.17¢m) % ¥ % L, [M]*¥x [M+2]* (T.CBs,
[M+2]* & [M+4]* (PsCBs ¥ H,CBs) OHEEHIZ
BT SIM (R: 1,000) THITL Fz, ST EMEZRD
BOTHA. H 7 LEELRCCTRFEHR 1L 4,
120~180°C #% 20°C/43, 180~260°C # 10°C/5rB LU
260~300°C % 20°C/43 THiR, HEALERE 260°C, ©
NV —F —RE 260°C, {4 ALEE T0eV IIEEL
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10KV, A& MEEW 1,000¢A, 1 4 > {bE—FEI
ThH5.

4) PCDDs, PCDFs F&#H

HewlettsPackard 5890A A u~< h 75 7. VG 70
-250S B2 4R Vv, R REER : 9,000) SIM
WIZE DT, &M, B 0B THS.

4. BIRIZSRER

1) PCBs, PCQs, Co-PCBs i & 1 (PCDFs+
PCDDs) Ei47i & % SRR ETHE

HIEA R Y PCB & &0 & 3 BERESL L 72 PCBs,
PCQs, Co-PCBs 8 £ tf (PCDFs+PCDDs) @45 D%
EEEE2IEELUE, YAF U BREL, RES
E B IEHRRTIRER L 72, KBESRFICDNT
ZF@D 250l % 37.5°CHRED 6.5 HBEGL VRV E
BORECEAL:, SESO®RSE% Table 312
AT, MBI YA ST Bul OBFEALLZLDOT
HY, BEEXEEL L CmESD 2,3,7,8-T, CDD %
BE LI, B, FRSHELCIHIIEOBKEE
AL, 3O&%GEBEETo, SFESEARI.FC
T 48 BER, RIEBEECT 7.

2) Co-PCBs Eisric & £ 15 B 530 & Yas S 3FAf

%3 5 & 3w Co-PCBs E 4z 13 3 fE#a o Co-
PCBs 4 isticfthd PCB B ASEEL T 3,
Lictio T, ZhoREWC L 2RETME2EHIE L
7z, 34,34-T,CB, 3,4,534-P; CB, 3,4,5,3,4’,5-H,
CB, Co-PCB &%) (Co-PCBs H4rH & R—DEFELE
T Co-PCBRFRESG Lz H D) 8L U Co-PCBs
B kYA XY REBRL, LB AETER
WS L, 2B, 1EITOBELHVE,

3) BREH:Zov— A0S

HEVERES BEMEBCEEFES ® L, &
1.15% KCI@BECRm L 2%, BEE*HELL., E
B 1) T 1BESHEONE, £8& 2) TR1H3IED
2 B4S L 724, Guengerich O FEEY ¥ T 3
zuy —ABESRFBL T,

4) HEEDASBEREEZEOHIEI 7aY —4
HEahoy o7 BOERL Lowry 50 FEY I
- THT- 7. Benzo(a)pyrene hydroxylase (AHH)
¥ & 8 7-Ethoxyresorufin deethylase (EROD) E1E#I
Eix, #FhFh, Nebert and Gelboin'® 5 & Uf Lee
SDFED WCHEL Tz,

KRERBLUEE

1. BRRERE PCB El&s 5 3BKES L 7 Co-
PCBs & £ U° (PCDFs+PCDDs) &%
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Co-PCBs i3 PCBs O f & % 5+ C & b, TR PCB
&1 5, T % - f= Kanechlor ® Aroclor /T it PCBs @
H T 5 0.03~0.81%12 ¥ &% Ww?, &7, PCBsiz
200 FEEH OB BHOAK B SR IR TED,
Co-PCBs ML o BBEARTHATLHZ L D L #E
FENz, List->T, Co-PCBs #fthod PCB E (%
POSESICOMT S Z L IZRETH S, Tanabe et
al® @B 7 A 3R, EWRS T LARBEE L URE
THRALBEHL G O EEHFE L, Co-PCBs
& (PCDDs+PCDFs) #R4& D & & fid PCB KK 5
EDOOBEE B AT W B, Co-PCBs i 43 iz i3 Co-
PCB BB i fihd PCB ks BE shT iz, &
B, 7VIF+hTLABLUGPCH T LEFTHE
{E R PCB 815 5 5 Co-PCBs @ 47 % 304 72 23,
Fig. 2~4125%3 & 5 12 Co-PCBs 532 i fid PCB
BABLEFEL Twiz, 4805, Co-PCB
TdH53434-T.CBREKFTH 2, TDE—
7&y bETcthoRAvEs s s (Fig. 2), 538
{t# X, Co-PCB D 3,453 ,4-PsCB i EKS T
%<, M 2 B 5 i PCBROBSEEL T3
(Fig. 3). Rtk Z R 6FEmMcO>LTLRE D R
7z (Fig. 4), Co-PCBE 4 % 1z &, 3,4,3,4-T,CB,
3,4,5,3,4'-P; CB, 3,4,5,3,4',5-H; CB 2 #i 92.0,
T6BXIV04%DEEGTEENTEY (Table 1),
343 4-T'CBHBERAITH S, 1968428908 &
U2H 10 BREHOREM®D $ D LT 34,3,

Hex 20,569 RI.
3 7 g 9 mag.  ahund.
A
b s 3434 T.CB
u
n
g
a
n [M*+2]
c
4
S - 1. 2159
289.922"
[M*]
: \ e ' : 3 543
W W L@ Lw e e (s
an

(35)

Fig. 2 GC-MS fragmentograms of T,CBs in
purified Co-PCBs fraction from a PCB
preparation used as heat exchanger fluid
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b 321'5659 7 8 9 mag.  abund.
S ET P.CB
u
n
d
2
a [M*+2]
4
£ 3,4,5,3"4'
._a_____gL__L_km~————w7mm
325.880
(M+]
. : m ;_i : 1.7 189.649
908 1000 1180 1288 1388 1480 ISB%C
an
Fig. 3 GC-MS fragmentograms of P,CBs in
purified Co-PCBs fraction from a PCB
preparation used as heat exchanger fluid
Nax 321.569 R.T.
6 7 g 3 mg.  abund,
R H,CB
v
n
d
a M*+2]
n
£
4
34,5345
>N
#58.8 6.3263
359.841

[M]

IL 0.8 8.8429
1SBHScan

Fig. 4 GC-MS fragmentograms of H,CBs in
purified Co-PCBs Fraction from a PCB
preparation used as heat exchanger fluid
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Table 1 Congener ratios (%) of coplanar PCBs

Sample T,CB P;CB H; CB
Purified fraction 92.0 7.6 0.4
Yusho oil (2/9) 87.8 11.5 0.7

(2/10) 85.1 14.2 0.7

(36)

&

E» 4 A

4-T,.CB DEIEBEFHEL, 3453 4-P;CBEB L V*
3,4,5,3,4,5-He CB 2MEWHRED b D TH - 7o,

Table 21z (PCDFs+PCDDs) B4+ & U ER M
t'” @ PCDF, PCDD [ ##A#E Rt %79, PCDF @
BHHi, T.CDFs O EREBETO b O LM
LTwizds, PsCDFs 8 X 'O CDF 0 & &E»E <,
#iZ, HiCDFs 8 X ' H, CDFs 2MEW b D THh - 72,
—7, PCDDs Tid, O, CDD DAL 1F 1553 L
Twiz28, T,CDD~H,CDD O»&HFEH»E L, M
H, CDDs pMEW D TH 7=,

2. PCBs, Co-PCBs, PCQs # & U (PCDFs+
PCDDs) BEQ DG BT

bhbild, B2 OBEFEEMREBRRCO VT
D PCDD % PCDF M6 % AW T, £EZEY
flii{ERAIEED £ 5 2 2 REF L T & 72 28 NADPH-
cytochrome P-450 reductase, 7-Ethoxycoumarin
O-deethylase, NADPH oxidation enzyme, DT-
diaphorase i¥, W¥fn b2y ro—{HIEL,
7o, BEBRENE, RETIV -V ED 4 FHU
TTHD, BHRELERLEEZ 2oz, L
»L, AHHR EROD DB &E, 2> tu—fEd
&<, 7, FRBEON0EZULEVFES L L
DOEHARIEETH 5 L HWT L 72, —75, Safe 52072
it PCDD, PCDF & L ' PCB EZ Mk 28 i IC £ 2
Z v P OFEREIMIGEPRREHEER S 7 v FOFE
38 H-4-1IE $ifE % A\» 72 in vitro EERic B 5 AHH
B XU EROD HHFEE L OMIcE LD THEEDMH
BE2HETHL L, The DBREEFELELE
=¥ LT, PCDDs, PCDFs 8 & t* PCBs iz ¥ D 44k
HEFMLTEETH L LB L T %, Kannan
5899 3H ok i< AHH ® ERODEM%#FEE T 2
2,3,7,8-TCDD 0 LGy, {H 12X ¥ % %&7& PCDD, PCDF
B X U PCB £k D M LCs 18 (2,3,7,8-TCDD #8
MEE) RHEL, ZhAERWT, FEEYCERET
% PCBs, PCDFs, PCDDs & & ' &5 PCB &S0 &
MR 24T > T 3,

bhbhid, FROBECE VT, FEDRHE
REEEEEL L TR CE s BB beamo
-2 Rk N A

Table 3 iz &R S BEE S 0 AHH 3 & ¢ EROD
EHFEERT, SEMNCBIAREE 05, &8
SREBLCAATL TIT o 12T T » 7 B R M4, =
BUEEEGER LB, YA FICBERL, SES
DRGSR LR UHREC LBz BEgE L
bOTHL, ZORIIRT LI, BESCBT LR
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Table 2 Congener ratios (%) of PCDFs and PCDDs

Sample T, CDFs P, CDFs H, CDFs H, CDFs O; CDF
Purified fraction 21.1 41.6 18.3 4.2 3.6
Yusho oil (2/9) 23.8 31.5 34.7 9.6 0.5
(2/10) 22.7 32.0 32.8 11.7 0.8

Sample T, CDDs P; CDDs H; CDDs H, CDDs 0, CDD
Purified fraction 2.5 26.2 56.3 9.3 5.3
Yusho oil (2/9) 1.0 11.1 48.1 3.1 5.7
(2/10) 0.9 9.9 38.9 43.5 7.0

Table 3 Effects on AHH and EROD activities in chicken embryo liver

Compound Dose AHH EROD

(pg/egg) (nmoles/min/mg protein) (nmoles/min/mg protein)

Control 0 0.062+0.014 0.024+0.005

0 0.075£0.027 0.024£0.011

3x10°® 0.054%0.014 0.033£0.015

8X1073 0.068+0.012 0.071£0.015

PCDFs+PCDDs 23x1073 0.31 £0.27 0.46 +0.23

70%x10°3 0.74 £0.018 1.9 +£0.032

210x10°° 1.3 +0.092 4.0 *0.31

0 0.066+0.023 0.026+0.006

23x1072 0.070+0.013 0.043+£0.003

691072 0.082+0.019 0.076+0.018

Co-PCBs 208 <1072 0.21 £0.034 0.46 £0.21

625x1073 0.95 £0.034 2.6 £0.13

1,875x10"% 1.3 £0.22 4.2 +0.87

0 0.062+0.014 0.024+£0.005

124 0.057%0.022 0.043x0.011

370 0.055+0.011 0.055+£0.016

PCBs 1,111 0.054+0.011 0.093+0.005

3,333 0.15 +0.055 0.44 £0.19

10,000 0.72 +0.30 1.80 +0.97

0 0.062%+0.014 0.024+0.005

124 0.047%0.006 0.028+0.010

370 0.053%0.005 0.032+0.004

PCQs 1,111 0.061+0.023 0.037£0.009

3,333 0.055+0.012 0.028+0.007

10,000 0.050£0.010 0.017£0.003

7S50 7B394FF Y v OAREE L NBEORES
BRELIZFFEL L, ZOER»S, BEEWO IR
BBBBWT, RERFEALLLEBEES XU S
LFHEF e o omE T 5 AHH © EROD it L&
VEBSEESCTEAL THR W EHHEIL 72,
Table 3% & 5 &, (PCDFs+PCDDs), Co-
PCBs, PCBsEHisr# 58It 17 32 AHHB & U

EROD #E#:i3v>$h &, dose response #xL TV 5,

(37)

AHH + EROD EHEB R EBREH B W TEER
EMHBEL T8 D, HEFREE (PCDFs+PCDDs) #
58 70.994, Co-PCBs# 5 3£ 0.997 ¥ & U* PCBs
BET0.995 ThH b, DX DBEEIMOMER
RTHBERIN T30 —F SEOERD
5 1) NEBECsP2aYy bu—LERAHH LY
H EROD Hi®®ETCHS BV E, BLU 2) &
BrEREstrEnse s RE&R5ES EROD 0 f
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BEWI e, BLU3) RABERZEE L AHHH
F:0 1.3 nmoles/min/mg protein & b % EROD @
4.2 nmoles/min/mg protein 25K %\ 2 k72 Y H3EED
Shiz, L7zdi-7T, EEREEFMEE L L T,
AHH £ b ERODEMSB L DBEL Twi b D L #HE
Zonsd,

Table 345, AHH B X (' EROD /54 F AL X
BESETRESHEHELRED o3, PCQsEHDE
&, 10,000 ug/egg D REBH G b b 5 T,
AHHEXSZEI BB a2, —FHEX
EROD fIE LT 370 8 & OV 1,111 pg/egg THERE
HOMINERLHER SN, 35 CHBEREHT
&, BRETLTWL, BRORERSOHS, L&
YOBRIGAR I, REFHOWHEEIIRESELS
N323HDEEZOSND DI, PRESOLEYERYE
EroBRENOIAERRHANLESR, PCBsDHH
124~1,111 pg/25 £l & & F % >~ (4,960~44,440
ppm FHY) REBHTIF 0~84RTH o7, Fh &
DLBRED10,000 2g/25pl ¥4 F %> WOF
ppm) TiE, 58BWETLTWw3, —7F, PCQs D
&, PCBs LD b ESFFRETH L1202, FOMERAIIX
BHWRELL RS, 124~1,111 ug/25 1l V4 F %>

i

iE0 4 A

TR TH o, DEDEENLS, &ML -TH
Hix 3, BREKEHRSHFEETN S F rpm 2UF
T3 0LBHEH L ERBEeNT.

EEFOEBEEN BT 5291, AHH 035
EIEED 74, EROD 350 EHE T2 20 dh
EritsErEH L, Table 41273, AHH 8 X
EROD k B 2 ZLEHMORIZ E b TGEML 72 E
{2729, (PCDFs+PCDDs) B33 b - VBT
0.044~0.0491g/egg, Co-PCBs T
0.31~0.39ug/egg T H %5, PCBswc %z % &
7,300~7,400ug/egg W AKL, PCQsiZ 8 5 HE
PLEEL TV,

Wiz, Table 4@ AHH 3 & ¢ EROD 0 F#{8 %
Aot #tEMOoBEFTERELKT 5 &,
(PCDFs+PCDDs) B3O FHEEE® 100 & L IEE,
Co-PCBs, PCBs¥ & 'PCQs it 7 hv # 11 13.4,
0.0006 # & 1F<0.0004 £ % v (Table 5), FEFEHI
(PCDFs+PCDDs) &5 DFER f15858 >, 1968 & 2
A9Bx XU 2H 10 HEEHORAMSFIZIE, &
EHIE R &% Table 6 K RTEETHENLTY

W\bzy

Table 5 Relative inducibility for liver mi-
BREHTIX, B~8%DRINETPCBs DEFE LR crosomal enzymes by each purified
BETH-oH, 3,333 ug/25 pl ¥ 4 4% > fraction
(133,320 ppm) TiZ 56%, 10,000 ug/25 pd A F 4

. PCDFs—+
YERETRD TP 1L 2%DBAKIZED LTk, PCDDs Co-PCBs ~ PCBs  POQs
L7 T, ERL7-PCQs FEBERESH BT S
100 13.4 0.0006 <0.0004

EROD HFHOETHET L, BEAOIGAR % KBL

Table 4
used as heat exchanger fluid

Inducibilities for liver microsomal enzymes by each purified fraction from PCB preparation

Amount (ug)

Assay
PCDFs+PCDDs Co-PCBs PCBs PCQs
AHH 0.044% 0.31% 7,300% >10,000%
EROD 0.049” 0.39¥ 7,400 >10,0002
® Amounts required 7 times as much induction as control
® Amounts required 50 times as much induction as control
Table 6 Concentrations (ppm) of several compounds in Yusho causal oils
Sample PCDFs PCDDs Co-PCBs PCBs PCQs
Feb. 9 in 1968 1.60 0.140 1.48 150 490
Feb. 10 in 1968 1.30 0.130 1.41 160 536
Average 1.45 0.135 1.45 155 513

(38)
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ZOEER L Table 5 R THENEREY
FiEEs S, WERER BT 5B EWOENERS
2EH 32 L, Table 72T 5 E»nE > e,
ZORIIRT LI, fERbhbhDT-> T ELHA%R
BRI L FIRE, (PCDFs+PCDDs) [H 4> 28 HE
RIFC BT ERWETH 2 2 LR ani, Ly
L, HiwE ¥ E o Co-PCBs & (PCDFs+PCDDs)
B0 13.2% b MERTEWFS L Tkl £ 88
M Exot, Co-PCBs kEEMS Tz PCBIEED D
T2 1.4~1.5%7 T & v, BPCBsiz &k %
AHH 5 X UERODEMFEEE X, T & L T Co-
PCBsick23DTH 5,

—7%, Table 7Rt &5 CHERERFELT
@ PCBs #i5> D{ER /113 (PCDFs+PCDDs) & 43 @
L5 /1,667 fF T X WERTH-72. ZOMER,
bbb ToEBRD Z v bR L OERYIM 2
B3 PCBs (F8LBRIZ 8T Co-PCB 4081
BTEREBEENTVEI LD EHEALTWS) O
PCDFs izt ¢ 2 £ REEFRAPEE SO 1 ~BT5
DIIFE-BLTW, 512, MEBEERNICE
ML Tw2 PCB (Co-PCBs % & k) BLUV
PCDF i3 L FLEOBEHEERE 7 v P ITRE L
7234, PCBREM X 2 MBREHEERL L UHE
BINIEE A & PCOF B &M D 1/22108 L U 1/
90fETH DY, ZORRE & HBIGIEL T3,

Table 7 Relative inducibility for liver mi-
crosomal enzymes by each compound
in Yosho causal oil

PCDFs+
PCDDs Co-PCBs PCBs PCQs
100 13.2 0.06 <0.12
1.0¢
b - P,CB
§ - Co-PCB fraction
§ - Co-PCB mixture*
Zos} = TCB
kS - H,CB
<5}
&
s
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UEoEED S, $E{T-7 AHH ® EROD & %
LT 28MAHEERE 22 ) BYESTE VLD L E
Zohs,

3. Co-PCBsE 9+ DCo-PCBHE S 2 4 3
EROD ;&#588E

Fig. 2~4 RL - & 5 1c, SRIZEAME % PCB
B 5 3L 7z Co-PCBs EH 4312 id, Co-PCB &4
TH5 3,4,3,4-T,CB, 34,534-P;CBHLr34,5,
3,4',5-Hs CB LIS iz it D ¥ PCB B 3 3B AE L
T, Liets->T, Co-PCBsEHAIT & 2 BB
BEBNEE L TCoPCBRAC LD bR, HBWVIE
fthd PCB ST IC b R E BB I N T3 Db ERE
L.

Co-PCB ## 5, Co-PCBs @ 4+ X tf Co-PCB &
53D Co-PCB 4> & [MHE D Co-PCB ZHEEY
iz & % EROD &0 HERIGHE % Fig. 5 CmRT,

3 fEsE D Co-PCB M@#e iz & 2 EROD yEM s A1k
PRDMEELTED, 34534-P;,CBaby ok b
<, WIZ3434-T,CB, 6ok s> b D345
34 5-HsCBT H-7-. 3,453,4-P; CB, 34,34
-T.CB % X 13,453 ,4,5-H; CB ® ED;, & i,
46.4ng, 792ng, 1,970ng TH H, % DHXSFEEE
iZ 3,4,5,3,4'-P5 CB (100)>»3,4,3",4'-T, CB (5.9)>3,4,5,
I45-HsCB )25, [( YNOEFIHENEFE
HEE % 75T ] (Table 8), Table 8 273 & 5 WCEBE
DEFE, Iy P FEEEREBE Y TTbh ik
B2 pp gy, 3,4,34-T,CB$H X U3,4,53,4,5-H,
CB %, 3,4,5,3,4-P; CBiz 3t L T, AH X #9238 v»
EROD ZE&fE® =L, =512343,4-T,CB & 34,5,
FA-H CBOFEE/OBMIIFTHEL Tz, L
L, Safe 5222 % Poland 5% 12 £ 2 AHH &% #l
BBV, 34,34-T,CBi3 3,453,4,5-H, CB

10!

10

10° 10*

Fig. 5 Log dose-response curves for induction of
EROD by coplanar PCB standards and
coplanar PCB fraction

* .

containing Co-PCB composition identical to

that in the Co-PCB fraction

(39)
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Table 8 Relative potency of induction for EROD and AHH

Compound EROD AHH
This work Safe et al.2t?? Safe et al.2t?? Poland et al.?®
Chick embryo Rat hepatoma Rat hepatoma Chick embryo
E-4-11 cell E-4-1I cell
3,45,3,4-P.CB 100 100 100
3,434-T,CB 5.9 0.3 0.7 1*
3,4,5,3,4",5-H;CB 2.4 1 0.4 0.89*

* . Relative potency of 3,4,5,3°,4’,5’-H¢CB to 3,4,3°,4-T,CB (=1)

D HEWEEERL (Table 8), Ei» EROD @
BRE-HTEZEd56, blbhOBROZFLMIR
BndborEzons, Fig. 5zt & 3512, Co-
PCBiZ#E &% & Co-PCB HE 3%l L 72 EROD §&
HEHEREERLTED, Z0EDy [EiZZHZh 275
ng BLU20ng TH5, ZOHFERE»S, Co-PCBH
5+ & %5 EROD \EHFE I, REVCEEILT,
FELT, CoPCBEACE-ThHsdNzdDT
HDZEHHEAL .z,

Wiz, Co-PCBRETDHEBLE L BREREICL S
EROD EMC MIZ T B DWW IEET 2+ bk
&2z, Co-PCBEAEM X% EDs fHIX 275ng TH
Y, ZORO EROD {#iZ 2.21 nmoles/min/mg pro-
tein TH 3, IOHEE, 34,3,4-T,CB, 3,453 ,4-P;
CB B & 1834,5,3,4,5°-H; CB 2 # 11 # 1 235 ng,
209ng BL U 1.10ng DEETEREINT WS,
NOEZNZPHEMBE L -BECTFHIND
ERODEM 2 Zh T O BERIGHBE» SEH T 5
& 0.153, 0.918 ¥ X 17 <0.001 nmoles/min/mg pro-
tein, # O #F0iX 1.07 nmoles/min/mg protein & 7z
5, LicdoT, BERG LGS 2.1 EEVERTE
HENE s, Safe 52 1, WEBEENZYE
PCDF 1%, 43 (2,3,7,8-T,CDF: 1,2,4,7,8-P; CDF : 1,2,
3,7,8-P; CDF : 2,3,4,7,8-P; CDF : 1,2,3,4,7,8-H,
CDF=74:6.1:19.0: 29.4: 38.1) & EROD % % #(
FEW BB ECs fHi3, 1.02¥X107°M TH 3 L &
LTw3,

Won7—5»s&ftaMEHEErENL,
NEETHTEHEL D EC, fHi 2.72X107° &
%5, Z0FHEL PCDFRAEYIE, 2.7BEVEE
T, FEEO EROD #HE T s ENEs N, &
7z, AUl OHBPE D, BEWO ECs fH I, BHBES
POEELALDOLD 13IBEVEETH -, HE
DI e, BREREDEHEE, BEERErsHEL

-
[

( 40)

FEEZFER LV LB R AERINH 5T, FORKA
WOWTRBEDE ZATRHTH Y, SHRFT 20
ERHLbDEEZIOND,

£ &

1. WEREBHRIZE EH % PCBs, Co-PCBs,
PCQs, PCDFs & X 1" PCDDs L LD b @ % BiK ik
HEAFPCBRISE,» SFH L, BREFEEMREHER
TdH5 AHH 8 L EROD FHFHEeE 2T~ £
DR, ¥EBOTHEOAHHE Y 2FE ¥ 3
(PCDFs-+PCDDs), Co-PCBs, PCBs & & ¢f PCQs &
FOBEGEIT 0.044, 0.31, 7,300 B X UF>10,000.8,
%7z, WHEFED 50 50 EROD #FE T 25813,
ZRNZF40.049, 0.39, 7,400 8 X v>10,000ug T
Holz, TS DEREDL, HMBERFHERER
(PCDFs+PCDDs) : Co-PCBs: PCBs: PCQs=
100: 13.4: 0.0006 :<0.0004TH bh, MEEFE
(PCDFs+PCDDs) # & tf Co-PCBs H 43 & D 58 <
FHEHaNT,

2, LFEOMIIBERFEEREC, 19682 H9HS8
& U 10 BRI H O FERm$ 50 BLA YR EE £ Ntk
U7 HERE W B 2 ARk, (PCDFs+
PCDDs) : Co-PCBs: PCBs: PCQs=100: 13.2: 0.06
(<012 £ D, EROEHmE L ARICHEDRERT
i PCDFs ThaERNB oI, LrL, Fitwdy
B Co-PCBs & HEFIEIC»Z O HELRITL T
Tl e R Tz,

3. PCBs® PCQs OmBEREHTIE, BE~D
BUAEMELS 2 D, BRFEEIBEIAR L RBRL
Tz,

4, Co-PCBs i 44 i1z i& Co-PCB K 4> @ 3,4,3 4’
-T,CB, 3,4,53,4-P;CB & X 1) 34,53 ,4,5-H, CB,
PAtictuo PCBE &2 T, ZOETC
Y OBERFEREIIFT LT, Co-PCBRAFICEZ D



R EYE O R ST

THotz, iz, BEREOHRS, BHRSOKRIC
ESOTHEL-BEFEROMRM L 0 b BESE L
iz BEAHERD STz,

#

AWEREETT 2, BREEIED JHEW 22
W RIRFFSLARBEFFER, BHAE L, 82 U Co-
PCB#Z¥ER 3B L T Wiz P & 3 L - Ul RSN
TR £ 5.

2

X Bk

1) Bandiera S, Farrell K, Mason G, Kelly M,
Romkes M, Bannister R and Safe S: Comparative
toxicities of the polychlorinated dibenzofuran
(PCDF) and bipheny! (PCB) mixtures which persist
in Yusho victims. Chemosphere 13: 507-512, 1984,

2) Bannister R and Safe S: The effects of
receptor antagonisms on the AHH induction activ-
ity of 2,3,7,8-TCDD in C578BC/6 and DBA/2 mice :
1,3,6,8-Tetrachlorodibenzofuran. Chemosphere 16 :
1739-1742, 1987.

3) Guengerich FP: Microsomal enzymes
involved in toxicology-analysis and separation. In
Hyes W (ed). Principles and Methods of Toxicol-
ogy. pp. 609-634. Raven Press. New York. 1982.

4) MRS, EIEWmE, &AF B, EEEN,
BHFELE 5 v M 2B} 3 Polychlorinated quater-
phenyl, polychlorinated dibenzofuran ® fF 3 7 v
V— L EREEEE S L REERICE LT
ARSI AREEFRTR. BNEER 12:27-37,
1981,

5) Hori S, Obana H, Kashimoto T, Otake T,
Nishimura H, Ikegami N, Kunita N and Uda H:
Effect of polychlorinated biphenyls and polychlor-
inated quaterphenyls in cynomolgus monkey. Toxi-
cology 24 : 123-139, 1982.

6) Hori S, Obana H, Tanaka R, Kashimoto T
and Takamatsu M : Distribution and lethal dose of
Yusho PCDFs in cynomolgus monkey. Eiseikagaku
31: 45, 1985.

7) Kannan N, Tanabe S, Wakimoto T and
Tatsukawa R : Coplanar polychlorinated biphenyls
in Aroclor and Kanechlor mixtures. J. Assoc. Off.
Anal. Chem. 70: 451-454, 1987.

8) Kannan N, Tanabe S and Tatsukawa R:
Potencially hazardous pesidue of nonortho chlorine
substituted coplanar PCBs in human adipose tissue.
Arch. Environ, Health 43 : 11-14, 1988.

9) Kannan N, Tanabe S and Tatsukawa R:
Toxic potential of non-ortho and mono-ortho co-
planar PCBs in commercial preparations: “2,3,7,8
-T,CDD toxicity equivalent factors approach”.

(41)

219

Bull. Environ. Contam. Toxicol. 41 : 267-276, 1988.
10) BA& &, SHFYWH, BUE, BEES:
4T HERE MS-SIM iz X 2 HEREELS L VER
& @ PCDDs, Coplanar PCBs, PCDFs, 48 i [E 5&

78 . 325-336, 1987,

11) Kunita N, Kashimoto T, Miyata H, Fuku-
shima S, Hori S and Obana H: Causal agents of
Yusho. American J. Industrial Medicine 5: 45-58,
1984.

12) Lee Y-2, O’'Brien PJ, Payne JF and Ra-
himtula AD: Toxicity of petroleum crude oils and
their effect on xenobiotic metabolizing enzyme
activities in the chicken embryo. OVO. Environ.

Res. 39 : 153-163, 1986.

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

14) Masson G, Denomne MA, Safe L and Safe
S: Polybrominated and chlorinated dibenzo-p-
dioxins: Synthesis biologic and toxic effects and
structure-activity relationships. Chemosphere 16:
1727-1731, 1987.

15) Miyata H, Nakamura A and Kunita N:
Detection and determination of polychlorodiben-
zofurans in normal human tissues and Kanemi rice
oils caused “Kanemi Yusho” . J. Food Hyg. Soc
Japan 18: 260-265, 1977.

16) Miyata H, Murakami Y and Kashimoto T ;
Determination of polychlorinated quaterphenyl
(PCQ) in Kanemi rice oil caused the “Yusho” and
investigation on the PCQ formation. J. Food Hyg.
Soc. Japan 19: 417-425, 1978.

17) Miyata H, Takayama K, Ogaki j, Mimura
M, Kashimoto T, Yamada T: Levels of PCDDs,
coplanar PCBs and PCDFs in patients with Yusho
disease and in the Yusho oil. Chemosphere in press.

18) Nebert DW and Gelboin HV : Substrate-
inducible microsomal cell culture. J. Biol. Chem.
243 : 6242-6249, 1968

19) BiEE®, BUER, wNES, SHEH,
BA B BEARIK O AR SR, BRIy X
YU 1987 (HF), HEEEE 1109, 1987,

20) Poland A, Greenlee W and kende AS:
Studies the mechanism of action of the chloinated
dibenzo-p-dioxins and related compounds. In Wil-
liam J, Nicholson ] and Moore JA (eds). Health
Effects of Halogenated Aromatic Hydrocarbons.
pp. 214-230, New York Academy Sciences. New
York. 1979.

21) Safe S: Comparative toxicology and mech-
anism action of polychlorinated dibenzo-p-dioxins
and dibenzofurans. Ann. Rev. Pharmacol. Toxicol.
26: 371-399, 1986.

22) Safe S: Determination of 2,3,7,8-TCDD
toxic equivalent factors (TEFs). Support for the use



220 3N
of in vitro AHH induction assay. Chemosphere 16:
791-802, 1987.

23) Tanabe S, Kannan N, Wakimoto T and
Tatsukawa R: Method for the determination of
three toxic non-orthochlorine substituted coplanar

B

(42)

1E0 4 A

PCBs in environmental samples at part-per-trillion
levels. Intern. J. Environ. Anal. Chem. 29 : 199-213,
1987.

24) BIE3L, NER, BF & PCBOHE
LB 20798, BfEE 14 1 415-424, 1973,



Fukuoka Acta Med. 80(5) :221—226, 1989 221

The Effect of Chlorinated Chemicals on Porphyrin Metabolism
—— The Synergistic Effect with
Chlorinated Chemicals and
Low Concentrations of Griseofulvin —

Shigeo Nonaka, Taro OHGAMI, Kazunori YAMASHITA,
Hiroko IRIFUNE, Masahisa WATANABE, Naoko TSUKAZAKI,
Keiichi Tanaka and Hikotaro YOsSHIDA

Department of Dermatology, Nagasaki University, School of Medicine,
Nagasaki 852

Abstract The synergistic effect of chlorinated chemicals and 0.19§ griseofulvin on porphyrin
metabolism was investigated. Feeds containing 0.19 4-chloro-m-cresol, 0.19% cumarone or 0.25%
trichloroacetic acid with or without 0.1% griseofulvin were given to dd-y strain mice respectively.
The treatments were continued for 10 to 450 days, after which coproporphyrin and protoporphyr-
in in the erythrocytes and liver were analyzed. In the 0.19 griseofulvin alone group, protopor-
phyria was induced in 6 of 55 dd-y strain mice, although the other 49 mice did not show any
abnormal porphyrin metabolism and the severity of the protoporphyria was mild in the 6 mice.
In the 4-chloro-m-cresol group, a slight elevation of erythrocytic porphyrins was seen, but the
difference was not statistically significant. Elevation of the hepatic porphyrins was not seen.
Trichloroacetic acid and cumarone did not influence porphyrin metabolism, and also there was no

synergistic effect of griseofulvin on porphyrinopathy.

These results suggest that the three

chemicals selected in this study are not capable of inducing porphyrinopathy.

Introduction

Chlorinated compounds such as hexachlo-
robenzene, benzene hexachloride, dichlorodi-
phenyltrichloroethane and dieldrin influence
porphyric metabolism”'®, It is a well-known
fact that toxic porphyria was induced by
Vos et al found that
PCBs also possess a porphyrinogenic effect'V!?.
We confirmed that KC-400 affected the hepatic

porphyrins®.

hexachlorobenzene®.

A high concentration of
griseofulvin (GF) induces protoporphyria in
mice®, but low concentrations induce the
protoporphyria in only part of the mice treated.
Furthermore, a combination of certain chemi-
cals and a low concentration of GF sometimes
induces protoporphyria although the chemical

alone can not induce the disease®. It is

speculated that the use of low concentrations of
GF in addition to chemicals may be useful in
elucidating the porphyrinopathy in chemicals.
In this study, we investigated whether or not
simple chlorinated compounds affect porphyrin
metabolism when a low concentration of GF is
added to each chemical.

Materials and Methods

1) Animals

One hundred and sixty-one dd-y strain mice
weighing 20 to 30 grams were used in this study.

2) Chemicals

Griseofulvin (GF) was contributed from Fujis-
awa Pharmaceutical Co. Ltd., Osaka, Japan.
trichlo-

roacetic acid were purchased from Nacalai

Cumarone, 4-chloro-m-cresol and

Tesque Inc. Kyoto. Japan.
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3) Feed and drinking water

Normal feed was purchased from Oriental
Yeast Co., Tokyo Japan. GF was mixed into
the feed in a concentration of 0.19% by the
company. 4-chloro-m-cresol, cumarone and
trichloroacetic acid were dissolved in a drink-
ing water in concentrations of 0.19, 0.1% and 0.
259% respectively. The mice were divided into 8
groups. Group A was a control without any
treatment, while group B was treated with 0.1%
GF, group C with 0.1% GF and 0.1% 4-chloro-
m-cresol, group D with 0.1% 4-chloro-m-cresol,
group E with 0.1% GF and 0.1% cumarone,
group F with 0.196 cumarone, group G with 0.
1% GF and trichloroacetic acid and group H
with trichloroacetic acid.

4) Quantitative analysis of uroporphyrin
(UP), coproporphyrin (CP) and protoporphyr-
in (PP) (Fig. 1)

Each mouse was anesthetized and sacrificed
after treatment. Liver tissue and blood were
taken as samples for the analysis of porphyrins.

The method for porphyrin analysis has been
described in a previous report®,

Results

The results are shown in Table 1. In normal
mice, the mean liver/weight ratio was 5.31%.
The hepatic UP could not be detected. The
mean value of CP was 0.15 xg/g wet weight and
PP was 0.39 1g/g wet weight, The mean value
of erythrocytic CP was 5.50 pg// packed cell
volume (pcv), and PP was 48.83 ug/dl pev.

In group B (0.19% GF group), the mean liver/
weight ratio was 5.55%. Hepatic UP was 0.56 ¢«
g/g wet weight, CP was 0.37 ug/g wet weight
and PP was 2.29 ug /g wet weight. Six of 55
mice developed protoporphyria. The mean
value of porphyrins in the mice of group B,
except for the six mice with protoporphyria,
was within normal limits. The mean value of
erythrocytic CP was 52.14 pg/dl pcv and PP
was 168.94 pg/dl pcv.
showed a high level of erythrocytic PP. There

The six mice also

Samples of Liver (1.0-2.05) or blood (5 ml)
i)

l
Photooxidation 30 min after filtration

i

A mixture of ethyl acetate and glacial acetic acid (3:1 v/v) is added

Washed twice with about half volume of 3% sodium acetate solution

l

Ethyl acetate layer

Extracted with 0.1 N HCl

! \
Extracted with 5ml of 2.5 N HCI Adjusted to pH 1.5
4 1)
Neutralized with saturated sodium acetate to pH3.5 Extracted with cyclohexanone
! 1)
Extracted with ethyl ether Extracted with 1.5 N HCI
i) 1)
Washed twice with distilled water Photometric determination
| (at 405 nm)
l l (Uroporphyrin)

Extracted with 0.5 N HCl

l !
Photometric determination Photometric determination
(at 399 nm) (at 408 nm)
(Coproporhyrin) (Protoporphyrin)

!

Water layer

Fig. 1 Quantitative analysis of hepatic and erythrocyte porphyrins.
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Table 1 Summary of hepatic and erythrocytic porphyrin levels (mean+S. E)
. Liver/ Hepatic Erythrocytic
Number Durélft ion Body | Liver Body porphyrins porphyrins
Group| Treatment of weight |weight | weight (ug/g wet weight) (1g/dl pcv)
. treatment >
mice (Days) (g) (g) ratio
(%) UP | CP | PP | CP | PP
34.111 1.78 5.31 0.15 0.39 5.50 48.83
A (—) 54 + + + trace + + + +
0.93] 0.04 0.19 0.01 0.03 0.17 2.68
0.1% 37.92 | 2.08 5.55 0.56% | 0.37*|2.29**|52.14 | 168.94**
B | 7 . 55 61-450 + + + + + + + +
griseofulvin
1.10| 0.06 0.14 0.03 0.03 [0.90 3.67 28.12
01% 43.82] 2.26 | 527 | 0.29 | 0.33 | 0.42 |46.17 |370.35
griseofulvin
C 0.19% 10 38-151 + + + + + + + +
. (s
d-chloro-m-cresol 4.33| 0.18 0.22 0.02 0.02 0.03 3.77 | 215.33
0.1% 36.28 | 1.78 4.88 0.25** | 0.43 |62.72 |136.41*
D |, 5 70-100 + + + trace + + + +
4-chloro-m-cresol
1.35| 0.09 0.14 0.01 0.01 4.34 6.62
0.1% 30.80 | 2.04 6.82%* 0.17 0.34 8.85 | 114.66
E | griseofulvin 5 72-100 + + + trace + + + +
0.19% cumarone 3.22| 0.17 0.84 0.01 0.04 1.00 11.47
43.97 | 2.37 5.32 0.44** [ 0.79*" | 62.19 | 126.56*
F | 0.19% cumarone 22 91-240 + + * trace + + + +
2.03| 0.19 0.20 0.06 0.12 5.54 12.60
0.1% 37.66 | 2.37 6.02 0.01 | 0.09 | 0.53 | 4.23 | 50.63
griseofulvin
G | 0925% 5 10- 80 + + + * * * + +
trichloroacetic
acid 5.04/ 0.50| 0.60 0.01 | 0.02 | 0.02 | 0.44 | 8.5
0.25% 60.06 ;1 2.50 4.18* 0.04 0.06 0.43 6.39 44.62
H tri.chloroacetic 5 10- 80 + + * =+ + + + +
acid 3.181 0.15 0.18 0.01 | 0.01 | 0.07 | 1.16 2.64

Abbreviations : UP=uroporphyrin, CP =coproporphyrin, PP =protoporphyrin

PCV =packed cell volume
*=Dp<0.05 *=Dp<0.01

was no difference between the 49 mice and the
control.

In group C (0.1% GF and 0.1% 4-chloro-m-
cresol), the mean liver/body weight ratio was 5.
27 %. The mean value of hepatic UP was 0.29
ng/g wet weight, CP was 0.33 ug/g wet weight
and PP was 0.42 1g/g wet weight. There was
no difference in liver/body weight ratio or
hepatic porphyrins between group B and C.
The mean value of erythrocytic CP was 46.17 ¢

(45)

g/dl pcv and PP was 370.35 ug/dl pcv. There
was a high level of erythrocytic PP in group C.

In group D (0.1% 4-chloro-m-cresol), the mean
liver/body weight ratio was 4.88%. Only trace
amounts of hepatic UP were detected, but the
mean value of CP was 0.25 ng/g wet weight,
and PP was 0.43 ug/g wet weight. The mean
value of erythrocytic CP was 62.72 pg/dl pcv
and PP was 136.41 pg/dl pcv. There was no
difference in hepatic porphyrins between group



224 S. Nonaka et al.

C and D, but a slight elevation of erythrocytic
PP was seen in group D.

In group E (0.1% GF and 0.19% cumarone), the
mean liver/body weight ratio was 6.82%. The
hepatic UP was only barely detectable, but the
mean value of CP was 0.17 ug/g wet weight,
and PP was 0.34 ug/g wet weight. The mean
value of erythrocytic CP was 8.85 pg/dl pcv,
and PP was 114.66 pg/dl pcv. There was no
difference of liver/body weight ratio or hepatic
porphyrins between group A and E.

In group F (0.19§ cumarone), the mean liver/
body weight ratio was 5.329%. The hepatic UP
was detectable, the mean value of CP was 0.44
ng/g wet weight, and PP was 0.79 xg/g wet
weight. The mean value of erythrocytic CP
was 62.19 ug/dl pcv, and PP was 126.56 pg/dt
pcv. There was a slight elevation of liver/body
weight ratio in the F group when compared
with the control group. There was no
difference in the hepatic porphyrins, but a slight
elevation in the erythrocytic porphyrins was
seen in group F.

In group G (0.1% GF and 0.25% trichlo-
roacetic acid), the mean liver/body weight ratio
was 6.02%. The mean value of hepatic UP was
0.01 xg/g wet weight, CP was 0.09 ug/g wet
weight and PP was 0.53 ug/g wet weight. The
mean value of erythrocytic CP was 4.23 ug/dl
pcv and PP was 50.63 ng/dl PCV. There was
no difference in liver/body weight ratio, hepatic
porphyrins or erythrocytic porphyrins between
group A and G.

In group H (0.25% trichloroacetic acid), the
mean liver/body weight ratio was 4.18%. The
mean value of hepatic UP was 0.04 pg/g wet
weight, CP was 0.06 xg/g wet weight, and PP
was 0.43 pg/g wet weight. The mean value of
erythrocytic CP was 6.39 1g/dl pcv and PP was
44.62 pg/dl pev. Slight swelling of the liver was
seen, but there was no abnormality in porphyrin
metabolism among the mice in this group.

To summarize these results (Fig. 2 and 3),
0.19% GF induced protoporphyria in 6 of 55 dd-y
strain mice, although the other 49 mice showed

( 46 )

{ug/g wet weight)
2,5

Fig. 2 The mean value of hepatic PP
A: Control, B: 0.1% GF, C: 01%
GF+0.1% 4-chloro-m-cresol
D: 0.1% 4-chloro-m-cresol, E: 0.1%
GF+0.1% cumarone
F: 0.1% cumarone, G: 0.1% GF+0.25%
trichloroacetic acid,
H: 0.259% trichloroacetic acid

(ug /dl pev)

488

308

Fig. 3 The mean value of erythrocytic PP
A: Control, B:0.1% GF, C: 0.1% GF+
0.1% 4-chloro-m-cresol
D: 0.1% 4-chloro-m-cresol, E: 0.1%
GF+0.1% cumarone
F: 0.1% cumarone, G: 0.1% GF+0.25%
trichloroacetic acid,
H: 0.25% trichloroacetic acid

normal porphyrin metabolism. In the 4-chloro-
m-cresol group, a slight elevation of eryth-
rocytic porphyrins was seen, but the difference
was not statistically significant. Elevation of
Trichlo-
roacetic acid and cumarone did not influence

hapatic porphyrins was not seen.

porphyrin metabolism, and there was also no
synergistic effect of griseofulvin on porphyr-
inopathy.

Discussion

The ingestion of large amounts of
griseofulvin induces protoporphyria in mice
192 Enzymatic abnormality is a decrease of
hepatic heme synthetase, resulting in an accu-

mulation of PP in the liver ¥. When various
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concentrations of griseofulvin were given to
mice, a high degree of metabolic abnormality
was aeen in all of the GF-0.5% and 1.0% groups,
while similar abnormalities were seen in only a
few mice of the GF-0.1% group. The most of
the mice in the GF-0.1% group were within
normal limits despite long exposure to GF®. It
is ideal, therefore to use a GF concentration of
0.19% to observe the initial or fine changes in
GF-induced protoporphyria in mice.

To investigate the influence of various chemi-
cals on porphyrin metabolism, iron, ethyl alco-
hol, estrogen and polychlorinated biphenyls
(PCBs) were given to the mice with and without
0.1% GF. The severity of abnormal porphyrin
metabolism were greater in the group treated
with both chemicals and 0.1% GF than that in
the 0.1% GF-alone and
groups®”. In this study, three chlorinated chemi-
cals (4-chloro-m-cresol, cumarone and trichlo-

chemicals-alone

roacetic acid) about which there have been no
previous reports of porphyrinopathy, were
selected for an investigation of synergistic
effects.

4-chloro-m-cresol induced a slight elevation
of erythrocytic porphyrins, but it was not in-
creased by the addition of 0.1% GF. Trichlo-
roacetic acid and cumarone did not induce any
abnormality in porphyrin metabolism, nor did
the addition of 0.1% GF to these chemicals.
Therefore, the three chemicals selected in this
study do not seem to effect porphyrin metabo-
lism as much as chemicals like PCB, estrogen,
ethyl alcohol and iron, which induced severe
porphyrinopathy by the addition of 0.19% GF.
However, it is not clear whether the elevation
of erythrocytic porphyrins, especially the eleva-
tion of PP, by 4-chloro-m-cresol occurred as a
primary porphyrinopathic effect or as a secon-
dary effect due to erythropoietic abnormalities.
The duration of our study was not long enough
for the investigation of porphyrinopathy in
these chemicals. More lengthy studies are
necessary.

(47)
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EHEEEERORL o, UEDZ Ehs5EA
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Tissue Distribution, Inductive Effect on Liver Enyzymes and
Acute Toxicity of 2,3,4,7,8-Pentachlorodibenzofuran in
Golden Syrian Hamsters

Nobuyuki KoGa, Hiroshi NAkKASHIMA, Hidetoshi KAMIMURA,
Yumiko HokaMA and Hidetoshi YOSHIMURA

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

The hamsters have been known to be the least sensitive mammalian species to the acute
toxicity of highly toxic polyhalogenated hydrocarbons such as 2,3,7,8 - tetrachlorodibenzo-p-
dioxin. In the present study, the tissue distribution, inductive effect of liver enzymes and acute
toxicity of 2,3,4,7,8-pentachlorodibenzofuran (PenCDF) in male Golden Syrian hamsters were
examined. The highest content (about 48% of dose) of PenCDF was found in the liver 5 days after
a single i. p. dose of 1.0 mg/kg. The amount ranging about 5 to 10% of dose was also distributed
to mesentery, skin and muscle. In liver, the distribution of PenCDF was just parallel to that of
cytochrome P-450 (P-450), marker enzymes of liver endoplasmic reticulum, suggesting that
PenCDF binds to P-450. The mode of inductive effects of PenCDF in hamsters was 3-
methylcholanthrene-type as reported previously in rats. However, the typical enzymes such as
benzo(a)pyrene 3-hydroxylase and DT-diaphorase were induced to a relatively less extent than
did in rats. In hamsters pretreated with PenCDF at a dose of 0.5 mg/kg, the potent atrophy of
thymus and the 3-fold increase of liver lipid peroxide were observed, whereas the body weight
gain was not suppressed at all. These results suggest that the induction of liver enzymes and the
atrophy of thymus might not be the direct cause of PenCDF-induced lethality in hamsters.
(Fukuoka Acta Med. 80(5) : 227—234, 1989)
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Polychlorinated dibenzofurans (PCDFs) iZ, I
MY, polychlorinated biphenyls (PCBs) 8 X ¢
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(a)pyrene®?, phenacetin®®® 3 X Uf aflatoxin B,*¥ %
Y ofbEFEs RIORBEREL RV I L85
WWENTWS, ¥£7:, TCDD @ ‘s —v izl
Th, 9 DERENEDELZ® tHREINT
w3,

w1z PCDF ot T %, 2,3,7, 8-tetrachlor-
odibenzofuran (TCDF) & 2,3,4,7,8-pentachloro-
dibenzofuran (PenCDF) 233 v b iZB W T, o&
LV ANENE B X UFEY BB E D 3-methyl-
cholanthreneMC) BIFEEE SR FE T 2 &%, & 6K
PenCDF i3 TCDF L ix8% 0, BIN&sF~DEW
BEEERT LM REHELLKLTWS, £IT
FRETIE, BURFHCL > L bEETHLEELS
520 PenCDF #Fs, NARY =B EHEN
376, HEMRSHEROFEERB L URak#HED
WTRE U, &7, IFEBEEE2ERT L LD
BB IR E E KO EBERR I RIETREIIDWT
LRETRINZ 72,

x B F &

1. EERM¥

4C Z ~ 1 PenCDF (1.1 mCi/mmol, &S
HiEE>99%) B & UFERES M PenCDF 13, B—1k%
WEERB & CIUNRZE A BRRBERR L D %
nZEhfts X h i, ¥ 7 benzphetamine-HCl i
(BZ) # & 1 3-hydroxy-benzo(a)pyrene i Z 1L
T rVar7y—ya—7 4N AtE LI
REEFEHARELATEREE X v iit5 e, 7-
ethoxyresorufin (7-ER) {3 Burke and Mayer 7
B EDER LT

NAD(P)H, NAD(P) 8 X U glucose -6-phosphate
G-6-P) 3t FIsmeE T L D, G-6-P dehy-
drogenase, BTE V¥ F 4 >~ (GSH) B X UEe1L
27N F 4 > (GSSG) i Sigma Chemical #: CKE,
St. Louis) & ¥, estradiol ¥ X Uf2 - hydroxy -
estradiol i% Steraloid #£ X b, propionaldehyde, 1, 2
-dichloro-4-nitrobenzene(DCNB) 8 X ¢F dicoumar-
ol X FIH M ZES (KR & b, pyrazole® & U
benzo(a)pyrene (BP) ik fH{bFHAEH (FH) LY
BAL . 2,6-dichlorophenolin-
dophenol 38 X ©F 1-chloro-2,4-dinitrobenzene
(CDNB) it # #1 # h Aldrich Chemical #£ (K =,
Milwaukee), Merck AG (7 K 4 ¥, Darmstadt)
BEUREFRIER B LOBALL.

2, KEBREWMELURE

% Jz resorufin,

5 K &

E3

Eh 4 A

5845 @ Golden Syrian RN AR ¥ — (KE
#180g) (JLEI®R) % A \», PenCDF % 0.5 mg/kg
OEEBT1IEEEN S L. PenCDF 3{6E 1
kg% lmloa—vlcE@EL, oBRECIE
a—viloAREE Lz, ERRSHEORT TR *C
5L PenCDF #% 1.0mg/kg DA ET 1 BRI
B5 L7, ABLUHEIBERKES 27, PenCDF £
S55HHBREL, SESEEME L. kB, BRW
12 R S B /e,

3. FBREOAS

BT 775 1 & o RS U s A AR
KCHSERL TIMEERD BRWz, BT, 0256 M
sucrose-0.1 mM EDTA-10 mM Tris-HCI (pH 7.5) &
¥ & i glass-Teflon homogenizer 2 T 25% K €&
F— b RFEBL 2%, 9,000 xg T 20 SFEELSEEL,
LERB. OB, WERS S ICREDRIEERIC
BB, BU9,000xg T20 AREOSBEL, 22
TEHEshEER O LE L EbYE, & 52 105,000
xg T 60 ARELOBEL, Bonl REEFA PV
WS e L, —H EIR01G5M KCI-50 mM
Tris-HCI (pH 7.5) i B ¥ L /- #&, 105,000 xg T 60
SHEFELTBEETo>THEEL, REIC0.25M su-
crose-0.1 mM EDTA-10 mM Tris-HCI (pH 7.5) 2 %
BLTIh®ir7uV—LEHIFEL,

4, BREBEHLCORE

Cytochrome P-450 (P-450) &&i% Omura & Sato
DFED 1L D ER L. BP 3-hydroxylase ¥t
Nebert & Gelboin D AHE® 2L b, %7/ 7-ERO-Ji
IF LB L U estradiol 2-AEB{LOTIEMIX, Fh
7 h Burke and Mayer? ¥ X Uf Yoshihara 5% 0 F
BIZEDER LU, BZ N-BiA F A bEmEMD 34K
2hs HCHOEZEEL TR, BEofE
TruY—-AESERW,

Al EuBEROBER Y1 b Y VESS 2 Ay THE
L7-. § 7% 4 b, DT-diaphorase &M iZ BEHR” ic L
72535 T, %7- aldehyde dehydrogenase (ALDH) i
7 1% propionaldehyde # &8 & U, G-6-P dehy-
drogenase FM X G-6-PR2EEH L L TZxhTh
NADH, NADPH &2 2R 2 EHEC L D HIE
L 7z. GSH peroxidase &% 13, Lawrence & Burk
DOFHED, %72 GSSG reductase ML Scott 5DF
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CDNB # %z DCNB 2#&E + L, #0 GSHigG
hoEKEIZ L DBEIEL .
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Z 1 Ohkawa & @ A #*” 8 & (FEllman @ /55 12
&£ D, % 7 catalase M i3 Chance & Maehly o 5
EYICEDERB L. S8 ERII Lowry 5D F
TP L niTodk,

5, “C 3~ PenCDF DER

AR ERHAETREL, 20/M100mg %, 700
Wiz 0.2ml * FRECE D DUTORIERTo 7, &9
> 7Nz 1ml NCS (Amersham #) % fi %, 56°C
T IRFMIMBAL TR ER L TEIE, 0.2~0.6
ml O 30%:BRbAKER %N 2 THV56°C, 30 2N
#L kAL, gAYy vy FLr——10ml »
L, kv v Fr—var iy vy — (Aloka
LSC-903 &) THaERERE L, B, 71
F > T OFEZSEIERE T © > Z VIR X D170,
MK, HABLCKEORERRZNFNEED
8%, 50%, BLU16%Y & L7,

—77, PenCDF Ol Mz EEC LD ES
ek, S hav Y7, 2270V —ABXTYA b
VL DEESD 0.2~0.5ml iz X, B LR
ml D NCS %z Crl@Efhsk, 10mlo#AALy >~ F
V—% =%z THIEL 7.

X BR & R

1. £ARSH

PenCDF i3 4 S EOREMHIcE TN THD,
MEOHRHER I EB T L BEOR B & UIsk#H
Bz, PCOFRAD2 b b -k b HEE THRE S
NTW3®, Fi, v 1, FA0 % LOEREY
BB OER, FuEE2oAEETHY, »
DRMICh > TEBETA I EBHESLER STV,

ZIT, NAAY—IZB I} B PenCDF 0 &N 5
xS Iz T 5725, “C 5~ PenCDF % 1mg/
kg »C 1 EEENKZSL, B5% 5 HHEO&KESE S
OMEEREZEEL 2, 20OER, Table 1iz3R9
2z, REEOH BB L, T 90
2ix, A, BEEEN KEOET>7. —H, 8
Bl gY4) THRLLEAETH, PROFECL-
LLEBETHMELTED, R CIBRERE, BIF,
MRROIETH -7z,

DEDOHRIY, "ARF—IZ8B} 2% PenCDF O
SF &1, PenCDF (1 mg/kg) 855 v MFFeBI 2
BHET b BREEDH 66% L \» 5 E™ 12t~
TESMEVHODORIRY, FBRFELSMHEETH S
ZEMNHeh LR o, —T, B, BEBEERS &
VEETEZ Y PO 0FEUELBOI LS
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Table 1 Distribution of *C-2,3,4,7,8-pentachlo-
rodibenzofuran in the tissues of ham-
ster 5 days after a single i. p. injection
of 1.0 mg/kg

[+)

Tissue % of dose % (gsjsese/g
Liver 47.69%5.28 8.35+1.03
Mesentery adipose 6.37+2.35 2.77x0.72
Adrenal 0.03x£0.01 1.30+0.36
Thymus 0.03+0.01 0.69+0.23
Large intestine 0.360.06 0.46%0.13
Spleen 0.04+0.02 0.36+0.12
Skin 5.25%+0.55 0.32+0.03
Heart 0.13+0.02 0.31+0.04
Stomach 0.6240.34 0.30+0.20
Testis 0.6940.37 0.30+0.20
Kidney 0.2940.01 0.26%+0.02
Lung 0.18+0.03 0.254+0.05
Small intestine 0.51%0.10 0.23+0.05
Muscle 10.50+1.25 0.21%0.02
Blood 0.31+0.04 0.04+0.00

Each value represents the mean+S.D. of three
hamsters.

Body composition estimates for skin, muscle and
blood were 16%, 50% and 89, respectively.

Table 2 Subcellular distribution of *C-2,3,4,7,8-
pentachlorodibenzofuran and cyto-
chrome P-450 in hamster liver

Subcellular 2,3,4,7,8-
fraction PenCDF Cyt. P-450
9% of homogenate
Nuclear 41.51+3.22 41.85+1.22
Mitochondrial  16.60+2.08 15.43+2.63
Microsomal 26.25+1.30 24.38+2.37
Soluble 1.18+0.08 N. D.

Each value represents the mean=*S. D. of three
hamsters.
N. D, not detected.

ASoVAR

Z i & T Kuroki 5 1% PenCDF @ 7 v + FFN
DA R T FER, PenCDF 0340/ NEE D E
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FaW iz 817 % PenCDF O 5341 % -, P-450 0 534
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Table 3
cytosolic enzymes in hamster liver

i B f§ #F

Er 4 A

Effect of 2,3,4,7,8-pentachlorodibenzofuran pretreatment on the activities of microsomal and

Enzyme Control 2,3,4,7,8-PenCDF
Cytochrome P-450 © 0.906+0.217 2.079+0.240*
(100) (229)
Benzo(a)pyrene 2 0.251%+0.085 0.473+0.122*
3-hydroxylase (100) (188)
Benzphetamine 6.393+1.494 4.913+0.608
N-demethylase (100) (70
7-Ethoxyresorufin ¥ 1.341+0.208 6.315+0.653*
O-deethylase (100) (47D
Estradiol 2-hydroxylase 0.034%0.004 0.029+0.004
(100) ( 85)
DT-diaphorase 0.077+0.026 0.33940.040*
(100) (441)
Aldehyde dehydrogenase ® 0.014+0.001 0.029+0.005*
(100) (205)
Glucose-6-phosphate ? 5.133+1.016 5.231+0.816
dehydrogenase (100) (102)
Glutathione S-transferase ®
CDNB 3.317%£0.195 8.587+0.633*
(100) (259)
DCNB 0.010+£0.002 0.041%0.003*
(100) (414)

Y nmol/mg protein, » nmol 3-hydroxy-benzo(a)pyrene formed/min/mg protein, ® nmol HCHO for-
med/min/mg protein, * nmol resorufin formed/min/mg protein, ® nmol 2-hydroxy-estradiol formed/
10 min/mg protein, ®umol/min/mg protein, ” nmol/min/mg protein.

Each value represents the mean=+S. D. of three hamsters, and those in parentheses are the relative

value to the control.

* Significantly different from the control, p<0.

L L7z, Table 2Wmd & o, N"aRFT—RF
CBWTHP-A0DaHErob»2 L 5 CMETHE
SEWEANE S ND R, ZDL I RERIEICHE
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PenCDF 73 P-450 43 Ff & 55 L T\ 2 AIEEME DS
iz,
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PenCDF % 5% 5 HEOF LD, 270V —A4B
U1 PV NVEREL, SESCEET I2BERER
CERIZTEELHA N (Table 3), Fs7vV—~A
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i X F NALIEMES & OF estradiol 2-AKB{LIEMIZ, &
BETRZOVHBNLARSY —THREBRCEMERIC S - 72,
—7%, ¥4 bV IVES O DT-diaphorase i§% i,
FMBEON AAGCHEE I, TOHEET Y bD
EFNEDEVWLDOTH S, e, Ty bBWT
phenobarbital(PB)”?, TCDD” 3 X 183,453 4~
pentachlorobiphenyl (PenCB)® 7 iz & © BB IS
BManz ALDH i, PenCDF LB NNAR Y —TIEH
NEBEOK2.1E LB O TH ok, WiC, EY
FTRLERBRIO NS T4 VG e 25E
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b iZB T PB, MC, TCDD" 8 X f PenCB'® 2 & b



NILAY =B D PenCDF D434 & #%

FEANBIEBHONTVEE, NARY—TH
CONBB X UDCNBOWEEIIXHL T, ZhFh
268 L4 IfEEEEI N, L L, G6-P
dehydrogenase 2B L Tix, PenCBALE 7 v b TH
BINEELHENY 3ashkrol,

3. AMEH

Fig. 1z, PenCDF (0.5 mg/kg) ML NAX ¥ —D
BE5#%4BEHz TOBRERMMR % R7. PenCDF
BEIiz kL 5% 1 BECEEBIIH SRS S
Yoo, 2 AEUKERE, o7 ROAEELFAKCE
EMNEIMLU:, RBSEAV7: 0.5mg/kg D&,
Zv PBOLTHRENINEIRDOONZETHZ T
Epo, ZOBRBMEROHRE LERIZNLARY =8
BREZUHTHZ I EE2FRL TS,

Wiz, PenCDF# 5% 5 HEHERL, REHFE
BRRIZTHERHE I, Table 4R 7T &£ D,
F 9 M EFEBIANALRY —IZBWT b, BEZFEA,
B MR OBEE s EEIBEE SN, £/, RO
BHEORBEIR, v bEDBDBLAIKELY, &5
v b TRBED SN THEWEBOEFLEE s N,

W BRBLEEEE:, OHERRRICKIZT
PenCDF Q& iz DWW CTH~ 7, @B LIEE T M
RMBISTL, BUFEERERT I L25, BNEN
EED12ThHA, HES I 4ERMEEZERS
E32PCBEEST Y b BT, FABLEEOH
me, ZoBambkRL OBEBREOHERD 1

O—O control
®——@ PenCODF

Body weight gain (g)

Days after injection
Fig. 1 Effect of 2,3,4,7,8-pentachlorodibenzofuran
on body weight gain in hamsters
Each point represents the mean of three
hamsters.
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Table 4 Effect of 2,3,4,7,8-pentachlorodiben-
zofuran pretreatment on the tissue

weights of hamster

Tissue weight (g/100g body weight)

Tissue
Control 2,3,4,7,8-PenCDF
Liver 4.260+0. 5.267+0.265*
(100) (124)
Thymus  0.099+0. 0.028-+0.004*
(100) ( 28)
Spleen 0.128=+0. 0.086+0.007*
(100) ( 67)
Lung 0.790+0. 0.6601+0.037*
(100) (84)
Kidney 1.700+0. 1.392+0.066*
(100) (82)

Each value represents the mean+S. D. of three
hamsters, and those in parentheses are the rela-
tive value to the control.
* Significantly different from the control,
p<0.05.

2T % GSH peroxidase iIEMEDET 2O T 5,
Table 5iCRT LI WCNLRY —FFizB W T 6 BE
i E X, PenCDF # 51 X D RLEBEHON IF L
EEEIML Cwi, —J%, GSH peroxidase &
GSSG reductase, 8 & t*GSH & & 1%, PenCDF 4L
B l2EBREEE RS o7z, 28, @ERIK
ROE 5 T 5 catalase i3, PenCDF #LE iz &
h, BEETRZVHDDRIMERZRL .

x %=

AH5E T PenCDF OB MERIEBEREHD 72,
HWFRF EERIKTR ST 2 BZHENY - L HE
WEWETH BN LAY —%FH\, PenCDF &R
S3Fh, HEBEERFEERS L UARRERC DL TH~,

PenCDF @ £ B2 SABRIENL RS —ITBWT
LHTHD, BEEON B8R TH-7z. ZDEIR,
S F DR 5% L VI EICHE L THHMEL, Fh
C XM IRTIERE B, KE B X UBEADSHIE T v
b 10 fEEL B o7z, Olson 52 %, HEHED
TCDD #85 L THIZ BTN LRI —IZB T,
TNy MRTw b EERRE, FERER C BROEE
EBEL T, SRR, Pz Cigis
#4558 PenCDF 0 8 2 EHFABE 2 IH T 27200
RS L UTEETHE I L2 FBLTWE, 0
O BEBEBONREA E L COEEKS,

(53)
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Table 5 Effect of 2,3,4,7,8-pentachlorodibenzofuran pretreatment on the contents of lipid peroxide
and glutathione, and the activities of the related enzymes in hamster liver

Enzyme Control 2,3,4,7,8-PenCDF
Lipid peroxide V 0.446+0.241 1.317+0.297*
(100) (295)
Glutathione peroxidase ? 0.3261+0.014 0.341+0.055
H,0, (100) (105)
CuOOH 0.493+0.038 0.525+0.041
(100) (106)
GSSG reductase ? 0.149%0.013 0.153%0.011
(100) (103)
GSH content ® 0.112+0.024 0.134+0.009
(100) (120)
Catalase ? 0.160+0.020 0.108+0.032
(100) ( 68)

D nmol/mg protein, ? xzmol/min/mg protein, ¥ mg/mg protein.
CuOOH, cumene hydroperoxide ; GSSG, oxidized glutatione ; GSH, reduced glutathione.
Each value represents the mean=+S. D. of three hamsters, and those in parentheses are the relative value

to the control.
* Significantly different from the control, p<0.05.
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P-448 o8B & O BP 3-k#1k, 7-ER O-fix+)v
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DOTCOD #NLRY—EF vy b5 L, MPOH
RER K v E > (3,53 -triiodothyronine 8 & O
thyroxine) OBEIERTT\, 7w b TRFNLIFHICE
N, ZheWEP LIz L, NARY — T
WHELRBMERT Z 2B L, ZORED
5, WOERNLAFT =BT FREKLE DR
s, FREACERRE MRS, EELEEBMN
FRTZ2IIELTEBY, IOIEBNLRAT—ITE
I AHERZEO—~HTHS ) L EEL T WD,

# i

PenCDF D #MHABBBEHEO—RE LT, PCB,
PCDF % PCDD 0 #F i3t L & - & HERZH D
LAY —ZB 5 PenCDF O £46H 50, FFEE &S
EER B L UARFENIc O W TR 2N 72,

1, PenCDFixFE & UTH (#48%) oL 72
B, FOMIBHEE KESIUHRTLERSEED
5~10% £ & AL Twiz, PN TR/MNEKRD
ERBERTHLP-H0DHHE L —HRLTHAEZ
Eho, Ty b ERBE P-4 CTHEELTHWE L
ERVIN R A A

2. PenCDFMLEBNLRY —CBI 2FBEEOSE
BNy — Ty b EEBRICMCRI vz 228, #
OFERRFEERICEL, K MCHORENTE
M Th 2 BP 3-/kE{biEt s X ¢ DT-diaphorase 1%
W7y Mzt D {EVLDTH o7,

3. PenCDF#5% 5 HHTid, WROEERZE
s & U AR EE BB MIISEHE S hi s,
EEITEIED 5 LT IEAZRE 2R L7,

DEOBRE, NARS - B THBREZES L
UHIREREZ YD wb® 5 2t E M 05425 PenC-
DF ORIBGEN G EM L EEEEL Thanwl L %
AL TWwD,

X £y

1) Baars AJ, Jansen M and Breimer DD : The
influence of phenobarbital, 3-methylcholanthrene
and 2,3,7,8-tetrachlorodibenzo-p-dioxin on glutath-
ione S-transferase activity of rat liver cytosol.
Biochem. Pharmacol. 27 : 2487-2494, 1978.

2) Bartsch H, Malaveille C, Camus AM,
Martel-Planche G, Brun G, Hautefeuille A, Sabadie
N, Barbin A, Kuroki T, Drevon C, Piccoli C and
Montesano R: Validation and comparative studies
on 180 chemicals with S. fyphimurium strains and
V79 chinese hamster cells in the presence of various
metabolizing system. Mutat. Res. 76 : 1-50, 1980.

(55 )

3) Birnbaum LS, Decad GM and Matthews
HB : Disposition and excretion of 2,3,7,8-tetrach-
lorodibenzofuran in the rat. Toxicol. Appl. Phar-
macol. 55: 342-352, 1980.

4) Burke MD and Mayer RT :
Ethoxyresorufin : direct fluorimetric assay of a
microsomal O-dealkylation which is preferentially
inducible by 3-methylcholanthrene. Drug metab.
Dispos. 2: 583-588, 1974.

5) Chance B and Maehly AC: Methods in
Enzymology II, p. 764, Academic Press, New York,
1955.

6) Decad GM, Birnbaum LS and Matthews
HB : Distribution and excretion of 2,3,7,8-tetrach-
lorodibenzofuran in C57BL/6] and DBA/2] mice.
Toxicol. Appl. Pharmacol. 59 : 564-573, 1981.

7) Deitrich RA, Bludeau, Stock T and Roper
M : Induction of different rat liver supernatant
aidehyde dehydrogenases by phenobarbital and
tetrachlorodibenzo-p-dioxin. J. Biol. Chem. 252:

6169-6176, 1977.
8) Ellman GL: Tissue sulthydryl group. Arch.

Biochem. Biophys. 82: 70-77, 1959.

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

10) Gasiewicz TA, Geiger LE, Rucci G and Neal
RA : Distribution, excretion, and metabolism of 2,3,
7,8-tetrachlorodibenzo-p-dioxin in C57BL/6],
DBA/2], and B6D2F1/J mice. Drug Metab. Dispos.
11: 397-403, 1983.

11) Gasiewicz TA and Neal RA: 2378 -
Tetrachlorodibenzo-p-dioxin tissue distribution,
excretion and effects on clinical chemical parame-
ters in guinea pig. Toxicol. Appl. Pharmacol. 51 :
329-339, 1979.

12) Gasiewicz TA, Rucci G, Henry EC and
Baggs RB: Changes in hamster hepatic cyto-
chrome P-450, ethoxycoumarin O-deethylase, and
reduced NAD(P):menadione oxidoreductase fol-
lowing treatment with 2,3,7,8-tetrachlorodibenzo-
p-dioxin. Biochem. Pharmacol. 35: 2737-2742, 1986,

13) Habig WH, Pabst MJ and Jacoby WB:
Glutathione S-transferases. The first enzymatic
step in mercapturic acid formation. J. Biol. Chem.
249 : 7130~-7139, 1974.

14) Henry EC and Gasiewicz TA : Changes in
thyroid hormones and thyroxine glucuronidation in
hamsters compared with rats following treatment
with 2,3,7,8-tetrachlorodibenzo-p-dioxin. Toxicol.
Appl. Pharmacol. 89: 165-174, 1987.

15) Hokama Y, Koga N and Yoshimura H:
Purification and Characterization of two forms of

chicken liver cytochrome P-450 induced by 3,4,5,3’,



234 & H F
4’-pentachlorobiphenyl. J. Biochem. 104 : 355-361,
1988.

16) HEREE, BRK & SABHzET, EHNE
B .PCBEMEICL2 7y VFAIBESEBRREOFE,

BiEESE 76 1 160-166, 1985,
17) Kuroki J, Koga N and Yoshimura H: High

affinity of 2,3,4,7,8-pentachlorodibenzofuran to
cytochrome P-450 in the hepatic microsomes of
rats. Chemosphere 15: 731-738, 1986.

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

19) Kuroki H, Masuda Y, Yoshihara S and
Yoshimura H: Accumulation of polychlorinated
dibenzofurans in the livers of monkeys and rats.
Food Cosmet. Toxicol. 18 : 387-392, 1980.

20) Lakshmanan MR, Campbell BS, Chirtel SJ,
Ekarohita N and Ezekiel M : Studies on the mecha-
nism of absorption and distribution of 2,3,7,8 -
tetrachlorodibenzo-p-dioxin in the rat. J. Phar-
macol. Exp. Ther. 239: 673-677, 1986.

21) Langdon RG: Glucose-6-phosphate dehy-
drogenase from erythrocytes. Methods in En-
zymology 1X. pp.126-131, New York, Academic
Press 1966.

22) Lawrence RA and Burk RF: Glutathione
peroxidase activity in selenium-deficient rat liver.
Biochem. Biophys. Res. Commun. 71 : 952-958, 1976.

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

24) Mizokami K, Nohmi T, Fukuhara M, Tana-
ka A and Omori Y : Purification and characteriza-
tion of a form of cytochrome P-450 with high
specificity for  aflatoxin B, from 3-
methylcholanthrene-treated hamster liver. Bio-
chem. Biophys. Res. Commun. 139 : 466-472, 1986.

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

26) Nohmi T, Yoshikawa K, Nakadate M and
Ishidate M : Species difference in the metabolic
activation of phenacetin by rat and hamster liver
microsomes. Biochem. Biophys. Res. Commun. 110 :
746-752, 1983.

27) Ohkawa H, Ohishi N and Yagi K: Assay
for lipid peroxides in animal tissues by thiobar-
bituric acid reaction. Anal. Biochem. 95: 351-358,
1979.

28) Olson JR, Holscher MA and Neal RA:
Toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
the Golden Syrian hamster. Toxicol. Appl. Phar-
macol. 55: 67-78, 1980.

29) Olson JR, Gasiewicz TA and Neal RA:

=

B4 A

Tissue distribution, excretion, and metabolism of 2,
3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the
Golden Syrian hamster. Toxicol. Appl. Pharmacol.
56: 78-85, 1980.

30) Omura T and Sato R: The carbon
monooxide-binding pigment of liver microsomes. J.
Biol. Chem. 239 : 2379-2385, 1964.

31) Poland A and Knutson JC: 2,3,7,8-
Tetrachlorodibenzo-p-dioxin and related
halogenated aromatic hydrocarbons : Examination
of the mechanism of toxicity. Ann. Rev. Pharmacol.
Toxicol. 22: 517-554, 1982,

32) Schreiber H, Martin DH and Pazmino N :
Species differences in the effect of benzo(a)pyrene-
ferric oxide on the respiratory tract of rats and
hamsters. Cancer Res. 35: 1654-1661, 1975.

33) TEEMER, MBS, EIM OB, KIUR S F,
EHE— PCBES 7 v i s 2 B8R1LEE
DER EEYRSH, TNy F4 g FrF—¥E,
vy I VE L OME, BEESE 72 142-148, 1981,

34) Scott EM, Duncan IW and Ekstr V:
Purification and properties of glutathione reductase
of human erythrocytes. J. Biol. Chem. 238: 3928
-3933, 1963.

35) Wroblewski VJ and Olson JR: Effect of
monooxygenese inducers and inhibitors on the he-
patic metabolism of 2,3,7,8-tetrachlorodibenzo-p-
dioxin in the rat and hamster. Drug Metab. Dispos.
16 : 43-51, 1988.

36) Yoshihara S, Nagata K, Wada I, Yoshimura
H, Kuroki H and Masuda Y : A unique change of
steroid metabolism in rat liver microsomes induced
with highly toxic polychlorinated biphenyl (PCB)
and polychlorinated dibenzofuran (PCDF). J.
Pharmacobio-Dyn. 5: 994-1004, 1982,

37) Yoshihara S, Nagata K, Yoshimura H,
Kuroki H and Masuda Y : Inductive effect on he-
patic enzymes and acute toxicity of individual
polychlorinated dibenzofuran congeners in rats.
Toxicol. Appl. Pharmacol. 59 : 580-588, 1981.

38) Yoshimura H, Kuroki J, Koga N, Kuroki H,
Masuda Y, Fukasaku N and Hasegawa M : High
accumulation of 2,3,4,7,8-pentachlorodibenzofuran
to hepatic microsomes of rats. J. Pharmacobio-Dyn.
7: 414-419, 1984.

39) EHENEE, FHALR, FEE:E, KH B,
IWNEF, FEHF—, $H E:3,4,53,4-<>%
70t 7 22 VDELEY MRS 5 aEEY, &

SCHBEROFEIER. BRERE 721 149-154,
1981,
40) Yoshimura H, Yoshihara S, Ozawa N and

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

( 56 )



fEfERE 80(5) 1 235—239, 1989

235

IEBIEAED 2,3,4,7,8-Pentachlorodibenzofuran
5002 1,2,3,4,7,8-Hexachlorodibenzofuran
DIy P TIEMELVIEAYEN

FERIEFRZ R RER R

N

i

%

=
1=}

%@

Acute or Subacute Toxicity of 2,3,4,7,8-Pentachlorodibenzofuran
and 1,2,3,4,7,8-Hexachlorodibenzofuran to Rats in Non-Lethal Dose

Masahiro NISHIZUMI

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

Two isomers of polychlorinated dibenzofurans, 2,3,4,7,8-pentachlorodibenzofuran or 1,2,3,4,7,
8-hexachlorodibenzofuran, both of which are present in the Yusho patients, were subcutaneously
administered to rats in a single non-lethal dose to examine acute or subacute toxicity.

Maximal inhibition of increase in body weight and decrease in daily locomotor activity were

observed in the rats treated with 370 ug/kg of these compounds at 3 to 4 weeks after treatment,
especially with 2,3,4,7,8-pentachlorodibenzofuran. Histopathologically, hypertrophy of the liver
and atrophy of the thymus were noted at 4 weeks after treatment with this dose, while bile duct
hyperplasia in the liver was observed at 40 weeks after treatment with 250 xg/kg of these

compounds.
(Fukuoka Acta Med. 80(5) : 235—239, 1989)
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Fig. 1 Changes of mean body weight of rats given
PenCDF, HCDF or olive oil alone
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Fig. 2 Changes in mean daily locomotor activity
measured by AUTOMEX

Hepatocytes are swollen and some of them contain vacuoles in cytoplasm. The rat liver treated with

Mild hypertrophy of the hepatocytes in the rat liver treated with 100 xg/rat HCDF. H-E stain (X 200)

Thymic atrophy in the rat given 100 ug/rat PenCDF. The cortex is shrinked and corticomedullary

Atrophy of the thymic cortex is slightly seen in the thymus of the rat treated with 100 ug/rat HCDF,

Proliferation of bile ductular cells is seen in the liver of rat treated with 40 xg/rat PenCDF. H-E stain

Fig. 3 Normal hepatocytes arranged regularly in a control rat liver. H-E stain (x200)
Fig. 4
100 pg/rat PenCDF. H-E stain (x200)
Fig. 5
Fig. 6 The thymus tissue in a control rat. H-E stain (x20)
Fig. 7
junction is indistinct. H-E stain (X 20)
Fig. 8
H-E stain(x20)
Fig. 9
(< 40)
Fig.

10 Proliferative bile ducts. Same case as in Fig. 9 at a higher magnification, also showing hepatocytes

containing small vacuoles in cytoplasm. H-E stain (X100}

(58)
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Carcinogenicity of 2,3,4,7,8-Pentachlorodibenzofuran
and 1,2,3,4,7,8-Hexachlorodibenzofuran in Rats

Masahiro NisHIZUMI

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

Abstract In order to examine the carcinogenicity of 2,3,4,7,8-pentachlorodibenzofuran and 1,2,
3,4,7,8-hexachlorodibenzofuran, these two chemicals were subcutaneously administered to Wistar
strain male rats at the dose of 80 ug, 40 ug or 4 ug per rat. At sacrifice in two years after the start
of the experiment, tumors were observed in the subcutaneous tissue and the liver. Although the
number of the rats used is small, the tumor occurrence showed some tendency to relate with the

dose of the shemicals given.

Introduction

(PCDFs),
which are closely related in structure and tox-

Polychlorinated dibenzofurans

icity to other halogenated aromatic hydrocar-
bons including the polychlorinated dibenzo-p-
dioxins, are important environmental
contaminants having the potential for wide-
spread human exposure. Actually, several con-
geners of PCDFs have been found in the
contaminated rice-bran oil and in the liver of a
deceased patient of PCB poisoning in Japan
(“Yusho”)**? and Taiwan (“Yu Chen”)?, and
they are now regarded as the most important
causal compounds in Yusho and Yu Chen
incident®*®,

Although some toxicity studies on these com-
pounds have been done?®'? no carcinogenicity
test on them has been reported. Therfore, we
carried out a carcinogenicity test on two
isomers of PCDFs, 2,3,4,7,8-pentachlorodiben-
zofuran (PenCDF) and 1,2,3,4,7,8-hexachlor-
odibenzofuran (HCDF),

cutaneously administered to rats.

which were sub-

Materials and Methods

The chemical compounds, 2,3,4,7,8-PenCDF
and 1,2,3,4,7,8-HCDF, which were kindly pro-
vided by Prof. Y. Masuda, Daiichi College of

Pharmaceutical Sciences, Fukuoka, were used.
They were separately dissolved into olive oil at
a concentration of 1mg/ml or 0.1 mg/ml, and
were subcutaneously administered in the back
once or 4 times with an interval of a week, at a
total dose of 80 g, 40 ug or 4 ug per rat.
Forty Wistar strain male rats, 6 weeks old,
(1) PenCDF 20
g/rat, 4 times in a month, (2) PenCDF 40 ng/
rat, once, (3) PenCDF 4 pg/rat, once, (4)
HCDF 20 pg/rat, 4 times in a month, (5)
HCDF 40 pg/rat, once, (6) HCDF 4 pg/rat,
(7) olive oil only 0.02 ml/rat, 4 times in a

were divided into 8 groups;

once,
month, (8) olive oil only 0.04 ml/rat, once.
The rats were housed in groups of one to three
rats per cage and in an air-conditioned animal
room at 224+2°C with a relative humidity of
55%5%. They were fed a pellet diet, CE-2 (Clea
Japan, Inc., Tokyo) and water ad libitum. They
were weighed every week for 12 weeks, and
then every two weeks for the duration of the
study.

The animals survived were sacrificed at 104
weeks after the start of the experiment.
Subcutaneous tumors were excised, and their
The liver,

kidney and spleen were removed and weighed.

size and weight were recorded.

They were fixed in 10% neutral-buffered form-
aldehyde solution for histopathological exami-
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The other organ; lung, oesophagus,
and

nation.

stomach,
adrenals, were also macroscopically examined.
When tumors or nodules were found, they were
processed for histopathological examination.
Hematoxylin and eosin were used to stain the

small and large intestine,

paraffin-embedded sections.
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Results

Although significant depression in body
weight gain was observed in groups 1, 2 and 4 as
compared with combined control groups 7 and 8
(Fig. 1), almost all of the rats in experimental

groups were well tolerated to the test com-

700}
—~ 600}
£
o
D 500¢F
% X Control
g 400 o 2,3478-PenCDF (80ug/rat)
= O 2,3,4,78-PenCDF(40ug/rat)
a 2.3,1‘.7,8‘penCDF( [,ug/rat)
g 300 e 123478-HCDF (80ug/rat)
m? . 1J2731417,8-HC DF ([QOug/(at )
A 123478-HCDF( 4ug/rat)
&, 200
o
$
< 100}
L 1 3 . R , )
0 10 20 30 40 50 60 70
Weeks

Fig. 1 Growth of rats in a control and six experimental groups.

Table 1 Tumors produced in rats given 2,3,4,7,8-PenCDF or 1,2,3,4,7,8-HCDF

Number Number of rats Number of Liver tumors  Subcut-
Group  Chemical Treatment of rats  sacrificed at rats bearing aneous
used termination tumors Nodules HCC  tymors
1 2,3,4,7,8- 204g s.c. 5 5 2 2 1 0
PenCDF X 4
2 Vi 40ug s. C. 5 4 2 2 0 1
X1
3 Vi 4ug s. c. 5 4 0 0 0 0
X1
4 1,2,3,4,7,8- 20ug s.c. 5 5 2 2 0 2
HCDF X 4
5 n 40ug s. C. 5 5 2 3 1 1
X1
6 Vi 4ug s. c. 5 5 1 0 1 0
X 1
7  olive oil 0.02ml s.c. 5 5 0 0 0 0
only X 4
8 Vi 0.04ml s. c. 5 5 0 0 0 0
X1
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pounds at dose levels used in this study. Two
rats, one dosed 40 ug of PenCDF and the other
dosed 4 ug of PenCDF, had died of pneumonia
at 55 and 70 weeks after the start of the experi-
ment, respectively. Subcutaneous tumors, oc-
curring at thorax, were noticed in a rat each of
groups 2 and 5, and in two rats of group 4, at 70
to 75 experimental weeks. They were increased
in size, growing to large masses nearly 10 cm in
diameter at 104 weeks.

The results of pathological examination of
tumors observed among experimental groups at
2 years after the start of the experiment are

summarized in Table 1. Histological findings
of subcutaneous tumors showed fibroma for a
rat of group 2, lipoma and fibroma each for two
rats of group 4, and fibrosarcoma for a rat of
group 5 (Figs. 2A and 2B). Liver tumors includ-
ing hyperplastic nodules were seen in 4 out of 13
rats given PenCDF and in 5 out of 15 rats given
HCDF. In this experiment, hepatocellular car-
cinoma (HCC) was histologically confirmed in a
rat each of groups 1, 5 and 6 (Figs. 3A and 3B).
Small cysts in the liver were also seen in a few
rats in groups 2, 4 and 5. They were associated
with focal proliferation of bile ductular cells. In

Fig. 2A  Subcutaneous tumor in right thorax of rat received 40 pg of 1,2,3,4,7,8-HCDF.
B Undifferentiated fibrosarcoma. Cellular component being mainly small and stellate in nature, and
showing collagen formation in places. HE staining. X150

(64)



Carcinogenicity of PCDFs

243

Fig. 3A Liver of a rat received 80 ug of 2,3,4,7,8-PenCDF. A tumor {arrow) is seen in right lobe.

B Hepatocellular carcinoma showing a well-differentiated type. Tumorous hepatocytes with a
trabecular structure have round nuclei with large nucleoli. HE staining. X 70

most of the liver tissue, there were scattered
cell foci consisting of the hepatocytes with
vacuolated cytoplasm in non-tumorous area. A
cystic tumor on right adrenal gland was obser-
ved in a rat of group 2, which was bearing a
large fibroma in right thorax. This tumor was
histologically revealed a haemorrhagic cyst
with cortical atrophy. Besides, a polypoid
structure, 5 mm in size, in ileum seen in a rat of
group 5 was histologically proved a marked
lymphoid hyperplasia.

glomerulone-

As non-neoplastic lesions,

phrosis in experimental groups were more fre-
quently seen than in control groups. The kid-
neys were markedly enlarged and pale, and
cystic spaces were scatteringly present. His-
tologically, renal tubules were dilated and
contained densely pinkstaining hyaline casts
(Fig. 4).

Discussion

In a two-year study, tumors have developed
in the subcutaneous tissue, liver and others, by
subcutaneous administration of PenCDF or



244

M. Nishizumi

Fig. 4 Glomerulonephrosis in a rat received 40 ug of 1,2,3,4,7,8-HCDF. There is moderate cystic dilatation of
tubules, proteinaceous intratubular casts and interstitial inflammation. The changes of the glomeruli

are also seen. HE staining. X 70

HCDF to rats.
used is not enough to analyse statistically the

Although the number of rats

dose-response relationships, it is considered to
be certain that PenCDF and HCDF has a carci-
nogenic potency, considering no appearance of
tumor in control rats. Moreover, tissues of
tumor production fairly coincide with those
retained PenCDF in high accumulation rate®.
The minimum carcinogenic dose of HCDF in
the present study is approximately 20 pg/kg by
single application, and this dose might be still
reduced by refined regimen of treatment. This
carcinogenic dose is quite low, and is compa-
rable to that of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (T'CDD) which caused an increased inci-
dence of hepatocellular carcinomas and other
tumors in feeding 0.1 ug/kg/day, over a two
year period, though route of administration is
different™.

The liver is the organ most consistently
affected by PCBs, PCDFs and TCDD. 1t is
conceivable that high ability of TCDD or
PCDFs to induce the hapatic monooxygenase
system would have potential role in car-
cinogenesis. Moreover, it is interesting to
observe subcutaneous tissue tumors in this
study, since increased risks for soft tissue sar-

coma have been reported in the people exposed

( 66 )

to phenoxyacetic acid or chlorophenols, which
are contaminated with TCDD#®. Although it is
reported that glomerulonephrosis with cysts
formation in the kidney is seen in aged rats®,
PenCDF and HCDF might accelerate these
changes. Because, these lesions were seen in
nearly half of the experimental rats, while simi-
lar lesions in lower grade were seen in 2 out of
10 control rats.

Thus, study of chronic effects including car-
cinogenicity as well as acute effect of PCDF
congeners on animals would be important to
evaluate human risks of exposure to these
chemicals,
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Influences of Polychlorinated Dibenzofuran on
Experimental Carcinogenesis in Mice

Ryoji HiroSE, Makoto Hori, Hiroyuki TOYOSHIMA,
Tetsuo SHUKUWA, Masako UpoNo and Hikotaro YOSHIDA

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

To ascertain whether 2,3,4,7,8-pentachlorodibenzofuran (PCDF) has the possibility of co-
carcinogen, three different concentrations of 0.5, 1 and 5 ppm PCDF was evaluated in the course
of experimental carcinogenesis in mice.

Concerning the difference of total number of tumors occurred among the groups of mice with
various treatments, the mice treated with 0.5 ppm PCDF and 20-methylcholanthrene (MC) have
produced twice as many tumors as those of the other groups. Then the adequate concentration
of PCDF to be a promoter was supposed to be 0.5 ppm.

Two kinds of tumors were seen in mice which were treated by MC with or without PCDF,
and there was no difference of tumors between the groups by appearance and pathologically. One
is a benign papilloma, and the other is a squamous cell carcinoma which tends to keratinize and
looks like a keratoacanthoma. The latter had a tendency to arise much more four weeks after
the treatments had been done, even though the number of the former increased gradually.

There was no evidence that PCDF of these concentrations could permeate through the skin
and could be toxic. Furthermore PCDF seemed to neither stay nor act directly on the follicular
epithelium, since there was no acne formation on the back skin of mice.

One of the possible factors to cause malignant changes of epidermal cells was supposed to be
a prolonged inflammation of the skin.

(Fukuoka Acta Med. 80(5): 246—254, 1989)
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Morphology of 3,4,5,3’,4’-Pentachlorinated Biphenyl-Induced
Change in Canine Lung

Nobuhiko NacaTa, Sham LaL and Nobuaki SHIGEMATSU

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

We investigated the light and electron microscopical changes of the lung in dogs treated with
3,4,5,3’ 4-pentachlorinated biphenyl (PenCB). Beagle dogs were orally administered with 0.1 mg/
kg of PenCB, and sacrificed 3, 5 and 7 weeks after the PenCB administration. Light microscopi-
cally, bronchiolar epithelial cells showed cytoplasmic vacuolization, which was most prominent
Electron microscopically, nonciliated bronchiolar
epithelial cells (Clara cells) revealed degradation of glycogen particles, swollen, irregulariy
arranged smooth endoplasmic reticulum, and swollen mitochondria, while no significant change
was found in other epithelial cells. The endothelial cells also showed no significant change except
for increased number of cytoplasmic vesicles. This is a first report on halogenated hydrocarbon-
induced degradation of glycogen particles in Clara cells.

5 weeks after the PenCB administration.

(Fukuoka Acta Med. 80(5) : 255—257, 1989)
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Fig. 1 Electron microscopic figure of canine bronchiolar epithelial cells treated with 3,4,5,3',4’-pentachlorinat-

ed biphenyl. Nonciliated bronchiolar epithelial cells (Clara cells) showed degradation of glycogen
particles, while ciliated ones revealed no significant change. (X 8,000)

(78)
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Histopathology of Meibomian Gland Abnormalities
in Experimental PenCB Intoxicated Beagle Treated with Squalane

Toshihiko KouNo and Yoshitaka OHNISHI

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

In order to examine the effect of squalane to excrete PCB from the intoxicated animals,
histopathological studies of Meibomian gland abnormalities were carried out in experimental
PenCB (3,4,5,3’,4-pentachlorobiphenyl) intoxicated beagles treated with squalane. All experi-
mental animals except a control group showed characteristic changes of Meibomian glands:
dilation of the duct and squamous metaplasia of the alveolar cells. According to the degree of
these findings, five stages were divided in the processes of Medibomian gland changes. The
PenCB intoxicated dogs initially showed mild pathological changes of the glands and later
moderate to severe degrees of findings. In the PenCB intoxicated animals treated with squalane,
severe degree of Meibomian gland findings were found in the early stage and mild to moderate
abnormalities in the late stage. The concentration of PenCB in blood varied in each animal, and
the animals with advanced Medibomian gland abnormalities tended to have high level of PenCB
concentration in blood. In conclusion, the effect of squalane to excrete PCB from the intoxicated

animals were not determined in this study.
(Fukuoka Acta Med. 80(5) : 258—262, 1989)
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Histological Study on the Gingiva in PenCB Poisoned Beagle Dogs

Isamu HasHIiGucHI, Akifumi AKAMINE, Yoshitaka HARA,
Katsumasa MAEDA, Yoshikazu Toriva and Masao AONO

Department of Endodontics and Periodontics, Faculty of Dentistry
(Dirvector : Prof. M. Aono), Kyushu University, Fukuoka 812
Hiroshi Fukuyama

Department of Oral Pathology (Divector : Prof. H. Fukuyama),
Kyushu Dental College, Kitakyushu 803

Hidehiko OxuMURA

Department of Maxillofacial and Oval Surgery (Divector : Prof. M. Sasaki),
School of Dentistry, Nagasaki University, Nagasaki 852

We examined toxic effect of PenCB and therapeutic effect of squalane on the gingiva in
PenCB poisoned beagle dogs. The results obtained were as follows.

1) PenCB exerted blood level-dependent changes of epithelial cells in which appearance of
intracellular vacuoles and swollen mitochondorias were observed.

2) Large vacuoles might be caused by degeneration of nerve ending were observed within the

supra-basal layers.

3) We could not detect the definitive improvement in the gingiva of the PenCB poisoned

beagle dogs followed administration of squalane.

(Fukuoka Acta Med. 80(5) : 263—268, 1989)
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Studies on Distribution, Excretion and Subacute Toxicity of Squalane in Dogs

Hidetoshi KamimMura, Nobuyuki Koca, Kazuta OGURI
and Hidetoshi YOSHIMURA

Department of Hygienic and Fovensic Chemistry,
Faculty of Phaymaceutical Sciences, Fukuoka 812
Hideaki INoug, Kiyotaka SATO and Mitsunobu OHKUBO

Laboratory of Safety Assessment, Panapharm Laboratories, Co., Lid.
Uto, Kumamoto 869-04

In the previous papers, we demonstrated, by using rats, that squalane (2,6,10,15,19,23-hex-
amethyltetracosane) could stimulate the fecal excretion of 2,3,4,7,8-pentachlorodibenzofuran,
which was regarded as the most important etiologic agent of Yusho among PCB and PCDF
congeners found in the causal rice oil. We also reported that, in rats, squalane was not essentially
absorbed from the gastrointestinal tract, and did not show any appreciable side effects during the
3-month treatment. In the present paper, we have investigated the distribution, excretion and
subacute toxicity of squalane in beagle dogs.

The fecal excretion of squalane accounted for about 83% of dose during the initial 2 days
after administration at a single oral dose of 1,200 mg/kg to male dogs. On day 3, absorbed
squalane was mostly distributed to the hair and the skin, and the concentrations in these tissues
were decreased on day 6. These results suggested that most of squalane administered orally was
not absorbed from the gastrointestinal tract, but a part was absorbed and excreted through the
hair. In addition, squalane distributed into the liver was found to be eliminated rather slowly.

A long-term (13-week) treatments with squalane orally at doses of 400 mg/kg/day or 1,200
mg/kg/day in male and female dogs, resulted also in accumulation of squalane in the liver at a
level of about 3% (400 mg/kg) or about 6% (1,200 mg/kg) of the daily dose. This accumulation
of squalane in the liver was highest among all the tissues. Nevertheless, no appreciable toxic
signs were observed in the serum biochemical tests and the hepatic functional test for squalane
groups. Therefore, squalane accumulating in the liver, did not seem to disturb the hepatic
physiological functions. It was suggested also in a long-term treatment that the skin and the hair
played the most important role in the elimination of squalane. In conclusion, the present studies
on subacute toxicity tests suggested that squalane did not give any significant toxic eifects on
dogs as well as rats.

(Fukuoka Acta Med. 80(5): 269—280, 1989)
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G THRICERL, B, KR, FHE BEHEE /N
B, MiEEBL. 850K, BHths X 0K
TRIZLUTICAN 2 HANEERB 20t TTo /e,

3. EBIUHMBPRITSCEBOATE

¥ (Wlg) RRMEE 2~5g) % 1 NARES
NI DALDZY ) —NVEBKR20ml THREYF A4 XL,
HEAETC2HMERL T L BEhTk
20ml 2z 7205, A7 t¥%E n-~F4¥ > 20ml
HTLR~6RBHMB L, n-~Frvilidizeb
UG, BK, BHEH, Wako-gel S-1(1g) %75
LicAhZLEAL, n-~F 43> 40ml~100ml ¢
AT I vREHERE, JOBREBREBELLOS,
KFERA A AL HF R 70w b5 7 (FID-GC) %
ATt 2775 v 2F& LT, FID-GC DFl
FE4Mr% Table 1 R79.

BRI EERICE ) 2 REORGRIES X kEk
DOFFEERD X S WL TITo7%, Thbb, UFHFD
BEEFRLC LTI AT - 2R ECES, UFEFD
RBE L EEFALAOKRE (0.5 2FEL T, n-
AFHI0ml ERLZCHETL, BE2REL .
ZHRPWENL L ESRIE, 0% % FID-GC izt
LTRAI T IV REZL, SRBEOERIE, JiiHEE



R 77T v ORNEIRE L ZEHE 271

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

Apparatus
Glass column

Hitachi 163-type
3mmX2m,

1.5 % OV-17 on Chromosorb W AW DMCS

Carrier gas

N, 40 ml/min

H, 1 kg/cm?
Air 1.5 kg/cm?®
Column temperature 250°C
Injection port temperature 270°C

R 7T OREEREEER{TY, FID-GCiffL7:,
7B, KB, HEOEERAERER» SHBEL .
4, ROT7SCEAMSURERIAR

1) —fpikeE, 4E, SEE, BkE
SEEERIT, BRSNS L UFRO 2EICbRZD,
REWO—RIRES X VESROEMEBHE L /2, KEH,
BEES X EBAEBDE 2 HOEETHEL 2. 5
BEABREEO gL OBNEBLEERUELL,
BAZBRBS5E0 1,800ml 5 5MABRLICESZR U
7 L.

2) HEEBIMRE
BEBGEIB X URES, 9, BABEEHOR
PIERL, BEMASA Pyt /F (P )y
EBIUVI 7Yy 2%k EHHEMNER 2RVTEER
MREEIT 7.

3 RIRE

BEEEEHT, 855, 9, 1I3BBCEHEONT,
HT 9 B~12 B R L 1o FER 2 H ¢, pH, &
HE, 7RV, 7ol BV E Yy, Bl LU
waty s —4y (e FARAT 497 AU, <A
R« TH) RRELL. ROT, BE 1500 p.m.
T5SRERLEL, BohERSRL T, £K
Mg, ARIMBREL, BIMERE, R, REERK
BRIEL 2, 4BMEBERCIOVWIRE, A, B
= E Gk A ¥ F ¥, OSMO-METER OMS01,
VOGEL #) i &k UlbE (B, RETEH &7
y 1) RRET S L, AESTEE (736-10 4,
EEIBER Wiy 7y T F =B (Jafféyr) %
BIE L, 272, KENRES (7502, A IIHME
) wEhF bUwa (Na)y & (BetER), #Y
v (K) 8 (SOueER) BXUEE C) 2 (B
BFEER ERHEL.

4)  IMBEFEIRE

B EEE, 55, 9, 13BECEfOBEME
it & v EDTA-2K 1 mg % A7 &> (SB-45,

(93)

HEEAETH) CERUmMEEREWT, 2HEH
EmERE 42 E (Sysmex CC-780 &, HEEREF
69 1T & D RIMEREL, BMERE, MRE Gk, B
SJIEHBRHAR), ~ESOEVE (FFYES T
EVE) BEUAT 2 YUy ME (IR OV A FEEIE
BWHAR) ZHEIEL, &5 CRMEREK, ~Es7oEy
&, ~< 27Uy a5 Wintrobe O 7i 1 BRE 3K
(FmEkER (MCV), FHmkimasg (MCH),
FHMmMERmeFREE (MCHC)) »EHT 5 L#ig,
MEEHKERAES L THOMERE D May-
Griinwald-Giemsa $f) ¥ L USBRAMER (=2 —
AFV TN —BERRE) 2EELR. $723.4%
LB MY 7 A 01ml 2BL - ERINE TR L
7em lml 2HwC, 2EBMREERAEEE (CA-
3,000, HEEMAEFH) Kb FaborE rEHE
HELEHRHEFR) B I UL  a R 7T R
F i @ELERE AR BRIEL -,

5) IMEAEFRIRE

B5pEGET, %55, 9, 1I3EHCEMOBMIK
Bk L D EERL M E FETH 60 SHERER,
3,000r.p.m. T 10 AFELSHEL TE SN ME %
v, BESTEE (736-10 3, #HIT®IERD
X v glutamate oxaloacetate transaminase (GOT)
%M (Karmen #L /), glutamate pyruvate trans-
aminase (GPT) {5 (Wroblewski-La Due ¥5), 7
WAHVMT + A7 75 —¥ (ALP) ¥ (p-=tb 0w
7xznY VEBREER), LBbAKEREZ (LDH) &
M (Wroblewski-La Due ), 7 Vv 7 F >V vER1L
% (CPK) B (FA4 VEREESLT), 2V~
IAFF—+ (ChE) (27 Fral) v EERK),
y-TNEF INNFUARTF T =¥ (y-GTP) &,
(L-y-Znsn-p-=buy=y FEHEK), 73
5 — VviEH (CM-7 3 u—A-DEX &), HRETE®R
(TBA) & (3-¢-HSD-vY 7 &7 —¥), Vv
Erk (FAaYTYEYILEVE), SVI—RE
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(ZFnaxrFr—¥ G6-PDHE), oLV A7u—1
# (COD-DAOS i), ##iz v A7 u—1E (COD-
DAOS &), U v iEEE (B#ik - DAOS #f1i),

FUZY LY FE (GPO-DAOS ¥« 77D & 1) vl
%), RHEEFH (BUN) € (vv7—¥-GIDH ),
sv7 =i (Jaffék), RBE (Vv ih—¥-
TOOS &%), HEHESE (KYvLvy M), 773
v& (BCGw), #ryvva (Ca) & (OCPCHE),
megy) o (IP) B (=Y 79 VBEED BL UK
(Fe) & (Y7 )+ rAul vk 2EELL.
DIEd, R (750 B, EREITRIEF &0
Na & (RIEER), K& KpeEE), U7 &
BT 2HELRL. 2T, 2EHEWKESHN
%E (FED-MAE, 22 EH) LV OEEOESE
PHEL, o BV -7 a7 v, B-BXU S
sa7sy v, r-7u7Y vk s A/GER
BHHUTZ,

6) FFEEEES & UREEERE

HFiaEmE L LT, RSHMKBE, £55, 9, 13
HEOEBPICDOWTA Y Ry 7= 7Y - (ICG)
B (P77 27) — v EEE, 88K %01
mi/kg (0.5 mg/kg) #BIRANHS L, 16 2@ICEML T
MEFICCE# ZHE BN ERH GTHE, &
A 8IfERT) THEFEEL .

BHremE LT, R5HBA, £55, 9, 13
BEOEEEOWT T 2 /) —VANKY T I LA
(PSP) {8 (HAPSPIESH, H—REH %02
ml/kg (1.2 mg/kg) BRAKS L, 1568 L U307
WML C MBS PSP 2 % K Bl tEE
(557 U, GREIBERT) THBEEL.

7) ERBIRE

B 5EAMAE, 855, 9, 1I3ABKREFCOVT
AERNRGCERELE-0L, HEA (S PP,
BREI) »HBRLCAE, ICF, M, Kk, ¥
T, IRE» BREG®HRESE (BX-13, + 1 Vi)
TEHZEL, BREY A7 (RC2, 2—-7) TREGEH
BEE LI

8) LENRE

¥EBBE, &55, 9, 13BHIZEHEDNT
HEHFEEE (V1 L —0 6 BiFEEEK) Lz o> TR
BEEE (1, U, IFE) 8L UEREENFE
(aVg, aVy, aVe F8) L 20BREHHL =
ExETNOET G03FB-DAL, 7275 EME) *
v, BEHULLENOER * AIRKICERE T 2 L&
Z, BUFHEOEF L DLW, P RELIUVQTH

=

-
<

-

ES

il

(94)

iEr 6 A

f, QRS OFBEREE RO,

9) MEHE

BE5EGE, %55, 9, BEHCEF LT
< v ¥wv b ¥ (SPHYGMO MANOMETER,
TAMANO FACTORY, Ltd) 2k v, g X 04
FHEMEL, FOMELEHRL .

10) Bk, BREEHE
B TH, ToON I6REMEREs 28
B RSN ES - e F b T AFERAES (30
mg/kg) FRBT W, WEBRIC A Z2—v 2HALT
BnEsts ¥, ML CHEEES L UHRBO AIRME
BERITole, WL, R M, R B B
B, Bd, TE, KoBR, 8%, PR (bEMEEES
), FE, BIAR, PE, FE, BTR NEOE
WEE ENER) EEL, HRAOKER L EIC
BEEEKEL GHMEER) 2EEL L.

11) FEARENRE

BRI ERA U 7o e £ 2Rz, B, HUR, B,
BRERR, TEY o0, MR, §%, &, B, E,
KB, BBV oo <fh, EERE, B, KERE, e (B
BEw ), EEEABES LU Mo BRERLE
0% HEEFE AL~ Y > (L, RERZ 4% v
& —N7 AT e PR THIEE) TEEL, /8774
VHIFELT, ~NwhFY Uy e nA Yo PERHL
THEMRLU T,

BH, BREO 2 OWTRFRES L UBED—
IEMYILT, 2.5% 77— 77t R CRIBEE
L, 1%+ 2 3 v ATHREELRE. RVOTT X
by ERRFITHAL, AR EEL. &
Wk, 8320 b—4 (Sorvall MT-6000,
DUPONT) %W THBEYA 2FRL, BBV >
Ve X VAT ERME R B, 1R REE
L CETEME (H-7000 2, REITH&ER) CERE
L7z,

&

S

1. RZ75BEESEOHRENLE
WHEE -V RIZAZ 75 v % 1,200mg/kg T
1EEO#ES L, RMEAYOETHME & MBI E
EREMCHEELS. Fig. 21t 77 v O RFEE
TEHE R T, #5% 1 A8 LV 2HEBORA YT
TrOEGTHEREIIENENEEEDK 6%, 17%
(RTEHEEE, #983%) Thot. BEHRIBHMUE
bAZ T2 VvOEFHEHEAIET D BEED
0.5~1%) nhsRdoh, #5%6 AR
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Fecal excretion of squalane (% of dose)
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Fig. 2 Cumulative fecal excretion of squalane in
beagle dogs after a single oral dose of
1,200 mg/kg
Results shown are the mean+S.E. of 3

dogs.
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Fig. 3 Time course of distribution of squalane

into beagle dog tissues after a single oral
dose of 1,200 mg/kg

Results shown are the mean+S. E. of 3
dogs.

HEERESEOHN 8% TH Tz,

Fig. 312thk®, K8, FEs I UPMBCBD 2R
775U RREOREEERT, BERIHBEES
WTRAZT I rOaEER, RETHoLdEL, K
WTERM, i, NBOETH- 72, 2055, #E
rRECBIASMAERRESH®RIBETLERL, 6H

HT®A L.
ThbbiE5%1, 3, 6HEOBBTORI T

VAKEIE, FRLEAEEREDONG6.7%, 9.2%,
2.3%ThHY, TRHEEIBILINNER, ThEh

(95)
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BE5E2080.7%, 1.8%, 0.09%TH - 7. —7H,
INEDPODA 7T T v DHEREZHPLTH o728, I
E» ook, BB Th-o7, Tihbb, INBHRHA
275 vER3EE%R1HETRSEDH0.43%, 3
HETH0.12%, 6 ABTHO0.07%TH Y, It
AR2T7 7 vBEZNENH0.48%, 0.38%, 0.36%
THhotz, x8, Table 2IET LD, #hELn-
AFFUTHELILEZ S, ¥BE5%1, 3, 6HB®
HEtL b, BRESMEONINBDAZ T 7 I %H
FUZELN 2 N, #10%D & G OEREd» S RH
Atz &5, MM BHHEBTOSHERESRE
(FB5ED 0.01~0.03%) THo7-.

1. RITFERESHEOARNEE

B — A RIZAZ 75 13 BCbh>T
BOLSL, £51%11, 13BEC8Y 3 KLEYD
Bt E r ERK T ROMBS AR EZRE L 2.
Table 3iwwRA 277 r0oEGYMES, ERRAD
MERERECST 28— Y METRT, R2T7 5
OEFTHMZEIMERERED 62~87%THo7., M
WB L UVHESEOERCTHEEERERA SN WL,

Table 4 TSR THRORAZ 77 VOB GE
2RT. AT I VOSHVAOVEIIFEE RRWT,
AT YORBICKENTH 72, BREREERK
BOTAI 77V BEIEETL2 L &L, RVT
EETE» -, ERREEBTE, FEPor~
AB ok bEL, ROTHE, KBOETH 1.
Tixbb, 777 OfRrUVE, %D 400mg/
kg 5 TH 1,300ppm TH D, 1,200mg/kg & 5
FT2,200~3200ppm TH-o72., ZHIEZHL THEE
BIUEEREBI LA 77D r it 400 mg/
kg B 5T % h F h 410~660 ppm, ¥ L U 20~55
ppm TH D, 1,200mg/kg 58 T Z 1L £ 1 1,700
~2,000 ppm, 210~550ppm THotz. X7 T I v
DML PR I 10~17 ppm &, /NMETREE - I3
RIS TH o,

3. BaIMEMEAR

BESORENB L 2 0MP R TRIIT> 0 H
AlEERBOBEREUTICRT.

1) —#RE, 861 BkE, k&8

1,200 mg/kg e 5HO2FI K5 2~ 3 BE» 5,
%7 400 mg/kg G BHOFLEH KRS 5BE» S
ENRREFE V0D ZMENED SNz, MAT,
A2 77 REEOLPT, EhEROYEEOE
Rahi, S5—Ho8TIibiE, &%, mEP
EAAsonl, TheOEREIEGREEETICON
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Table 2 Effect of n-hexane washing on the level of squalane in dog hair

Time after Squalane level (ppm) n-Hexane sol.
doing T X100
(hr) n-Hexane washing Washed hair Total otal
0— 24 1,806+335 130 +£34 1,936+ 369 93.6+0.5
24 — 72 2,333x 87 147 =+ 8 2,479+ 88 94.1+0.4
72 —144 511+133 64.2+11.0 575+144 88.2+1.0
Each value represents the mean=+S. E. of 3 dogs.
Table 3 Fecal excretion of squalane in beagle dogs during 13 weeks treatment
Squalane in feces (% of intake)
Dose Male groups Female groups
(mg/kg/kay) 11 weeks 13 weeks 11 weeks 13 weeks
400 83.7+29.9 86.6+12.3 79.2421.3 78.4+ 7.0
1,200 86.3+34.1 65.3% 9.3 63.6+ 9.7 61.8+ 7.7
Dogs were administered with squalane at doses of 400 or 1,200 mg/kg/day for 13 weeks.
Each value represents the mean+S. E. of 4 dogs.
Table 4 Tissue distribution of squalane in beagle dogs after treatment for 13 weeks
Male groups (mg/kg/day) Female groups {(mg/kg/day)
Tissues
400 1,200 400 1,200
parts per million
Hair 658.9+106.8 1,651 +£302 413.3+ 60.2 2,014 =+151
Skin 54.8+ 15.0 545.4+ 61.2 19.6+ 3.5 213.6x 67.1
Liver 1,318 433 3,161 +916 1,266 +124 2,187 =+427
Adipose tissue 10.6+ 2.7 16.5x 0.8 9.6+ 0.7 15.9+ 1.7
Small intestine 9.7 1.8 21.5+ 3.1 13.6% 3.0 20.5+ 5.8
Serum 1.2+ 0.5 2.3+ 0.6 1.5+ 0.4 1.6+ 0.2

Dogs were administered with squalane at doses of 400 or 1,200 mg/kg/day for 13 weeks.

Each value represents the mean+S. E. of 4 dogs.

TEBALT B Z 3 Rd o, ZOM, HEBRE
BHE2ELETOIN— 7 THRNCENLE, RE, #
HESEES D, HEENCRESERTERR S,

LIELIEE—VRTHONBBREDERMTH o,
¥, RERHEG, TN TORSETHTHIIHRES
nhoiz,

Table 5 CEBHEB L UEKED 1 DEHERT
3.

WO TR TOREH B TEHERER 1 BEY
260~300 g, AL 800~1,000mlTHYH, A7 7T
SUBBI LB o BEshE» o,
7z Fig. 4 WR7 X5 WRBHHF o -7 vk (8)
OEEDHRBICDOWTY, NBHEEA 277 VREH

(96)

ORCEBEREZERRED SN o7z, HERKDOWTHHE
HThote.

2) ERDRE

MRS LT NTOREHIIBNT, MEE TN
L@ ook,

3) R

HEHEONBRORER 1 B4z 0 #200ml, B%E
£t 1.770SMOL/kg, L& 131.05, pHiZ8.4, 1
H%%bhorv7F=rHitEid# 129 mg, Na, K|
Clo1B8Y47-hofERzZNn 7 199, 331, 166
mEq Thot: (Ths AEOFHE). R77 7>
BREBICBVLTH TROI e —H2kE, fluid~
THIRE L BEEEZRT D oz ofe, 8
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Table 5 Effect of oral treatment with squalane
for 13 weeks on food and water con-
sumptions in dogs

Table 6 Serum biochemical tests in control
group of male and female dogs

Mean
(Minimum-Maximum)

Food Water
consumption  consumption
(g/day) (ml/day)
Male groups
Control 282116 831+ 45
400 mg/kg 27717 896+ 47
1,200 mg/kg 297+ 3 1,022+108
Female groups
Control 26118 802+ 71
400 mg/kg 285+10 892+ 50
1,200 mg/kg 284+ 9 853+ 26

Each value represents the mean=+S. E. of 4 dogs.
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Fig. 4 Body weight gain of male beagle dogs

administered with squalane for 13 weeks

O—CO Control

A—A Squalane 400 mg/kg/day

A——A Squalane 1,200 mg/kg/day

Results shown are the mean+S.E. of 4

dogs.

F—5 3BT 22, WMEEBLUAZT 7 Y RER
OFE%1500r.p.m. T5 45, BLSEEL THES R
LB EEWRL-E2S, 1 74—V YYD
W s X OB IMEREIE Kk 3 {ERRM, RIRET
10 EAR T, LT R4 20~30 @, R
Folel@Eoongmolz,

TRBINE A 7 7 7 v RGETIE, %5 13:8E
DOHED 1,200 mg/kg 580 pH 25 7.9, HED 1,200
mg/kg ERO 7 L7 F =P EA 242 mg &,

GOT aIu/i) 27 (15-36)

GPT (1g/) 32 (20-64)

LDH aIu/i) 175 (72-293)

ALP au/i 146 (85-284)
y-GTP (U/]) 2.7 (0-5.7)
ChE au/i) 2,354 (1,429-3,625)
Amylase(IU/) 2,200 (1,759-3,012)
CPK 1ya/i 163 (96-264)
Total cholesterol (mg/dl) 138 (114-180)
Free cholesterol (mg/dl) 33 (25-50)
Triglyceride (mg/dl) 49 (28-90)
Phospholipids (mg/dl) 294 (232-399)
Total bilirubin  (mg/dl) 0.06 (0-0.1)

TBA (xmol/!) 8.3 (4.2-25.1)
Glucose (mg/dl) 98 (84-115)
Creatinine (mg/dl) 0.8 (0.6-1.0)
Uric acid (mg/dl) 0.6 (0.2-0.9)
Na (mEq//) 149.2 (145.5-152.8)
K (mEq/l) 4.84 (4.40-5.34)
Cl (mEq/I) 112.9 (109.5-118.0)
Fe (mEq/!) 171.2  (78.0-336.0)
Ca (mEq/I) 11.0 (9.8-13.2)
IP (mEq//{) 6.1 (4.2-14.9)
Total protein (g/dl) 5.4 (4.4-6.4)
Albumin (g/dl) 3.1 (2.5-3.6)
A/G ratio 1.65 (1.12-2.01)
Albumin- (%) 62.0 (57.1-66.8)
@,-Globulin (%) 4.9 (3.8-6.4)
az-Globulin (%) 7.4 (5.5-11.4)
B1-Globulin (%) 7.2 (5.9-9.7)
B.-Globulin (%) 11.2 (9.3-13.5)
v-Globulin (%) 7.4 (5.3-10.2)

FNENOWNBRICHAS LBESE#ERL. L
DL, INODT—FF0DHDIINBRHETORBEH
HDETH -7z,

4) MR

HEEOEHOMERE (& 4BOTHE) TR
B ThH-lz, RIOBREE 6,700,000/mm®, ~= k27
Yy MEIX 44.4%, ~EZutrEik 152g/dl TH
D, IS DOE»SEH L - MCV {E iX 66 4 m?®,
MCH {1 22.7 pg, MCHC fiiix 34.3g/dl TH o 72,
/B 278,000/mm® TH D, MRS 11,800/
mm® TH-otz, BMEKRD > b, FEEKEIX 4.5%,
FRIRIEEF R ER bR 2.3%, S3BEREFhEREbIX 51.7%,
Y SERERIE 38.6%, MFHEEERELIE 0%, BEBERIEIZ
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3.1%TH-7, Fotore vk 6.8 %, El
{bEfsrbu RS AF VR 1488 TH o7z,

MDA 277 v BREHITXTOEERDVLTRER
BLOMCEEENBEEI Y, hBOREHCS
W —EoEE LS, MBS D SR
BThot, OV —7BFsEALELTE, &
5 5EEIC400mg/kgBET 7o b oy 2 UEFROE
E (6.8%) Bash, £#5 9BEH KB TL200
mg/kg BT MCV DR (65%) R &7z,
%7285 13:BE BT 400 mg/kg BT MCV 2D
W (65%), 1,200 mg/kg B T H B IR 0 8N
(4.5%) sasht, LrLInsDF—5iE, i
NOYWNEHRTORFHERNDCETL H oz,

5) IMEEIERRE

Table 6 12 DM BBEORERER (F4EHDWF
BfE) &R,

BORAZ 75 RERETE, B#55BHEBVT
400 mg/kg, 1,200 mg/kg ODWHEET ¢,-7 07 ) v b
DERE (WTFhd 5.0%) A5, F71,200mg/
kg TNaZoO®Y (147TmEq//) » LDHE®O
EF (2331U/0) pEEah/, RE59BEETE, I
BHTyr-GTPEHOET (400mg/kgBET2.58 &
171,200 mg/kg BT 1.21U/1) »45h, 400 mg/kg
FCI B0 (116 mEq/{), 1,200 mg/kg B¢ ChE
EOET (L77710/0), KEo®Em (5.68 mEq//),
FeEDHEA (925mEq/l) BB a ik, a5
1,200 mg/kg BETiX, TV IVEBLIUTAVT I Y
WOy (20720 33g/dl, 556%) &, r-7u7
Do (9.8%) &b, A/GEHEDET
(1.26) b H oz, MEEH BT, 1,200
mg/kg BT ChE JEHOET (1,7681U/) 2D 5
niz.,

MDA 275 BE5HTE, RS 5EBCHETT
I S—¥EMEDET (400 mg/kg B T 1,9101U//,
1,200 mg/kg BT 1,956 IU/1) »3 4 o 4, % 72 1,200
mg/kg # T LDH {EMOET (791U/1) s8BEx L
7o, BE5 9BEBHCWET -GTPHEE (WFid 13
U/ BXU7 2 7—-¥ilEHOET (400 mg/kg 3
< 2,000 TU/7, 1,200 mg/kg BT 1,900 1U/0) 34 5
., %72 400mg/kg BETCPKE®R O LR (2401U/
D BEHen, HE3EHBVLTE, TTO
HHIZDWT, MEELAoEboRWERETH 7.

UED XA 277 VG TN L AT,
FTFOHBCBOTEEESRDONTLLOD, WT
'y Table 6 R T HBHOLHHHAANDOELT

(98)

Fll

E»6A

Table 7 The hepatic and the renal function
tests in control group of male and

female dogs (n=8X%x4=32)

Mean
(Minimum-Maximum)

3.22 (1.35-5.00)
2.25 (1.50-3.20)
1.42 (0.75-2.00)

ICGY 15 min® (pg/ml)
PSP? 15 min  (uxg/ml)
PSP? 15 min  (pg/ml)

a) Time after the drug dosing intravenously
Abbreviations used are: 1) ICG, Indocyanine
green, 2) PSP, Phenolsulfonphthalein

Hoiz.

6) FFREAEL J UBBRERTE

MHEONBHETORER/RRE (B4 EHOFHE) =
Table 7TWwRT, A7 7 v HEHIIBILA2ERD
TARTEEZGFENO L DT, »ONEHE:ORMCEER
ERRED SNk,

7 REHRE

K ERMEE, 855, 9, 13EECEBLRE
WBWT, NER, X777 oBREHRIIE R
AT NR (RSSO A

8) LENBRE

HEHEONBHETORESE (F4EBOTHE) B
DEY THote FEINRRAME RAME). LK
13120 (57-159) 33, P-R, Q-T RiR1X == 97
(86-116) ms, 51 (42-66) ms, 185 (68-204) ms TH b,
QRS OFHBELAEMIZS7T° (—33° —86° ) THo
7z,

—F, A2T I UERERII BT, RSEEETCH
DWIN—78 L U5 5:BE O 400 mg/kg BTl
g 92-101 41 &, WAL, 2L HEIHEEO
D 400 mg/kg BED Q-T fEH 213 ms &, H ¥
WEEL7., LrLES13BETIE, wThos
HrsnitborEEr oMo BEZIRD o hie
Moz,

9) MmEFE

MEHED SHREED & 4 B OYUFHE B & CHHRIEE O
I 77 h 187 mmHg $ X ¢F 121 mmHg T,
INEDRD-FHMER 43 mmHg TH -7, X
27T vERERIEBO T OB L FARLBRTH -
7z.

10) Tk, BHES

SHEBECIIMEEO S 1§ EERIER I REHA &,
o 1Bl fiORBREERIHEI N, A2T TV
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Table 8 Relative organ weights of male beagle dogs treated orally with squalane for 13 weeks
Squalane
Control

400 mg/kg 1,200 mg/kg

(g/kg b. w.)
Heart 8.13+0.39 7.82+0.45 7.92+0.14
Spleen 1.85+0.17 2.06+0.18 2.36+0.12
Lung 7.11%+0.29 6.671+0.36 7.32+0.56
Liver 24.9 +0.9 25.4 £0.8 28.8 +1.0*
Right kidney 2.23+0.11 2.58%+0.19 2.29+0.14
Left kidney 2.33+0.10 2.62+0.26 2.37+0.17
Pancreas 1.556+0.20 1.86+0.19 1.951+0.20
Brain 7.96+0.28 8.76+0.74 7.71%+0.58
Pituitary 5.75+0.41 6.53+0.53 6.181+0.46
Thymus 0.88+0.09 0.82+0.11 0.85+0.15
Right adrenal 0.05+0.01 0.05+0.01 0.05+0.01
Left adrenal 0.04%0.01 0.05+0.01 0.05%+0.01
Right thyroid 0.04%0.01 0.04%0.01 0.03+0.01
Left thyroid 0.04%0.01 0.04+0.01 0.04+0.01
Right testis 0.72%+0.06 0.68+0.04 0.64+0.09
Left testis 0.72+0.05 0.67+0.05 0.70+0.09
Prostate 0.38%+0.06 0.36+0.05 0.32+0.05
Right submaxillary gland 0.54%0.02 0.471+0.04 0.59+0.02
Left submaxillary gland 0.54+0.01 0.46+0.04 0.57x0.01
Small intestine 28.4 0.9 30.3 +0.6 30.8 +0.7

Each value represents the mean+S. E. of 4 dogs.

* Significantly different from control (P <0.05)

D 400 mg/kg BEEETIE, MO 1B T/NBRERERE I
BIEREOMES L UBD 1 FI TR O R RO &
EARLELHER I EFO/INEESEL s, £
1,200 mg/kg BS5EETIX, MO 16 CEBEERE IC6R
RO S & SRR I BIKERESA SNz, Ly
L, 2@sit, LELEE -7V RTED WL ERE
DETH - 7.

Table 8 KHED 7N — 7 DS ER »4E 1 kg Y
TOOENEETRT, WEELILEL UHEEDA,
1,200 mg/kg HBTHEEWCHML:, LiL, 208
HEETHY, FLENERECREESRTED>NE
motz,

BEDO TN~z TiE, MEHEA 7705
BOMTHoEENED s o T,

11) REEGENRE

FrTENBROM 2B LG, R27 7 >0
400 mg/kg H5F O M 2 BB & U 1,200 mg/kg 5
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SNV, FHTIRABEEOME 1 Flic R EMEMIRE &
s Fr, MEWRER T 1,200 mg/kg I 5 FO M 1 Bl
BEOREEMREERA SN B TRNBHEORE
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14, 400 mg/kg HOMEM DR 1518 X 001,200 mg/
kg BEOE 2 G KEEHBAD B L ¥ 7 AILE D S
Sz, METIRNBEOR 1 i SETEEIRE 2
R oAz, KRB THEHBEEO M 1 £ 1,200 mg/kg
BEOWE 1 B HEFRR BOF M & oz, BTt
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M, 1P EER CREOKE) »Eoshi, M
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B I IRBEO B 3 BB X VD £f, 400 mg/
kg BEDHEME D& 2 B, 1,200 mg/kg FEOHO 2] &
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iz, BE/NMET R E, 400 mg/kg B, 1,200
mg/kg BEOHED S 1 Bz BID 2 & L7z,
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Fig. 5 Electronmicroscopic photographs
(A)Male control liver
No remarkable change in hepatocytes.
(B)Male 1,200 mg/kg group liver
Irregular shaped vacuoles are observed in hepatocytes.
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Concentration Changes of PCB Isomers in the Blood of
Patients with PCB Poisoning

Miwa Ouma, Hiroaki Kuroki, Koichi HARAGUCHI
and Yoshito MASUDA

Daiichi College of Pharmaceutical Sciences
Minami-ku, Fukuoka 815
Shu-Tao Hsu

National Institute of Preventive Medicine
161 Kun-yvang Street, Nankang, Taipei

The blood of 3 Yu-cheng patients sampled from 1980 to 1985 and of 14 Yusho patients
sampled from 1982 to 1988 were analyzed for 7 polychlorinated biphenyl (PCB) isomers by gas
chromatography with a capillay column. The concentrations of PCBs in Yu-cheng patients were
up to 400 ppb and much higher than those of Yusho patients. The high concentration of PCBs
were decreased at biological half lifes of about 50 months and 2,4,3’,4’-tetra-CB and 2,4,5,3’,4’
~-penta-CB were fastly decreased with time at half lifes of about 12 months. Therefore, peculior
gas chromatographic pattern for Yusho patients would be formed 3 years after the onset. The
concentration and patterns of blood PCBs of Yusho patient kept in similar levels during 1982 to

1988.
(Fukuoka Acta Med. 80(5) : 281—286, 1989)
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Fig. 1 Gas chromatograms of blood PCBs from a
Yu-Cheng patient
A : Sampled from a Yu-Cheng patient in
May, 1980.
B: Sampled from the same patient in
April, 1983.

: Authentic PCB isomers.

. 2,4,3 4’ -Tetra-CB

: 2,4,5,3,4-Penta-CB

. 2,4,5,2',4'5°-Hexa-CB

0 2,34,2'4',5-Hexa-CB

: 2,3,4,5,3,4-Hexa-CB

: 2,3,4,5,2',4’,5-Hepta-CB

: 2,3,4,5,2,3,4'-Hepta-CB

IS : Internal standard

2,3,4,5,6,2",5'-Hepta-CB
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5-Hepta-CB % 5ng % 7213 2.5ng WML, 65 T2
BRIR U 72, W, n-~F 9> 5ml T2 EAHL,
N—~FH B 10ml 2K 2ml TR¥EL, EARE
FTIRIVVATERLILOE, EEE LYY A4 0
(7a—=%)8-1, 140" 385 0.5gDr S Az~
MNIZT 4=, A S A n-~NFY L 25ml
THHSY, BHEEA=—5—» T L5158k

Table 1 Recovery of PCB isomers added to control blood

Recovery Concentration
%) (ppb)
2,4,34-TetraCB 89.8+5.64 1.50+0.08
2,4,5,3'4’-PentaCB 106.0+3.69 1.77£0.07
2,4,5,2’4’5-HexaCB 97.6+2.55 1.63+0.06
234,245 -HexaCB  104.2+0.77 1.74%+0.07
2,3,4,5,34-HexaCB  111.4+3.94 1.86=+0.09
2,345,245 -HeptaCB  110.8+3.99 1.85+0.11
2,345,234 -HeptaCB  110.8+3.00 1.85+0.09

5ng Each of PCB isomer was added to 3g of
control blood and the conccentrations and recov-
ery of added PCB isomers were obtained by 5
analyses. (Value+S. D.)
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Table 2 Concentration and biological half life of PCB isomers in the blood of Yu-Cheng patient from

1980 to 1985

Concentration of PCB isomers (ppb)

2,4,34-

245,34 245245 234,245 234534 2345245

2,3,4,5,2°34-

Sample time Tetra-CB Penta-CB Hexa-CB Hexa-CB Hexa-CB Hepta-CB  Hepta-CB Total
RS May, 1980 8.24 25.63 49.27 36.88 12.78 12.67 10.54 156.01
RS Nov., 1980 0.33 13.74 45.46 36.26 13.32 14.92 12.13 136.16
RS July, 1981 5.08 9.24 47.21 35.55 12.19 12.51 10.41 132.24
RS April, 1983 0.29 1.87 43.31 33.85 13.26 16.15 11.48 120.21
SS May, 1980 10.33 20.15 62.68 43.76 18.25 18.14 14.21 187.52
SS Nov., 1980 1.48 12.54 74.91 58.23 28.30 29.16 23.55 228.17
SS April, 1983 0.22 0.90 41.43 27.67 12.05 12.50 9.31 104.08
SS Dec., 1985 0.46 0.76 32.53 20.94 8.54 11.16 8.09 82.48
BS May, 1980 10.88 71.59 128.07 93.67 34.50 33.20 25.95 397.86
BS Nov., 1980 1.50 21.44 64.65 55.32 21.81 22.14 18.07 204.93
BS July, 1981 2.51 10.19 59.02 44.32 16.28 15.94 13.11 161.37
BS April, 1983 0.28 1.59 50.39 36.52 13.28 14.91 10.97 127.94
BS Dec., 1985 0.33 0.80 50.00 37.05 12.81 15.65 11.25 127.89

Biological half life of PCB isomers in the blood (months)
RS 11.8 10.2 247 302  —1,450 —140 —893 113
SS 17.6 13.8 60 51 47 62 55 48
BS 15.5 11.1 71 65 58 81 67 54

(105)
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Fig. 2 Time course variation of PCB concentration in the blood of Yu-Cheng patients.

A: 245,3,4-Penta-CB
B: 2,452 .4 5-Hexa-CB
C: 2,3,4,5,3,4-Hexa-CB
D: Total of 7 PCBs

HBO 3ADBHFIZOWTHH L PCB EHED
s Table 2125 T. £/, BERIOBE2H
270, BHRZBICBT 2 PCB EMAEDERIALE
BL#DT, Z#d Table 217 F, 3£ LMK
o PCB B IRFICERS L Twv 308, BOOBRE
WA EDRZ 3, 1980 FiiRER L 72 M PCB &
Bickh~s k, 1985 T2 4B L U5/ PCB T
1 95~97%, 6 B & U' 7 #E{t PCB T ix 30~50%%
Rutah, HELTwD, 243 4-Tetra-CB 8 L UV
2,4,5,3,4’-Penta-CB i3 F A8 10~18 # R TH 5 D
L, Mo PCBTIR50 4 A ETH Y, MNEH

(106)

B> Twi, WMEQMEH PCB ¢y —HIEK
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BEELE 77 7Rkt (Fig. 2). PCB &k BE
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-CB OBEEBRIBERCRENI E8bM 5,

BB B 5 imERE QM PCB @ &4 F]
BELSHT L, Y —CHECHESRS 3EDE
HEROBEHBE S Fig. 310R7. AKX DBEEL
BEZ->TWLEITHEH, 2ENCRIECEED
BEETHRLTW2, 2453,4-Penta-CB %41
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Fig. 3 Time course variation of PCB concentration in the blood of Yusho patients.

A 2,4,5,3.4-Penta-CB
B: 2,452 ,45-Hexa-CB
C: 2,34,53,4-Hexa-CB
D: Total of 7 PCBs
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Statistical Analysis of Subjects with
Type A, BC and C Pattern of Blood PCB on GC

Reiko NAKAaGawA, Shiro SHINOHARA, Takao Iipa,
Shigeyuki TAXKENAKA, Kazumi FukamacHl and Katsumi TAKAHASHI

Fukuoka Environmental Reseavch Center
Mukaisano, Dazaifu-shi, Fukuoka 818-01

Various combinations of measured data on PCBs, PCQs, and PCDFs in adipose tissue or
blood were tested on its discriminating power between normal persons and persons poisoned by

Yusho oil.

The most discriminative single parameter was concentration of PCDF in adipose tissue.
Furthermore, discriminative power increased by using additional parameters.

(Fukuoka Acta Med. 80(5): 287—290, 1989)
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1968 £ 8, HHA—HTHELH A I BHMHF
FEAIN 1,800 AOBEZERH L LRRELZ DT,
ThRBECRYVEALE 7 c=—1 (PCBs), ¥UIE
tbrz7sr7z=n (PCQs), BVELY Y7
Z > (PCDFs) E0&RLEME I X 2 NMEKBRT
HbZEMHsPIZENE, hEOEFERTERY
BLUEER? TR 2RHE T 208 “tE L3
bhabDOTH5, BIEINS LHOMERCEER
HENERERE»Z VERLTRTED, BHBER
T & O BEEERO AOFZHH k- THETL
3, ZITHEORKO—EEL LT, BRTR L
LW PCBB & U'PCQEE" * PCB £ M4 #H Kt
(PCB ¢ —>) psHwsTHEE, LiLigNs
MR & 12 IR T D 2 DEENER
DT BIRITIC BT, BRI IS DA LERE
FHORBIHED CTHREBLPBECCER, 20X
B4, BC S A 7icDw TR IXEE D R RY
Br#zoh? PCDFs O E THRIFHBERL L > TH
HTENED SN, 22 TSHERMERERE
184 (H4HPHEEE BLIUREEHINLAOR
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BTCHW R T B REFOMF PCBE L U
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Th?, BB7—F EHBREREEHAY, 2K THE
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beOHFT, 1/2EE 5/2BDOHEDEIX26.92%D
BYBETHD, 5/2EEMOEBS OBYBIECIE
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ZHEV L o708, 2EEERVWLERICREES
372 <, K THels® PCDF, ETEKH+T PCQ B LU
M PCQ @ 3THE 2 AW/ H& W I3 METHE B AK#E
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Fig. 1 The distribution of the discriminant func-
tion values obtained for 29 subjects
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Table 1 Probability of misclassificaton on 36 combinations of data

PCDF PCQ PCQ PCB peak ratio PCB PCB Misclassification
Combination probability
(A) (A) (B) (1/2) (5/2) (A) (B) (%)
1 * 22.15
2 * 27.56
3 * 29.48
4 * 36.52
5 * 26.95
6 * 31.45
7 * 35.51
8 * Y 22.03
9 * * 21.43
10 * * 22.15 av.
11 * b ¢ 22.14 22.0
12 * * 22.08
13 * Y 22.01
14 * * 25.49
15 * * 27.54
16 * * 26.67 ;g 6
17 * * 25.95 ’
18 * * 27.22
19 * * 29.36
20 * * 26.93 av.
21 * * 27.25 28.1
22 * * 28.88
23 * * 26.92
24 * * * 19.32
25 * > * 22.02
26 > * * 21.97
27 b ¢ * * 21.97
28 * * * 21.89
29 * * * 21.37
30 * * * 20.93
31 * * * 21.39
32 * * * 21.27
33 * b ¢ * 22.14
34 * * * 22.07
35 * * * 22.80
36 * * * * * * * 18.40

(A): Adipose tissue (B): Blood

8 Tk 22 %R 5 & TEKIBIEIL 22.7% L WE D
THENMETE- T, Qo e»s, 2 KHBIESE
HWHT 2 Z %L, BRHREETHOEBRSERET
HBLEZS,

PAbh~Tz &5z, PR E AL R TE
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DR, KTERY PCDF B & UK Tig+ PCQ
FHELZTAEZS R0 EVRITAY Y b 2ET 2
ARTHERCIMERS Y, FERICE, mfes
o PCDF fIEECF A O W e Lo S 1 3,
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Analysis of PCB- and PCT-Methylsulfones
in the Blood of Yusho Patients

Koichi HArRAGUCHI, Yoshito Masupa, Hiroaki KUroki
and Miwa OHMA

Daiichi College of Pharmaceutical Sciences,
Minami-ku, Fukuoka 815

Polychlorinated biphenyl (PCB)- and terpheny! (PCT)-methylsulfones were isolated from the

blood of Yusho patients sampled in 1987 and characterized by gas chromatography with mass
spectrometry (GC/MS), electron capture detection (GC/ECD) and flame photometric detection
(GC/FPD). GC/MS analysis for PCB-methylsulfones showed that all the blood tested (nine
samples) contained the tri- and tetrachloro congeners. The concentrations of PCB-methylsulfones
were estimated to be 15-120 ppb. PCT-methylsulfones detected in the same fraction, which were
confirmed by GC/MS comparison with authentic samples as well as by GC/ECD and GC/FPD,
consisted of tetra-, penta- and hexachloroterphenyl methylsulfone congeners. The levels of
PCT-methylsulfones in six samples detected were preliminarily estimated to be 10-270 ppb, on
the basis of a PCB-methylsulfone standard. Their origins and biological effects are unclear at

present.
(Fukuoka Acta Med. 80(5) : 291—295, 1989)
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F 7 OERER D SRR AR, Z0O%ELD
BYEBIC LD 2 OBNERESH S iz a2,
Z OB ERE OBRNERDS & bRE & 1YY,
X BEBOIEBFTOBRER—~RADZRIDOE
Wi 2R L7, miE, B b O M PCB-
methylsulfone & BRI E T 5 target cell D&
EDBES I B®, Z OB~ OEMME - B
OREFEMNEHINRTYS, —F, HEOEEEHET 5
PCB-methylsulfone & 2,3,7,8-Tetrachlorodibenzo-
p-dioxin iZ & > TFHEH 3 1 3 FEBRERIL KR AL
BRENEHIOEET S 2L Dh - TELY, FH
5 X HIE B O T o PCB-methylsulfone O #f
B L CBELHZBEHELMIZL TV EY 23, BF

(113)
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E T, 4,58 X F 63 FI D Terphenyl-
methylsulfone & L7z, RWFH TREEEBOM
RmiRBshTwino T, PCT-methylsulfone D E
£ 13 PCB-methylsulfone & 5 (k£32) THRAEL,
BEEE R D 72,

&

R

1. PCB-methylsulfone : Fig. 1 ic BEm#E» &
8 5 7z PCB-methylsulfone DY X7 5 7 2> b %
~T., T hix 2~4 3 F 1 © Biphenyl-
methylsulfone # M* 8 X & M+ 2]* 4 & > =%
=F—L72bDT, EFSELTIERMAKIE, 4
BRI TERASNZIE», 2EFBMELMELR
sHH &z, Lal, 58X U 6ERMEIzONT
BRETE o7z, TSSO I 9RE
TRTORAM» SRE I h, ZOKBBE T 15~120
ppb r H & h, BMUMBEBHCEET 2 PCBOL~
L (3~12ppb) X HEWEEZRL I,

2. PCT-methylsulfone : Fig. 2 izt PCB-
methylsulfone 38 ® FPD 8 L *ECD ¥ R 7 u <
N5 A%, PCB-methylsulfone & b, 27D
BRTHEHEL T 28ED -7 % GC/MS T4
LR, Fig. 3 (A,C,F) cRTLo2%~<AA
7 MVBEsNnk, ThaE, FRFIm/z444,
ABBLUVSRKFFALA >R b b, B TEEEL
&Y, 4,6 B8IV6ERMELEZ O, 272 GC/
FPD (Fig. 2) TH#5h 3 —27NECDD %1 LBk
T 50T, 1+ 2E0ERLEY, T4



s mygth o PCB-, PCT-methylsulfone 293

15 29 25 30 RT
401 M2 MLM_JL__’UUWM
4C1 M ‘JlJ‘~L_AFR\Ju~.ﬂ,d-—J\JLLﬂ_—358
-
301 Me2 JL L,L A 336
301 M M | 334
201 M2, T N . 302

m/z

2C1 M , 300
g 1080 1200 1428 1628 1828 g,y

Fig. 1 Selected ion monitoring of PCB-methylsulfones in the blood of a Yusho patient.
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Fig. 2 GC/ECD and GC/FPD profiles of PCB- and PCT-methylsulfones in the blood of a Yusho patient.

B, PCT-methylsulfone * #E L 72, & 5124,5
¥ X U 6 5% 1t Terphenyl-methylsulfone @ & & %
&L, #FOA~2 b (Fig. 3,B, D, E, G H) %
MBEDOENEHB LT, ERTITAV A [M
-SO,CH,Cl]* »* — 2 L, B#EH /v ¥ —> » PCB-
methylsulfone D ZH L BT 3 Z L dtbrole, D
EWHR TR 2 72 SIM 47 %17 - 1 52 % Fig.
4IZRT., 4ERMESE, SEFBAESEBLUE
ERE 6 EIRE a2, E»rOERMEIZREE
T&hdhol, WML IBREDI b 6 &ELS
PCT-methylsulfone 38 & h, # O M P EE X
10~270 ppb TH o7z,
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% =

Ky —v7 v 7 L 3 4-Methylsulfonyl-2,5,
2',5"-tetrachlorobiphenyl @ [E U X 89% & B #F T
-7 85, 4-Methylsulfonyl-2,5-dichlorobiphenyl
PROIEREZH 0% L Er o7, ZHIZEERER
EIEE LY ) — VD & ~F Y RAOHILED
EFT5dEEbh, 7 ) ED - FILE
HEOHRNYE 3, PCT-methylsulfone 3 PCB-
methylsulfone 3EANT R TEUXES B 0 E S BHIIZD
OTEMARREDOAFRETH B, AL 5ER
1. para-PCT-methylsulfone EEH CHH B D T
0% % HER L T, M¥WHFIZAH 50 % PCB
methylsulfone @ T & 4313 4 HFE LK, F 72 PCT-
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Fig. 3 Mass spectra from the blood of a Yusho patient (A, C, F) and of authentic samples (B, D, E, G, H).

methylsulfone O #hid 5 HERLETHD, Zhs60
BEZIMH PCB LV BVWENBES>NDT, 5§,

BYERSOREE: #OFEHCODWTRE Licw, MK
518 5 iz PCT-methylsulfone ® < A A7 kb
(Fig. 3) 1% 2-methylsulfone i B % [M-98]*
AFHBENTWS, £/ Fig e THELZE—7
DIREEIFEHE K L 7z para-PCT-methylsulfone 0 %
NEVEVZE»S, MBEEET RSO X
ortho- % 7z 1% meta-PCT @ 2-methylsulfone % # {&
rHEEENRSE, Zhe DRI PCT ORBHizL DA

C-bDrEzon20, RESOHKEY Tk, M
PCTH#EIZ 1ppb AT, odHRERB+T O PCT
BEZHTopm LW s PCBRED I/IOUTT
HBH,WZH b o F, PCT-methylsulfone 23
PCB-methylsulfone & BV RNV THREE N Z LT

BREE,
# i

THEBE DMK 9 BRIEE T LIER, 3T TOR
tk»» & PCB-methylsulfone 23t S h, #DOFERME
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Fig. 4 Selected ion monitoring of PCT-methylsulfones in the blood of a Yusho patient and of synthesized

compounds.
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e 28R shic, BELRYFD
PCB-methylsulfone @ # B i 15~120ppb & B H &
H, FACIERCEET 2 PCBOBEE X DEWED
‘/ohie,

St LMW 9 BB 6 kD PCB-
methylsulfone 2 E I ARHD ¥ — 27 88 50, GC/
MS S 0 %% PCT-methylsulfone * #E S N 72D
T, BEREEGHEL, WHEDTAANRY bV EHE,
BEL7:. ZOMEIT 4IERMIESTE, 5ERLES
BRIV 6HERIE6ErLRE I edbrolz, £
o ORIBEIX 10~270 ppb 2R L, EHEMITIES D
EBREP o, TOHEKB L UERICDWLTIERE
THD, SBRNEET 5,
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HEBESIUREEDOE TIEFEZSD
Polychlorinated Dibenzofurans (PCDFs)

EHREEAT LS —
BREERE - F)NLF-TPES
BEfix-mHExE

Polychlorinated Dibenzofurans (PCDFs)
in the Subcutaneous Adipose Tissue of
Yusho Patients and Normal Controls

Takao DA, Reiko NAKAGAWA, Shigeyuki TAKENAKA,
Kazumi FurkamacHr and Katsumi TAKAHASHI

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

Polychlorinated dibenzofurans (PCDFs) are well known to be the toxic chemicals in both
animal experiments and human studies. It is, therefore, important to determine the level of
PCDFs still retained in patients for understanding relationship between the concentration of
PCDFs and present symptoms of the disease. In this study, the abdominal subcutaneous adipose
tissue of 18 Yusho patients and those of 11 normal controls who were all of volunteers were
collected, and their levels were determined by high resolution gas chromatography/high resolu-
tion mass spectrometry. Results obtained were as follows: The principal compounds detected in
the adipose tissue of Yusho patients were 2,3,4,7,8-pentachlorodibenzofuran (PenCDF), 1,2,3,4,7,8
-and 1,2,3,6,7,8-hexachlorodibenzofuran (HCDF). The concentration of the compounds in 7
patients, wearing typical symptoms, from 160 to 3,000 ppt for 2,3,4,7,8-PenCDF, from 51 to 1,000
ppt for 1,2,3,4,7,8-HCDF, and from 16 to 220 ppt for 1,2,3,6,7,8-HCDF. In normal controls, 2,3,4,7,
8-PenCDF was detected only in five samples at the low level of from 16 to 38 ppt. On an average,
PCDF levels in in the typical 7 Yusho patients and 11 normal controls were 1,900 ppt and 16 ppt,
respectively. On the basis of the results, the concentrations of PCDF congeners in the adipose
tissues of the typical 7 patients was 100 times higher than that of the normal controls. Hence, we
consider that the present levels of PCDFs in the patients probably play an important role for the
symptoms of the Yusho.

(Fukuoka Acta Med. 80(5): 296—301, 1989)

PCDDs ik o v b RHNVIZHEVWEMEERT Z LD
INTWEY, Zp3s, PCDOFs##@5ani-zh

& L & I

7
08

1968 4, HHEHA—HTT 1 A4 4 VERIC L 54
HBPEBRGELLTL80E&b DHEBRENREL
723, ZOEES 4 XA A4 iz i Polychlorinated
biphenyls (PCBs), Polychlorinated dibenzofurans
(PCDFs), Polychlorinated quaterphenyls (PCQs),
Polychlorinated dibenzo-p-dioxins (PCDDs) 73 £ 23
BENTWAR I ENTTRHEE SN TR,
heoftbadwod T, £, PCDFsB & ¥

-
[
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o OB, FFROMER, G, MROZERLE
BL, 72, HROBREE2ED S ZLmESR
Ta 29919 o iz 5, C, PCDFs i, #
HZABEHED 7 547y a2 PCBs 2 585
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5, —~HREHEBEORBEB Y O AMEHEE» S
PCDFs pstHa h T8 D, AWEILHEHBECREYL
BHRLTHE ZEMRBINTWEY, HESEOM
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BifE% o AFI e 1 8 17 % PCDFs 0B &I DWW T,
Kuroki 8 & 1" Masuda® »3, WMEF £ % ¥ #
(1969~1977) WAL 7 BEORBFES S X O
1) PCDFs %4347 L, BERSER+ © PCDFs & i3
it oZ I VS IERE2BR, Lizd->T,
HMEERAMRT TR 1I8BEM EEZEBL BB
2BEHEORTIEETOPCDFs Vv~V 2 FAEL T,
PCDFs QA EHIRT A BET 2 2 £ ik, SBOF
BERET A LETCEETHS.

AR BE O MK @ PCDFs DR H 1 — Bz
BEbDTHRETH 3720, K TIET® PCDFs %
HEL, ETEHFEB~OBE L~V EHEELT, #
BHEOHEKRBLT, £ENEREEL2 €=V —F 3
LDTH5.

x B F &

1. ##
HEMERE 18 LB L UVERSE L EZOBEMETRE
B 2~5 g %A B ERER L 72, SRENESHAE 1986 &£ 2
BTd5, EFRFHIERHHENE-20°C THREREL
7z.

2. HE

{#/ L7z PCDF 0 #2#9)% % Table 1 iR L 7.
IS OEEEYE LT N TE RSN HEE LD
5 ani,

R L MORE I v SMEFROERRS L UK
HPCB TR b vy, FLMETHMORYEER
SFTEAF 21000, YZFAL—F L1000, 7
F 1000, YZuwm Xy 1000, EESBEREMR
BBXUt7oy Vi, MERCKHS8OT7 NI+ Th
3,

3. HEOQEFE

Sl s PCDOFs it B L U7 )V —> 7 v 7 i

Table 1 List of PCDF standards used

2,3,6,8-TetraCDF
2,4,6,8-TetraCDF
2,3,7,8-TetraCDF
1,2,4,7,8-PentaCDF
1,2,3,7,8-PentaCDF
2,3,4,7,8-PentaCDF
1,2,4,6,8-PentaCDF
1,2,4,6,8-PentaCDF

1,2,6,7,8-PentaCDF
1,2,3,4,7,8-HexaCDF
1,2,3,6,7,8-HexaCDF
2,3,4,6,7,8-HexaCDF
1,2,4,6,7,8-HexaCDF
1,2,3,4,6,7,8-HeptaCDF
1,2,3,4,6,7,8,9-OctaCDF
[**C,,]2,3,7,8-TatraCDF
{Internal standard)

CDF : chlorinated dibenzofuran

(119)

Ryan'® O F¥C¥EL TfT>72. Fig. liczp 7 a—
Y—bRERLE, Tabb, RTEHEGEOERR
0.1% 72131.0ng @ [**C,,]-2,3,7,8-tetraCDF % [N
EREREE & L CRIIL, T2 by s AF Y U REE
BB L, ZOMERICKEMZ TAFY U EE
STREL Tz, ~F U o RHIE IR BRRRE TR & kR R
L7z, ZOREHIFEWR, 70U v, BIU7LE
FAhAIT AU T T4 —THHEL TGas

Sample (0.5-2.0g)

$¢1,-2,3,7,8-TCDF (0.1-1.0ng)

+120ml Acetone-Hexane
+ 30ml Acetone-Hexane
+ 30ml Acetone-Hexane

+ 40ml Distilled water

Aquous phase

Aquous phase

f
CH,Cl;+ Hexane

r
CH:Cl2+Hexane

Hexane phase
+60ml Hexane

Hexane phase

Decomposed fat
with conc. H2SO4
10ml X10

Washed with distilled water
20ml X2

Dried over anhydrous Na;SQ,
Evaporated to 1-2ml

Carbon-glass fiber
column chromatography

|

Toluene 100ml

(10 : 90) 20ml
Evaporated to ca. 0.5ml (not dryness)

Florisil column chromatography

CH:Cly 50ml
(1 :99) 25ml
Evaporated to ca. Imi and left
at room temperature to dry up
Alumina column chromatography
|
| |
CH,Cl;+ Hexane CH:Cl2+Hexane
(4 :96) 25ml (50 : 50) 50ml

|
Evaporated to ca. 1ml and left
at room temperature to dry up

Dissolved with 204 of n-decane

|
GC/MS analysis
Fig. 1 Analytical method of PCDFs
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chromatography/mass spectrometry (GC-MS) @
Selected ion monitoring (SIM) & — ¥ THIE L 7=.

4. GC-MS o#f

Hewlett « Packard 5890A #2277 o= b 257 »
VGIO-SEESNE 2By, BoEESIMEIC LY
SR T, Ty BRI 11-250] + &2 {ER L
7. tetra-, penta-3 X U hexa-CDFs @ 43 #7 i i3
Supelco # B SP-2331 £+ 5 V—H 5 A (B T A

K& 30m, AE0.25mm, EE0.20um) ZEW7-,

A7 MBEDOEMHE, 120°0C T2 SHEEFEL, 220C
ETHES15°C OEE TRIE, 220°C T 15 SEHEEL
oo BHRXUICETHS2WCOEETHEL
2400C T2 s RIRFE L 7. & 7z, tetra-, penta-,
hexa-, hepta-¥ & tf octaCDFs @ 53#7 12 i3 Quadrex
HBIOV-1TF v 5V —HF A (H57LE%25m,

ANE0.25mm, EE0.10um) 2H W7, # 5 L8
BOZEMEIE, 1200C T 2 2MHEFL, 230°C ¥ THS
15°C DFEETHIBEL T, 230°C THOHEMEEL ., &
512, 2600C £ THEHSICOEETHIEL 260°C T
20 R L T2, 20, GCEALDRE,

260°C, 8V —F —BE290°C, 4 & Y {LBEET0
eV, IEMEE 8KV, & {LEBEH 200 A, 14>

Table 2

4 A

{tE—NEl®—F, 4#H#E10,000 8 £ 176,000 T
H oz,

& b

REBRE 184D K TN D T GC-MS-SIM
THOF LR % Table 21277 L 7-. No.1 & 2,
No.4:7, 8XUNo.5x6, ZFNFNE—-FKE
TH3., No. 1~T7 ixMmms PCB 23/HERE DA X 2
Qv ST AE—7 Y- (GCo8F —v) BIRT
A EBE (A type) TH3 55 No. 1l~18 idiMm
BEHPPCBEEH L ES2WLGC /vy —vR2RT A
(C type) B UHRAERDO NN - 271 T A (BC
type) T#H %, Table 2izF L7 & 5 iz, MEH
PCB 3 A type 277 7THADBER TR S, 2,
3,4,7,8-pentaCDF, 1,2,3,4,7,8-hexaCDF ¥ X 171,2,3,
6,7,8-hexaCDF 3t & I, &% PCDF RE&HDIEE
i3, #FhFh, 160~3,000 ppt, 51~1,000 ppt B X *
16~220 ppt TH - 7>, 2,3,7,8-tetraCDF iz 7 &4 1
% (18ppt) oA SHHE NI,

—7, mEFPCB»BC £7212C type 2 -3 A
(No.11~18) o K FRE G & 1% 2,3,4,7,8-pentaCDF
HUBHPRE» BB aN, ZOREIR12

Levels of PCDFs and PCBs in the subcutaneous adipose tissue of clinically typical and

atypical patients with Yusho (ppt on wet weight)

PCDFs (ppt)

Type of

No. Sex Age 2,3,7,8- 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- Total PCBs PCDFs/PCBs PCB Pattern
TetraCDF  PentaCDF  HexaCDF HexaCDF  PCDFs (ppb) (%) in Blood

1 F 50 18 3,000 1,000 220 4,200 5,700 0.074 A

2 M 54 ND 2,400 900 170 3,500 2,400 0.15 A

3 F 55 ND 2,000 230 64 2,300 1,200 0.19 A

4 F 45 ND 1,400 590 120 1,700 2,300 0.14 A

5 F 43 ND 710 120 37 870 1,300 0.067 A

6 M 45 ND 240 51 16 310 1,200 0.025 A

7 M 50 ND 160 54 22 220 1,000 0.024 A

8 M 54 ND 140 ND ND 140 1,300 0.011 BC

9 M 64 ND 100 ND ND 100 1,700 0.0059 C
10 F 59 11 75 4 ND 90 980 0.0092 C
11 M 60 5 61 ND ND 66 1,800 0.0037 C
12 F 58 4 55 4 ND 63 1,500 0.0042 C
13 F 62 ND 59 ND ND 59 1,100 0.0054 C
14 F 62 8 52 3 ND 63 1,400 0.0045 C
15 M 57 ND 55 ND ND 55 900 0.0061 C
16 M 47 ND 15 ND ND 15 820 0.0061 BC
17 M 54 ND 12 ND ND 12 580 0.0018 C
18 F 48 ND ND ND ND ND 1,100 - C

CDF : chlorinated dibenzofuran
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Table 3 Levels of PCDFs and PCBs in the subcutaneous adipose tissue of normal controls (ppt on

wet weight)

PCDFs (ppt) Type of
No. Sex Age 2,3,7,8- 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- Total PCBs PCDFs/PCBs PCB Pattern
TetraCDF  PentaCDF  HexaCDF HexaCDF  PCDFs (ppb) (%) in Blood
1 M 61 19 39 ND ND 58 1,200 0.0048 C
2 M 45 ND 31 ND ND 31 580 0.0053 C
3 M 45 ND 21 ND ND 21 900 0.0023 C
4 M 56 ND 16 ND ND 16 1,200 0.0013 C
5 F 53 ND 16 ND ND 16 660 0.0024 C
6 M 60 ND ND ND ND ND 1,300 — BC
7 F 61 ND ND ND ND ND 930 - C
8 M 47 ND ND ND ND ND 920 ~ C
9 M 58 ND ND ND ND ND 970 - C
10 M 40 ND ND ND ND ND 710 - C
11 M 29 ND ND ND ND ND 440 — C

CDF : chlorinated dibenzofuran

~140ppt TH Y, 1,2,34,7,8-hexaCDF i1 3 B D 4
Mmoo Eh, FOEBEZ3I~4ppt THotz, L
L, 1,2,3,6,78-hexaCDF i3 a nk o7z, 72,
2,3,7,8-tetraCDF id 11 A ¥t 4 308 2 & 4~11 ppt
DBETHRHS L, BN 1~TDA typeD B
% ¢ PCBs ¥ & 11 1,000~5700ppb T & 0, % 72,
PCDFs @ PCBs iz 39 % O EHIZ 0.024~0.19%
TH-olz, fi5, BC£7213C type 2T ATH,
PCBs 3 & 13 580~1,800 ppb ¢ &% b, % 7z, PCDFs
@ PCBs 2% 3 2 DBEIE 0.0018~0.011% TH >
7z,

HEELTNEOBEEDOE FEB 2L T
PCDF # fIE L 7-4ER % Table 3R L. 20K
B, 2,3,4,78-pentaCDF 28 11 b 5 4 5 16
~39ppt DEETHREE R, UL, 1,234,788
F 181,2,3,6,7,8-hexaCDF @i sz oz, &z,
2,3,7,8-tetraCDF i3 11 s b e 1 8 (19ppt) D &
DOBE AT, & 52, PCBsEE X 580~13,000
ppb TH-otz, M EDOHER» S, EEED L TIRHE
#Hrho PCDFs IZHERSE O % N Thiz b BV
ETHo7,

% =

4H 18 4 D B KT A5 w Dv» T PCDFs % fllE
L7z, 2O 1BEZHDH I IHOF—FKE (No.1l & 2,
No.d &7, BXUNoSLE) BNEEN TV, 2
D 3o WT Table 2DER»5EET 3L, B
HE LD NIEHE T PCOFsBENFH W Z & A3

SFote. THEERZAAFANVEBRENERL YL
HDHEBRE P72 L IBAT 208 L,
Nagayama' & IMESMHFRER T LR IFTETL
72 (1969~1972 4F) B#E 3 4 DM, FEx o
WTPCBB XU PCDFs 2 EL 72, #DOFER, K
THERs o PCDFs #E1Z 6,000~13,000 ppt ¢, i
T 3,000~25,000 ppt TH B LEFHEL T3, —
7%, Kuroki 3 & tf Masuda® ix 6 4 (1969~1977
) OBEORR B & U+ @ PCDFs 8 % #HIE
Lz, s 0fE L2 LIFEE D IBEZST O
PCDFs BEXPRRVEREE T Y, BHEET
@ PCDFs i3 700~9,300 ppt TH > 72, W IFNDHEE
25 b PCDFs i BERFMS CRE CHRE T2 2 L %R
LTw3, #2T, ZhoMmESAFRER, HENE
HARID S BT L /- B35 D fghfite PCDFs 8 0 #l
EfERE, MEREDS I8ERDSHEOBEE S H#
METLTz, 3bb, GCFy—v 23 A type # BT
2HBHEBETLORPCDFsBE X FHL T
1,900 ppt TH 5. Zhix, Nagayama'® & DR
R (PFH8600ppt) & ELET 2 L 1/5DEE,
Kuroki s & " Masuda® iz L > THE I L2 B R
(F£93,300 ppt) & HBRT 2 LH1/2 DBE, HY
LTwa, ZRIEHERVWERDE# L & b, PCDFs
DENNRRZ TR AN T B I L BRBLTW S,
MESGHREHRE bR ST L BEOISTIIX 2,
3,6,8-tetraCDF, 2,3,7,8-tetraCDF, 1,2,4,7,8-pentaC-
DF, 2,3,4,7,8-pentaCDF, ¥ X tf hexaCDF »[Ff2E
DEETRHEINTWEHY, ZhenL T, $E0
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bhbh iR TIix23,78-tetraCDF, 2,3,4,7,8
-pentaCDF, 1,2,3,4,7,8-hexaCDF 8 X 171,2,3,6,7,8
-hexaCDF @ &34 & 7z, Z i, PCDFs o
THHEELEEEEEZONTVSE 2, 3, TBLU
8 (iR CEBR & N/ PCDFs™Y R EMNE L,
i ThH 2,3,4,7,8-pentaCDF & & { WA K ICEHE
LRTWIEERELTWS, /7, SEPIELE
B OPCDFs B B - PCBsEE + 0 b ik
Nagayama & D#EY O F IR 2R D /NS B
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7 #E2 oh, PCOFs OENEGEHSERETH 5 T
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PCDFs BEOTHERBEEOZ L O 100 &L
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NBNERTERINEENFTVEEI SN TV
PCDFs Th -7, SEMHE N7 PCDFs M5 % 2,3,
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NREEBEORK» S bHERHSREES T,

# 2
AWIFRILIER 62 BB EERFHBy &M LA EH

23NN
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HEERE DR T REHRREH
Polychlorinated Dibenzo-p-Dioxins (PCDDs)

BERGEAEE Y S —
B FH R e )AL T
RETMEX-BERC

Polychlorinated Dibenzo-p-Dioxins
in the Subcutaneous Adipose Tissue of Yusho Patients

Takao Iba, Reiko NAKAGAWA,
Kazumi FukaMacHI and Katsumi TAKAHASHI

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

The abdominal subcutaneous adipose tissues, the mother milk, and the blood samples of
Yusho patients were collected between 1986 and 1988, and analyzed for polychlorinated dibenzo-
p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) by high resolution gas chromato-
graphy/high resolution mass spectrometry in selected ion monitoring mode. PCDDs and PCDFs
were found all of the samples examined. : 1,2,3,7,8-Pentachlorodibenzo-p-dioxin (pentaCDD), 1,2,
3,6,7,8-hexaCDD, octaCDD, 2,3,4,7,8-pentachlorodibenzofuran (pentaCDF), and 1,2,3,4,7,8-and 1,2,
3,6,7,8-hexaCDF were detected. The levels of PCDDs was several times lower than those of
PCDFs in all samples. The concentrations of PCDDs and PCDFs found in the fat of the mother
milk were similar to those of the adipose tissues. On the other hand, the levels of PCDDs and
PCDFs in the blood samples were several hundred times less than those of the adipose tissues.

(Fukuoka Acta Med. 80(5) : 302—306, 1989)

& L » I

HERENBRLLZZ A AL 40 (REMH) Fi
polychlorinated biphenyls (PCBs)!¥, polychlorinat-
ed dibenzofurans (PCDFs)?, polychlorinated quater-
phenyls (PCQs)” EMEAL Tz Z LD MIZE
NTwd, TTEERY»S 20 I FZBLIEAED
HEBREOENIIZIZ 2B, PCBs, PCDFs, PCQs #3%
BL T3 I EHHEEFL 2, 5 ThH, PCDFs i
HEUHEXLEDLDTHVOT, WMEOFEZRREEZ S
NT» Y fnz T, &L, BAS ZERMHEFH
EREIFLVELABCLLBHAOREBS L UE» S
PCDDs 2 bR L, ZOMEYWSHEREHED 1
DOTHB LRELY, PCODs BEL L HosE v
ZEMHSNTE DY, BELBEFNICEREIL T
PCDFs & & & WHEDOREZEE L TWw5 2 L8
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Hans, 4H, PCODs DBBEENOKRE & 2 LR
T 5728, 1986 FICEREXL 72 B3 D KT RERG &+
® PCDDs ZHEL 72, %72, BEOHAEL L MK
$10 PCDDs ¥ & U PCDFs 3 B L 72 D TE ¥ TH
HT 5,

£ B F &

(1) ETHeR

MmFEHPCBOA R 7 1= b+ 75 ADNHERE O
BMPE -85~V 2 RT THDORERE (A type) O
BEETREEG AV, AROFERRARK
fTote, REFIESIIZ 1986428 TH 5,

(2) #

1988 45 4 BT HiE (M) L:BH (32F) »o
BRI/ WA Ths o8, IOBRBEOMBET
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PCBOAHAZ O~ b7 5L =785~k A type
THolz,

(3) m %

WOETEERBD> 5 PCBs DEBENREEEZRL
FEEOMIE L, (2) DR ERIL 7 BE D HE
WERIM L 72 M TH 5,

2. HBE

PCDDs % & Uf PCDFs DAZHEY)E 13 55 — BRI A
BRI Vt5 e, WHEEYE: L (E—K
BIAZEEHKZ I VMHS s i [PC.]-2378
~tetraCDE B X U7 > 7V w97 A Y b= 56 A
FE L 2 [13C,]-2,3,7,8-tetraCDD, [**C,;]-octaCDD,
['3C,,]-2,3,4,7,8-pentaCDF % & & [**C,.]-octaCDF
BERAL.

MO L 72 i ¥ v S0 ®E PCB 447
HAbtrzy, MXMETIEMOREBESTALSY
/= 1000, ~F > 1000, ¥xF v T—7 )0 1000,
AT —71 1000, 7% k1000, Yrow Xy
1000, EES&BHEERRRE, 7oV v, PCDD &
HAEMRIER VSV TH 5,

3. EHouEE®

(1) FERAHE

JERA#ERE 0.5~1g WD W THIFR? L EROFET
fTotz, 72720, BHERZO= 757 4 =R
SR T %% PCDD S AEERER Y VA 7 Vv 2 H
vz, WEEEYE &« U T [°Ci,]-tetraCDD,
[13C,,]-octaCDD, [*C,,]-tetraCDF, [**C;.]-pentaC-
DF 8 & t8 [C,]-octaCDF 2R U7, £/, 7
WEFATLIUR NI T T 4 —HEBL, TaYY
NAFSAZuw N Z 57 4 —D PCDDs, PCDFs E4F
ZowWT, BE, BRBC L 2BEETo .

(2) Im¥

MmEHI10g 23w a—MICHED 7 + > 30ml %
Mz & <\FRILE, ~F9>30ml T3EIREE 5
HU7:., HHE2EE, K30ml CIEBELZHD
WOWTRFES R 7Y -7 v 7% Lk,

(3 B8

RACY 27BA VT ABI VLY / =Bz Y
IFNI—T IV EAMI—T VORSER CIERM %
U7, FHEREEARES ) v ATERLLE,
BREEEL, BEERHE LR, BonBiiE~*
Faz e LT, BT, IERSMHEMO ST L AT -
7z,

4. GC-MS o447

BTEF? & AU Hewlett » Packard 5890A # A 7 o<
N7 SVGI-SEESMTEH O, BOEEE
selected ion monitoring (SIM)#1Z & D M %17
z.

BRRCEER

1. KTHeEA

Table 1 FTRER5+H O PCDDs D 3R %R,
@ Table 5535 X 512, £TOETHEBOMKRE
» 5, 1,2,3,7,8-pentaCDD 2% 24~65 ppt (T #5 43
ppt) ©EE T, 1,2,3,6,7,8-hexaCDD 2% 56~400 ppt
(S #7160 ppt) O ¥ & T, octaCDD 2% 73~430 ppt
(°F#5 160 ppt) OBE THH &S 7z, 2,3,7,8-tetraC-
DD @3 RTCOMETRERFHELI T TH 572, —75,
Table 2 2Rz & 5w, K FHgHiT® PCDFs i3
NTDOETIBOBRE L S, 2,3,4,7,8-pentaCDF 23
160~3,000 ppt (¥ 191,400 ppt) D EE T, 1,2,3,6,
7,8-hexaCDF 23 51~1,000 ppt (% #7420 ppt) D #

Table 1 Levels of PCDDs found in subcutaneous adipose tissue of Yusho patients (ppt)

2.3.7.8-  1.2.3.7.8 1.2.3.6,7.8 Total  2.3.7,8-TCDD
No.  Sex  Age 10 °CDD  PentacDD  HexaCDD PP pepns  Bquivalent

1 FY 55 ND 24 130 120 270 17

2 MY 50 ND 38 60 73 170 21

3 F 45 ND 65 190 430 690 40

4 M 54 ND 53 210 140 400 35

5 F 50 ND 56 400 120 580 a4

6 M 45 ND 35 56 120 210 20

7 F 43 ND 25 84 120 230 16
Mean ND 43 160 160 370 28
S. D. 16 120 120 200 12

® : Female » - Male

(125)
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Table 2 Levels of PCDFs found in subcutaneous adipose tissue of Yusho patients (ppt)

2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- Total 2,3,7,8-TCDD
No. Sex Age .
PentaCDF HexaCDF HexaCDF PCDFs Equivalent
1 F¥ 55 2,000 230 64 2,300 203
2 MY 50 160 54 22 240 17
3 F 45 1,400 590 120 2,100 147
4 M 54 2,400 900 170 3,500 251
5 F 50 3,000 1,000 220 4,200 312
6 M 45 240 51 16 310 25
7 F 43 710 120 37 870 73
Mean 1,400 420 93 1,900 147
S. D. 1,100 410 79 1,500 112
% : Female ® : Male

B T, 1,2,3,4,7,8-hexaCDF %3 16~220 ppt (°F #J 93
ppt) DEFETEIZNRE &L/, 4B, heptaC-
DDs, tetraCDFs, heptaCDFs 8 & O octaCDF 13 #i%E
Lizdotz,

Table 1% & ¢f Table 2 DAHIC & REBREFH
& (EPA) @ 1987 £ @ 2,3,7,8-TCDD #: & % #
(ETFs: 2,3,7,8-TCDD Equivalent factors) % f\»
TR PCDDs 8 & *PCDFs o &% D 2,3,7,8
-TCDD #1%{& (ETs: 2,3,7,8-TCDD Equivalents)
oRY, BT R & PCDDs @ ETs i3 17~44 ppt
(£ 28 ppt) T& 0, PCDFs @ ETs i3 17~312 ppt
(F#4 147 ppt) TH o7z, FHETE~ S & PCDDs
DETs i PCDFs D2 N & IR THIY/6BETH >
Jo. ZOZEds, EHL LT, BEOMERE N
+5PCDDs DY A7 d PCDFso 2z a0 118
ErEzohnsd,

Kashimoto 64 2 KR, ZRREB L UVHERD
B 134T O 39 ZOEEERYH O PCDDs & L U
PCDFs #fIEL 72, ZDORE, 2,378 L V804
BEnEFRTERIN TS PCDDs 8 X U PCDFs ©
WAL & LT tetraCDD (5.1 ppt), pentaCDD (7.5
ppt), hexaCDD (50.0 ppt), heptaCDD (57.3 ppt),
octaCDD (1003 ppt), tetraCDF (3.3 ppt), pentaCDF
(12.7 ppt), hexaCDF (13.1 ppt), heptaCDF (13.2 ppt)
B X WoctaCDF (42ppt) & #HE L T %, Ka-
shimoto 59 DEEEDHER L bhbh OHERED
EEREHEHELTCHAS L, PCDDs Tk 5 W TH 6
201, 6HEEHTHNIAD 1 LEWERETH S,
SR B BEEOFLHERE LD b 6 FEV
BETHoT, —F, PCDFs TiRHEERE D H R
HELD HB0~10FEVEE L2 R L % Ka

(126)

shimoto 5% O#E» & EPA O ETFs 2/ L T
HEDETs 2K 2 & 3.0~38 ppt ¥y 17.8 ppt T
b, —H, bhbhOMEBREOKRD S ETs i
38~356 ppt, ¥ 151ppt TH o7z, L 2450 T,
fgiidio> PCDDs 8 & U PCDFs & M ETs 2 & 7517
A, BEEREEOWEREZEO LD 1BED
URZ7 2F-oTwBIricnh, ¥k, BEHD
ETs OBEHE L BED ETs OREMIE L TH- 72,

2, # %

Table 3icWIERE DRI F O PCDDs 8 & U
PCDFs Ot R %2 w3, BABHHZ O DBET
A 5% & 1,234,78-penta, 1,2,3,6,7,8-hexa B & Of
octaCDD it, # h &, 36, 2008 & UF200 ppt T
Hot-. M, 2,3,7,8-tetra, 2,3,7,8-penta, 1,2,3,4,7,8
~hexa B £ 17 1,2,3,6,7,8-haxaCDF |z, #h Fh, 18,
1300, 410 B X U8lppt THotz, Th o DEE L
RV HHERE D EHE#BROZh & BT vz,
ZORFICIE, #oftiiz, PCBs 2867 ppb, PCQs 53
llppb DBETEEZNTBVIRADEAIIEZLY
THEIRNITNEHELELONS,

3. I &

Table 4w 2 3o PCDDs & PCDFs @
DR ERYT. 20 Table» 5432 & 52, M
HAE» 5w, 1,23,78pentaCDD i3 1.3 8 X W¥1.4
ppt DEE T, 1,2,3,6,7,8HexaCDD iz 1.3 8 L f1.2
ppt D B E T, 2,3,4,7,8-pentaCDF 12 9.6 8 & 1711
DEET, 1,2,3,6,7,8-hexaCDF X 4.2 8 X 4.4 ppt
DOEET, 1,234,78-hexaCDF i3 1.1ppt DEE T
Bid i, ZhsORLFMEOBEIERFOZ
NEDBEOKI0AD 120810050 1 TH-o7,
¥ % PCDDs 5 & ©f PCDFs O O LT,
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Table 3 Levels of PCDFs and PCDDs found in mother milk of Yusho patient (ppt)

PCDFs 2,3,7,8- 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- Total
TetraCDF PentaCDF HexaCDF HexaCDF PCDFs
0.44 35 11 2.2 48
(18) (1,300) (410) (81) (1,800)
2,3,7,8~ 1,2,3,7,8- 1,2,3,6,7,8- Total
PCDFs TetraCDD PentaCDD HexaCDD OctaCDD PCDFs
ND 0.98 5.3 5.4 12
(ND) (36) (200) (200) (440)
( ): as is fat bases
Table 4 Levels of PCDFs and PCDDs found in blood and fat of Yusho patients (ppt)
N S A 2,3,4,7,8- 1,2,3,4,7,8- 1,2,3,6,7,8- 1,2,3,7,8- 1,2,3,6,7,8-
o e 8¢ pentaCDF HexaCDF HexaCDF  PentaCDD  HexaCDD
1 Female 50
Blood 9.6 4.2 1.1 1.3 1.3
FatV 3,000 1,000 220 56 400
2 Female 32
Blood 11 4.4 1.1 1.4 1.2
Fat?® 1,300 410 81 36 200
D Subcutaneous adipose tissue
% Fat was extracted from mother milk
BHFOZhEfTw, 202 MBSO - "

PCDDs 8 X UPCDFs #IET 5 L icx b 2 b
DICFMEO BB RNERIOBHHENTETH L Z
EERTRBLTNS,

#® £

RIEOWIERE R TIE, 8%, &+ PCDDs
$ & U PCDFs £ 4541 L 72,

1. WERFER TS 5 1,2,3,7,8-pentaCDD,
1,2,3,4,7,8-hexaCDD ¥ & (F octaCDD 58 HH & L %
noOBER, FhEN, 24~65ppt (FH 43 ppt),
56~400 ppt (*F #7160 ppt) B & U 73~430 ppt (F
#7160 ppt) TH o7z,

2. WEBREZFOEA LS 12ppt D PCDDs & 48
ppt © PCDFs psteth s iz, FLBRFHOBREIZESE
DOETIEFTBRELRBRETH .

3. MWERE (24) OMmMEH»S5FH 2.6 ppt DR
PCDDs » 16 ppt ®#2 PCDFs 23 & v 7z, MK+
PCDDs & & ' PCDFs @ #lE iz & v B3 @ PCDDs
B & * PCDFs AN % BEFFAE T & 2 TTREME SR
Wi,

AW IR 63 FEEAEREMPSCEILOTDH
5, JIRRELTHERRLET, AWRETIChi-
THRIBBERZHE RV & & L BEXEEALZL Y
B —FERREHBBUIRICER L 2T,

X 23
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A Comparative Study on Polychlorinated Biphenyls (PCB)
and Polychlorinated Quaterphenyls (PCQ) Concentrations
in Subcutaneous Fat Tissue, Blood and Hair of Patients
with Yusho and Normal Control in Nagasaki Prefecture

Taro Oucami, Shigeo NoNAKA, Fumio MURAYAMA,
Kazunori YamasHiTA, Hiroko IRIFUNE, Masahisa WATANABE,
Naoko Tsukazaxki, Keiichi Tanaka and Hikotaro YOSHIDA

Department of Dermatology, Nagasaki University
School of Medicine, Nagasaki 852
Yuji RiKIoKA

Nagasaki Prefectural Institute of Public Health
and Environmental Science, Nagasaki 852

Abstract The relationship between PCB and PCQ concentrations in the blood, subcutaneous fat
tissue and hair was investigated in this study. PCB and PCQ concentrations in twenty four
patients with PCB poisoning (Yusho) and 59 normal controls were analyzed. The alkaline
decomposition method described in the official standard analytical methods for the isolation of
PCB and PCQ fractions was used. The mean value of PCB concentration was 2.43 ppb, CB%
ratio was 0.69 and the PCQ concentration in the blood of the control group was too low to be
detected by our analysis. On the other hand, the PCB concentration and CB% ratio in the Yusho
group were two times higher than those in the control group. The mean value of PCQ concentra-
tion was 1.34 ppb in the Yusho group although it was below the level of detection in the control
group. The mean PCB concentration in the hair of patients with Yusho was 28.92 ppb, and 8.06
ppb in the control group. CBY% ratio in the hair of patients with Yusho was two times higher than
that in the control group. The mean value of PCQ concentration in the hair of patients with
Yusho was 0.55 ppb although it was not detected in the control group. The PCB and PCQ
concentrations in the hair were not greatly elevated when compared with those in the subcutane-
ous fat tissue. However, the hair is an excellent sample for the detection of these chemicals
because it can be collected simply without operation.

Introduction

Almost 20 years have passed since the discov-
ery of the first case of Yusho (PCB poisoning).
Approximately 3,000 patients with Yusho are
distributed throughout Japan®. They suffer
from various symptoms and still have mild
We found that large
amounts of PCB and PCQ were present in the

subcutaneous fat tissue even 17 years after

cutaneous changes.

contamination®. We felt that an analysis of
PCB and PCQ concentrations in the subcutane-
ous fat tissue might be useful in the diagnosis

and the evaluation of the prognosis in this
disease. PCB and PCQ accumulate in many
other organs. Almost ten years ago, it was
reported that PCB also accumulates in the
hair?. It is important to examine whether or
not PCB and PCQ accumulate in the hair a long
time after the intake of PCB. In this study, we
investigated the relationship between PCB and
PCQ concentration in the blood, subcutaneous
fat tissue and hair.

Materials and Methods

1) Materials

(129)



308 T. Ohgami et al.

Twenty four patients with PCB poisoning
(Yusho) living in Nagasaki Prefecture and 59
controls with no history of PCB intake were
used as subjects.

2) Samples

Ten milliliters of blood was taken from the
cubital vein, and about 500 mg of subcutaneous
fat tissue was taken from the abdominal wall of
the patients. The control specimens were
obtained during operations for skin tumors.
Hair samples of more than 1.0 g were cut from
Hair

samples were not collected from people using

the scalp of the patients and controls.

hair tonics or dyes.

3) Analysis of PCB and PCQ

The alkaline decomposition method de-
scribed in the official standard analytical
methods for PCBs and PCQs by Kashimoto et
al.? was used for the isolation of PCB and PCQ
fractions. The procedure for analysis of PCB,
PCQ and PCDF in human blood and tissue was
described in our previous report®.
chromatogram patterns of PCB in the blood of
Yusho patients were distinguished by the
method of Masuda et al®.
patients with Yusho ; B(A), closely resembling
A ; B, resembling A ; and C, similar to PCBs
from an ordinary person. The CB% ratio was
calculated by the method of Kashimoto et al.¥.
The analysis of PCB and PCQ concentration in
the hair was performed by means of the method
of Asada et al.V.

The gas

A ; peculiar to

Results

The results are summarized in Table 1.

1) PCB and PCQ concentrations in the
control group.

The PCB and PCQ concentrations of blood,
subcutaneous fat tissues and hair of fifty nine
persons were analyzed. Thirty two of the 59
persons were living in Nagasaki City, 4 in
Omura City, 3 in Minami-Takagi County, 2 in
Narushima Island (Goto Islands), and 1 each in
Arikawa (Goto Islands), Kita-Takagi County,
Matsuura City, Wakamatsu (Goto Islands) and
Sasebo City. Each area is shown in Fig. 1.
Thirty two samples of blood were used for the
analysis. The mean value of the PCB concen-
tration was 2.43 ppb (1.21 ppb in Nagasaki City,
3.67 ppb in Isahaya City, 3.00 ppb in Naru (Goto
Islands) and 4.33ppb in Fukue City (Goto
Islands). The mean value of CB% ratio was 0.
69 (0.66 in Nagasaki City, 0.36 in Isahaya City,
0.70 in Naru and 0.73 in Fukue City. There was
no A-type of PCB pattern in the control group.
The values of PCQ concentration were below
the limit set by our analysis, except 0.03 ppb for
one person in Isahaya City.

Nineteen samples of hair were analyzed. The
mean value of PCB concentration was 8.06 ppb
(7.94 ppb in Nagasaki City). There was no
A-type PCB pattern. The PCQ concentration
was not detectable,

Forty samples of subcutaneous fat tissue

Table 1 Summary of PCB, CB% and PCQ levels in the blood, subcutaneous fat tissue and hair

Blood Subcutaneous fat tissue Hair
Group PCB PCQ PCB PCQ PCB PCQ
CBY, CB¢ CB%
(opb) % (opb) | (ppb) %1 opb) | (opb) 5 | (ppb)
Controls N=32 N=32 N=32 N =40 N =40 N =40 N=19 N=19 N=19
Mean+ 2.43 0.69 778.63 0.87 1.40 8.06 0.50
S. D. 1.74 0.39 <0.02| 670.31 0.45 0.96 5.60 0.20 <0.1
Yusho N=22 N=22 N=22 N=11 N=11 N=11 N=13 N=13 N=13
Mean+ 5.36* 5.18* 1.34* 1579.45 3.23* 206.65* 28.92* 1.07* 0.53*
S. D. 2.51 5.16 1.11 626.86 1.54 106.50 18.09 0.59 0.36
* P <0.001
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were analyzed. The mean value of PCB concen-
tration was 778.63 ppb (446.06 ppb in Nagasaki
City, 661.43 ppb in Isahaya City, 892.50 ppb in
Omura City, 489.33ppb in Minami-Takagi
County, 1090.00 ppb in Naru and 1942.50 ppb in
Fukue City. The mean value of the CB% ratio
was 0.87 (0.84 in Nagasaki City, 0.70 in Isahaya
City, 1.03 in Omura City, 0.90 in Minami-Takagi
County, 0.85 in Naru and 1.03 in Fukue City.
Only one person in the control group showed an
A-type PCB pattern. The mean value of PCQ
concentration was 1.40 ppb (1.41 ppb in Nagasa-
ki City, 1.04 ppb in Isahaya City, 2.25ppb in
Omura City, 0.80 ppb in Minami-Takagi County
and 1.47 ppb in Fukue City).

2) PCB and PCQ concentrations in the
Yusho group

Twenty four cases of Yusho (7 patients in
Naru, and 17 patients in Tamanoura) were
utilized in this study.

Twenty-two samples of blood were analyzed.
The mean value of PCB concentration was 5.36
ppb (6.00ppb in Naru and 5.07 ppb
Tamanoura). The mean value of CB% ratio
was 5.18 (5.93 in Naru and 4.83 in Tamanoura).

in

Fifteen out of 22 patients showed an A-type

(131)

PCB pattern in the blood. The mean value of
PCQ concentration was 1.34 ppb (1.97 ppb in
Naru and 1.05 ppb in Tamanoura).

Thirteen samples of hair were analyzed. The
mean value of PCB concentration was 28.92 ppb
(51.00 ppb in Naru and 22.30 ppb in Tamanour-
a). The mean value of CB% ratio was 1.07 (1.
23 in Naru and 1.02 in Tamanoura). Two of 13
cases showed an A-type PCB pattern in the
hair. The mean value of PCQ concentration
was 0.53 ppb (0.93 ppb in Naru and 0.39 ppb in
Tamanoura).

Eleven samples of subcutaneous fat tissue
were analyzed. The mean value of PCB concen-
tration was 1,579.45 ppb (1,672.50 ppb in Naru
and 1,526.29 ppb in Tamanoura). The mean
value of CB9% ratio was 3.23 (4.10 in Naru and
2.73 in Tamanoura). Three of 11 cases showed
an A-type PCB pattern in the subcutaneous fat
tissue. The mean value of PCQ concentration
was 206.65 ppb (222.75 ppb in Naru and 197.46
ppb in Tamanoura).

In summary (Fig. 2 to 4), hair PCB and PCQ
concentrations showed higher levels in the
Yusho patients than in the control group. The
PCB concentration was approximately three
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times higher than that of normal controls, and
PCQ was detected in the hair of all of the
patients with Yusho except one. The value of
CB% ratio in the hair was lower than that in
the blood although there was no difference in
this value between the blood and hair in the
The hair PCQ concentration
showed high levels in Yusho patients although
PCQ was not detected at all in normal hair.
The level of PCQ concentration in the blood
was two and a half times higher than that in the
hair. PCB and PCQ concentrations in the hair
were not significantly higher than those in the

control group.

subcutaneous fat tissue.

T. Ohgami et al.
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Discussion

It was confirmed in this study that PCB and
PCQ accumulated in the subcutaneous fat tissue
of the patients with PCB poisoning (Yusho), as
late as 18 years after diagnosis of the disease.
Our previous study showed the same results as
late as 17 years after the diagnosis®. Moreover,
in an analysis of the PCB and PCQ concentra-
tions in hair taken from the Yusho patients and
normal controls, both PCB and PCQ showed
higher levels in the patients than in the control
group. The PCB concentration in the hair was
approximately three times higher than that in
the normal controls, and PCQ was detected in
the hair of all of the patients with Yusho except
one. Asada et al.” reported a high PCB concen-
tration in the hair of patients with Yusho
approximately 10 years ago. They also pointed
out a strong correlation between the PCB con-
Our data
concerning the Yusho group showed a similar
PCB
concentration revealed the highest level in the

centrations in the blood and hair.

correlation between the two samples.

subcutaneous fat tissue, followed by the hair. In
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the Yusho group, the CB% ratio in the hair was
lower than that in the blood, although there was
no difference in this value between the blood
and hair in the control group. The hair PCQ
concentration showed high levels in Yusho
patients but was below the level of detection in
normal hair. There was a greater difference in
the PCQ concentration of hair than in the PCB
concentration. The PCQ concentration in the
blood was two and a half times higher than that
in the hair, although neither the PCB nor PCQ
concentrations in the hair were greatly elevated
when compared with those in the subcutaneous
tissue. This suggests that the process of accu-
mulation, flowing dynamics and excretion of
PCB and PCQ differ from each other in various
organs. The hair is an excellent sample for the
detection of these chemicals because it can be
collected simply without operation.

Previously, we reported high concentrations
of PCB and PCQ in the subcutaneous fat tissue
of patients with Yusho, as late as 17 years after
contamination®. PCB concentrations were high
among in controls living in rural areas, espe-
cially fishing villages. This high PCB concen-
tration in the subcutaneous fat tissue, therefore,
is not proof for the diagnosis of Yusho, but
rather can be interpreted as a contamination of
PCB due to the intake of many marine prod-
ucts. A regional difference existed, and will be
reported in another study®. Although not
detected in the hair, PCQ was found in the
subcutaneous fat tissue.
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Regional Differences of PCB and PCQ Concentrations
in the Blood and Subcutaneous Fat Tissue
of Residents of Nagasaki
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Hiroko IRIFUNE, Masahisa WATANABE, Naoko TSUKAZAKI,
Keiichi Tanaka and Hikotaro YOSHIDA

Department of Dermatology, Nagasaki University School of
Medicine, Nagasaki 852
Yuji RIKIOKA
Nagasaki Prefectural Institute of Public Health and Environmental
Science, Nagasaki 852

Abstract In this study, we analyzed PCB and PCQ concentrations in the subcutaneous fat tissue
of residents of Nagasaki Prefecture, and compared these levels between the blood and subcutane-
ous fat tissue of people living in various parts of the prefecture. Seventy-one inhabitants were
examined. In the blood, PCB concentrations in Tamanoura and Fukue were significantly higher
than those in Nagasaki City. The CB% ratio in Tamanoura was significantly higher than that
in Nagasaki and Isahaya. PCQ concentrations were below detection level except in one case.
PCB concentrations in fishery areas showed higher levels than urban or agricultural areas. PCB
concentration in the subcutaneous fat tissue was 100 times higher than that in the blood. PCQs
could be detected in almost all of the subcutaneous tissues, but there was no regional difference

in the PCQ concentration.

Introduction

In Nagasaki Prefecture, there are more than
600 patients with polychlorinated biphenyls
The PCB and
PCQ concentrations in the blood of these

(PCB) poisoning or “Yusho”.

patients have been examined every year since
1975. The PCB concentration in the blood of
some patients was within normal levels in spite
of many symptoms. It is extremely important
to investigate the dynamics of PCB and PCQ
metabolism in normal humans. There was a
regional difference in the PCB concentration of
blood taken from the residents of Nagasaki
Prefecture?. Namely, Yamaguchi et al. report-
ed that the PCB concentration in the blood of
fishery workers was higher than that in agricul-
tural workers, but they did not present data for
polychlorinated quaterphenyls (PCQ). In this
study, we analyzed PCB and PCQ concentra-

(135)

tions in the subcutaneous fat tissue of residents

of Nagasaki, and compared these levels
between the blood and subcutaneous fat tissue
of people living in various parts of the prefec-

ture.
Materials and Methods

1) Materials

Seventy-one people living in Nagasaki Pre-
fecture with no history of PCB contamination
were surveyed for this study.

2) Samples

Ten milliliters of blood was taken from the
cubital vein, and approximately 500 mg of sub-
cutaneous fat tissue was taken from the abdom-
inal wall of people with skin tumors.

3) Analysis of PCB and PCQ

The alkaline decomposition method de-
scribed in the official standard analytical
methods for PCB and PCQ by Kashimoto et al.#
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was used for the isolation of PCB and PCQ
fractions. The procedure for analysis of PCB,
PCQ and PCDF in human blood and tissue was
described in our previous report®. The CB%
ratio was calculated by the method of Ka-
shimoto et al.%.

Results

The results are summarized in Table 1 and
2. The areas in which samples were collected
are shown in Fig. 1. Nagasaki, Isahaya and
Sasebo are urban areas ; Omura and Minamita-
kagi are agricaltural areas; Fukue, Naruy,
Tamanoura and Arikawa are fishery areas;
and Kitatakagi and Matsuura are mixed areas
(agricultural and fishery).

1) PCB, CBY% ratio and PCQ concentrations
in the blood (Table 1)

Seventy-one people were examined. These
consisted of 23 inhabitants of Nagasaki; 7 of
Isahaya, 13 of Fukue, 12 of Naru, and 10 of
Tamanoura. The mean PCB concentrations
were 1.39 ppb in Nagasaki, 2.14 ppb in Isahaya
and 3.00 ppb in Tamanoura. The PCB concen-

trations in Tamanoura and Fukue were
significantly higher than those in Nagasaki.
The mean CB% ratio were 0.13 in Nagasaki, 0.
43 in Isahaya, 1.10 in Omura, 1.00 in Fukue, 0.91
in Naru and 1.13 in Tamanoura. The CB%
ratio in Tamanoura was significantly higher
than that in Nagasaki and Isahaya. The PCQ
concentrations were below detectable levels
except in one case.

2) PCB, CB% ratio and PCQ concentrations
in the subcutaneous fat tissue (Table 2)

The mean PCB concentrations were 446.06
ppb in Nagasaki, 661.43 ppb in Isahaya, 892.50
ppb in Omura, 489.33 ppb in Minamitakagi,
1942.50 ppb in Fukue and 1090.50 ppb in Naru.
Fishery areas showed a higher level than urban
or agricultural areas. The PCB concentration
in the subcutaneous fat tissue was 100 times
higher than that in the blood. The mean CB%
ratios were (.34 in Nagasaki, 0.70 in Isahaya, 1.
03 in Omura, 0.90 in Minamitakagi, 1.03 in
Fukue and 0.85 in Naru. Residents of Omura
and Fukue Showed the highest CBY% ratios.
The mean PCQ concentrations were 1.41 ppb in

Table 1 Regional mean value of PCB, CB% and PCQ in the blood (Mean*S.D.)
Area Number of Regional PCB CB% PCQ
Inhabitant Characteristics (ppb) Ratio (ppb)
Nagasaki City 23 Urban 1.39+£0.58 | 0.73£0.37 <0.02
Isahaya City 7 Urban 2.14%+2.67 | 0.43%0.23 1 czgéOOZ.OS
Omura City 1 Agricultural 3 1.1 <0.02
Sasebo City 1 Urban 5 1.7 <0.02
Kitatakagi County 1 Agricultural 2 0.5 <0.02
Minamitakagi Co. 1 Agricultural 1.5 0.35 <0.02
Matsuura City 1 ( Agyi&f‘zegish) 2 0.6 <0.02
Fukue City 13 Fishery 2.53+1.94|1.00%£0.35 <0.02
Naru 12 Fishery 2.16+2.08 | 0.91+0.35 <0.02
Tamanoura 10 Fishery 3.00+2.10 | 1.13+0.46 <0.02
Arikawa 1 Fishery 6 1.4 <0.02

(136)
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Table 2 Regional mean value of PCB, CB% ratio and PCQ concentrations in subcutaneous fat tissue
(Mean+S.D.)
Area Invabitans oo o | o
Nagasaki City 16 446.06+208.99 0.83%0.55 1.41+0.69
Isahaya City 7 661.43+566.18 0.70+0.15 1.04+0.94
Omura City 4 892.50+432.51* 1.03+0.46 2.25%+1.65
Minamitakagi Co. 3 489.33+368.24 0.90+0.28 0.80%0.29
Fukue City 4 1,942.50+882.28* 1.03+0.41 1.47+0.63
Naru 2 1,090.001210.00* 0.85%0.15 <0.2
Arikawa 1 2300.00 1.50 1.90
Sasebo City 1 1300.00 1.20 1.90
Matsuura City 1 320.00 0.80 0.50
Kitatakagi County 1 470.00 0.50 1.40
* P <0.01
Nagasaki, 1.04 ppb in Isahaya, 2.25ppb in Discussion

Omura, 0.80 ppb in Minamitakagi, and 1.47 ppb
in Fukue. The PCQ concentrations in Naru
were below detectable level. In summary, PCQs
could be detected in almost all of the subcutane-
ous tissue specimens, but there was no regional

difference in the PCQ concentration.

(137)

In this study, we analyzed PCB and PCQ
concentrations in the subcutaneous fat tissue of
residents of Nagasaki, and compared regional
difference of these levels between blood and
subcutaneous fat tissue of residents of Nagasa-
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ki Prefecture. In the blood, PCB concentrations
in Tamanoura and Fukue were significantly
higher than those in Nagasaki. The CB% ratio
in Tamanoura was significantly higher than
that in Nagasaki and Isahaya. PCQ concentra-
tions throughout the prefecture were below
detectable levels except in one case. PCB
concentrations in fishery areas showed higher
levels than urban or agricultural areas. PCB
concentrations in the subcutaneous fat tissue
were 100 times higher than those in the blood.
PCQs could be detected in almost all of the
subcutaneous tissues, but there was no regional
difference in the PCQ concentration.

When PCB, CB% ratio and PCQ concentra-
tions were analyzed and compared with other
reports, we assumed that the control value in
Nagasaki, especially in fishery areas, are
different from that in other areas. There have
been many reports on the PCB concentration in
normal controls in JapanY?, For example, lida
et al. reported 3.4 ppb?, Kashimoto reported 2.0
ppb and Baba et al. reported 0.8 to 5.6 ppb*.
Baba et al. speculated that the highest blood
PCB concentrations were found in fishermen
because they eat more fish than the others. Our
data showed a similar tendency. These results
indicate the necessity to clarify the occupations,
diet, living environment and other factors in

normal controls. Furthermore, PCB and PCQ
also showed high concentrations in the subcuta-
neous fat tissue, and these values were consider-
ably higher than those in the blood. It is imper-
ative that these substances be reduced in our
environment.
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Renal Function in Patients with Yusho

Koichiro Mural, Hiroshi Tsuji and Masatoshi FujisHima

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

Renal functions were examined in 102 patients with Yusho in 1988, Frequencies of proteinur-
ia, microhematuria and history of renal diseases were not different from 20 age-matched controls.
The means of blood urea nitrogen, serum creatinine and serum uric acid levels of Yusho patients
did not differ from those of controls. The levels of serum beta,-microglobulin and its urinary
excretion showed no difference between two groups. Serum concentrations of sodium, potassium,
chloride, calcium and phoshorus revealed no abnormality in all patients except for one who had

hypophosphatemia.

Urinary excretions of phosphorus, however, were significantly higher in

Yusho patients than in controls. Serum PCB levels, which were still higher in Yusho patients, did
not correlate with urinary excretions of phosphorus. The mechanism and the clinical significance

of this phenomenon remain to be elucidated.
(Fukuoka Acta Med. 80(5): 318—323, 1989)
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CHESE D TR L.
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B SUICHE

NHERFIEA 6 EERERBE—FRERE
1228 TH3. 2D 51024 (B34, &68)
EREBRE CEYEFIM.3RTH oz, BBRI63FE
4 ASATOREENOSMERZEEE 699 240
14.6% 04T 5, N IZMERE N OBWBZHH
204 (B6, L14) TEHERIIHBARTH-o2
(Table 1),

MZRMECH RZECE I {Thi/., 20
WA BERER, BEERE, REE, EYERRE, BIR,
mk, RMBMmmar, MKELERE, BV 7>
WE, BN, EREEEREZELV TN,

I AT OBERZ T IS8 L, —8i2H
ARE LR — iz 8T TBA-80 Super (B%)
& MEEEEEZTVRD BEAOMOREE
HEIED 729 —200C IZRE LTz, IR D FHI, 2
BRETITORRER T 7. BYORIBEAE L
TNy REMUEIE E T—200C WREL T,

BRI RS et TpH, BB, Hlo
L£HEBE 2B ME, RO L-microglobulin X
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Table 1 Subjects
No of cases Age M/F Serum PCB
yrs ppb
Yusho 102 54.3+14.9 34/68 4.35+3.72°
Control 20 55.4+13.7 6/14 2.60*1.46°
a: p<0.001
Table 2 Urinalysis
Protein Occult blood H
-+ 4+ W -+ o+ # P
Yusho 92 4 5 1 0 81 4 11 4 5.9+0.8
Control 19 1 0 0 19 0 1 0 6.1+0.9
Table 3 Renal function
BUN S-creatinine S-uric Acid S-beta2 MG
mg/dl mg/dl mg/dl mg/!
Yusho 13.84+4.2 1.0£0.3 4.9+1.4 1.9+1.1
Control 14.1+2.8 1.0+0.2 5.4+1.4 1.9£0.4
U-beta2 MG/Creat Beta2 MG clearance/Ccr
X107 X 10
Yusho 2.9+10.0 1.3+2.9
Control 1.9+ 1.8 1.0+1.0

Latex agglutination photometric immunoassay %
GEHHEE) kb, RArvyo s (CabBg) i
OCPC#:, RE#Y > Pitl) BV 777
W—lfask, R V7 Fo TR VREZ Y B
HRICED R, 24, 74, TVURMMIZBWTHE
¥ A

mer PCB AMTid B BEAE L v & —, JLANTTHR
SRR, WAL, BB EYES
HEHETHEL TiITbh .,

TAERE & WO SR I TIE L RRRE 2
HL, WHMOMEOESR tREL ., MHORE
EOHBEHEE X SERER Y, REETo/. 4
ALLF O H 5581213 Yates DELE2TT o7z,

& ES

1. M PCBEE, Table lic/RT Lo cmd
PCB B I MEBREHO FHEMBHECHENERCR
fETH -7 (P<0.001).
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2. &M, Table 2R3 & 5 WHERE Tk 102
ZH 104 (9.8%) K+ EOBEARSEHEL, HE
Bo20£25 14 (6%) OBMEH L THEMAER
BEER o, REBMEGO £ LOBMEE,
HAET 1028 214 (20.6%), SHEBET204F 1
% (5%) tMEREF CHEELNG L L BEEE
Fd ot FRpH OFHEIHFETEREERRD
wipoilz,

3. B#ge, (Table 3) BUN o ERRA SN
ik, HYERE 102495 6] (4.9%), XMEEEETIE 20
21D 2o, BUN O HERICE
BEER g hol, ME7 Vv 7FoEnEz, mER
HHECAONIA 7 O —EERHD LBIOATH 7.
ME7 v7+F=rOFEEEHEMTERE+RD R
pofe. MBERBEMETLTORAER <, B
HONTPRHEBRERTSH (4.9%), W 2
Bl (10%) &5hiz, MERBEOEHE T BERE
BTEL->LBSEE TR Z» o7, M G-microg-
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Table 4 Electrolytes

N it - BE

S-Na S-Cl

mEq/! mEq/!
Yusho 141.0+1.8 103.6+2.4
Control 141.1+1.3 103.3+1.8

S-Ca S-Pi .

mg/dl mg/dl U-Ca/Creat U-Pi/Creat
Yusho 9.4+0.3 3.240.4 0.11+0.07 0.53+0.20°
Control 9.5+0.3 3.3+£0.4 0.11+0.06 0.38+0.18%

CCB/CCI‘ CPI/CCr
X 10 %10
Yusho 11.2+7.1 168+ 70
Control 11.4%+6.2 114+55?
a: p<0.005

lobulin IZEERATE R KL, ERRIVZF=VH

D DFR B-microglobulin®, 7 v7F=r27Y 77
Y AWXT A f-microglobulin 7 V7 7 v AW
HECEEE»RAD o7,

4, EFE. Table 412777 £ 5wl Na, K, C,
CalcowTid, Wihofld EEHENICH D Wit
BTEBEODEIRD -7, IiE P, WEAE
Bz 1 BET LER A s ST w» I hofl s
FE&HENICHY, MERMCERERZED Lo
7z, R Cagpttiz MBI TER ko f, —HROD
sur7FvBy o PigkitEd, MEBEHFTHR
EIML T/ (P<0.005), ZRIEPIiZVT I
A g VvTFv VTSI URAEATHEBRTH -
7z,

5., BEBOBEE Table 5 C5RIOKBE TRE
B, REIME-ZIBRBOREOVWTh» 1 D E%E
BT 3EMERLE., RMRCEETE2ZONS
R E IR % note WEEL 72, W » DBRE
FZOEBORERHE T b OMERERC 84S
niz., ZORFRER 70— CEREE 1, BRERR
JuE 2 F, BEAE 1S, BEAROBEE 14, KRiE
MOBEE 3B TH -7, MEEE T EIREREGE
Blflzenl., AREEOFRBECERZr T, &
ROBWZ TOEFRE TR, FERRIRZED3IL%
Bl e2fle@EdshidroTz,

6. M+ PCBRE LR+ Pifhitte 08, WHR
B0 1224 Tl PCBBELRIV7F= Y

(142)

ho PigitE, PizU 7oV R2Vv7F=v2)
75 v AR R A7z, FEEGRER, BOoBOT =
0.0926, r=0.1342T, WThb BEE TR G- 72,

& =

PCB 0 EE#EOBHHIIBEEE TSN TN,
L»LZy Mz PCB 275 L, 7=32F PR
Wik>T7 2 REERETS L, BERENERLRINLPTS
BLIENREINTNBEY, hiEPCBIrLhE
RME~A 7 ay—rhOEYAHBERTH 2 N-
hydroxylase S E 2 h, BEURBEYW TH 3
N-hydroxyphenacetin, p-aminophenol % 4
-hydroxylaminobenzenesulfonamide »3 ¥ 14 % 7:
HEaInTwns,

T xF e F R OEERBERTHSHT 2T
/75y, BEWRTAEY YR EOEBEICLLE
EEX, S0 REBEEFERBCRET I LEDNT
w3, Pz 2 FeFrCcREBHIgMER1~3
EMEAT 5, BEEX L T3kg 282 B/
BEENKIZEINTVE, ZNSOEBEAIZE 2
BFEEIIRFEBROBTIIR L, MEEEXREXET
LErEbhTBY, BEORPEEXET 2307
<, BREAERECERERE L E TR
2%, s OERRI & 5 BEERESS
EZ X DFREDOHETHBIED, EETZ I ENF0ED
B shTwa?,

HHERE TR, BEEEL COBREERE b O
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Table 5 Cases with proteinuria, hematuria and/or history of renal diseases

Yusho
No. Case Age Sex P.H? Protein O.B> Notes
3 T. Y. 46 F — =+ + Hypertension
5 S. T. 55 F + — + Hematuria
14 M. K. 49 M - - +
15 M. S. 43 F — — =+ Hypertension
17 M. M., 20 F - - + Menstruation
20 E. Y. 56 F - - +
22 M. Y. 63 M - + — Diabetes mellitus
24 M. H. 30 F - + -
31 M. E. 45 F + + — Proteinuria
34 Y. H. 55 M - + +
35 M. T. 59 M — - +
36 M. S. 5 F - - +
38 M. T. 60 F — + — Hypertension
39 S. K, 32 F + - - Renal stone (Rt),
Hydronephrosis (Rt)
40 Y. T. 56 M - - +
46 Y. N. 4 F - + -
51 I. H. 40 F - - +# Menstruation
54 H. T. 54 M - — +
73 B. K. 67 M + + + Nephrotic syndrome, DM
78 M. T. 57 M — + — Hypertension
83 K. S. 55 F - +
84 K. K. 52 F — - # Myoma uteri
86 Y. M. 60 F + - # Pyelonephritis
90 T. T. 61 F + — + Urinary tract infection
99 0.Y,. 33 F - + -
109 S. M. 55 F + — +# Hematuria
112 I. S. 64 F + - + Hematuria, DM
116 S. T. 61 F — - 1
120 S. S. 38 F - - +
Control
No. Case Age Sex P.H? Protein O.Br Notes
32 Y. Y. 5 F - - +
33 Y. T. 49 M — + — Hypertension
63 N. F, 71 F + — - Pyelonephritis

a: past history of renal diseases
b : occult blood

A&, BER 60 EFOFEMBME—FRB T, 154
B 117 61 (76.0%) OMEREHTEE - FREHFZ,
145 B 7341 (50.3%) SEAFEE B L Tz,
Zh s OEEERERO O BEEAIVER IS
NHEVLDELBEIN -0, SEBEEELPOICH
AEET-o .

SHEHOBRTRIRR, BELL QCHERETE
BEENEVLELIEBRIB LN, BREERE
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EOFEE AL 2D ME, RO G-microglobulin
FREEL 7208, MEBFCEEERD 2o,
BB 43 T OHEFAE U RO HE AR O #i - 7 18
FloORMEHOABNFRE245% &, REABEEZ L
CBUN B EETH-7Y, E5ELL D 11 ERE
WL 9 EREL BB TOAKHOMERS
ARBATRORETIC D BRECEEL ERE 45
3, BUN b FEETH-LY, BB lE
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BELRAOBCIFIOREIR sz -9,

HEBZEICBEENS VD TIRZ V) L OBREFO
BoRSHORETREENTH 7. ThITHEFEH
PZENEECRIPARBCERT2BENOE LD
THA3 LBBELTWS, WFhIZLTHETLTE
T3 Eidwvz, WEFCEFEEBREED PCB »ERN
WWE- TWAMERE TOEEEIORAEM IZED 2
NET, ZOLBENDLZHEECIBRECOREICE
BEIREVLELD,

WSRO E TH SN IERE O RS Pi O
M DT E 2 72w, Ry Pl ofRit 8RR
RAVEVIZE DA s AL, BIFRERALE VR PI
OBRNZIE T 2 2 CRYEEHME s ¥, Pi
DOMHFLV_NVEETER®E—FK, Brop CagiE%
RELESY 2 vDENL CHEAETO Ca BN 2 T
d¥pZeTild Ca DBERPEMS € 2 AANICIER
T2, L»LSEORE CIREERE cmt Ca, Pi
BEOEBIRD L, 7.

fEROMESL PCB hEEBRO®RE %, £ BER
#, ERERFORMCEELAEL Tak, WER
EVHAD MBARE CEERC T VAV 7 4 AT 75 —
YOBEELRBASNIZNT A VA L TIRITE
WTH o7, EERELLSRMS CaBERE X 2o
720D ClEBECHED LRSEER AN 2
LTHBHO, M PIOBERLMEBEAY A FHFa2 s8N0
Tz LI BRI S ITEREC L 2 REtE 7 v
F—y A% BGHE¥IFHFRETH L, BETORAEHD
WHESE Tkt Ca, PIBEDOTHIZZ VWL DD,

-

it

TAAVTZ A7 7 ¥ —E¥DLENBFES R T»EY,

T o HHERE 12 FIOFMRBID 5> b MERAE 46 4 A
T LTz 46 5%, BMEFNIC osteitis fibrosa cystica
generalizata 23% & N2, AEHTICE|FIRIREEE T EIE
OEESHEESND D, BIFRRC GEBZN2RE
A SNENo7Y, &S ICHMERKE 16 R OIFA
59 EWfThbh:—FRZ TOWMBEERICHET 2 /A
TIRBWEARY v + ORBEEVHERECE O
EPmEShIEBEINS?,

—7%, BEB I PCB 28545 - ME
CaBEE{LZ - - 2ME PLBEOETH A5
fnt. 2y r O PCBREEBTIRME Ca BEIAR
BETH-1:BETOCalBEIMMLUETIZETL
72,

BRFCERBIRREBEAVE P TRLFOMORE
FyE5T 5, £ i DOERCIEREE: v 2
v R 70 P-450 #1F M mixed function oxidase
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* S

FTITbh T3, PCBRINSOBEFEL V&
BITIEPORALLOBRBEENEETLOT
v RS TnR97,
DEWFRZHE» S Tiddh 5, BUETIKE Ca,
PiORBEENFET I I ENTEEINS, LrL
BRI BORENEOBEGET 200, DL
BREFEIE>THA0PRVEFBHEINATES T4
BOBEPLELEbN D,

8 1

B FERMEME-—FR222E 1224%5 5
Fizl, BEEORELHABL 2. MEBEIZ 1024
THEUH, L6848, FHIERKIISEIBRTH 7.
WIELINDOZ2E 20 LR Uiz, SEERS
6%, 145, FTHERSBDARTH 7.

HOR, MROUBHEESCEREROEREEDHEE
VM TEE ko7, £ BUN, mE 7 v 7+
=, MEREOFECHHETELRD 2L o7,
¥, PR B-microglobulin & MBEM TE M3 % <, M
FEREEEVNSELIERIBO o7,
Mm% Na, K, Cl, Ca R £FIER T, Zihs0FHE
PEBEETERRED SN o7, ME P 3MES
FEOLIHTETL TWANRENTEYEIER 2
otz R PiERitMERE CERCHEML Ty
72, PR PigEft & ik PCB #E 0B HER I o
shizmolz,
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Dermatological Findings in the Annual Examination
of the Patients with Yusho in 1987-1988
—— With Special Reference to the Alteration of the Skin Symptoms
in the Patients Followed up for 20 Years ——

Shozo HoNBO and Shonosuke NAGAE

Department of Dermatology (Divector :

Prof Y. Hori)

Faculty of Medicine, Kyushu University, Fukuoka 812
Shoji TOSHITANI
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Faculty of Medicine, Fukuoka University, Fukuoka 814-01
Masakazu AsAHI

Department of Dermatology (Director :
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University of Occupational and Environmental Health, Kitakyushu 807

We reported on the skin symptoms of the patients with Yusho in the 1987 and 1988 annual
examinations. We also studied the alteration of the skin symptoms in the patients followed up

for 20 years.

These patients showed obvious improvement in their skin symptoms during these 20 years.
However, about a half of the patients still had comedones and/or acneiform eruptions, although
the number of eruptions had decreased. The cases with blood PCB pattern A (typical Yusho
pattern) demonstrated higher skin severity grading points than those of the other groups (patterns
B and C), but even in these cases the skin eruptions had improved.

(Fukuoka Acta Med. 80(5) : 324—330, 1989)

i L & (=

BFIA3EST A R4 A VICBALRZPCBH 20
ZOFEEROBRUC & 0, LI AN E Ful i HEDFE
AL TREWERZEBLE, ZOMERBRIZBWT
BHRERAEOBED & EE 1 BERNICHERE DB
PRERE (ERMP) RHETL, MERFOEREEHE,
SERLTE R, COFERBBOBRICETE, WED
FREEROERIC OV TRBRE &, REEEE
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BELTHDBE, BIECVDEDTEZE L HIIEN
62FE624L, RESEESH/LTHY, UAIZBLE
ZERHLMHEEZRZ Lo BREFAEFN 2T
%, 98T, FHRIEZZLERZhZRLIA, 8
BTHoT,

EREEE - REEEEREBOTE

RF62, 3EBOEEERE, FEEEE/SARK
WKDOWTIREL, 2RLE (RBEEESSHCD
Wi, BUIKBEARREEELLR L 82D, <
4 R—LREKERELSBAL TWEDT, REE
T8 mEE L 2), HED DI Z hZhIBH 5],
53, 56, SOFEEORER K CEH L., THER
FEERDODWTATAS L, EXEEE 0T 2bbEE

ZVEIEERRZ L 2o E, FRCRZLLER FERD & 57 KB S WED L IZRE ML
R 1 EEHEEEEE
&E‘Z REFIS14E HEAI534E IEAN564 FEFI594E AEFI624F RHAI634
EREE B (%) BigL (%) Btk (%) Blg (%) Bt (%) Bl (%)
0 25 (27.8) 42 (34.1) 39 (36.4) 46 (38.3) 46 (46.9) 50 (50.0)
0 I 12 17 13 16 8 10
I 15 (22.5) 16 (26.8) 18 (28.9) 7 (19.2) 7 (15.3) 7 (17.0)
I I 4 3 6 2 0 0
T 10 (15.5) 9 (9.8 1 (15.9) 15 (14.2) 4 (14.3) 8 (18.0)
II I 14 15 4 2 2 2
I 6 (22.2) 20 (28.5) 12 (14.9) 29 (25.8) 9 (21.4) 0 (12.0)
m 1 1 0 3 2 0 1
v 3 (4.4) 1 (0.8) 1 (3.7 1 (2.5 5 (2.0) 9 (3.0
i 90 123 107 120 98 100
® 1 FEERHEEEEESLAK
Yfﬁ BFIS14E HARI534F REFI564F RER1594F PEFI624E BFN634E
7 A % (%) i (%) B (%) Big (%) g (%) B (%)
0-1 32 (35.2) 43 (34.7) 52 (48.6) 63 (52.5) 62 (63.3) 74 (74.0)
23 24 (26.4) 43 (34.7) 33 (30.8) 27 (22.5) 28 (28.6) 20 (20.0)
4+5 20 (22.0) 13 (10.5) 12 (11.2) 1 (9.2) 4 (4.71) 4 (4.0
67 10 (11.0) 14 (11.3) 7 (6.5) 10 ( 8.3) 2 (2.0 0
8+9 3(3.3 7 (5.6) 2 (1.9 4 (3.3) 0 1(1.0)
10~13 1(1.1) 2 (1.6) 0 5 (4.2) 2 (2.0 1(1.0)
14~ 1 (1.1 1 (0.8 1009 0 0 0
Ei 91 124 107 120 98 100
TR 3.12 3.05 2.15 2.36 1.37 1.08

(147)



326 Z:S

TETED, L KEMEEEIEEE 0 DLER
BUDTHBIEL:, EREBRLIEZLOEEH
BH5H00, BEEOSVENREICEREEDE
FHABITL T AN D pdibi s,

W EEEFEERERIC O WTATHS L, ZOME
Mixs & HEET, BERPLIVIE Lo L BBEED
0 1EDOEHDA2EERBRENTHINLTBY, BRI
63FEFICE AN T EHD BT ESK, L LaNns—
FTRERARL LTS8 « 9ELLEDED 28lA 0T,
- U THIEIERE L - BFI60, 6l EEDRERE
B YY), BELSS IS CEEESAKIIETLT
a7z,

Meh PCB /3y — > & EBEEERAKOBR
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LTWwWd, 2O ERYERD Z 25 6 EEERLSHER
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(A) FRFIS1EE
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(B) FAMIS3EE
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m# PCB/i%—> & PCBiggE

K 412 PCB /3 — Bl 4348 L fe el o PCB
EHBERRULY, BRISLEEUEIZ DWW TENR
HERBLREREHIAONTVRY, AT —
YOERIHBB, CNF—YEDBBEENEVEWVLIH
ZDWTIIREA 62, 63 EELFAROBERTH -7,

REEMGIC & 3 REEEROHS

SR IESI

HE B E OB TR I HEFR L OB EBN 4 £
SEtR s, LIBEEEHNCERRS 2 E2
TERBEZDLTHLRECTER N, ZO0ROERK
ZOHIRENTIBH 44 F & 7O 4 FHRFM B FEICE
2L, BABIXAERD51~54 4, 55~58 4, 59~63 D
ZRENORABICDE L &3 1RIBERRZE2ZRZL,
REERPBEEL 2 EAEZECE L 25 2840
THotr., ZOBHNTOWTHEEEEOHERE 2R
L7, RBKEEEEXEEN: ZFEROHIER
HTh B A8, BEFI51~54 £, 55~58 4, 59~63 £ D
R W TREE EEEEEEY 20 F $ECS
Epz, FRERQHEOFELEEL, ZOHH
OEEEEEL L (ZOBOWBHICDODWTIEO,
01, I, 11 BEDboE BFEWEREAL
72).

— 7 REEERES AR & 5 EEEROYERLEL

(C) HRFOS6MEREE

NE = EPE F ¥R N =y EREOF B3OS Ny - v ERE F 85O
A 47 4.04 A 62 3.58 A 41 2.88
B 14 1.07 B 12 2.58 B 12 1.75
BC 8 3.00 BC 10 3.20 BC 4 2.25
C 21 1.95 C 39 2.54 C 27 1.78
gt 90 3.00 &t 123 3.12 it 84 2.33
(D) HAFIS9FRE (E) BEfN62FRE (F) FERI634ERE
N - ERE F ¥R Ny - ERE ¥ OB R T — v ERE E ¥ S
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Bl 113 2.50 gt 98 1.37 gt 100 1.08
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® 4 MFPCB¥—:LPCBEE
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Introduction of the Information Processing System of Medical Examinations of
Yusho Patients and Some Results Obtained by the 1986 Survey

Kyoichiro KaTaoka, Akito OkuBo and Shiro SHINOHARA

Fukuoka Environmental Research Center,
Mukaisano, Dazaifu-shi, Fukuoka 818-01
Yoshio HiroTA, Tomio HIROHATA

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

Information processing system for newly established, unified medical examinations of Yusho
patients which started in September 1985 was presented. Some comparative analysis was also
shown on the “important findings” in Yusho patients residing in Fukuoka or Nagasaki prefecture.

In the 1986 survey, Fukuoka male patients showed higher percentages of pigmentation in toe
nail, gingiva and palpebral conjunctiva than Nagasaki (p<0.01), whereas Nagasaki male patients
showed higher percentages of pigmentation in buccal and lip mucosa. Average concentration of
PCB in blood was higher in Nagasaki male patients (6.79 ppb) than in Fukuoka patients (4.39 ppb),

the difference being significant at 1% level.
(Fukuoka Acta Med. 80(5): 331—341, 1939)
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