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2 EHIC, 1R 20 BABAR 90 BT, BHEC 2,3, 7, s-TUth{k o
VNG IAFT L (TCD) 30 ng/kg £771% 300 ng/kg DIENERTE
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Moo, BHARMO AIMERDE & U o BREREHURORENT. MRS
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D SDIRIZHH - AAROEFENRHIN
oo BEIT AR O KBNS S
Wiz, FIbIZIZBREIIRD D o7,

FHIR 80 BZHRM S/~ M TCDD JEEE%
BIEL~ZEZ A, 300 ng/kg BETIE 1.1~
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F1-1 THFFNDRIE., ke, ETERR (Fla)

B Y | BB (GDO) | e (W) B GD | #451 | &= FIZET-H { LD | 2004/3/31 B # IFES
St BR 1 1999/11/30 2000/5/9 | 161] £ 1422 ’
2 1999/12/3 2000/5/18 | 167] % 1413
3 1999/12/11 2000/5/30 | 171 % 2001/8/26 | 453 F15E1
4 1999/12/11 2000/5/23 | 164 & 1408
5 1999/12/14 2000/2/12 | 60 REEL
6 1999/12/15 2000/6/3 |171] % 1397
7 1999/12/15 2000/5/7 | 144] % 1424
3 1999/12/16 2000/1/25 | 40 RRET
9 1999/12/17 2000/6/3 | 169 2 2001/8/12 | 435 F1%T
10 1999/12/18 2000/5/12 {146| & SCIE
11 1999/12/19 2000/5/21 | 154 % 1410
12 1999/12/19 2000/5/31 | 164 % 1400
13 1999/12/23 2000/5/27 |156]| % SR
15 1999/12/28 2000/6/10 | 165 % 2002/6/3 | 723 F151-
46 1999/12/31 2000/6/10 | 162 2 1390
49 2000/1/1 2000/527 | 147 & SERE
58 2000/1/11 2000/6/26 | 167] 2 2000/9/28 | 94 F1£1T
61 2000/1/16 2000/6/17 | 153] o 2004/1/5 | 1297 FI%T
62 2000/1/17 2000/7/6 [ 171] o 1364
63 2000/1/24 2000/7/6 | 164| R 1364
64 2000/1/29 2000/72 | 155] & 1368
*tRg’ 13' 1999/12/23 2000/5/21 {150 & 1410
49' 2000/1/29 2000/7/8 |161| 2 2001/8/7 | 395 FI15ET
30ngke | 16 1999/11/28 2000/5/15 | 169] o 2003/3/25 | 1044 FI1T
17 1999/12/6 2000/5/4 150] o FE
18 1999/12/8 2000/5/26 [170] 2 1405
19 1999/12/9 2000/5/13 {156 & 1418
20 1999/12/11 2000/5/22 | 163 % FEE
21 1999/12/15 2000/5/22 [159] ¢ 1409
22 1999/12/18 2000/5/30 | 164] o 1401
23 1999/12/19 2000/6/3 |167] 2 1397
24 1999/12/20 2000/5/26 | 158 o 2000/11/1 | 159 FI1fEL
25 1999/12/22 2000/5/25 155 o 1406
26 1999/12/22 2000/6/10 | 171] 2 2002/8/25 | 806 FIFT
27 1999/12/25 2000/6/17 | 175] & 1383
28 1999/12/26 2000/6/1 158] 2 SERE
29 1999/12/26 2000/5/31 | 157 9 | mifE/FeE
30 1999/12/28 2000/6/7 162 2 1393
47 1999/12/31 2000/6/10 [ 162 o . 1390
50 2000/1/2 2000/6/22 | 172] ¢ SERE
53 2000/1/4 2000/6/18 | 166| o 1382
59 2000/1/11 2000/6/18 | 159 £ 1382
65 2000/3/3 2000/8/14 |164| ¢ 1325
300 ng/kg | 31 1999/11/28 2000/5/17 | 171] % 1414
32 1999/11/30 2000/5/16 | 168] o 2001/8/26 | 467 F15 T
33 1999/12/1 2000/4/29 |150] & 1432
34 1999/12/6 2000/4/12 [ 128 & i3
35 1999/12/12 2000/5/22 {162] % 1409
37 1999/12/14 2000/526 | 164] o IERE
38 1999/12/15 2000/5/27 |164| 2 2001/7/26 | 425 FIT
39 1999/12/18 2000/6/6 | 1711 & 1394
40 1999/12/19 2000/524 f157] 2 2000/6/19 | 26 F151
41 1999/12/19 2000/5/10 [143] 2 2001/7/6 | 422 F1ET
42 1999/12/20 2000/6/1 |[164] 2 1399
43 1999/12/23 2000/6/16 [ 176 o EE
44 1999/12/25 2000/6/1 | 159] & 1399
45 1999/12/27 2000/6/11 | 167 % 2001/8/7 | 422 FI1ET
51 2000/1/2 2000/6/22 1 172] & 2001/8/2 | 406 FIRL
57 2000/1/9 2000/7/12 1185 & 2000/7/13 1 F1%T
60 2000/1/14 2000/6/26 | 164] o 1374
66 2000/2/25 2000/8/15 | 1712 o 1324
67 2000/2/28 2000/4/3 40 R
68 2000/3/1 2000/8/17 {169 & 2001/8/13 | 361 F15ET
101 | 2001/11/21 | 2001/12/18 | 27 Ve
102 | 2001/11/27 2002/5/8 | 162] & 2003/5/5 | 362 FIRT
103 | 2001/12/9 2002/5/31 | 173 % FERE 2 {EEhE
104 | 20011211 | 200271718 | 38 TR |
105 | 2001/12/13 2002/1/12 | 30 Ve
106 | 2001/12/15 2002/5/29 [165] 2 672
107 | 2001/12/18 2002/1/14 | 27 FREE
108 | 2001/12/20 2002/1/29 | 40 BIREL
109 | 2001/12/21 2002/6/7 | 168 & 663
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R1-2 THFYILORZE, 55, £FRE (Flb)

B i | ZELR (GDO) | ot () B| GD | #4450 | &= FI8CH | LD [ 2004/3/31 B &E
B8 1b 2002/3/4 2002/8/17 | 166} & 2003/8/17 | 365 F13ET 5T
2b 2002/2/5 2002/7/22 |167] £ 618
3b | 2001/11/29 2002/5/10 162 £ 2004/1/15 | 615 F15ET
4b 2002/3/3 2002/8/18 | 168 & 591
5b 2002/1/13 2002/2/13 | 31 FLEE
6b FHE SRR
7b 2001/12/8 2002/5/6 | 149 & SERE
8b REE
9 2002/1/31 2002/717 | 167 623
10b T
11b | 2001/12/27 2002/6/13- [ 168] & 657 BEELT
12b TEE EEER
15b T RSB
46b | 2001/12/11 2002/524 [164| 2 677
58b TiF
61b | 2002/1/25 2002/7/5 161 2 635
62b TEE
63b 2002/2/2 2002/7716 [ 164] % 624
64b 2002/2/4 2002/715 |161]| % 625
bRy 13'b | 2001/12/5 2002/1/1 27 VL S AN
49 | 2001/12/14 2002/6/2 |170] % 2003/9/16 | 471 FI13ETC
30ngkg | 16b | 2001/12/23 2002/5/20 [148] 2 SERE
17b T4E
18b | 2001/12/11 2002/1/5 25 SEET
19b it FAH] R
20b | 2001/12/12 2002/5/29 [ 168 2 672
21b | 2002/1/21 2002/7/7 167 & 2004/2/22 | 595 FIZET
22b | 2001/12/10 2002/1/4 25 VREE
23b | 2001/12/7 2002/518 {162 2 2004/1724 | 616 F14038
24b | 2001/12/31 2002/6/3 |154] & 2004/1/7 | 583 F13E1=
25b | 2002/1/23 2002/7/7 [ 165] & 633
26b | 2001/12/6 2002/5/23 |168| 2 678
27b | 2002/1/22 2002712 171 & 2004/3/17 | 614 F13E1-
28b iE BEER
29b Tuf SEER
30b R B
47b 2002/2/9 2002/7/13 [ 154 o 627
50b 2002/1/6 2002/6/23 | 168 2 647
53b | 2001/12/18 2002/5727 [160] o SR
59b 2002/1/4 2002/6/12 {159 £ SRE SEELE
65b | 2001/12/17 2002/6/3 |168] & 2004/1/17 | 593 F15E T
300 ng/kg | 31b 2002/2/4 2002/7/15 | 161] & 2004/1/2 | 536 F13ETS
32b | 2001/12/13 2002/524 |162] & IR S8
33b 2002/1/3 2002/6/6 | 154 % 664
34b i B{EER
350 | 2002/1/25 2002/6/21 | 147 2 649
37b | 2001/12/3 2002/1/18 | 46 P
38b | 2002/1/19 2002/6/11 | 143] o 2004/3/3 | 631 &/EBil 1, F14058]
39b | 2001/12/22 2002/6/9 [169] 2 661
40b TiE B{EHR
41b 2002/2/21 2002/4/22 | 60 fig VEEE T
42b | 2001/12/10 2002/5/22 {163 & 679
43b THE
44b | 2002/1/11 2002/6/24 | 164 & 646
45b | 2001/12/15 2002/62 | 169 & 668
51b | 2001/12/25 2002/6/16 [1713] & 654
57b TE R
60b | 2002/1/16 2002/7/4 | 169] & 2002/7/29 | 25 FI3ET
66b | 2002/1/22 2002/6/14 | 143 £ EE
67b R
68b | 2002/1/27 2002/7/15 | 169 o 625
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2004/2/25
2004/2/25
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2004/2/25

2002/12/31

2004/1/11

2004/1/10

2004/1/10

2004/2/25



A F BRI FET IS (LEWE Y X 7 FFREE)
SRR EE
2,3,7, 8- RSO FT (TCDD) WA - BAHEED

T T IET R~ DR

DEMEE BEE ik

B89 2%

JE B RER SR o AR A TR R B 8%

ZH %24 LRERKFREERETLE
(FEWNE RE LA RERERERESEEE ATER )

FREE 5445 B~ ORBERKEROEORRICEE B RET = &
R SWETOERTE FCOBFME LY PIODICSNO00 B, WEE

DHFFET,

Re BN BEA & 300 ng/kg @ TCOD IZ BB SN ERD AT

EBRFECTHROAWICEENRALND Z ENREINTEN, REEIIFETIROEL
ZETIREE X MMTBEE CHEL., BEAHEBET L bz, BERCIIED
AIRMEBBEL TWAZEERH UL, EATFEROEE XBREE LA,
300 ng/kg Tid b0%DEMEEIZKAERD—EBREMBED b=, FIE 80 BHIZH
ML CHREFELTH 7= FHEmIEF O TCOD BEFRIE L2 A, BEOE WY
DIZROERENFTEEIN T ERALNIR -,

A. BFFEEHY

WIEF A A U BOBEEERIZ
BEMEORWVIE & INTWD, Bk
FOWIZA U BEIIRAIHE K
fEThHy  BREIOGEHFZRTCLRE
HENn3, BBz BRYIIIEAER - 2
HHZ TCDD B2 ZIT =T H TP
ROWEZBRTAZLIZED BITO
DI DZREHEZHRFTTHZ & TH D,

B. WFFEHIE
TATHNVERZE L, # 60 L% 3
BRIZA0T. 1 F0R 20 HIZ TCDD 0 (I&
BE). 30 /21X 300 ng/kg #Z T 5
L. £D%#% 30 HEIZHEIEEED 5%
BEPHRFEL LTEE L, @ik 80
BIZRHAEMA 20 ml ZEEHR L. Mm%
B RTE LT, iREMDIZ B RO &
., WEWE SE7, BfE~D TCDD
BB 1350t 90 B £ Thelt 72, PIFE
IR (Fla) OBEA%. M2V TR
K% B EAEL., @ik & &, BRI TCDD
ZERELTE_ER (Flb) 257,
CORNCFEE LR, D VIAEETE
T L7=FIR. xtBREE 4 il 30ng/kg B

8 . 300 ng/kg BE 8 FIZHO>WTLETF
FRZE) D H U, &0 RERe e SAER M FH =
— E—A X Boara— B
& (CB MercuRay, AN AT a5
S aP—=) ILTHiRE, Bohi5—#
TR TBEER = Ea—F- VT
F o =7 (ExaVision LITE, ¥4 %Y
7K TREL, BOoNEEEIZLY
HWOFRELE SRR L, 517,
WDOAKILEERT DD, T—F %
R TE @B 7 by T
(CBworksl. 0, A AT 4257 /1
U—) THEAT LTz, Fla £FERIZOW
TiE, A% 1000 B, Flb £FRIZ
DWTITAEREK 350 BIZERE # 3
> 10 mg/kg Z RIBFAHANIZER S L
TRIMEE L%, DIENZEEL,
AENT CEZNTRAS (F Y RZ)L -
LI, GC) THRE L, Z0%., #
HH X BREAEEE KX-60, AL
Nry) LEREEERTF (D) B&
CR—=YFNasa—F-YT7 Y
7 (Gendex Visualix , Dentsply
International, USA) ZflA&ET
B X R % 157, B o TCDD



FH
ﬁx&avb7774—/ﬁﬁ¥%
BEONTETON LT,

WEmE~DEE
FEEREVM I EERICHR O, 7K
%‘75: TCDD >0 DEEE L ZIT 720 &
BB L7z,

i3 7 Uo7y TR, S0 iEE
fi

C. WrfEma

XIRREESEREIR FRRDOARFKRAIAR 1 1
DL a— WS AE S
2K 11277, B AE g TE
EIEE A CHEET, EEGETLE
AR T L O EEERERET D
<‘: HM1IAETOBBIELND, BA

SRR 72 BE2IZIEMIP (Maximum

Inten51ty Projection, HIRE 4.

X 1B) b EHEHATHD, ZhEHHEIZ
FEEEL, RBEOF MNP LBE LT, BE
FEOEM X HEE T LA P U
RiB L 2Wr S 7-FEEIR 300 ng/kg
B¥ 3G37a OFF A ZK 21277, EBAT
IO REIHERE I (K24
~C), TR TR EMA P EYIREIA
Bl & v BENZRAL LTV B DREEE
S (B2D), 2D X5 o
T ORERHT B X ﬁf%ﬂ:t@uﬁrlﬁ

BThbH, |
ZRTEBFET O ORD R
RIGIETE Z BRI W TEB L, &
¥tk Bl & AIRILETEOBEfRE ETF
PEANCHAAR E LTCE L OERE
IR, ZEFZABOEME &b
AKX E R EMNT 18
mZas L, BUFERIT 3B L HIZIER
CThHotz (M34A, C), XTEEEEL 30
ng/kg BED RITENRERIZIE < 49
L (W34, O), FEfEALHERWE
TH5d (X3B,D), Lo L, 300 ng/kg
HCIRRERER SEEN-ANEL,
fF# IR E 2T 3EF DRI
LTI RTERERDO THIZHS

BR=Y 1% N

L, iM% B OB A IRIE S ETT
L“Cb\fib\: EERLTWE (B 34),

W2, BERFEM & AW T
&52.6 T CITGERI 37a D AR ERE
BT IZE L, EREIZEVAKEE
RLULTEY, AIKILOBIEL T\ -k
BB LT RR - TWE,

ATEFL OBH X BEIRICL V2K
INTEHEOREFRAREER LITRT, £k
BAABEIEORBEIIFEA LT #F
DI TR AT EIE D KB, TEEK
NEE 2 F18E O RIB F 72 13T RGEBAE )
B LT, if:\ A% 380 HICHIE
EFEEA IR O KRIE
BHoT, ﬁi%él’]tﬁé?’? RIS DXt
REBELOEREXREBEZR 4R A&
#% 1000 HRTITEZHEN PRV F&
STWB, REAHDOKATDORE L
ZWIFEETH B,

CREAFEROEREOHEE 2
K212 D TRT, EFILFlad
300 ng/kg BEIZFR > T b, 4FF
RCIIFENRETH o=,

STEREE 5 B, 30 ng/kg B¥ 4 #, 300
ng/kg & 14 BlDIEYR 80 HIZRIT 58
(R AEH D TCOD BEZRE Lz & Z
A, XTHRRETIL TCOD EEIZWFNY
BRHBARLLIT TH -2, 30 ng/kg B
TIX0.19~0. 21 pg/g & I1ZIXF CRE
THo7M,300 ng/gBEFTIL1.1~8.7
pg/g LREIZDRY DXL D& HER
D o=, TCDD JBEE 2.0 pg/g LT D
FBHEDIR 3 BIRIZcEDRE ¥R
X720 o7, —7H, 2.1~4.0pg/g D
BE4GTPEOREZRFOIRIXLHIT
%07175% 4. 1 pg/g L EDORHE 4 4]
NP ==l :'E;%ﬁ%éf;&‘
lﬁ:mﬁﬁqm TCDD EE K FRIZ IR D
WOREHEEIIEF L W= (XS5),

D. £

ABFFED F1 I P R TR R D>



b L AARRBREHREE T
TCDD \ZB&FE I NFT =2 LTz B,
P> T, KR CTROON-EHDORE
NI IZLB LD TH B & DOHEFEIT,
IRORAEEMED S0 51X EERIT 72\,
77, WORED 300 ng/kg DIITH
L, XEEEEL 30 ng/kg TIER BN
2ol Z &, 300ng/kg BETHIFIRE
80 H DEHAIMAEH TCOD BE D &FH -
FBNZ ol Z L2 G, TCDD
wELIROWORYE & OMICEER
HD T EITITEED RHUTRD,

o EEE T3 TCOD ~DIR4EY], 12
HHRBICL OB RREETDHRES
NTW5, B hOEFRETHLE A A
XU UE~ORBELEEHORE ORE
ERETAMENR I NTWS, FL
THREBROFTANELNZZ X &
NEAFTF L OEBEIZRF LT
BEMOBRWVENTHLZ LERL
TW5, JKAWKIFHD F1bAEFIR
TIIEOREIIFRD LI TRV,
SBEBHOVERS S,

E. &

TCDD @ 300 ng/kg NEAE] - 12L&
BEIIBRIZT TSP IVROER
BEZFERLEZ, L»»L. 30 ng/kg
B TIEIOL I REEBIIRDLN
2ot BIED DI ETO TDI BE
DEREL 2> F >\ TD TCDD ®
LOAEL {ENATTE 86 ng/kg IXZ D
FIZH 0 | ABFRHERD S BT DI
4 pg/kg ITBY R bDEEZ BN D,

F. GRS
2L,

G. MrEemE

l. FWXHER

1) Yasuda I, Yasuda M, Sumida H,
Tsusaki H, Inouye M, Tsuga K,
Akagawa Y: Effect of 7in utero and

lactational exposure to
2,3,7,8 tetrachloro-
dibenzo-p-dioxin on tooth
development in rhesus monkeys.
Organchalogen Compounds, 64,
431-434, 2003.

2. FRER

1) Yasuda I, Yasuda M, Sumida H,
Tsusaki H, Inouye M, Tsuga K,
Akagawa Y: Effect of in utero
and lactational exposure to
2,3, 7,8-tetrachloro-dibenzo—p
—dioxin on tooth development in

rhesus monkeys. Organohalogen
Compounds, 64, 431-434 (Short

paper), 2003. (23rd
International Symposium on
Halogenated Environmental

Organic Pollutants and POPs,
August 24-29, 2003, Boston,
USA)

2) BHUA, ZHZEAE, BHE,
AIFEE, FER, EE—IL, R
MNZE: ¥4 FF2 U hEd R
DT BT HFNVEHRA~DELE. 5
43 BIR AEREHEFLFHNES
EEE, 118 (&) , 2003. (B
43 Bl A KRB EZLPMES,
20034E 7 H 2-4 A, KXk)

3) ZHEAE, ZHUA, BHE, A&
WK, F B, BE—IL, R
BE: FA T UIREBBRED
THFFLVOEL FRHE~DE
2 F QB EEERERKREZESS
WELSERE, 119 (B6) , 2003.
(% 43 B HARERREZLEWN
£45 20034E7 A 2-4 B, KR

H. B9 EERT A HE O R
72 L,



F1 EFYVILBRREKREETORER

300 ng/kg B
&S (&3] £&B8&% EEmRR REXE
31a | 2 1122 | 2|2 ®&iE
33a | & | 1141
3%a | & | 1117
3 || 1112 | 2/2 k48
42a | & | 1107 5/10
44a | & | 1107
60a | @ | 1080 | 2|2 R 5[5 REFIHAEE
66a | & | 1030 | 202 T[T %@
106a% | 2 380 | A|A %xi8
109a% | & 371
3b | & 332
3% | & 372
3b | £ 357
38 | & 367
3% | £ 369 0
42 | & 387
4p | & 354
45 | & 376
51b | & 362
68b | & 332
* FAEM

.10.




F2 ERERE

i FEELERTET RS
HRER HERER? ;R %

Fla

POfiichc: 4 0 13 0 0
30 ng/kg 5 0 12 0 0
300 ng/kg 8 3 8 4 50
300 ng/kg* 2 0 2 1 50
Fib

xR EE 2 0 11 0
30 ng/kg 3 10 0
300 ng/kg 10 0

* FERE M



M1 orvba—FWEEREEICL2B8EFIE
A O DY —T = AFKR
B : A2 MIP
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3G37a 300 ng/kg #, E7A
A: T

B : &4 TalmE

C: AR{bEE (surface), T

3G37a 300 ng/kg &, THA

D: km|m

E : A4 Ll

F: AK{LERME (surface), HiIHE

M2 arvva—FWEREEEg

_13-



300

E 250
i)
"
[k 2004
e
& 150
S
5 100
3@

0 1 | 1 1 |

125 150 175 200 225 250 275
A ,
ZraZaE

300
F 250
3]
o
X 200-
it
N
8 150
S
5 100+
3&3

50 —

0 | ] | 1 ]

125 150 175 200 225 250 275

ZR&BE

3 ZEHRBEE EEEOAGKRIETE (Volume)
A ERER B 90%EREN
HoXEEH  F:30ngkg®# R :300ngkg®#  +: BEH
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150

I 125
1
A
IR 100 -
[
X
8 754
o
gb 50 —
3&)
25 |
0 | | 1 1 |
C 125 150 175 200 225 250 275
Ed A=l
150
3 125
7
100 -
F}Z
&:{
75 —
U
2 504
3
3&3
0 | 1 1
125 150 175 200 295 250 275

Zra&RRE (B)

X3 (Frx) SHZAEHE FEEORIKILERE (Volume)
A:FEIRER B : 90%HEREM
F . ctEE %% : 30 ng/kg & 7% : 300 ng’kg B+ BEH
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xTEREE 0la LEEAM xHHE#E O0la LEEAEM
(1049) (1049)

4 AFROMNERELICREXRFTR L OB
LB X TE: 2B
XBBEOTICH, BEES, () NKEBZET, RERXELZTT,
BEOTNT 7y MNCFTHE a:F 1HLYE, b:F 2 LU, c: IR,
d: % 1HAEE, e: F2HHAH
TOCETEFIIAAE 1510908, 2: 5 20%, 3: K, 4: % 1/ HH,
5: % 2/ NEH, 6: %1 KHEK

-16_



300 ng/kg & 31a AR 300 ng/kg # 31a _EZEAM
(1041) (1041)

K4 AEFROMBEICEEXRITR L ZORM ()
RH . EFEF 2 Y1 KA
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100

80"

60-

N=
40_ . S :IIIIIII

() i 30 i

201

-20 2.1-40 4.1-
m#Ecsh TCDD BE (pg/s BEE)

5 HHEMm#EF TCDD BE L HEEOBB
TCDD BE 2.0 pg/g LTD 3HITITHEREE R L, 2.1-4.0pg/g D 4T
X160, 41pglg U bED AFITIERLPICERE L, BE LRISICEERN
BHohb,
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R4 F@F A& (LEWE U X 7 FREHE)
miatRmEE
FAZXT BB DT AT NVIFERE~OR BT 5%

oWERE RERFEFBRGELR HEE HRHEE

YA FF 3  (TCDD) IXAPN T Ah receptor (AhR) & 54 L CLAEIER % %51,
I 55, TIPS E L BHSNG S L BMBAT S, FHE
MRHEER D 5 b CYPIAL/2 FHEIIH pg/kg O TCOD $ECHBEY 5 = LA
REZ2 Z L XV TCDD JFEDIIE L ST 5, ABFZETik, FEIRRF TCDD # 5%
S 7YV PO MBAT, ERT TCOD DE & LT CYPIAL/2 JEHEZFA~7223 0, 30

BET 300 ng/kg HFEREHTHEREZIBRES N2 o, ZhIIREHE 5 F
Zikil L7z 7z, TCDD ASREHBE S N AENRENEDRHNBERFEOREBR

PUFIZoTnilbLEZz NS,

A. BFFEE®

P& T TCDD DA E A
& LT, IR TCDD 5% 513 7= FO
BT OFFEMREBERFEME O
AT o7, T oW Z AW T,
TCDD {2 & A FEMRHBERFHEII R
DR HEE 1 BRICIIESE EHE23E
L3N, FERIIREEICEET S Z
ERAMBENTWA, X5IZ, TCDD iE
BRI SR I EAREL. &
B R 5 7= D B
FiEME%S TCDD ANEFEORB B E M/
BELTHZELAREEEZOLND,
T KR TIZTCD I L » TE
LWEERFHE ST 5 CYPIAL/2 B &
O, W45 5 TCDD - L A%
R L7ExY 5 o mB{eEEE X0 E
HEBETA A LICX D, EIREE
TCDD ZEFTE YLD 5 ERBEOBEST
D TCODIZ X DA KEE LS TRIT B,

B. WFEhHiE

1999 & 12 A-1 AIZ TCDD %
0(vehicle), 30 XN 300 ng/kg &
TS, Tk, ERMEYG 30 BE
AR B ED S5 % iFEEL LT
EBIMRE SN PO ART A FLD

A% 2004 4F 2 BICEREN, WRINZERIZ
THFERITF, fRERE, FFL D BIEIChE
WwWIizuy—ArM)BIOY A RV
—V(Cs) By S L BYREEER
EMEZBIE L7z, CYPIAL &ML LT
ethoxyresorufin-0-dealkylase
(EROD) . CYPIA2 & L T methoxy-
resorufin-0-dealkylase (MROD) % &
FeHEFTRIE L, £/2. FYF
v Bk B FE M O I
l-methylxanthine ZF&E & LT, B
LAY 1-methyluric acid % HPLC
THIE LT,

C. WHoeiR

Vehicle3 .30 ng/kg $& 5-E£ 4 G,
300 ng/kg WEBEIPLTD, FFMs D
EROD, MROD {&tER L OWFYA + Y —
LD XOEEZRIE L, SEETORE
EfE% Talbe 1 (A)IZ, BREETOEY
+S.D. % Talbe | B)ITRLZ, £
EEE L BEE oL ENED
RBOONTEN FHETOREREITER
oo, BEES 1213, L
DEREELE L UKL B4
EERERD >T-ARIENRE 2 b5,

_19.



D. B

FFE R aitBE 35 D 5813 TCDD 12 &
% ARR ZNHTAHERE LTI b
NTNd, v TREHANE-ERT, =
DOFE/EMIT TCOD D5 &7/ L
T2y, EYFFE Mk L.
TCDD DENEE % KB4 5 = & 235
LILTWA, KB TiE, £ 5 €/
TCDD ## & X7z VLT E A B
RIEMEZFA, R, vehicle BX
CEBREHTORERENZED LN
T, HFEAETO TOD 12 X AFE/ER
EHRHBARU T ChH o2, T,
TCDD AMEDT DN EHE S,
ENBREMNMETLTWAZ EA2RL
TWadEEZLND,
E. %5

PILCD TCDD |2 & A e aiEs
RHEZRESFHOBEETHEL
TZEZANFEAFERIN T,
Z AU TCDD 232> 57253 & b {EHE
ME2ZT, ENBEENMET L, BEES
EORHBRUTIZR ET-HEE
2B,

F. BFFiFEE

1. SRR

1) S.Sanoh, S.Kitamura, K. Sugihara,
N. Fujimoto and S. Ohta
Estrogenic Activity of Stilbene
Derivatives. Journal of Health
Science, 49(5), 359-367 (2003).
S.Kitamura, S.Sanoh, R.Kohta,
T. Suzuki, K.Sugihara,
N.Fujimoto and S. Ohta Metabolic
activation of proestrogenic
diphenyl and related compounds
by rat liver microsomes. Journal
of Health Science, 49(4),
298-310 (2003).

Fujimoto, S.Kitamura, S.Sanoh,
K. Sugihara, S.Yoshihara,

N. Fujimoto and S. Ohta
Estrogenic Activity of an
Environmental Pollutant,

2)

3)

4)

5)

6)

7)

8)

9)

_20.

2-Nitrofluorene, after
Metabolic Activation by Rat
Liver Microsomes. Biochemical
and Biophysical Research
Communications, 303, 419-426
(2003). .
S.Kitamura, M.Ohmegi, S. Sanoh,
K. Sugihara, S. Yoshihara,
N.Fujimoto and S. Ohta
Estrogenic Activity of Styrene
Oligomers after Metabolic
Activation by Rat Liver
Microsomes. Environmental
Health Perspectives, 111(3),
329-334 (2003).
S. Sanoh, S.Kitamura,
K. Sugihara and S. Ohta,
Cytochrome P450 1A1/2 Mediated
Metabolism of trans-Stilbene in
Rats and Humans. Biological and
Pharmaceutical Bulletin, 25(3),
397-400 (2002).
S.Kitamura, S.Sanoh, M. Ohmegi,
T. Fujimoto, Y.Kohno,
K. Sugihara, N.Fujimoto

and S.Ohta, Metabolic
Activation of Proestrogens by
Rat Liver Microsomes.
Environmental Sciences, 9(2&3),
98 (2002).
K. Sugihara, T.Yamada,
S. Kitamura, S. Ohta,
K. Yamashita, S.Okamura,
M. Yasuda, Y.Fujii-Kuriyama,
K. Saeki, S.Matsui and T.Matuda,
AhR-mediated Induction of
Drug-Metabolizing enzymes by
Indirubin and Indigo.
Environmental Sciences, 9(2&3),
133 (2002).

S. Sanoh, K. Sugihara,
S.Kitamura, S.Yoshihara,
N.Fujimoto, H.Watanabe and
S.Ohta, Structure-Activity
Relationship and Effects of
Estrogenic Stilbenes on
Reproductive Organs.
Environmental Sciences, 9(2&3),
134 (2002).

T. Fujimoto, S.Kitamura,

K. Sugihara, S. Sanoh,

S. Yoshihara and S. Ohta,
Metabolic Activation of
Proestrogen, 2-Nitrofluorene.



Environmental Sciences, 9(2&3), Microsomal Drug-Metabolizing

135 (2002). Enzyme Activity by Indirubin and
Indigo
Jo—Wa
2. FRER 3 FI8E BATMBREES 2003
1) DIOXIN2003 August 24-29. 2003 ££10 A 8-10 B
Boston, USA

©K. Sugihara, S. Kitamura, S.
Ohta,, S. Okamura, K. Yamashita,
M. Yasuda, S. Matsui and T.
Matsuda, Metabolism of
indirubin and indigo, endogenous
aryl hydrocarbon receptor ligand
candidates, and competitive
effect with respect to

2, 3,7, 8-tetrachlorodibenzo—p-di
oxin (TCDD). Organohalogen
Compounds, 65, 134-137 (2003)
2)% 76 H BAREMFEEKE 2003
410 A 15-18 H

Kazumi Sugihara, Shigeyuki
Kitamura, Takashige Okayama,
Shigeru Ohta, Keisuke Yamashita,
Mineo Yasuda, Ken’ ich Saeki,
Saburo Matsui and Tomonari
Matsuda

Aryl Hydrocarbon
Receptor-Mediated Induction of

-21.

AR NTEME Y B RERA T 4 v
B ® in vivo TOFHE &
ekt =, Wil =%, FE EL
*, ZR #E, KA %

4) % 6 EIRER/LE A 2003 F

12 A 2-3 A

Indirubin OAKNH & AR &
EE DS

EEHEY, EREEY, MibsEm
DOKHE &Y. WTEA Y. A
XYV EZHELAD EEE—Y.
?#E%“\mmﬂﬁ“\ﬁﬁ i
DIEEXR-EHIE, 2) LEBEHEX -
REEERE, 3) K - i, 9 4
HEMK -5) REKPE - I 6)
EX - BERE

MEERE p228



Table 1

YIIFOEE DDA HBEREME

(A  HIREDERDD, MRODE &K UFH > F UBREEERER

TCDD EROD MROD Xanthine oxidase
sample No.| ng/kg |pmol/min/mg protein|pmol/min/mg protein| nmol/min/mg protein
6 0 264. 67 175. 31 0.87
12 0 103. 41 34.03 0. 26
SO £ .| WO 219:36 | .o 10165 1 o] LI
19 30 258. 96 111.93 0.54
28 30 320. 24 100. 58 0.60
29 30 354. 40 135. 12 0.88
S SN I 30 e 204.93 | T8 0 0:60
34 300 202. 29 111. 22 1.14
40 300 163. 32 80. 27 1.04
57 300 276. 08 123. 05 0.93
(B) FEHDTEHE=LS.D.
TCDD EROD MROD Xanthine oxidase
ng/kg |pmol/min/mg protein|pmol/min/mg protein| nmol/min/mg protein
Vehicle 194.5+82.6 103.7+82.6 0.75+0.44
30 284. 666. 2 106.2+£24. 1 0.65+0. 15
300 213.9+57.3 104. 8+22. 1 1.04+0.10
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B4 S BRI FEM M EULFEYE Y X 7 HREE)
SR FRREE
ﬁ%ﬁ%yy%%Ki57ﬁ5$wﬁﬁ%~®%ﬁmﬁﬁém%

SEBEE [BE 0 E
B
(Bt h®E Em (5T

T B R R S B
AR EEETEFE
MEP L= ES

MEER FAAF VUV HEIRBESNARORERICEERZRITTZ LM
HNTWB, RFFETIE, FIRPIZF A 45> (TCD) BEEZiTV /1 FO
BERD b B 54 600 BIZEM LT, HMERE L FOLoEEEZHRHN-, £
7. U REKIZOWTIEERmHUR (CD3, 4, 8. 20) DMl EI &% 7 a—
YA b A—F—THNT LT=, TOFER., TCDD FFERE CldAMmEkEL. CD3'CD4" AT
(CD4'T #lfe) %k, CD20'#MAa (B MEfE) #as, XHEBEE LB L THA LTV S
MAR LN, o, —5BD FO ZHB L. MREZEEENCEELZEZ A,
BB LBEEDERNFHABICR > TVWAREDRERRETT LONH 77,

A. BFEEHEHB

FAFX U BIIBBREREZERE
TEHEIRE GRERICEEELSRITT O
EBRMBN TN B, ABFEE CIIkERE
WHRAERR - EELEALC TCDD 2E A 2T
72 F1 RO GEEiEr BE T 55HH
THHHMN, FO o—F2zEHZR L. JIK
TAHZ L LRS- T, FEi7e =R
& LT, FO ffto ik & g%
L7,

B. BFFEHIE

THTENERZRE L. £ 60 L% 3
BEICA T, #EBR 20 HIZ TCDD 0 (&
1) . 30 7713 300 ng/kg & 2 T 5
L. ZD% 30 B E\ZEE5-ED 5%
BRERFE L L TRE L, RS
TEASTRSE, RE2WE I,
I~ TCDD ¥ 51345104 90 A % TF:
F7e. PIER (Fla) DEEAE. HRH
RV BELRE., EikSH,
RIERIZ TCDD %5 L CE_ER
(F1b) #187-, TCDD D E & 5449
600 BIZRHELLERMMZER L, A
MEEE L OO FNnEhDs
EEEFHR Lz, £720 U Ekizo
WCIkEmPUE (CD3. 4. 8, 20) @

MmO &2 7o — A h A —
& — TN L7z, —58®D FO 122\ T
ITHIREFICAR R L, T T 4
A~ Y oA YeEmiE
AKzEEY . HFEHMETHE L,

REE A~ DR E

REREIIEENIR O, T EER
DS TCOD b DEEEZZIT RV E
HNZEE LTz,

C. WrzeRsR

STREEE 10 . 30 ng/kg Bf 10 {3,
300 ng/kg B 12 B>V T g % i
BT U7z, REEOR A MERES X O
B EREO R 35 1 107, SHBEEIC
T TCDD BHZRF ClIAmERE L <12V
VRERE N D I W MEF S R BT A
EIFETERL HERGER LA
ORI, EFEDY RERY T
Ty FEEE 2R, TCDD BRFERE
TiX CD3'CD4 M (CD4A'T fHAa) %<
CD20"HEka (B MERE) s, XTHREE L H
BLTHED L TCWBERNRR N,
—ERD FOIZOWTIEEIR L. Mig%
HBFAICBERLENEE LHED
BERBREARIZZ> TSR EDE
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BHREZTRTLORH o7,

D. B2

SEBE L7747 %)X, TCDD
DEAEBREN LN Y ORI 2T
BY. TCDD DELEDEERIZXT S
EENAWRR O THITL. ke
BPICZTEEENRBERINRLT
HAEEITIR Y, L, —EoRHE
DRI ORI EENRD bz
Z &1, TCDD 2SERiRf IR AR I AR A]
WRY B E RIFE U o RetE 2 R
LTwW%, TCDD Z#FERETTMAZY
Ty b DO—ERIZ DV TR DS 5t R
HLIDDWERIZH 7208, 2 b
IR~ DEEORRIZEZ b O
A2 IR ORMKRIZ & » TIEA
REMTH DT OBFNEFEET S
WS O TIHIRPHER S b DI,
T #AE<° NK MRS R G 2 dEi &
MO THBEELN TS, NK
JalX T IR L > CHIE STy .
ZOY Ty hORSBIBFLOFE
IROMEFFICEEBEBE XD EWVIE X
FoH b, FEEY/IC TCDD 254
LHEMENESRLIZLEDORENH B
DBZDEI AT =X AENTT- 50
=D Ltk

TCDD Z ¥ 5 S 7-f¥/Lix B #ifa
BB BRI SR BREE X 0 DA
MHZ&H -7z, BHREMNEL TS g6 1
feig % @i@d 5, /-, FIFITITomw
MIsARHIEKNEENTEY G
FDENFHERIZH L TEFEREE D
LDEEZHENTWS, YLD B
AREEe B MEREL DD 1. (F D fyE

TIDET. 5IOTIXIRF - S IR &Iz
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% 2 YoBY Ty (MnEREIE x1,000/ 11, Bl&13%)

CD3+ CD3+CD8+ | CD3+CD4+ | CD20 CD3-CD8+
Ong/ke Bt | vosimi | BI& | @a% | 3o | @M% | 918 | @k | Sie | @h% | 8e | Sng
Ei 494|746 | 367(387| 144|529| 192| 16| 081/983| 035
EERE 1281928 101]751| 052|732 056{996| 058|579| 023

CD3+ CD3+CD8+ | CD3+CD4+ | CD20 CD3-CD8+
30 ng/keg BE | s me |85 | BR% | Ba | AR | Se |Gy | Be |Gk | ®e | EER
iy 3771723 275|448| 128|457| 122|144| o058| 14| 032
BERE 156 | 10.1 1.19 8| 064|781 052|697 051 967 0.2

CD3+ CD3+CD8+ | CD3+CD4+ | CD20 CD3-CD8+
300 ng/keg B | v/ imk | BIa | @M% | B | En% | Be | Ry | 3o | BR% | S8 | SR
EH 38{737| 284| 38| 106|551 158|125| 049 12| 027
ZEERE 164|112| 148|647 055|743 089|634 035 9.1 0.14

.25-




By (2

INYHLINME

HEV #D [ e

#iE

1 300 ng/kg D141 (No. 57) D KRR D #HE:{E

(1) NyHFILIMRIIERENSH (B, C) . RE-HEDBERENTESY, RHED
RREILEBATEN(ACB),

(2) BERDEF OV /\NEREROBEN RSN S(B. C).

(3) BARMFRAR HEV EZEZONASBHRGMEA RSN S(C),

(4) BERA1E GB#E) L= A Rohd(B),

-26-



SRR

HRER -

TR 1 SR ARG E RS

(LE ) A 7 BFFEEE)
SRR &

2,3,7.8— M LR T UAFT L (TCDD) @

Rk - IR HIREIC &L DB LI B 23R

FBH =
W &

TR B R R
TR KRR E R TR B

2,3,78- MUY T A% (LI TCDD) i, g0
FEEBI SR LAVRE SN TS, TCDD %% 20 B DT 4 5
PN 300 nglkg K THE Uiz, MRICIEEOH ZFHRICERE L
7o, D% 30 HEIVIEREED 5 %riERgs L TRE LT,
T DRDBERAILDT-Z 5525 T~-, TCDD BEFZEE=%IT=IRAT
AR L7206 GECHEAE®R406H) & GECHEAER4 2
5H) OBlESOWTEBENTRD iz, RIS OMRST FrEA
[ZONWT a7 —F U EDRREVIREATHLE S U T U RREE
1T, BHELOBRE RS Lz,

ZTORER, BIURBIIa S —/ U EENE L., BELERBT L
TW5B EEZ LN, 27 —F U EHEITREREM. H5WITmeE
SEIZFBRZ CTh o705, LBNZ O TIRT & A OBUIME L RS
PEBIZEBR SN TV AHENE DN, £, BEMABE T W
K OPDOMBEDOHNEDIRENE L, 1FEASHENEEL TS
& BRI, DLEOFER L D TCDD 300 ngkg OEHEAERTIX

IROBRAEI ML POEEEL KIE L QOB Z EREBEINT,

A. FREM
MNEIZATEREREDIR TR L F DR
ERIET L INDFA A BN
B —HYYOFEZEEL Y, MPRESCEK
NARREIZEFET B L 0bhs, BEROR
MIZERB SN F A A IR~
1795, EFAPIIHWEINEDOTHANT
ZiB L CTRICATT 5, BIfE. DIBEICE
AL RDF A AF T L EOME— AR
& (IDD i34 pghkg &N T3, ZD
EIFEAESNC TCDD ORELZIT-T v
FOEBNHOETE LELDOTHD, 25

D, FA A AROEERNERINT. B
WIS E PCIIRESERBLDEEZD
. BEEOT—ZREMICE MOSHT
LT ENTELNE D PBREI ORI H B,
AHFEO BHNT. BHE, EDF A 4%
VVEORERZI-EREEAERAL, £
IR X D R H IR R~ DB 27
RHEZETHD,

2,3,7 8- DUt~ S RS g F L

(LU TCDD) 13, MIEO#EE 5| &
T ENREBEIN TS, BREOBIEIC X
U, K520 TCDD 3~—Ft v b

_27.



DO Z S SR e mEIN
Teo DR OREIZTEHERIZE T TEY,
B LT DR Tk, =294 vk
BT, T4T7aRIFLRTI=RE
DHRFASMEE BB L T2 Z L& |
THESIIFE, 72, 0.15 nghkg/ H D
TCDD ZHEV /T AFRRE L& 25,

FENBEZSIEEZ Lz 0BRELH D,

WL OMDBFFEIZEWTC, TCDD i1, TGF
— B 1T DOSZEEETEE LS ®EZ LT
V. M EE OHEREE SR LT
5EEZ LTS, L2 L—F T, TCDD
25 TGF— B 1 OTEMEIZBEE L 7- & TR
HE(L 2 RET 572 51, TCDD BFE Shi-
FRIRDEE T bEHELAE U A FTREMEN &
505, TCDD #hESICEE L-5E. I
AR O E OBEFEZ 5| 3 EMNI
SWTIERBATH 7=, TCDD 1L, w7 %
BRI G LR, ZTOMBFCEREILE
WTHIBA R 2 5 3¢5 Z L@ X
nTna, Lirl, ZoWETIET74 70
R F LRIV Bas—5 7 EoRkasts
EEITEADT 5 I Tng, &,
Foro 1INEER - AN TCDD #28E L.
TCDD MBIz H-2 EEZF~TND, =
DFEERT, TCDD % 25 SN i- A b H
AL, AR LEIRIZ, BRG]
RHELE, ZoBfgETii. BEARC. =

T —7F L PERE DS
TCDD M E#HHECIZHT- 2 5%
THRE LT,

Iz oW

B. #tFehik

2D HNDDEPERE L.

R 20 HOT B4 YT TCDD 300

ngkg ZRT#&5-L. 30 BEIZAEIREGE
D 5% % BN 5Z LI LV IKNATRT
BERHERFT A& TR SE. BR
DHRO% 90 BE TREEHITT.2F Y.,

BEWOHENEREL —EICROL I I’
B L7, ZO®REEIT, ME—BERED
EEICHEE T 5, BWEOHLDOBREEZ X
FRE LT, SBRIZOWTIIAE#% 16 9HD
RO &#H L7, TCDD 582N T
. ARFEC Lz 26108 (7, A1%40
6 HIZFEL) (o, &4 2 5BIZED) ©
BIZOWTHRE LT,

v U Y TR,
BRI 1 O %ofRE A< iR T
BIEL. /ST 7 4 A LT, MO, B
WNTT A USRI T — 5
BARRETHD 0.1%E 7 ) Y oA
TR 1 0 ofEidee Lz,

. WYERER

TCDD% 12 ORHKIZR L TiToh
T7e EOHFT, HEIZL 66ITH-T, £
#IET 8 FIOH T, BERINC BRI
BOHOLNEDIX 2B TCh o7z, LIZ3- T,
BFEBITEZRFCH DD EH25%
WCHB LICEIG L7225, DM 6 FlDIE
THRZ DWW T, BREKIZOVWTRET
ThH5,
EFEEMA&T. 27U oRRcEs
A IN (B1A), LT, B
B L ZRBZ LTV L EZ B,
v Uy oARIGES eI @1
B). BEE TIIB/IME & JRAE DR
RO LN, F-. MERED AV M
EIMEOFREEHERRETE LT\, BET
TEFE LT 25— UARHEDSER D BTz,
Ry EOEEGRD LN (B1B),
W OO I E NEEIIANEOIEIZ LY
PAZEL Tz, o, BOBHERIEDIEE
LFEFEFZRD N (K 1B),
EEROBETIL, 27U U TR

-28_



X A% BAICERD b (M 2A),
BIMERHS 2V TRAEERIE S E 0 B
I TWEDoTz, L L, EHEETO
BETH, WL o0/ MEREIFED DT
PRAWE RFD 2 T — 7 L ARHEDOHETED TR
bz (®2B), ,

1 BIOBIZBNTIE., SREEICARHE(L LT
Wz (J3), BHEEEBIZ= T — 7 L #RHED
HENRE UL, 1ZEA L OB/IME L RS
PHEELTEY., HEIKEBRINL TV,
ZDX SRR, BERERTR.E LTidk
BE LBl 503, SERE L 262D
Wi, HIRAICKBYEIRER D biviado
7=

D. B

ARFFEEER DS, TCDD BEHEEEOBIHE
ML U B TREMED H B = LM L=,
T E TOMBLERIBTZE T, TCDD %
' SN To~ U R B ORFOE T,
IV B o5 —57 DR HRE SN TV,
L L, ALY, —ETIEH B0
TCDD #EGHETOBETOaT —7 L HE5E
AR STz, T D DFERDZEIT,
<R EYILTD TCDD DFH A/ D
ERRM U EBons, v AT, B
ARRIA 2 0 B LBz, TCDD 0
IR ABERENT T B A2,

W< OO MENEIXNIROIREIZ L Y
PZELEZ LW, MEREIZLZEM
I B 2R LT & BB 235, TCDD
DEREE L 2 ARHE T B FTREMEIZ DUV T, &
LR AR NE L B3,

A EWE O BEET RiE. AKBEDRT
RELBLILTWB, =T ZARHKIZ TCDD %
BELIZBE. FOBRACEERIKEEN
FIET 5, TCDD IZ & B FDOKBIEFRAE
. /w79 ey REERLZERD)

b, AhR ZrLCE[ERZENBZ en
FERINTEY., YA THRBIENRIET
ARt RNCH -7, Lol SEKR
KL 20N oW TiE, BIRAICKBIEIX
BHHNTVRY, £, ZOMOAERTE
P16 Bz DUV T B KBIREIFER D Hieh
ST, TOZEDL, FTRERATSE.
SEIRFELEZ 261k, BEORBHERELER
THoT-RREERH B3, AN BEL
FELZWINBE LD EEPNn5,

TCDD OB TH =T —4 L HEFEIREIC
DWVWT, TGF— B 1 BBEE L THhE b5
nievy, TGF— B 1 i3~ DEE TiiiE
EE{BETHZ ML TEY, BiZk
WTHBERITRE LS SR 3Z L0 8
HEEIh W53, £7-. TCDD &2&Exni-~
—EE v MCIE DEHOBELBEZ 52
EBHE SN TN B, ZOPFRICEB VT,
TCDD BFEREDO.LHNTIE TGF—B 128
AEICEBRENL QO 2 ERNEETH
HIh 5, TCDD &% L. TGF—B 1
72 EDFRRRTOEMH B\ IEEE L E o
BEIZ DWW T OREANR DAL Bbn b,

E.

fe4E - L EAD T 5 7% /12 TCDD 300
nghkg FE L& ZA, ROBHRIZE /I
(EOZEMREEPL LT 5RIERNED b,
BIRRBIZ OV T 2 7 — 4 R DHETE DS
BB, B EE X Bz, TCDD i
HRR SOEAB R~ Z ORZERICE
W, ROBRICERER B LIX T /TRE
AR X LB,

F. BfseRE
L. FiCER
1) SumidaH, Tsusaki H, Inouye M, and
Yasuda M

-29-



2)

w N o= Q

Renal fibrosis induced by in utero
and lactational exposure to
2,3,7,8-tetrachlorodibenzo- p-dioxin
in rhesus monkeys. Organohalogen
Compounds, 64: 374-377 (2003)

. PRER

Sumida H, Tsusaki H, Inouye M, and
Yasuda M

Renal fibrosis induced by in utero
and lactational exposure to
2,3,7,8-tetrachlorodibenzo- p-dioxin

im  rhesus  monkeys. (23rd
International Symposium on
Halogenated Environmental Organic
Pollutants and POPs, August 24-29,
Boston, USA)

MHE, BEE ZHEA LT,
RIS, H R

2,3, 7, 8— R LR T g F
T (TCDD) DR - AR ELZ
72T B 7R O RERRNT, B
AN WHEACFWE F2 5 6 [BIRF5E
RESEEE 325 4. 2003 (H
AN WNEEA I E 25 6 [ 5T
FEL, 2003F 12 A 2—-3 H., H)

TP A D BUSIRI
S 7L
ERBESHE oL
Z D,

.30.



X1 A:XHREEOE, 1ZEAE DRI 7V VT AFRGLEIZ R THD, B:300 ngkg %
RO LN BB O IV ARG AL, B /IMERS JORMIE 15 BT
a2 WD, BRESRICIIARHE LR DL, BEZU VT ZRRITELEL TS, WLKDH
DULE T, PBEASIEEL CAEAEAZEL T 5 (RHD),

-31-



B2 A:BHEEE TV T RFRGEDEAE A, BHERSE 7V U AFRITELRL T
Do 1FEAE DB/IMERB LI ORMEIIE 7Y VT AFRICGLEIIL T VR, B LB
UIT ZRFRGLED ERF G, W< O D RAHE BB Te= 7 — 7 S CBIEN T
W5, ATV BREDIEENFRD LIS (RAT,

-32-



X3 EEEICHHELLTZB, 1ZEAE DB/IMELIRAIETXIERL, L a7 —7
RRHEIC o CEBSILTNS,

-33-



. BFFERROTITICEET 2 —FE

1. ®mXEE
1) Yasuda I, Yasuda M, Sumida H, Tsusaki H, Inouye M, Tsuga K, Akagawa
Y: Effect of in utero  and lactational exposure to

2, 3,7, 8tetrachlorodibenzo—-p-dioxin on tooth development in rhesus
monkeys. Organohalogen Compounds, 64, 431-434, 2003.

2) Sumida H, Tsusaki H, Inouye M, Yasuda M: Renal fibrosis induced by in
utero and lactational exposure to 2, 3,7, 8-tetrachlorodibenzo—p-dioxin
in rhesus monkeys. Organohalogen Compounds, 64, 453-456, 2003.

3) Sugihara K, Kitamura S. Ohta S, Okamura S, Yamashita K, Yasuda
M, Matsui S, Matsuda T: Metabolism of indirubin and indigo, endogenous
aryl hydrocarbon receptor ligand candidates, and competitive effect with
respect to 2,3, 7, 8-tetrachlorodibenzo—p~dioxin (TCDD). Organohalogen
Compounds, 65, 134-137, 2003.

2. FEREEK

1) ZHUA, ZRE4A, BHEE, ARYESE, FLERE BEE—3IL, FRIELE:
ALV UREMBEOT P NLERHE~DEE. F 43 BIAARERE
EESPINESERE, 118 (B§) , 2003. (B BEBAREREEERT
eSS, 2003427 A 2-4 H, KBR)

2) ZHE4A, ZHLUA, BHE, AKES, HLk BE I, RINEE:
A FXR U IREBBREOT AP LVOZB FRA~DEE. §F 43 FEAK
HREEZLFNESETRE, 119 (W) , 2003. (F B3 EIEALEREE
PSS 20034E7 A 2-4 H, KK)

3) BEE, HEE, THEAL, WTEHIN, AKREE, HFER: 2,37 80K
bR RZUAFT 2 (TCDD) DR - FAEREZZ T =T 5
AR DT REMRAT. BREE R L€ 2L 5 6 B RRESERE, 325 (&),
2003. (REBEHRLEUFERE 6 BEFERES, 20034 12 A 2-3 H, &)

.35-



TR 1)

EFFCT OF IN UTERO AND LACTATIONAL EXPOSURE TO 2,3,7,8-
TETRACHLORODIBENZO-P-DIOXIN ON TOOTH DEVELOPMENT IN
RHESUS MONKEYS

Iku Yasuda', Mineo Yasuda®, Hiroshi Sumida ®, Hideshi Tsusaki *, Minoru Inouye*,
Kazuhiro Tsuga' and Yasumasa Akagawa'

1 Department of Advanced Prosthodontics, Division of Cervico-Gnathostomatology, Programs for
Applied Biomedicine, Graduate School of Biomedical Sciences, Hiroshima University, Hiroshima
734-8553, Japan

2 Department of Clinical Engineering, Faculty of Health Sciences, Hiroshima Intemational
University, Hiroshima 724-0695, Japan

3 Department of Clinical Radiology, Faculty of Health Sciences, leoshlma International
University, Hiroshima 724-0695, Japan

4 Safety Research Facility, Shin Nippon Biomedical Laboratories, Ltd., Kagoshima 891-1394,
Japan

Introduction

The current tolerable daily intake (TDI) of dioxin and dioxin related compounds has been set at 4
pg TEQ/kg/day in Japan®'. This value was calculated from the lowest-observed-adverse-effect level
(LOAEL) in experimental animals, mostly rodents. Gray ef al.” reported that a single oral dose of
200 ng/kg of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) to pregnant rats on day 15 of gestation
resulted in abnormalities of reproductive organs in the offspring. The maternal body burden at this
dose was measured to be 86 ng/kg. To attain this body burden level, human daily intake was
calculated to be 43.6 pg/kg/day. An uncertainty factor of 10 was applied to this value, and the
human TDI was established. However, due to great differences in the biological half life of TCDD
between human and rodents, the validity of this calculation is questioned. To obtain more reliable
LOAEL in the second generation, we initiated a long-term study in rhesus monkeys.

In rodents, teeth are known to be targets of developmental toxicity of dioxin. In utero and
lactational TCDD exposure affects rat incisor and molar developmet™“. In our monkey experiment
some young were stillborn or died neonatally. These animals provided us with a unique
opportunity to study tooth development in primate young exposed to TCDD in utero and
lactationally. This is a preliminary report of our findings in these young.

Materials and Methods

Animals and treatment. Adult rhesus monkeys were mated, and females with conﬁrmatlon of
pregnancy by ultrasonography were given TCDD subcutaneously on day 20 of gestation at an
initial dose level of 30 or 300 ng/kg. Controls received the vehicle. Approximately 20 dams were
allotted to each dose group. The lower dose level was set at about one third of the LOAEL. body
burden in rodents, and the higher one at about three times of the LOAEL. For maintenance of a
certain body burden, 5% of the initial dose was given to dams every 30 days during pregnancy and
lactation until day 90 after birth. After weaning of the first bom young (Fla) the dams were
remated to obtain the second bom young (F1b), and TCDD was given to maintain the body burden.

ORGANOHALOGEN COMPOUNDS Vol. 64 (2003) 431

-37.



Table 1. Observed specimens and their findings

Group Specimen Nox*. Status Age¥x Findings*#k
Control 10a stillborn GD146 no abnormalities detected
13a stillborn GD156 no abnormalities detected
49a stillborn GD147 no abnormalities detected
58a postnatal death PND98 no abnormalities detected
30 ng/kg 20a stillborn GD163 no abnormalities detected
28a stillborn GD158 " no abnormalities detected
29a stillborn GD157 no abnormalities detected-
50a stillborn GD172 no abnormalities detected
16b stillborn GD148 no abnormalities detected
17b stillborn GD150 no abnormalities detected
53b stillborn GD160 no abnormalities detected
5% stillborn GD159 no abnormalities detected
300 ng/kg 34a abortion GD128 no abnormalities detected
37a stillborn GD164 Up AAD Pr, Dy; Up LeB Mi
40a postnatal death PND26 Up AAMi; Up Le D Pr
43a stillborn GD176 no abnormalities detected
57a postnatal death PND1 Up AA Pr Mo; Up BB Lo AAPr
60b postnatal death PND25 no abnormalities detected
66b stiliborn GD143 no abnormalities detected
103a stillborn GD173 no abnormalities detected

*Maternal ID number. ‘a’ and ‘b’ indicate first and second born young, respectively.

**GD: gestation day; PND: postnatal day.

***Up: upper; Lo: lower; Le: left; A: central incisor; B: lateral incisor; D: first molar; Pr:
precociously erupting: Dy: dysgenetic; Mi: missing; Mo: mobile.

Macroscopic observation. Stillborn and postnatally died young were autopsied, and the upper and
lower jaws were dissected for detailed observation. Macroscopic observation was made under a
dissecting microscope (Olympus SZX12). Photographs were taken by a digital camera (Olympus
C-4040).

Radiographic observation. Conventional intraoral radiographs were taken by a portable X-ray
apparatus (Asahi Roentgen KX-60) with a CCD sensor (Gendex Visualix). CT examination was
done by a high resolution dento-maxillofacial cone beam X-ray CT system (Hitachi CB MercuRay)
and three dimensional images were reconstructed by a computer with a software (ExaVison LITE).

Results and Discussion :

Number of observed specimens and their findings are listed in Table 1. No abnormalities were
detected in the control and 30 ng/kg groups. In the 300 ng/kg group, three of the eight observed
specimens had abnormally developed teeth. Figures 1-3 illustrate abnormalities in a case. These
findings suggest that teeth are sensitive targets of developmental toxicity of dioxin in primates.
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Fig.1. A: The upper jaw viewed from the oral cavity of a young stillbom on day 156 of gestation
in the control group (13a). No teeth have erupted. B: The upper jaw of a young stillbom on day

164 of gestation in the 300 ng/kg group (37a). The central incisors and the left first molar have
erupted precociously, and are dysgenetic.

b

Fig2. A, B: Xry view of the upper jaw shown in Fig. 1A and B, respectively.
precociously erupted central incisors and left first molar are not well calcified, the
incisor is missing, and the left second molar is dislocated anteriorly.

In B, the
left lateral
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Fig.3. Three unensionaly reconstructed CT images of the upper j shwn in Fig. 1B.
A: Inferior view. B: Right inferior oblique view. Note poor calcification of both central and left
lateral incisors, and the left first molar.

In humans, it has been reported that demarcated hypomineralizations of developing teeth are a
biological indicator of an early dioxin exposure in children’. For further evaluation of tooth
development in our monkey population, observation of surviving young is in progress.
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Introduction

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) might induce the proliferation of the interstitial
tissues. A recént study showed that low dose administration of TCDD induced myocardial
fibrosis in marmosets by short range exposure'. In fibrotic myocardium, it was confirmed that
proliferated components were not only collagen, but aiso fibronectin and laminin. Furthermore,
TCDD induces endometriosis in the female monkey at a daily dose of 0.15 ng/kg/day for 4 years’.
The effects of TCDD on proliferation of the extracellular matrix are possibly related to the
increasing activation of growth factors such as TGF-Bland its receptor’. On the other hand,
effects of TCDD on proliferation of the interstitial tissues of the offspring have not been well
confirmed. It has been reported that TCDD alters extracellular matrix development in the
kidney in the mouse fetus, when TCDD was administered to the pregnant mother’. In this
report, however, decreasing of components of the extracellular matrix, such as fibronectin and
collagen type IV, was described. It was concluded that the decreasing of the extracellular
matrix results ultrastructural maldevelopments of the kidney. Recently, we observed renal
dysgenesis in two postnatally dead young from mothers exposed to TCDD during the pregnancy
and lactational period. In these two cases, renal corpuscles were mostly hypoplastic, and the
interstitial tissues seem proliferated. These two cases were obtained by exposure to a high
TCDD level, and these young died at the age of 406 days and 422 days. In the present study,
we report that these two cases had renal fibrosis induced by TCDD exposure during the
pregnancy and lactation, and show collagen proliferation in the kidney with picrosirius red
staiming.

Materials and Methods

Animals and treatment. Adult rhesus monkeys were mated, and females with confirmation of
pregnancy by ultrasonography were given TCDD subcutaneously on day 20 of gestation at an
initial dose level of 30 or 300 ng/kg. Controls received the vehicle. The lower dose level was
set at about one third of the LOAEL body burden in rodents, and the higher one at about three
times of the LOAEL. For maintenance of a certain body burden, 5% of the initial dose was
given to dams every 30 days during pregnancy and lactation until 90 days after delivery. As of
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Figure 1. A: The kidney without dysgenesis. The tissue was not stained with picrosirius
red. B: The kidney with dysgenesis. The renal corpuscle and tubules were very
hypoplastic. The area of renal columns was fibrotic and intensely stained with picrosirius
red.

March 2003, data on approximately 20 young in each group were obtained. Young that died
postnatal were autopsied, and main organs were histopathologically examined.

Picrosirius red staining. The kidney was fixed in 10% buffered formalin, and embedded in
paraffin.  Thin sections were stained with 0.1% picrosirius red as a specific dye for collagen.
Sections were photographed under a light microscope as digital images with a digital camera
(Olympus C-4040).

Results and Discussion

Two cases of renal dysgenesis were detected in dead young from the 300 ng/kg group. These
young died 406 days and 422 days after birth. FEight young died by 468 days after birth, thus,
renal dysgenesis was seen in 25 % of dead young.

The kidney without dysgenesis showed almost no staining with picrosirius red (Figure 1, A).
In contrast, the kidney with dysgenesis was fibrotic and then intensely stained with picrosirius red
(Figure 1, B). In the dysgenetic kidney, the renal corpuscles and tubules developed hypoplastic.
Collagen fibers surrounding vascular or the adventitia seemed proliferated, and invaded into the
interstitial tissue. Lumen of some vascular was closured by proliferation of the intima (Figure 1,
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Figure 2. A: Low power microphotograph of fibrotic kidney. The renal columns
(arroes) were staind with picrosirius red. Most of the renal corpuscles and tubules
were not stained. B: High power microphotograph of fibrotic kidney. Some renal
tubules was surrounded by collagen fibers. The wall of renal corpuscles was
thickened.

Figure 3. Sever fibrosis in the kidney. In the fibrotic area, most of renal corpuscles
and tubules disappeared due to collagen fiber proliferation.

B).
At low power, the staining with picrosirius red was seen in the renal columns (Figure 2, A).
Surrounding tissues of most of the renal corpuscles and tubules were not stained intensely. At
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high power, however, it was recognized that collagen fibers surrounded some renal corpuscles and
tubules (Figure 2, B). Remarkably, the wall of the renal corpuscles was thickened (Figure 2, B).

One kidney was highly fibrotic (Figure 3). In the fibrotic area, most of the renal corpuscles
and tubules disappered, and collagen fibers markedly proliferated.

A previous immunohistochemical study® showed decreasing of collagen type IV in the fetal
kidney from mouse dams exposed to TCDD. In the present study, however, proliferation of
collagen in the kidney was clearly recognized. Furthermore, lumen of some vessels in the
kidney was obliterated by proliferation of the intima. Further studies are needed whether TCDD
induces atherosclerosis. ]

The effects of TCDD on collagen proliferation in the kidney are possibly linked to the effects
of transforming growth factor-B1 (TGF-B1). This factor is known to induce fibrosis in various
organs’. TGF-B1 has been recognized to induce marked fibrosis in the kidney'. Indeed,
TGF-Bl was increased in marmosets with myocardial fibrosis by TCDD'. Clarification of
relations between TCDD and increasing of growth factors is expected.
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Intreduction

Axyl hydrocarbon receptor (AhR) is a ligand-binding transcription factor which was isolated as a
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) receptor in the cell, but remains an orphan receptor.
Most of the effects of TCDD are mediated by cytosolic AhR. Binding of TCDD to ABR is
considered to be the initial event leading to the manifestation of the biological and toxicological
responses elicited by TCDD'. Indirubin and indigo were identified as AhR ligands in human urine
and serum by means of a recombinant yeast assay®. The AhR ligand activity of indigo in this assay
was about the same as that of TCDD, and the potency of indirubin was 50 times higher. The two
compounds are plant products that have been used to dye cloth. Indirubin and its analogs have been
used in traditional Chinese medicine to treat human chronic myelocytic leukemia, and they were
reported to act by inhibiting cyclin-dependent kinases >. Pathways for the endogenous production
of indirubin and indigo in the human body were postulated by Gillam et al.* In the previous report,
we demonstrated that indirubin and indigo are potent inducers of cyplal/2 in mouse liver °. Since
the inducing effect was abolished in AhR knock-out mice, the inducing effects should be mediated
by AhR. Though indirubin has a higher AhR binding affinity than TCDD, its ability to induce drug-
metabolizing enzymes in vivo is weaker than that of TCDD. Thus, these compounds might block
the AhR-mediated toxicity of dioxins i vivo. However, their metabolism has not been examined.
In this study, we examined the metabolism and excretion of indirubin, indigo and indigocarmine in
rats and mice, and their competitive effect with respect to TCDD and MC in vivo and in vitro.

Materiais and Methods

Animals, in vivo treatment and metabolism studies. Male C57BL/6JJcl mice (5-6 weeks old)
from CLEA Japan, Inc. (Tokyo, Japan) were given indirubin (1-50 mg / kg body weight) dissolved
in Panacete 810™ (5 mL / kg) by gavage for three days. Vehicle control mice were given the same
volume of Panacete 810™. For the competition experiment, indirubin was given for 4 days and
TCDD or MC was given on the second day. Male Slc:SD rats (6-8 weeks old) from Japan SLC, Inc.
(Shizuoka, Japan) were given indirubin (10-50 mg/kg) by gavage at 6, 12, 24 or 48 hours after
TCDD or MC, and urine and feces were collected. Indirubin and its metabolites in urine and feces
were extracted and measured with HPLC.
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Preparation of liver preparations and enzyme assays. Mice were killed and the livers were
quickly removed. Microsomes and cytosol were prepared according to usual methods. The
ethoxyresorufin-O-dealkylase =~ (EROD),  methoxyresorufin-O-dealkylase (MROD)  and
pentoxyresorufin-O-dealkylase (PROD) activities in liver microsomes were assayed by a
fluorophotometric method.

In vitro metabolism of indirubin and indigocarmine. Indirubin and indigocarmine were
incubated with liver microsomes or cytosol in 0.1 M Na-K phosphate buffer (pH 7.4), then
metabolites and the substrate were measured by means of HPLC.

Hepatocyte preparation and incubation. Rat hepatocytes were isolated from male rats by

collagenase perfusion as described previously. Hepatocytes (2x100 cells/ml) were suspended in

Williams' E medium supplemented with 7 % fetal calf serum. After 7 hr of incubation at 37°C
under an atmosphere of 5 % CO2 and 95 % air, the cells were harvested and the médium was
changed. After an additional 17 hr of incubation, the enzyme inducers were added to the cell
suspensions. Dimethyl sulfoxide was used for the solubilization of these inducers. After treatment
of hepatocytes with the enzyme inducers, EROD activities were assayed and mRNA was measured
by RT-PCR. Cell viability after isolation, estimated by means of the trypan blue exclusion test, was
always greater than 90 %. .

Enzyme assays in HepG2 cells. Human hepatocarcinoma HepG2 cells were grown to

confluence at 37°C under 5% CO2 in MEM (Sigma Chemical Co.) with 5 % fetal bovine serum

(Life Technologies, Rockville, MD). The cells were seeded in 24-well plates at 2.5x10% cells/well
and chemicals were added the next day. One hour after addition of the enzyme inducers, the EROD
assay was performed. In this study, about 0.5 mg protein of HepG2 cells was used.

Results and Discussion

Time conrse of liver CYP activities after indirubin treatment in mice in vivo.

The microsomal alkyoxyresorufin-O-dealkylase activities, EROD, MROD and PROD, of male
C57BL/6JJcl mice after treatment with indirubin (50 mg / kg body weight) by gavage for three
days were examined. The EROD and MROD activities were induced to the extents of 1.9- and
2.7-fold at 24 hours after the last dose, then decreased time-dependently and returned to the
original level after three days. In the case of TCDD the induction levels were still more than 70%
of the peak after 4 weeks, whereas in the case of indirubin, they decreased promptiy.

In vitro metabolism of indirubin by rat liver microsomes and cytosel.

In vitro metabolism of indirubin, indigo and indigocarmine was examined using rat liver
preparations. When indirubin was incubated with rat liver microsomes, it was metabolized time-
dependently. Liver microsomes from MC-treated rats were most effective compared with
microsomes from untreated and phenobarbital-treated rats. The metabolic activities were inhibited
by general CYP inhibitors, SKF-525A and carbon monoxide, and a specific inhibitor of CYP1A,
a-naphthoflavone. Radical trapping agents, o-tocopherol, ascorbic acid and mannitol did not
inhibit the activities. These facts indicate that indirubin is metabolized by CYP1A1/2 and that
radical intermediates are not generated. Indigocarmine, indirubin and indigo were also reductively
metabolized by liver microsomes and cytosol. Their leuco-form metabolites were detected under
anaerobic conditions. The metabolites were auto-oxidized to the mother compounds by oxygen.
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In vivo metabolism of indirubin

In vivo metabolism of indirubin was examined using HPLC. Urine of rats dosed with indirubin (10
mg/kg) was treated with B-glucuronidase/arylsulfatase and extracted with ethyl acetate. Unchanged
indirubin (about 0.1% of the dose) was detected in 24-hour urine.’

Competitive effect of indirubin with respect to TCDD or MC for ABR in mice in vivo.
Indirubin (5 or 100 mg/kg) was administered to mice with TCDD (30 and 625 ng/kg) or MC (25
mg/kg). Indirubin was administered for 4 days, and TCDD or MC was given after indirubin on the
second day. Liver CYP activities were then measured, but no significant dlﬁ’erence of induction or
mRNA levels were observed (Fig. 1).
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Fig. 1. Competitive effect with respect to MC (left), and TCDD (right) for AhR in mice ir vivo

Effects of indirubin on rat lgepétocytes and HepG2

The enhancing effect of indirubin and indigo on EROD activities in rat hepatocytes and HepG2
cells was examined. EROD activities in rat hepatocytes and HepG2 cells were increased by the
addition of indirubin and indigo, as well as TCDD and 3-MC. The effect of indirubin after 10 hr
was intermediate between those of TCDD and 3-MC in the concentration range of 1x1079 - 1x10°3

M in HepG2 cells. When indirubin (10‘6 M) was added with various concentrations of TCDD, a
slight blocking effect on the action of TCDD was observed. However, a synergistic effect was
observed with MC.

In this study, we observed a competitive effect of indirubin with respect to TCDD or MC ir vivo
and in vitro. The induction of liver CYP activities by indirubin was lower than that of TCDD and
indirubin did not affect the indicing effect of TCDD. Indirubin was metabolized by liver
microsomal cyplal/2, and reductive metabolism was catalyzed by cytosolic enzymes. The
postulated metabolic pathways are illustrated in Fig. 2.
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In conclusion, indirubin and indigo are easily metabolized and excreted in vivo. A blocking effect
of indirubin on TCDD toxicity in vivo was not observed in this study.

O

=\
L NH
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Fig. 2. Postulated metabolic pathways of indirubin in rats and mice
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Morphometric analysis of the hepatic tissue in rhesus monkeys exposed with TCDD in utero and lactational
periods
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The current tolerable daily intake (IDI) of dioxin and dioxin related compounds (TCDD) has been set at 4 pg
TEQ/kg/day. This value was calculated from the lowest-observed-adverse-effect level (LOAEL) in experimental
animals, mostly rodents. However, due to great differences in the biological half life of TCDD between human
and rodents, the validity of this calculation is questioned. Thus, the accumulation of the data for dioxin
administration experiments to the primates is expected. For this purpose, pregnant rhesus monkeys received
2,3,7,8-tetrachlorodibenzo-p-dioxin subcutaneously on day 20 of gestation at an initial dose level of 300 ng/kg.
Controls received the vehicle. For maintenance of a certain body burden, 5% of the initial dose was given to
dams every 30 days during preghancy and lactation until 90 days after delivery. On the present study, nuclear
densities of the peripheral region of the central vein and the lobules of the liver were measured. The nuclear
density of the exposed group was significantly different from that of the controls. Hepatic cells of the exposed
group were irregular shaped and atrophic. Fatty degeneration was seen in many hepatic cells of the exposed
group.  On the other hand, a precancerous eosinophilic tissue was seen in a liver of the exposed group.. The
cells of the eosinophilic tissue were abnormally proliferated. These data revealed that TCDD distinctly affected
with the liver development. (Supported by Health Science Research Grants for Rescarch on Environmental
Health from the Ministry of Health, Welfare and Labor of Japan.)
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