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Molecular and cellutar biological mechanisms of the defective spermatogenesis due o the
exposure to the endocrine disruptors

Shigeki Yuasa
Chiba University School of Medicine, Depariment of Anatomy and Developmental Biology

Professor and Chairman
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Abstract:

It has been established thal various estrogenic chemicals affect spermatogenesis as the endocrine
disruptors. However, the mechanisms of harmful actions of such estrogenic endocrine disruptors are not
clear at the level of cellular and molecular bialogy. It is necessary to elucidate the action mechanisms of
the estrogenic chemicals for the detection of harmful chemicals and prevention of the hazards. Estrogenic
chemicals exert (he elfocts through the binding to the nuclear estrogen receptors and the regulation of gene
transcription. Recently, another mechanisms of cstrogen actions which exert the cffects by binding to the
membrane ¢strogen reccptor and activating the tyrosine kinase-mediated intracellular signal transduction
cascade have been proposed. In this project, we have examined biochemically and morphologically the
mechanisms of the defective spermatogenesis in the Fyn tyrosine kinase-gene knockout mice, in
combination with the analysis of the harmful actions of representative estrogenic chemieals such as 3 -
estradiol 3-benzoate and diethylstilbestrol  (DES) . We have found that the affected development of the
adhesion structurcs on the Sertoli cells, ie. the ectoplasmic specialization should be involved both in the
defective spermatogenesis due to Fyn tyrosine kinase deficiency and also duc to the neonatal
administration of DES. The possible involvement of Fyn tyrosine kinase in the formation of ectoplasmic
specialization in the developmental process was also suggested. In addition to such developmental stage, it
was also found that estrogenic chemicals affect the spermatogenesis of the adult testis by the action vn the
early stage of spermatid differentiation and defective formatien of the ectoplasmic specialization is also
involved. On the other hand, DES administration to the neonatal rodents elicited defective neural structure
in the limbic system, and such defects were also found in the Fyn deficient mice, Above findings indicated
that the crossover points between the Fyn tyrosine kinase-mediated signal transduction system and the cell
adhesion-cytoskeletal system might be one of the new targets of harmful estrogenic compounds.
Furthermore, DES might affects the neural development and induce defects in the higher brain function
including memory and emotion,
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BET BN (B 5) IZBNWT, actin filament
L Fyn EOHENZED SN (H6). £,
Tl MU+ OWIC TR 15 AR O FF
PIEAEED actin filament & Fyn HHEE
THIENDR e, £LFHENIZLD
Fyn i1 Triton X-100 F# S EIC NS 04
% 34 Wb LOREIMNMNI LAES
Mo .,

Fyn K0 R0 & b ITERBEN N S
D, INETHTBRICEREAEnEEZ
SENTEE. LML, EHOERFRETTL
A2 EER. Fyn AT A —MEORH
TBEREERT EBELMImH. §
hbhh, &£ 3 ERTE ORI TE T
T SIS R EROENMTE R 7 A
WU T—BMRITRE L (1 7).
Ko —8IZA MR T 5 Z LML Mo

7 (3 8), E5iC, ETAMEMEHEICL
0, ZORBITEEL Y SIE- T EE
R ENSZREZESLEE (ectoplasmic
specialization) OEBHBK HRD hiz (X
9. 10). REOFDI ) ABILERETL
AREZ70y MCED B LR, Fyn
KT AT Triton X-100 FELEZ O
80kD EH (p80) D) VEALASEF AT
TELETLTWAZ &M Mo/
(B 11). THEITIZ, Pyn EHERIZBNT
EFEHIRS &Il B IR O OHEEH 2R
LoTHED, I FUEBOERE =N LTk
DG, EFcBERBREEREELT
WNEZ ENHELEMZRS T,
Tk RENYUA ALz
<1 WEERIET IV INA I— O FE#
FTEUTHESN, R tHERT
Notch-1 OIEHRET 2T O JEBNHGMZE
NTWa 0 12). BESEBRERZOHEE
AR R EEAROE SRR B R
THEORANRD bRz, iz, kiEoRY
8BTS FLm) a0 oRFRE R
OHIFEIZERE L TR 5N, ZHCH LT
Ttz ko TiEMEINSE DL
FIHIEF Notch-1 ORBRIIIETHNSET
MEoizBELThE (F 13), 351z,
DXAR Oy Mok D, BRICEEN S
—DFRERTDHOOMIZ, HTFROELS
FHRERNSGTEASTENS &S,
iwixo7 (B 14).

mel-18 RV A  FRICIZEEIRD
HRIIE A BEQIRRIC B W TEES
HORENRBO ON. T7abE, EHE
RERMRBEATHEHBREIEMNTEEE >
TWBRTTHHN, FEESERTIELRES
i Tl LSRN KD S
Pl

2) (WA T O A DK TS S 3 -
estradiol 3-benzoate D REEFEA

B -estradiol 3-benzoate DI GITED, BT

EDE ORI HAT S OMEE TREINT

BO., ELITMEDE LB T RN TS T
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FOV—LDBREFFRD LN (E 15,
16). ¥ TR &2 00 F USIIRE O M 5§iES
REORFGHED N, LD, Y5
TRz AR TFNRENED S ah- o,
ZO&H7e, FEE OFIZBEIRS I O TRl
OISR T I B -estradiol 3-benzoate D 1%5-Hf
MoERgZhhbo TN, REHEO
EEIZE T, XOEAETT LA K FHllke
ICETERBEHNRFENROLNE (& 1).

3) EETy FOBEREZBEIIBY L
diethylstilbestrol (DES) EREEIC L5 1E
T hR R DR

FRREAMBROZ v M TIEE 35 Hamig
TGRS M, DES 55 v M T 56
BRIZBWTHEBEETHTREREY. RES
B E-> Tz, MRERIE DES #57
oD 14 AERRAEE T, F % DMz TR
e, ENEDAZIVWIE (35 AE) TH
BO10%TH- .

KT ORY .5 H 5 22 HE® DES
#5857y LT v ROk EEOREER
BACTHE =, T2 5 AR THEHBERER
BB RE) K2R OFMeIL MU
fe SR OFIREFRMES A S e Nz, 14
Hig CHA BRI & U TR A sl ig iz
AT AN, R, B BUEHEARNRE O
HERH (preleptatene) HEEHMIfEA A B3z,
18 BHEFTHRERMY (pachytene) 1M
TRELE -KEBIRESSLN LEL,
DES 55w MO LKRIZIIE< OLHL
7z pachytene #% A AIA Sz, 24 B
5 49 HE @ DES $#5 % « FO¥ LE Tid,
AFEAARE D RERET 22 AT v b
EHRFRIZIFIFA U T, 53 pachytene ¥5f:
MR ECETLAERETELEL TWE (K
17) o Z@ pachytenc FEARLD 2 <1324
BHEILTWE, /2, 32 BiIENE 49 O
THEH IO LROZEMIZIZEE D B 2L
HRAER L T, W8y T 18
His TRESHED ZUENIZH < siep 1 15
ARV DL, DES ##57w b
TV 56 BERCZE o THD THES B & step

5 XTOR TS 5 hs.

EHMENECORE >y TR 18 A
FRLAM: TR OWNEEAREE TS DIz
L. DES K57 w Tt 32 OHMDEETH
FEDEHE BTN, T OWNEZIE R
HED o N LEROMBEIE O RRTEE
THLNE, BTIRESEZIIIND, oM
Erisid L b USROBRORETH -
7z,

FHEEGER (ectoplasmic specialization)
DEE MRy b 22 BE T ectoplasmic
specialization IIFAEFEETH H4%. 24 OFEIE
THFEELEAEBEN L UHKEETE
N SR OO 21289 Sz, DES
57w b 24 Q@5 49 HETR. HEES
v b 22 BEREANIINBT S8 D RFEED
cctoplasmic specialization’ %%,  12Jb VU #iie
Tt MfilEgoEoREiasnL, ¢
bbb, EWbO. FREEUARERINLZD

D, actin filament D7XNBDAEETHES (H

18, 19) . I @ #F % % 73 ectoplasmic
specialization 725 FREDIT 1L -5 BEBEIP O #8
BERELTWEMEINE, IERNIRES
ni=F 70— A C OFHERE~DBIT
DOEMTHRICEZ A, MR REM OB
HEARIEEL TWB ZEAMRLMTa- 7 (A
200. DES #5572 & 32 QG 49 BT
. SRFEFED ectoplasmic specialization 1N
M2 OHIEORRERMTEE
W Sz, DES %5 7 v M 56 BT
irH L, HES Y b 24 BEGEIFRITET
L E DT E LT ecloplasmic specialization
A, il b URREETEIL FVEOBROE
FIEREOONBL DT,

4 Bt/ /vl 77 IO AOEERRER
WIZIC BT 5 DES W OB O
Fyn K70 270 5 NI ART T A D
HEFHM S 5EENIC DES %5 L THE 4
ReEESEORT2EMENICER L &
ZA, BIMIIATES v FOBA LR
IZ¥E R OB TR AR IEL TE Y. B
HEoEEBR Y ED e hiho k., Jhi
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L. Fyn KBS T ATIRLHEMBORE
AT OB TEIL LTS O AER
E R T H - VBRI RNEED 5 1. DES
FH L AR EEEORERFEMNOBES &
HTRETH- A (F 21, 22), T/ T
ERIT O ZOFEEIC DES 251, LH
STETHEND Fyn 25 NCF O 22 R
fLEOOFEHEITZAY 70y ML DR
e E A, Fyn, p80 W NEZDFHEEA 15
BT L Ts,

SHEEROWAIZI5T 5 fyn OHERE & DES
MEEE O

fyn HPIRBEREBEICDHTESRD
R fa o EEEir i < BET S (1 23).
HEAGENE AR AR S ) TRREICH A R
NTHHTHMBE BT, fyn TFERAR
BHMEEET DKM T Reelin DEFEENSD
HFINE, FOio) EMEE T S
FFSERERICE > THIBERER. &iC
actin filament DA 23 O— )9 57 &
EDHMEBESERET S -E2Z2 502 (B
24), Fyn BETFXIECT AR, #ECEL
TR ST > A OBEE
(& 25). WS TP OEOWERT (R
26) % calbindin HFRETHE NI/ -T2,
ZOEDIT, fyn BIRFRETTATIEK
HGLBROFEERE T TIRD, Fav .+
F—Eic L HEMEFREERICEREERIF
TLEHEALLND DES ORFEERICEBITEHR
Fid, tyn OEET LHEFELEIMEOBEIZD
HEENETARENS S, TOT, HAF
HIiZ 3311 % DES #R5RICHrRERREL S

ZLERDADREEE SBETHRKLEDS,

FREO SEOBEIIEFRLRE AR 0
HWizho7=dt (B 27). calbindin FEERET
HEAABD cabindin BB a—0 0¥
DRI S (2 28),

D =2

1) BETRIEY T 22805 £RA D
FEIERLE OB

fyn tyrosine kinase XA~ 7 X : &L H UM

RIZETS Fyn OBRED EHIBO 2L,
A EOB I LA ONMIR o/, RKEA
THREDHFEMBIITHTHSH, Fyn 0k
BF T ) LA b U MR OB RS
GERBOEERNE N L TAREROREC
BI59 5 &M RBENS, Fyn 1L
THREENZ VELIND pso 1 Z OHINEIN
HHRIGZOMBIZN ST 5 &F 4 5N HE,
IO TORE. DNA 70— 7587
ST, iz, B UM L34 mH
RFEE T OEE L5 Fyn 12X THI
WENTWSWEESHEZISNS,
prescpilin-1 RIAY T A REHEE AT
AERICECTSA0REOETIERICEY
LI TERN, LHL. BREHERCBL
T presenilin-1 {345 Tl Hal ORI 12 R Ry
WKHB L, —7 presenilin-1 {25 > TiE{k
ENDIERERET Notch-1 L4 EHIREN &
BrARORICRRLTRRLTRY, £
RO EBREIC B SRS — 3, T
A BB AT S ERMR O KIED
BRIR L AL MRS O BERMPTH 3.
mel-18 KIBT R : LMD S CIHE
MO EE LI RE2BHL THO . 5.
PIBICBISIA FOY A0 BEOR
NiCe—A— L L THERATEIMRETTH
%,

2) ERRETI DO HRCHTS B-
estradiol 3-benzoate SRR BT

TZ O ACEEI X 2RO
L THEBOMENH BN, MR
O O/ FERRR I 3B 1R 2R
A LS IIEE A Edn, KIS TH S
EED TR, RETTXIZA-
estradiol 3-benzoate EIRE U725, &
M ORI &3 EFEME O YT I
ATy L7 OB TR SED S, Bizs
K77/ —AICEETHES SRS H
I ETHD, Lindh, ZORMEERGEM
MERT LY, L0 LOEA T EER
CETHRERLTEDSNALDICA 2. &
7= B -estradiol 3-benzoate VA T 77 7 K5 T-#

--«5..".



120+

=y - ' i

100 +

80

60

Testis weight (myg}

L] T 1 t

o | 2 4 & B 10 > 12
Age (weeks)
B 7 M fyn (4-) w0 2RBONI fyn B TRE~D 2 fm () DEHE
REBBICBTSHREIROT L, £% 34 WT fyn () ORKEBRHERY
A~ RE T 2,

o

& 8 iﬁ%aﬂ&::&sn‘é fyn (<) =+ T RBER fyn (+/-) < T ARG HE
Pufaiz X AR, fm () v U AR TIEREEROEE &A1
AR OHRBPRL OIS,



< 9 f_vn (-+-) =7 REERDOFE kg 10 9D e}.;toplasmic specialization

FHIREEE R - - ) IR DB, TIFLT 4 FAY
DEGHROEFHEEER. FoBic BRSNS EES
EROBERRENRDHNA,

_antiPyr

kI}a anti-Fyn

Cofyr o owh o Wl Wl e Wl
. sl imsol ~ sol - insol
11 HEEE A O3 Fyn Bidk, 1 phasphotyrosine Bkl L2 A Western blotting,
Fyn B A Triton X-100 TSR & B S5, fyn (+4) =
7 ARRIZRBVT B0kD EFIOF i U R EREWH TH S, fin {--)
<D ABBTRIOREADF L) VEMERE LET LT A,

_J::P_.F__,_-u» (PO B
7 P

K12 7=l 0 O, R T Noteh-1 @7 a2 /7l X
n bR EIC Bl ST 5,



& 13 miis~ v AR ORM presenilin-l (PS-1) #ifA, B Notch-1 ifbic & 2
E A, PS-1 IR T-AROMMRETICREL,. Notch-1 i34 A0k,
TR iE LR AT,

14§t presenilin-1 (P8-1) ?JT.lﬁ‘:EC X DRI UM 7 Western blotting,
RRIZIERE LROSTEE L ITHERFRNRE 30kD 0o FIEEH
o,

na-y ED 5

B R
AN TR

EW DTN
whomy |

15 g 2 2 B -estradiol 3-benzoate B 5T L U FI T2 - S B EFH
Hazi BT T OBMER,



B 16 RAE 7 ZAD B estradiol 3-benzoate 51T L 03 ERE T I ETRER
DOEDER 7B T EaEs.

B 17 #FAEFHIZ disthylstilbestrol (DES)
WHRESNESy FEEOER 3
BB 2% (HE 312).
AMEETw N THEE THROER E
TR EA T A, DES 5
Z o TSRO B T
STROEITAEL LTS,

e

18 E17OREHEBOFTCEN 7 7 O 1
DRI BT OF T4 T A
P ORRERTIHER L —F—EHE
i, Rz TR S
HEERE BTS2 UM
Rk & B8 Dectoplasmic specialization
T 2F 27474 SDOEIEL
ENTWSH, DES|R G 7 v b Tt
IRV MRAEHICBTBRTZF
74T A FOEFENEBH SN
by,



Herluli.coff

Control Pl DES Treated

B 19 #MBASRE DES 5 5 v MREMIZBIT S ectoplasmic specialization ¢
JeRk & 4% . DES HEE BTl - U AR OB S RIE DO IKE
AT 5, /5 BTHRAOMEBERICEN S0, BHE RS
m L7200 - U RIIRZRE E i Rt g i e T NS,

20 ecloplasmic specialization (YFESR-M KR & LTOMEELF L7 a—A
C OEBERCHRH LA, M7 v SRR COED LR NE~DB
ITHIZE A V#EY BV, DES RET7 v PR TERAEDTF b
— ABRIMED CNEAREITLTHEY | HER-MEEMOBGESNH S & A2

27,



k'

4 21 XTRE~ 1w A4 24 1 OEEMARELR
R E R CEBTNRE CHR]A WS,

(HE %efn), AR D Zrbidis

B 22 FHAEFH DES E5£F Il 72 fn (+-) 2 LW fyn B
FRE=V A fyn () OERK 4 BECRY 2 HMREMEAR HE B&E),
LIS AR A K IR IR OB M TEIE L TNE R, fyn (H-) =
VAR TIOEMER LD SCBELBRINTHRNOIZH L, fn (-
£y = AR TEN ML O RBRIEEA NS BB STV RS
DI B,
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} s tyciiad glia

23 =0 ARIFRBESEEDH Fyn M 24 HHERERFSVFEHAS RENRTE
= |- 7, £ 5 T i ' B HihA MR MAOKEARRE,
D & SRR AR, BT A4 FiCEEY A Reelin &y TORE

O BREEATID 0 Ja e S T RV Y EpaOvsFrETasy
JERERM LA, BLFEEN L CTIF o074

Y MCERIET LRI fyn KRS
TIHLERHNS,

B 25 X7 A fym (b)) 55U fyn BA XD A fyn (1) Ok
HERS OFT calbindin FiiRIZ &L B aysitat. fm (1) = AHEMS CHIER
(177 b U 7 8 2 DR B 559 BB




Calbindin immunoreactivity

I54 26 FHH~ 7 X fyn (+4) 2 ETUNT fyn BETFNECY R fyn (/) Opliik
Ttk DL calbindin it & 2 RERAR, fyn (/) <7 2EH TP
LEOBREERTED LIS,

W27 B DES $485 L © 28 [ 27 ORBELEAEDE

DALMY ADER 5 LR, DES B#E5=wRIZH
TR D3 BEE DA calbindin 3 TiL calbindin Bt = =2~ ®
Iz L DRt R, R A LT,

O REY 2RI AR AR
M ALY,



.
EERRORT
-

'ﬂ"'.';'."' EaR

Eslromen

. /recei)tﬁr' 8

E- U3

29 B -estradiol 3-benzoate OMER R & TFREREEH & OB >V TORM.
estrogen B BRI HINE, O TMREIZESLTRY, ZLOs
{LEXHED MARIZ 214 5 6 -estradiol 3-benzoate OEHED, E LS EA
EREEFAR, AR TAROER CEREMEE S L THBRL TS
LB ZBND,

Plasma
membrane

O iz = e -
Endothrellal cell Neuron Breast cancer cell Osteoblast

Vasorelawatian Neuroprotection  Cell cycle stimulation  Cell proliteration/
i differentation
Bone conservation

R 30 estrogen BFEAITMAREN LI TA IR BET A S /EAERT
AHLEPALMIRD2>omY . ZRE TCOETHER- - LT OEaE Xk
Lbiz, Ful ) CEBGERE T D AR LY e OfRIT
ERHT A EAFHINS,



|
v L
4 \.‘\
PR T N

wERE . BTEE

[E 31 Fyn Foivl Bl ¥ 32 DES RARURTH-TERE-FESR
PEAMTEE), b ) MRS FWE LT FSH @453 HH =
BOBHOL A, T2F74 FhArEETHIE LI, BE,
T AV AT HIBEROHHE A KDz F, 8K FE/2 YD Fyn
T LEZXGND, 08 < BET AN EEICER

TEAFREESL S,

F 1 E2B#5HIM L ICERERE o ILE

RTHBOAT 77 P
REMM[ 573 a5 6 7 8 910 11 12 13 14 15 16 | BEA LA
2 HE
S HRE X X X
1 ;ERY XX XX X X X X
2 381 X X XX X X X X
48R XX XX X X X X
85/ XX XX X X X X X X

3 -estradiol 3-benzoate ¥ 5 HA[E] & 45 F-HIBD R B4 U ELRFH O KRS
BOSEEOR S LT, RF T 7 BT CHEREE
HE L, #EHRIARWIES, L0 E0BA A LRI £ TH
RE B AN,



2. BMNESEHE (PPAR) 24 U7 EMERSWEBELEREO
FIFIEIEN OEER L U2 ORsE

WRE A R (%ﬂ\l)‘ﬁ%lﬁ%%ﬁﬁjiﬁ'ﬁ%%)

MAER

di (2-cthylhexyl) phthalatc (DEHP) D¥MA~OEELEZDHBITONWT, HaeM
@ SV/129 X7 R & [FFED peroxisome proliferator-activated receptore (PPAR @) -null ¥
DAEHWT#FN L, DEHP i@ BEEARHCREYE (005%),. 2RO HE
BIH, 2 BNABENERET oL, 486 DEHP B2 &SRk, H i (F)
EXRETEE. MELZEFOR. 16 HHEFLESF (F) 0¥, RUBITDOWTHRH
Ui, Fp LEAIUEEITEL 2 LS AT, F O, 2L, @ELET (FY kKD
W, F EFEOBREE LA, T4ERTD A0 DEHP SN & ©ICEEOHEMOE
§E, PPAR « MEEUBERER (EIRE S BMLRER) OBEHLAME I N, PPAR ¢ IV H
ENTHARIEREAT, T, BN T, HIEFORCERSEMT ZHEMA. F,IZH
WTRZOEERIASHICHEINL, BENHE 2 HURORTTHo /L. T DI
ROBENIEEITHE D ACEETH o=, —H. PPAR¢-null ¥72 2128 W Tid DEHP
BEIC L AHFETETROBNER SN2, #25'T. DEAP B i L DE&E{T
HLHEDEML PPARICEFL TWS LR INL, F 05 F, ETORDKE
B, OOBR:FEICHEBEENEEEED oNAho e, LT AOKRTFHTIE
DEHP {8 % PPAR o EBERE G TR (G S EM{EREER) OFEIHEINT,
HTEHOLUAFENDHEN T V1A, DEHP #4717 2@ PPAR o R BERIH 5
FREILEETS RS daho, COFEE, DEHP MOHIZBITAHET &
T ® PPAR e EMBER B TREOZIIMBR L O NI <, ZOBNLA DEHP H

DENEFOLEBOBMO-Khrs LNl

HSEE &

#HiO EX (ERAFESRED

RIS ot (EMAEEFRERD

FE E WRRERFRRERFRRIHF)
P4 R—H (PR ENEMIH LR E)
M ALF EWAEEERREEE)

A HZEN

di (2-ethylhexyl) phthalate (DEHP. CAS-
No. 117-81-7) {3 a-7 ¥ WO T A5 )k
A8 (DT R=30056) T, BEXHAREH
i EESEOERETSH 5, LRk T
HY, ERLEE N, 1930 £RA5HE,
T AU THEENPRBER, 1994 FI2T
OEERIT 1 ERCE~4 B b2 High
eNTWwS, EZRVEZ 703541 R
(PVC) BSHOETIBE -G e kT o

HIZEMNEN, ZOHEMIZE. 10~60%
(wiw) BESEFINTWS. DEHP Q8K
Y. KRV O BN S . BEHBRZ AN
FENTWA, AAE 0.1mm REE O PVC
- b G 25CHBWT 27 EMicEL
W% LZoaTHE L, LL, @R
TeEttHEOFEE TS - ERIIT 5 &4
BENTHO, REEMITL > THERORE
BRSNS 5,

bt OBREFHEE LT, K (IEEND .
Fh3E, —ILIERE (PVC-RiEENRE.
B, TOAF o 2HR, kB, &E. B
EMILE) HEZLLN B, Tumbull and
Rodricks 2 &5 &, HHZBRENRZ NGO
DEHP @ 1 HOIERERE 0.1~7901gkg -
bw.,) THH LN,
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DEHP {dRJV A & 20— LRI 2
4% (peroxisome proliferator —activated recepior,
PPAR) IZEEAMIL . R_NFF 2/ — L 5EE
THEEBIT. PPAR ERHEF OFHM (w
-1 Bk, ARy wEEAES5Z5, HI
G, HHER S TRFOER, M QBERIT
HOER, CYP4AL ELFRF L P Ro—¥,
IEHiEE 8RR LRERIEY OF L W ERHAS
Na, —F, R/ BT RERES,
T, BEE. WAANRELTS.

PPAR it o, B (8) +D 3OV TS
17WH D, TNENGENERMTEH
T, FAE, BRICE PPARSNE {HEHIL
TWaA, PPAR a DFHHFEIZ9E <. PPAR T id
sEEmBING L, Ei, JIROIIZE
PPAR @ & B8 /2 D EWiBE THEIL T
DS, v OFEBUIEH N,

DEHP D4 MBI 285 EEn,
Ward & EBEFHEROL ., $FE EEFIZEX
MR &< A THEZEL TWS, Lamb
SV AT RAWZHTES S5 B TFROMD,
ERETRORBD, RTESHOTIZNA
T BHEADETEREL TS, Ihad
BEWTRLUT, Kurata B5E~¥—Ttv FHW
B3 T, DEHP i KA N AFL S —ALD
FELFIREF LR SN2 /G L
T, LLEOF R DEHP 254 Mg
F. BRIIEAN~OFEE, QHENERET
I8, RN AFRIS—AOHME, #BET
i, PPARcOFBHEICHEL TWLZ L%
THET 5,

&30, PPAR @ -null mice Z3KE NIH D
Gonzalez 1@ &L —Fiz L - THIEI .
PPAR @ DERZRE L L TORINOEN T
FNTHLIEAEHAZI L, BEHS, 2
DEPHAERWT, PUZDDIFL O/
HrTHL ) ZOnEEC LS S A F
J— A DOFERLN PPARcIZREINTHED,
COWEEMN N I N IF L OFR TR
CEET SRR ERSMNILE, BB, Z
DUEZENWERAR M) oo -
DY AT HMCERNTHEDZ LN
(Nazkajima T. et al, 2000). Z#3%i3 DEHP

WLAEMANORENBASESRTH S
PPAR ¢ IZHIf S N T WA M ETRAS Mz L,
TOWBEFEHNL, VA7FEOHREZED
I EERBHIICAEE N,

B. iRAZE

1) ERdhy

B ERIL T XTEMNKFHPRERES
FaSR OBMERI 1 B I P> Tirbh
Joo MEREOHER §v/129 T A (Wild-type
mice,) & PPAR @ -null mice (KO mice) Z{F
RUZ, 8ldiRE. R, HENEEAN
U= —ATTROEWER EREH
HizEzZshRMsEINE. THhTho
HEEM AR L. 4% 12 BiRicEL 2 &0
AT. 0.05%DEHP SAFHERICYInEL
iz, TOHT4BEFEETLEEIAT.
M, (CoBER &LE 2RELE (B
1), EBHMY, SEBRAOTTHTY
A AL HORT . #igk. 8% DEHP
BB A2, B2 16 EEICELZE D5
T, HEEEHOE L .

Fobd 36 @ T, F1 & F2 i 16 EETHEH
L7z, F, F, DHEFOEFERZ KD, £F
REHELR. EHBOREOEREEL
Wi, HE, BREE FoOR (. H
B, H () £. PPARCDBEZBRT
LI E ERVE B URECH
VZIETA R OFREES-OICNEE
BEmU7,

RO F, OfEEEREL, 18~19 HE®
Matr &£ 2 » HOFEF < 255 L.
FEFERL TR U514 RLoULEHE
TAHEKIT, DNA ZHLL. HoBEizff
HRL7=,

2) FHIRA)ERER

BRENERIIT 7 CBE. MO (7
5. BRR) H0%EE L) CEEE L,
FRE DB ETRERER ZEE L . 0.05%DEBP
DO fig iR EN: = P M T Tt L 2,
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3) mEERLE

0.05%DEHP BRIz L 5B NIOEKT &t
FNEAA N EOBEREFNSHIIT LD
i, MEFAFAFOCBLUVIA NS IS
— ORIV N (CREFEE—2
—TIVIZEFH),

4) tEOWIE _

TURAOMEF. HEFT BB ORE
AR/, AEMICENZEHETS I
EHREHTHD, FIT. BF BT
Ar5, DNA ZRIEL, Y BREKL
DHEHIREBEETTHS Sry gene £ PCR
BETHETSZET, BT $iEirolto
geE & L. I6fF. ST Ao g h 5 gla
amp DNA Mini Kit (QIAGEN L8 %R
T DNA OHliH 217> %, Y-specific target
sequence & U T Sry gene & . control
sequence & LT muscle-specific regulatory
factor T& % myogenin ZEHL . Yano

(1993) OFKRIIMN T FIv—2REL
7z, RiZ, PCR system PE9700 {Perkin Elmer
i) 2T 35 EHNEL 729, PCR product
E25%TF 7 UNT IR TERKEL
MR L 7. B, Sry gene 35 & 7K myogenin
B QBE&F ., myogenin D HEHED
BoazEL L,

5) PPAR a DaRE

AIAF S — A OEIEE X OIS 6
BCREERIL PPAR RELS HHEN TS
(Aoyama et al. 1998). x5 2N /= DEHP A%
., BiF, FHEF I AFO PPAR ¢ EF5E
L. AhbFdRJ/—-ABLUI Oy RUY
RAREE 8 L RBEREFF L T 2h &34
T BHI, Western blot i Efr-7, B

BEUME. HEFONERE2TLIKEL.
= ol 0 —RARIZERE L 2 A8 (A
NeZdFiJ— LEEFERAEE LT, peroxisomal
thiolasae, PT; peroxisomal bifunctional protein,
PH; D-type bifunctional pratein, DRF iZ%1'% %
FiEB LR b RU7 B BLRESER
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Reproductive toxicity of endocrine-disrupting chemicais and the mechanism via peroxisome
proliferator-activated receptor in relation to the risk assessment

Tamie Nasu (Nakajima), Department of [lygiene, Shinshu University School of Medicine, Lecturer

Key word :
di (Z-ethylhexyl) phthatate, estradiol, faity acid S -oxidation enzymes, knockout mice, peroxisome

proliferator-activaied receptor, reproductive toxicity, testosteronc, triglyceride,

Ahstract:

Reproductive toxicity of di (2-ethylhexvl)phthulate (DEHF) and thc mcchanism werc investigated
using wild-type Sv/129 mice and peroxisome proliferator-activated receptor & (PPAR @ )-null mice on the
same genetic background. A 0,05% DEHP diet was prepared with commercial rodent chow, Mice of the
DEHP group were given this diet throughout the experiment, and those of the control group were given the
commercial rodent diet without DEHP. Male and female mice (¥, generation) of control and DEHP groups
were mated after four weeks’ feeding of each diet, and the number of newbomn pups and live pups for 16
weeks and their sex were investigated (F, generation), Male and female mice of F; generation of DEHP
group were again mated at the same age as the Fy gencration, and the numbcer of newborm pups and live
pups and their sex of the F, generation were also investigated. No significant morphological changes were
observed in tfestis, ovary and uterus of all mice. The prowth retardation and induction of PPAR « -target
gene products (peroxisomal enzymes) were seen in all male and female wild-type mice with 0.05% DEHP
diet, suggesting the induction of PPAR @ hy the DEHP diet. The DEHP diet tended to decrease the
nuniber of live pups per pair in the wild-type mice at the F| generation and clearly decreased at the F;
generation. The death of the pups was scen in the male superiority within two days after birth. In contrast,
no significant change in [ertility was seen in PPAR ¢ -null mice fed the 0.05%DEHP dict at any peneration.
These resulls suggest that the increase in the mortality of newborn pups is closely related ta the expression
of FPAR .

The DEHP dict invesligated did not induce the PPAR ¢ -target gene products {fatty acid S -oxidation
enzymes) in the fetus liver of the wild-type mice; the DEHP dicl syppressed the enzyme levels in the male
fetus liver. DEHF also did nat induce the levels in the liver from the two-day-old newborn mice. This
indicates that the difference in the levels of PPAR @ -target gene products was significantly larger in the
two-day-old wild-type malc mice than in thase of the fetus mouse liver. The difference may be a cause of

the increase in the death of newborn pups.
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Table | Fertility and reproductive performance of mating mice

Cantrol F1 Fz
‘Wild-lype mice
M. Fartila/Ng. cohabltad 12/12 12112 1212
Mewborn pups per pair B.5+1.9 (78) 86.3+1.7 (¥6) 4.4+1.5 {83)
Live pups per pair” 6.3+2.1 {75) 59+16 {(70) £2.3+2.7* (28}
Parcentage of live pups (%) g8.2 92.1 52.8
M!Fn) 41/34 29/41 10/18B
PPAR @ -aulk mice
Mo. FarlilefNo, eohablied 12/12 12/12 1212
Newhorn pups par pair 6.3+1.8 {7b) 6.5%2.1 {78} 5.3%1.5 {64)
Live pups per pair® 53+2.1 {63) 5.6x2.9 {(67) 4.5+1.9 (54)
Parcantage aof live pups{%) 84.0 85.92 A4 .4
MIFin) 33/30 37/30 23131

*Pups lived mora than threa days
‘Control B L THEEH Y

Tahle2 Sex of fetus and newborn pups

Mating® Fetus®  Mating®  Pups®
(M/F) Male Female (M/F) Male Female
Wild-type mice
Gontrol G/6 21 19 G/6 19 19
DEHP G/6 22 20 12/12 8 17
FPAR @ -nult mice
Coniral B/6 15 i6 6/6 14 12
DEHF 6/6 18 15 6/6 11 15
*F1 % F1
18-19 day

"two-day-old newbora pups
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Effect of environmental toxic compounds including endocrine disruptors upon mouse
spermatogenic cell death and its possible molecular mechanisms

Takehika Koji * Department of Histology and Cell Biology, Nagasaki University School of Medicine *

Professor and Chairman
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Abstract
For a better understanding of the effects of various environmental toxic compounds including
endocrine disruptors on mammatian reproduction, the siudy on germ cell death in fetal, neonatal and adult
animals would be required. In the project of this year, we addressed whether repetitive injections of
excessive dose of estradiol-3-benzoale (EB; 30 - 120 1 g/head, every 5 days)  and diethylstilbestrol '
(DES; 0.4 - 2 mg/head, every 5 days) may affect spermatogenic cell apoptosis in adult mice, and if so,
the Fas/Fas ligand system can be involved in the induction of germ cell apopiosis. Consequently, those
estrogenic compounds generally increased the frequency of TUNEL positive germ cells, especially at the
stage of spermatocyte around meiosis and we found that the occurrence of germ cell apoptosis seemed to be
temporally and spatially associated with the expression of Fas and Fas ligand, which were expressed in
germ cells and Sertoli cells, respectively, Very surprisingly, however, DES at a high dose did not increase
the occurrence of germ cell apoptosis, raising a possibility that the degree of toxic effects may not be
abways correlated with the concentrations of toxic compounds. In addition, we conducted preliminary
experiments with these compounds and the other endocrine disruptors such as bisphenol A in pregnant

mice to extend the similar approach to fetal and neonatal mice.
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Effect of estrogen on adult testis (TUNEL staining)
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Developmental effects and neuroendcrine regulation as early markers of reproductive toxicity.
Kishi R. Honnma K, Sata T, Kobashi G., Katakurs Y., keda T., Miyake H
Key word : styrene, prenatal exposure, maternal toxicity, developmental effects, serctonin, dopamin

Abstract.

Matemal reproductive effects in Wistar rals exposed to 0, 50, 300ppm styrene for 6 ]:u‘day' dhring
gestational days 6 to 20 were evaluated. Their offspring were observed postnatally for neurochemical
changes, growth, and physical landmarks of development. Mothers exposed to styrene were compared with
pair-fed and ad-lib-fed controls inn order to adjust nutrient conditions. Prolongation of the gestational
period, food intake, and the number of neonatal deaths or stiillbirths in 300ppm-exposed dams showed
evidence of styrene-relaled effects. Other reproductive parameters, such as litter size, birth weight, and sex
ratio, were found 1o exhibit no effects within the variation fangc studied. A neurochemical effect was
observed in that the 5-HT and HVA concentrations in cerebrum were significantly decreused.Incisor
eruption  {mandible) , eye opening, and the air-righting reflex were delayed in rat pups born to dams
recciving 300ppm styrene exposure compared with the pair-fed and ad lib control groups. Pups born to
dams dclayed air-righting reflex compared with ad lib controls. These results suggest that the offspring

developmental landnrarks cven when nutritional effects were controlled.



TABLE 1. - Effects of prenatal styrene exposure on maternal food intake and body weight gain

control groups gtyrene exposure groups

Treatment control-1 control-2 8¢ ppm 300 ppm
tad lib.) (pair—fed) (pair—fed) {pair-fed}

Number of |itters (14.) (12) (9) (143
Food intake (a/day} _ _ _

8D B- 12 18.0 = 2.3 {pair-fod) (pair—fed) 150x 2477

GD 14- 20 2.4 £ 4.5 {pair—fed) (pair—fed) 169+ 1o™*
Total weight gain
dur ing exposure (g) 04.3 £ 15.7 9.3 = 13.7 8.9 = 24.3 Bg.3 £ 9.5

GD: Gestation day
Controf=1; ad lib.centrol, Control-2 and 50 ppm group were given sama quantity of foed consumpticn

valuea are axpressad as means () + S.D.

with 300 ppm styrena exposure proup [ pair—fed)
*x : Statistically significant in comparisons with ad lib. feeding centrels (P<0.01)

TABLE 2. Results of reproductive toxicity of prenatal styrene exposure on gestation day 6 1o 20 in
female rafs
sontral groups styrene exposure graups
contrel-1 control-2 50 ppm 300 ppm
Treatment ( ad tib.) ( pair~fed) ( pair-fed) ( pair—fed}
Humber of |itters {14} {12 {9) (14)
Length of gestation 21.6 = 4.5 220+ 07 220 £ 0.7 22.1 £ 0,6%
(day) '
% of Neonatal death 1.2 1.3 2.8 7.3
(rate) ( 2/173 ) ( 2/152 ) ( 3/107 ) (127164 )#**
No of live~born 12.4 £ 1.5 127 £ 1.8 11.9 = 3.1 1.7 £ 2.2
of fspring {/litter)
% of male pups 19.2 £ 0.1 43.0 £ 0.1 45.4 = 0.1 .6 =01
Values are expressed as mean £ 5.D. of fitters
Number in parenthesis is total number of neonatal death among all [itters of each group

Gontrol-~1: ad lib. control, Control-2 and 50 ppm group were given same quantity of food consumptlon

with 300 ppm styrene exposure group [ pair—Ted)

# :Statistically significant in comparisens with pair- feeding controls
by cums!ative chi-squars method

{ p<0.05)

% . Statistically significant in comparisons with ed Iib. Feeding controls { p<0.09)



TABLE 3. Effects of prenatal styrenc exposure on postnatal body weight and brain weight in newborn

oflspring
control groups styrene exposure groups

Treatment control-1 gontrol-2 50 pom 300 ppm

(ad. lib.) (pair—fed) {pair fed) (pair—fed)
Mumber of |itters {14 ) (12 {10} (14)
No of live born
offspring (/1 itter) 12.4 = 1.8 127+ 1.8 1.9 = 3.1 11.7 & 2.2
Body weight
at birth (g 5.2 £ 0.5 531 068 5.2 £ 0.4 b1 0.9
Body weight
at 21gtimale, g) 30.6 + 514 37.9 = 3.8 351 £ 2.6 34.90 = 3.4%*
Carebrum weight
of brain (mg) 1589.0 =11, 8 144, 3 +16.9 151.8 =14, 8 138.1 +13.1 *
Cerebel lum weight
of brain (mg) 08.9 X 6.6 64.5 £ 1.5 6.5 &£ 10,2 59.6 = 9.7

values are expressed as means=® 5.1

Contrel-1: ad. lib. contrel, Controt-2 and 50 ppm group were given same quantity of food comsuption
with 300 ppm styrene-exposure group { pair—fed )

#: Statistically significant in comparisons with pair fesding contraols (p<0.05)

* ! Statistically significant in comparisons with ad. | th feeding controls{ p<0. 05)

TABLE 4. Effects of prenatal styrene cxposurc on postnatal physiological development and reflexes in

oftspring.
contral groups styrens sxposure groups
Treatment gantraol-1 control-2 a0 ppm 300 ppm
{ad lib.) ( pair-fed) ( pair-fed) { pair-fad)
Number of {itters 14 12 g 14
Humber of offspring 112 ) (86 ) (72 {112 )
Body weight (21-day)
(k) g8 + 5.4 371+ 38 4.7 £ 2.5 34.9 £ 3.4
Incisor Eruption
Upper (day) 10.3 = 1.5 11.7 £ 2.3 12.3 *+ 2.0 127 £ 32"
Lower (day) 30 & 1.4 9.2 £ 1.8 10,2 + 2.2 11.3 = 2.4 #*
Eye opening (day) 14.7 + 1.3 14.5 £ 1.4 14.6 = 1.3 15.86 = 1.5 ¥
Air righting reflex 18.4 + 0.7 18.7 & 0.8 191 = 02"% 19.4 06 **
(day) '

Values are expressed as mean = SD of |itters
#: Statistically significent in comparisons with pair feeding controls [p<Q. 05)
% : Statistically significant in comparisons with ad |ib. feeding controls (p<0. 05)
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Fig.1 The neurochemical effects of prenatal styrene in newbarn offspring cerebrum
Cantrol-1: ad lib.control, Control-2 and 50 ppm grou;i were given same quantity of food consumption
with 300 ppm styrene-exposure group  pair-fed ). 7 Statistically significant in comparisons with pair
feeding controls {p<0.05}. * : Statistically significant in comparisons with ad lib.feeding controls{ p<0.05)

Abbreviations: 5-HT(S-hydroxyiryptamine), 5-HIAA(5-hydroxyindoleacetic acid), DA(Dopamine),
DOPAC(3,4-dihydroxyphenylacetic acid), HVA(Homovanillic acid), NA{Norepinephrine)
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b, TR CERRO bR poT, T,
A7 w7 19 A (RYETEROEAT
Rl 250 RlE o0&z TR TH
SE, HBEH T 183X11.7%FE 7m0
LT 1,2,3,4,6,7-HxCN B Ti3 2002.7%Th
0. 1,2,3,4,6,7-HxCN B Ti3H 60%8ML T
W CRERPHERMERREIC VT
BRIFAETELYDTLS, - -J7, &% 31
A H CriciB#%0> post-meiotic ¥ OBIS
P 249 18.6% 72 o T DICH LT 1,2,3,4,6,7-
HxCN B T I 467 = 144% T & 0 |
1,2,3.4,6,7-HxCN FETIIEREEEL Y £ #7 90%
Bl T, HizxT o7 7 U RCEFE
AR ASEA RS & B 2 R B E Ot
1,2,3,4,6,7-HxCN B 7 fFlo &ML Tz

(T HEBE 0.4 +0.8% vs. 1,2,3,4,6,7-HIxCN #£ 2.8
+3.5%).

3) MEFEB LR (%A 2) LEEERE
LkRERS T8 (£% 62 BR), W
bR RS (&% 48 B B). post
meiotic ¥HIEOHRE (£% 31 018
DMK (’7, 8)

REBTIE 1,2,3,4,6,7-HxCN Bz T

(1) post-meiotic Kl OFIFIAE® 31 H

H T, (2) Bt £1%& 48
RETOA&, (3) mELEBESHE7FEIILR
62 BATOA, BuLTHnE, 1) - (3)
B b KSR R B TRt e < —itE 0z
kTHHZENEEZS L, 1,2,3,4,6THXCN
MTIIHRELY bRFRENEIIRITLT
i =3/ BRI R E T,
LR ENS GRSV TITEROSST
WwAB), ¥ BEREA OB i
o DERENRSH D, BIRFOERNLE D
i (FERTOL R « R AOERMEA



EE, PR A ROESICET LY bEY
DR AT TIRENE) BRED
B EFECRIAITS) (th-ThE<
R XN A[34-36]) , 1,2,3,4,6,7-HxCN #Ei7 33
PR ikt ol Ll v Trp e [ A NP S W
5 LTWAARERELONENT, £0
EHDHBIZ SN TRME2ITo 2, BT
DI HEETE TRE SE7, RHRTH
HERICF TR LIT-oTHE LT, FENT
DA A+ A ZODNBBERITEZHE Ao,
T, FADEERBHIEIVE{ 0T A
BEABHE LTI ERNBEEDL EBELDL
NOT, FRANTOLA A ADNE %
W TIEHLEROERE (%42) GRS
Bz, B 7TICHERE L ORR. &8 ICLE
RecD¥E L & OB A BEIN RS, BB
W% (Afd o2 DA) . HPHERE RS
(%1% 48 AB). post-meiotic HHEFNFE
(£% 31 AHH) OWFRIZEWTY, HE
FECCIEL I 2 69 1,2,3,4,6,7-HXCN B
PO BREE L DI L Ty, FEHCBITT A
TR BRI O R IR TR RN T
DA A X AOVEEENEET L HOT
frinn bt E bhi-,

4) WIEHS LH, FSH, T A b A5 0 -
B33 L UWSIO Leydig #IMR%EE (38 8)
MiETod LH % FSH DR, wTH#sc
BWTIRALR I HATRELERPTHY,
£% 48 FHICEREIZRLA®., LH Of
BTV, FSH D i EME R 208 L
. ZHE. INECREEENTNA T v
ForiniE LH B4 - FSH BEEOHERE LML
Tt [37, 38 . ThicE LT,
1,2,3,4,6,7-HxCN #fCiZ LH #8£5 + FSH 2
EHdTInA% 3t A E CREEIEL L
fo, MFPOFR B RF 2 4%, HRBREICHS
WA 31 AR CHEAAE CRHBARLL
TEoEOIIR LT, 1,2,3,4,6,7-HxCN T
7 L 4 il & i, 1,2,3,4,6,7-HxCN
BOMEFEF X PRTa U BERAL% 48 HA,
62 RE. 8% HEDOWTFhO BB TLEHES
TL, £#% 89 B EH T EBEHOH 3 FofE

R LV, At 48 H ALIMETIE T ARE O
E LH BECENS I Ebb ST
1,2,3,4,6,7-HxCN ffOMET 2 R RT 10 -8
EAMGEER LEZ Lhh, [FAF T Leydig
TR DWMIEER P RAE LTV D NN E X &
N7z 1,2,3,4.6,7-HXCN DR ED Leydig
FAEEILAE 31 HE CHxBE L LE
fEaRL, ZARMERO LH BESF X M
AT rRECEBHIFETEILOTH-,
LA U, &% 48 B HLIEE I ZREEIC Leydig
MBI EE DI E D LT, Leydig #ilZD
EHERUT ol b LB X G,

3. ARTw MBS 1.2,3,46,7-HXCN
DER~DERE (X9, £10)

BTy bBEORRFS v FOREHD D
1,2,3,4,6,7-HxCN, DDE, PCBs 2% # 9 |25
4, DDE B X (f PCBs H %I MilEd: & °
1,23,4,67-HXCN #ED{FZ v b - BAF v D
VRS GEH SRR, CHRTEED
ERRRDehRhoF, —F, 1,23,467-
HxCN xR E<BHERT,
1,2,3.4.6,7-HxCN #E»LoLRHEE, F
F v OISO (,2,3,4,6,7-HxCN BRI,
A B T 22.1816.59 ppb, BEFLEL% T 9.78
+2.86 ppb, A:7% 89 B A T 0452008 ppb T
hot, EEET v N (F7 v MELER)
DIRIAF ORBELL 5.75+2.81 ppb T =7=,
I & 5 1,2,3,4.6,7-HXCN OfE R 7
HoORRERR 10 Ioad, HEBEROTFZ v
PRSI E2HAICAW D, #
10 R LR EMNETH S, 2K, BB
B« £1% 89 HEDFZ v b BLURT v
FCHREREE G 2R Be e oT, &
HBIUEFERIEZ SO EWEEOCREG [39-
42] P oREVHEEMAHE L, £ 08,
ff7 v FOBEWNICEEND 1,2,3.4,6,7-HXCN
DFSEIL, HAEEBTIE 1482164 ng 7o
O LT, BERLERTIE 13.1-26.2 ng &
e =h, BEFLEROMEEHERR LD
EELG 0EEEMVVETH T, Thid,
1,2,3,4,6,7-HxCN MR Z v W BET » b~
DBATTIL, BABBRORITOFRIGEAH



OBITLYV LB 2T LTS, - 7,
77 v FOBHBEERORT » FOfEHICEE
3 1.2,3,4,6,7-HCN DFEEMN 178214 ng &
BEShAEDIZH LT, 1,23,467-HCN O
7 v hOIEH~OBBTR (BF > M LK
B 0) FHEMETT 100213 g, BEFL
W E TC 133264 ng EHEEX NI,
1,2,3,4.6,7-HxCN O T o M~ DG &t
3BT 92742 ng DT, (1) BF v b
AR D HRE XA 1,2,3,4,6,7-HxCN ¢ 30-50%
PHLE D DRI XA TIRTRRIC BT L,
(2) FDHHO 4-6%BEEREH T 35-55%
PEILERT, F7 v HOlEERIZET L
mbO & HEE XN,

D&% B

PCNs i34 4 2% L R U < it
BTS2 EOREERSIE- Lok Ah
ZFREENS LCHEE SN D2 REERTES
BET A LHBMER TS {14, 27-33] .
FLT, REMBR AT X ThD
2,3,7,8,-TCDD TIIEIRT » b ~DixEIC &
2T, F7 v FCHELTORL R EOARBBER
OEENS XIS FAHLNIR
Twvvd [6-12] . AFEHETIE PCNs DEME
D—2THD 1,2,3,4,6,7-HXCN. 24HRT » |
WG LT, A XOFZ w I 20 TARESR
For- OB L7253, Bk X S
RARHLA B 1,234,6,7-HXCN TH 23,78-
TCDD & F#RIZIETF O 7e & OV R TER
R-DEEEBRBETHZ LEAELLLME
Tool. LBLTFREEERRY, HasC
BMLEEEZLNSER 80 OB T,
1,2,3,4,6,7-HxCN #£05 » N THR%% (1
RERED &0 THEMATEER~OI L
REBFROA Lo, B 1,23,467-
HxCN B8 HERIOK T8, £% 89

A B TR & ORI O R n o 1238,

% 62 BH TITAHAEL VS 80%EL b
AMLTHE, THEMEERTIONES D

A2

1. G4, 1,2,3,4,6,7-HxCN BTidE# 62
BECHELERBOBFEN—BHE
(z#ml.f-oh?

HBEMFEEL LTR-ZHDOLOBREZ LNE,
—2iX. 1,2,3,4,6,7-HXCN ~@ G B H- 32 548
BE L~ THFELARSEML (Sertoli ¥
AT 572 E), £20EOILERLER
BOBFLEINLE, L0360 THD, L
ML, ZOBXFBELWOTHNEL, HBE
AR B ORI TS
A, EEEITIE 1,.2,3,4,6,7-HXCN #£O8R EiF
FEEIFE T 3O 62 BB ETo—itE:
DHLO T, Fo T, ZOMFECE4E8
HERBATE A, 5 O —2id. 1,23,4,6,7-HXCN
~OREH-FILAERIC LTl FRED
BRI RRE - S LDTHhD, BT
FE A OBMEARHS R T DER EIRRIRICR
FHAHBRTAMRALEZ A, oz
B T-ABNGH D B ORI G Z O3k
OFFER—@E oy S - kicied (5
v FTER 62 BAE WSO, WHEEER
TRICHEF BN THOLEBERIZAY TS
[37, 43] ), B L, ZTOEZFHFTLLNDTC
hiX, £#% 62 AE L VATORTLES
ARSI ORMEE R TRF RSB S
TWHRTTEHD, RERTLER 62 AR X
DLBETCHE., A% 31 AR & 48 B BICEER
AN s, o MTEL A#% 31 A
Bt post-meiotic FEHBE AFEIZHELIL Ting
1 BIRE LAY L, % 48 B B RE
FERH IR RS E TR UL 1 B
IZHY4 4 [37, 44, 45] . 2ED., 1,234,6,7-
HXCN ~D ik VA HAMRER - L > TR 73
EDPRIAR A M IT BE - TV D Thi
. %£#% 31 H B TiE post-meiotic $5#H1E OEF
T E 48 0 B TIIRE R o
AWML T WA Th5, FLT, M6
WAL LD, 1,2,3,4,6,7-HxCN BTt =
NENBBREERSLREODTH -,
1,2,3,4,6,7-HxCN BT, 4% 311 08Tk
post-meiotic FFHE OFS XFERE L 9 L
Q0L THRY, £, £% 48 AEH T
RSP MR HI AT O ES R 60%0 AN LT



oo BEBR TN RE QAR % HEEIZ
EREERL Twirn, L, @oilzxiL ks
ATI L HERNIAMB LI, AERO
HHRYE 1,2,3,4,6,7-HXCN Dk 0 5182 4
BREICL > THEFREDHBEBENESE -
CEEMCTEET2HOTHS, EZL T
NIFs 570D T oA ORI
D OEEENRS O, BEHOEFILES O
LRIV CFENTOFZ « AZOMEBRS
E., A AZORSICHEEL DB EL
LA O RIVEAIBENDS) DPRED
B BFRICRENTS) ORBERR
5ENSZETHS [34-36] « LML, K
7 B 8 TRLAZLEDIC. 1,2346,7-HCN
RO 734 MBI O RIEEBAECST
BERTOAZ « AZADMEBHROBEEIC LD
HOTREWEEZ N,
1,2,3,4,6,7-HxCN @ 7w b OGP B
WBEE T, 23,78TCDD &3 ARETO
WA SO ERRREAO "EyE” 3
iz o I, BT RE BRI Rt
BHHEN-, SREIWAZME SN
S72A%, 1,2,3,4,6,7-HxCN DFRVE -1
BEIXSy FOBEEERRIOYEEER T
WEOTHS,

2, 111, 1,2,3,4,6,7-HxCN ADRRH-IR
FLHARRIE (C & > THRFEEORBELY
BREESEDM?

ETREQHIBEBEII DL TREFI S

M TWRNENIDIERZ L T AN,
RMTRER Leydig M2 SN INL TR
FAZF T (Sertoli MIRA~OERZ ML
T) L THED, ¥6KFAMATO
ODMWIIH T EAN S FBENE LH ITL
STHHIhTNS, LEASHTVE (K
10a[46] ). AT REMEN ST FSH 93 S 1.
PROEFREOHEIIED 2> TWaAESH
S5, LORGOHFTEMEFLSNTN
B, R, THhIZERICEIL B oBRS
THD. AT (v bTidt
B 23 @ < SWET) TiX, FSH 2 Sertoli
M Leydig #AFEOHEFEDEEORIEE E

EiToTwadkZEZSNTED (H 100
[46] ). F, BTYREOMBBINTERED
50 FSH O WENABIZ@IZh3LEX
S5NTWS [46] - $EBROHBEFOMIE LH
MBS FSH MEY, A% 31 HETHEX L
APTHY, £ 48 HEICEBEIGEL
#. LH BHEIRIEW, FSH BEEE il (Em]
ZaRLIE, ZHH. INETRBEINLTY
5%y O LH #E - FSH BEOHES
ERUTHS [37,38] . Chizl T,
1,2,3,4,6,7-HxCN B O & LH RS FSH &
Ei34® 31 HEB T CIKRBEMIGEL TW
7= (1% 48 HBLREOHERSIZ DWW TR
HEFRUTHoR). ThEOFERE.
1,2,3,4,6,7-HxCN B CHBETFTEANSD LH
% FSH OWBERHEE x> Thizo &
ERETABDTHDS, LT, BFEEN
S FSH OB TR EMBORE

BT noE XS L, FSH O BILA
BRI E S 722 &M 1,2,3,4,6,7-HxCN BT
WTFRECHBEHENEESLRRTHB E
fEE SN, AROREKUIBOTEENSD
BEENTWV S, Almion 512&5 & [47] .
BERILEA2BMTAEE s AEMS 35 0
TSy FOE TR LABSIZE
HrReOBENSReNE, LAl ERK
BIFRrOEX (FSH & LH OREY) %
B ZEE S U - ic i TR e it g e
TINTW . Almiron & QEBRLRIIENIC
BB TONE FSH O®RENHETR
FEftET L ZEERLTHED, IhidR4
DHEREZETEZHOTHSD, 5L, SN
OPA DA THRENL DI 1,2,3,4,6,7-
HxCN A Tl OREENE WY
ETHhHa, 2FED, F5 v MMIBEH - IfF
HIC Ve - B5LEH T 1,23,46,7-HxCN @
REZZTT WD, MALABBESOMN
AR LTS 1,2,3,4,6,7-HXCN OER%
ZIMITITTWEOTEHDLH, X, 1
1,2,3,4,6,7-HxCN 5.8 TH TR EN—El
WWHETTL T2 BT E: ORERR AR N
THO, 2) TORRITFETREBBIFHD
BRI - TEIEH I I NEDTERL,



ETRAEEEO LI LTI EE ank,

EVSAEEBEFEETERNIEERT ., I
OREEHLGMITT B8, BifF. B413058
BhEOMBEETOE LT, BILUUBEO
1,2,3,4,6,7-HxCN IBEICLDFA - AA Ty
h DEFMBANDERITDOWTHRHZES T
WaAREIZATHS,

3. 1,234,67-HxCN OB v b HhEFS
v bAOBITIER?

FHEE T DDE B ETF PCBs AU HREE S
K TF 1,2,3,4,6,7-HxCN F#OF T » FORT v
holsEh bR NI CHEATEED
Eiaholk, RIWRLELSICEFERRT
M =54 MSEHI A 200 ppt QBET
DDE % PCBs £ TH L. I54 D DDE
% PCBs WEMARRHZILER TS b0 EE R
S, B8, TREOEYRAHOTIZIS
BEOHMHELZ MOy Y E2E0b0NH 5
ZENBEINTNGS [48, 49 . DFE O,
FlROERIRE IS A 1,2,34,6,7-HxCN
DREMEESRBTIEA <, 1,23.4,67-HxCN
SRl RIVECEEDE” O "Haels
B EHFALDITTHD, ARETHS
NBHERN 1,2,3,4,6,7-HxCN BROEE T
BVl B 5D THD, IhETRE
INTHERROERT "FILE L%
R 2BRELECRAEERLZD0EE
LEETRWESENL, ZOEE. Ak
ML AEHIZAER LSRR TOSERORY
BEREBASEAD (/. EBENLAT
R AT IEN.D,

2,3,7.8-TCDD Tk, BEh S
OBTTEIRHOTGHRBEREHOE S X
DbHEDIFBENITHENT Egha TS0
[50] . 123,46, 7-HxCN Ti3dE3XEA3n?
5 v b DEEBF D 1,2,3,4,6,7-HxCN IBREEIT,
HAEBE®RT 22.18+6.59 ppb. B EET 078
286 ppb THox. TED., BB
1,2,3,4,6, 7-HxCN RERE, MIEZORET
HHEBREORAEET S G T IE
TETFLTWE, 277, F79 aing e &
HicHRBENEML, &, KEIZEDSIEN

EE2OFHESHEML T [42]. 2FD,
g & & B Iz PO 1,2,3,4,6,7-HxCN #BEE
HEALEA "FI ZNTHWIDHITTHN,
M OBETIEZ Y M eFS v D
BTzl s &l n, £ TR
BEND 12346, 7HxCN O | {EEHZD D
MEZRLRBLAONER 10 THSH, 3y b
DR H O 1,23,4,67-HxCN O#EHIL, HE
BH# T 1481164 ng oL T,
BEAER T 13,1262 ng &SNl ©
£0., Bl D 1,2,3,4,6,7-HxCN DR ETH.
HERLE RO S TN ABEBOR R & s
5 E10EH S WH/HEML TWDTHS,
HEDQERMS, 1,2,3,4,6,7HxCN % 2,3,78-
TCDD. PCBs, PCDFs &\Wo/oZ Ol
FEFERIEAY SRR [(S0-53]) SEMA
SFE ~OIT TRILE B OIS PR
MOHEEDbE N E25REN,

4, 1,2,3,4,6,7-HxCN 8k POEFEIRRIC
BA53EBICDONWTEIRZBREHRN
A3

AT, 1,2,3,4,6,7-HxCN ~ D ffVEH-

FEFLHIRER |- £ o THFRAORBIFHINE
EHIENITy FTIIRENZ. £NTHL.

HEOHEF L FTHLEESZDTHSD
7 ChElGdT ool FERTO
Fw bh®D 123467 HxCN B8RS —FRAD
1,2,34,6,7-1xCN B RZHLET5HEXRD
%, FERTTFZy M HEEOR T v MF
e 1,2,3,4,6,7-HxCN #2EEVX 5.75+2.81 ppb
ThHhol, —F, L rOIEHPO 1,23,4,6,7-
HxCN REIDWTHEHER 2 KR LAEZ DO
HRIRINETICREENT WS [1921] &

Takeshita & Yoshida OEFFE [19] i, 1970 &
R AR TREESIC N SN REED
FEHEE ST L 7= OTH D, FHEHBRIET 6.5
4.5 ppb @ PCNs 4 LT 5, Williams
SOA [20] . B F YO EDOHRT—
fig A (1990 #ifE > wEHE ) OfFHO
PCNs BEEZHBLAHOTHD, CHIET
@ PCNs BE O IR 0.56 ppb * B
4.89 ppb. 1,2,3,4,6,7-HxCN.”1,2,3,5,6,7-HxCN
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CNEERBED TR, AEHTCOITT v -
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HERETiEEho/iinaESo TR, B ED
RS, 1,234.67-HXCN Pt | 04 HigRE
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Risk assessment of the effects of polychlorinated naphthalenes on reproduction

Minory OMURA, Department of Hygiene, Graduate School of Medical Sciences, Kyushu University,
Instruclor

Key word : Polychlorinated naphthalenes, 1,2,3,4,6,7-hexachlorinated naphthalene , in utero and

lactational cxposure, onset of spermatogenesis, gonadotropins , endocrine disruplion, rats

Abstract

One £ p/kg of 1,2,3,4,6,7-hexachlorinated naphthalene (1,2,3,4,6,7-HxCN) was given to pregnant
rats on Days 14-1 6 of gestation and the effects on the reproduclive system of their male offsprings were
examined at various phases of sexual maturation. Sperm count in the cauda epididymidis did not change in
1,2,3,4,6,7-1IxCN group at postnatal day 89, the age of scxual maturity, but increased to about 180% of the
control value at postnatal day 62,

In addition, homogenization-resistant testicular spermatid increased to about 160% of the control
value at postnatal day 48 and % post-meiotic tubules increased to about 190% of the control value at
postﬂatal day 31 in this group. These results indicated that the onset of spermatogencsis was accelerated in
1,2,3,4,6,7-HXCN group. Serum concentrations of LH and FSH. had alrcady reached the platcau level or
maximum level at postnatal day 31 in 1,2,3,4,6,7-HxCN group, suggesting that the onset of LH and FSH
secretions from the pituitary gland was also accelerated and that this endocrine disruption was the cause of
early onset of spermatogenesis in this group. In the fat of 1,2,3,4,6,7-HxCN-treated dam, 5.75+2.81 ppb
of 1,2,3,4,6,7-HxCN was detected at the weaning of their offsprings. This concentration was nol so high
compared with that in human adipose tissue indicating that 1,2,3,4,6,7-HxCN-induced endocrine disraption

may actaally occur in human.
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1,2,3,4,6,7-HXCN <0.01
DDE 0.21+0.03

PCBs 0.15%0.01
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Sample (0.09-0.18 g)

Added with Acetone-Hexane (2:1) 15 mL
Sonicated for 10 min
[ =1
Tissue . Acslone-Hexane

Added with Acetone-Hexanc (2:1) 15 mL

Sonicateel faor 10 min
I ' 1

Tissue Acctone-Hexane
T
Acetone-Hexane (30 mL)
Added water 11 mLL
I 1
Acetone-Water (27 mL) Acetone-Hexane (12 ml)
Added with [lexane 5 mL
[ 1
Acetone—Wat_er }exane (5 mL}

T
 Hexane layer (17 mL)

Dried wilh heated Scdium sulfate 1 g
Test tube washed with Hexane 5 mil.

Transfered to a 30 mL vial (Weight determined)

Fat sample {G.003-0.019 g)

Add 1N KOH/ELOH 6 miL .

1 Add IS-PCB 5 ng, Except Standard mix
Stand on a Metal oven (507) for 2 hrs

Stand overnight with occasional stirring

| Add n-Hexane b mL

Add hexune washed Water 6 mL

Take out n—-Hexane 5 mL

Extracted with n-Hexane 5 mL and combined
to the n-Hexane up

1 |
Water layer ' n-Hexane (10 mL)

Washed with water 2 mL

Dtied with Na:50, 1 g

Chromatographed on silicagel 1 g

Eluted with n-Hexane total 30 mL
Concentrated to 5 mL with Snyder column
Concentrated to 0.1 ml.in a Spitz tube
Concentrated to (.05 mL in a GC-vial

GC~ECD analysis
(21l injection)

35 1,2,34,6,7-HXCN, DDE, PCBs Ot » 7 U~ -7 » 7 (MERE#FT v 1)



Fad BT ROHERE
SFHEHRRY (R) 21.64+1.7 21.0+0.6
HEFE (L) 12.6+1.9 13.9+2.3
HER (%) 971147 100
et (%A R) 48.4+14.9 49.1+12.9

FHERARE (n=7)

#£5 BAMTT v boOEE, RIRGH. PR

Male offsprings Female offsprings
Control 1,2,3,4,6,7-HxCN  Control 1,2,3,4,6,7-HxCN

Body weight (g) -

PND 1 6.7+0.7 6.9+0.7 6.5+0.8 6.7'3:0.8

PND 4 9.7+t.6  10.7+1.4 9.441.8 10.5+1.4

PND 21 44.1+4.3 47.146.7  43.2+43.2 46.2+6.5
AGD (mm})

PND 1 5.1+0.4 49+0.3 2.8+0.2  2.7+0.2

PND 4 6.6+0.5 6.6+0.2 3.8+0.3 3.94+0.4

PND 21 14.740.7 15.640.1 9.940.4 10.1+1.1
AGD {mm/g'?y '

PND 1 2.7+0.2 2.6+0.2 1.5+0.1 1.5+0.1

PND 4 3.1+0.3 3.0+0.2 1.8+0.2 2.0+0.5

PND 21 4.2+0.1 4.3+0.1 2.8+0.1 2.840.2
tye Opening 16.2+0.5 15.9+0.5 16.0+0.5 15.7+0.4

{postnatal day)

Ahbreviétion's: 1,2,3,4,6,7-HxCN, 1 ,2,3,4,6,7-hexachlorinated naphthalene; PND, postnatal day;

AGD, ano-genital distance.

All values were calculated and were analyzed using litter means. Results are expressed as

mean + 5D {n=7).

* AGD{mm/g' }=AGD(mm} / [Bady weight{g)]'"’



#6 (B £HRER, KR LR TR FrasE
Control 1,2,3,4,6,7-HxCN

Body weight {(g) AL

PND31 99.4413.6 99.8+13.2

PND48 22994234 242.7+18.1

PNDG2 .332.9429.4 332.9+19.3

PNDBY 453.1429.7 458.5+14.3
Testes weight (g) _

PND 31 0.613+0.775 0.75840.197

PND 48 2.234+0.274 2.427+40.242

PND 62 3.12940.209 3.207+40.303

PND 89 3.599+40.343 3.522+0.237
Epididymas weight (g)

PND 31 0.080+0.013 0.086+0.014

PND 48 0.263+0.045 0.27940.037

PND 62 0.609+0.067 0.65340.075

PND 89 1.148+40.167 1.077+40.051
Seminal vesicle welght (g/100 g bady weight)

PND 31 e 0.019+40.003 0.02340.003

PND. 48 0.067+0.015 0.08910.021*

PND 62 0.172+0.033 0.20510.033

PND 89 0.24140.066 0.261+0.035
Ventral prostate welght {9/100 g body weight)

PND 31 - 0.036+0.007 0.04340.014

PND 48 0.052+0.014 0.05240.01

PND 62 0.065+0.013 0.079+0.012*

PND 89 0.088+0.021 0.08610.017
Caudal sperm count (x1 06)

PND 52 247+ 8.2 45.6+10.3**

FND 83 170.0+20.9 178.7+11.3
Sperm motility

Yomotile sperm
PND62 82.5+10.8 87.0+ 2.6
PND89 B86.6+ 5.5 88.4+ 3.3
%progressively motile sperm
PND&2 49.8427.5 46.1423.7
PND89 63.6426.8 48.2431.1

Abbreviations: 1,2,3,4,6,?—HXCN,

PND, postnatal day,

Results are expressed as mean + SD {n=7).

1,2,3,4,6,7- hexachlorinated naphthal ene;

Statistical significance is

analyzed with Student's t-test; * p<0.05, **p<0.01.

®7 ﬁ,ﬂﬁﬁﬁﬁﬁfiﬁ#?&ﬁﬂiﬁ#ﬁlﬁﬂﬁ(\ post-meiotic FHE OF|E

PND31

PND48

PNDE2

% post-meiotric tubules

Homegenization-resistant
testicular spermatid count
(% 10%/testis)

24.9+18.6 99.910.1

(n.e.}

(rne.}

36.3£19.3 98.8%15.0150.2%18.0

Abbraviatian; PND, postnatal day; n.e,, not examined,
flesults are expressed as mean+ S0 (n=7 except at PND 62 (n=6)}.



e (%) -
%Post-meiotic
tubules 200 -
100
0~
o (%) -
Homogenization- g
resistant 200
testicular 1
spermatid count 100 -
-
(%) -
caudal sperm count
200 -
100 -
0

31 48 62 89
Postnatal days

6 1,2,34.6,7-HxCN #2O85H FXRER 5. TGRSR, post-
meiotic FERIE DEIG (YRR TRR, FHHE AR E)

(a)

% Post-meiotic
tubules at
postnatal day 31

(b) ,
Homogenization-
resistant lesticular
spermalid count at
postnatal day 48

{c)
Caudal sperm count
at postnatal day 62

% meiotic tubules

testicular spematid
count [ X 108/testis)

caudal sparm count

(X 108/cauda)

604 *
401 Css
20 e o *
. o
(U g o e e e |
0 10 12 14 18 18
60 7 .o cgge
o [+
40 )
(] .
204 o
oA AT :? T
Q 10 12 14 16 18
607 =
i $
40 .0 Q
o .
20 o9,
[ o e e S LA .

0 10 12 14 16 18
litter siz_e at birth

7 (T3 (2) postmeiotic FRSDBIGES 31 BE). (b) MRHER
Peskifa s (A% 48 R, (o) HELABRMHE T (£% 62 BFA) L
D%, O ; *tBERE, @ ; 1,2,3,4,6,7-HxCN %



(a)

% Post-meiotic
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B8 b (%4 R) L (a) post-meiotic #EHE OEIE(ER 31 RA), ) i
FHRE MR (1% 48 AHH). (o) BB IFEREEFE (£% 62 H
R) &DBEfR, O ; %R, @ 1,2,3,4.6,7-HXCN #f

$3 MG LH,FSH, 7R b 27 2 RIS £ UMRO Leydig MKIEE

PND 31 PND 48 PND &2 PND 89
Testostercne _ .
>0.05 ng/ml Contral /7 6/7 6/6 L
1,2,3,4,6,7-HxCHN 477 6/7 7/7 77
mean+SD? Control --- 151+ 27 1195+ 81.3 836+ 61.6
1,2,3,4,6,7-H«CN  16.916.7 3704328 219.0+163.2 237.3+145.8*
LH (ng/ml}? Control 1.9+40.4 37+ 13 36+ 11 42+ 1.2
1,2,3,4,6,7-HxCN  33+1.1* 34+ 14 37+ 12 36+ 08
#SH (ng/ml)’ Contrel 13.?}_5.3 17.3+ 5.9 13.9+ 47 130+ 37
1,2,3,4,6,7-HxCN 121+1.7% 188+ 82 149+ 78 113+ 2.1
Density of Leydig Control 22405 3.1+ 07 3.0+ 03 33+ 05
cells (numbers 1,2,3,4,6,7-HxCN  3.041.0 34+ 0.5 31+ 03 36+ 04

/10,000 um?)?

Abbreviations: 1,2,3,4,6,7-HxCN, 1,2,3,4,6,7-hexachlorinated naphthalene; PND, postnatal day.
Statistical significance is analyzed with Student’s t-test; * p<Q.05, **p<0.01.

*Results are expressed as mean + SD.

._..?7._.



# 9o HRMET® 1,2,3,4,6,7-HxCN, DDE, PCBs IR

1,2,3,4.6,7-HxCN  DDE PCBs

Female offsprings
PND Q Control : n.d. 10.52+4.89 6.36+1.00
1,2,3,4,6,7-HxCN 22.18+6.59 13.4946.37 6.73+3.17
PND 21 Control | ~nd. 35.56+12.86 13.59+4.81
1,2,3,4,6,7-H«CN  9.78+2.86 27.98+9.39 9.28+3.89
PND 89 Control n.d. 16.44+2.88 9.01+1.07

1,2,3,4,6,7-HxCN  0.45+0.08 15.86+3.40 9.70+1.01

Dam Control nd.  1578+2.98 14.06+5.17
1,2,3,4,6,7-HXCN  5.75+¢2.81 15.43+3.11 14.5743.95

Abbreviations: 1,2,3,4,6,7-HxCN, 1,2,3,4,6,7- hex achlorinated naphthalene; PND, postnatal day;
n.d., not detected. '

Results are expressed as mean + SD {n=7).

The detection limits of 1,2,3,4,6,7-HXCN were 5 ppb for PND @ offspring, 2 ppb for PND 21
offspring, 0.05 ppb for PND offspring, and 0.1 ppb for dam. o
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RSNTBYRGAREREEML TS,
L7 F DAL A TR L RS T 02 ok Do
Rz T 2 RSN L - THME . 505
B SR ROICES T 2B OBEERRFD
RARI SN TWD, BHOBEICLD, S
RIENRILB, —h. VIFomkE (8
FHEMO R RITRRINHHEE) 38D
HOZREHELEMNS S ER/ESNT WS,
2 F o DRIERITHRT HIRER, BBAE
DOREE~OHBITL D IR EBN TSI &
T, AKMEHOERBEETENWNRICZS®
FRODEESGDTRBEFZLBNS, Bl
LfIRE BB L REREZNISTLT4547
VR OTBEHE—-RIENEL. LT
FEHPEOEEREOR S, Thb b E

BELR<HETIEORENH D,

2) PHYE

M) 2 PR OFEAE LR A P L HTEE R o B
PEEEAWNT SEFNEEN. VVF—A
FRIZEDHDERLBHOO 2HEENH D L
WESTNTNE, HENCRALZEERE
¥, HB3WILIRRICHEMEL 2R TEREY OHF
BOBRFZHLOTWDHEEILNTNS,

(B) MiRiEsns

BB SN e % 8 45 5 4Rk,
M) 2SRRI EREY SRR & TS HMERN
O TERAICBHL & & =R i)
55, BEOMICHTS BEa LR
FEEESEEMIIEBVWTHED ONIHR S
MUTHD. BHFEH &R Russ ik
AR a2 - T aAs, BEicenT
P4 R R At B el iR M O AR ME D
ST RSO LD HERINTED.
FEENICFIRNGRRICS S,

M) RETCEES S R, B
J TN S MO, R, &8, H202
A mAL EORIFE L O S R aEd 5 it
aha,

1) 1) 2788k

M 1) e ZNEE VLT by L B A LT
BRIN, TORCETETSMmM /3 mEkid
HYEENZERLTOWAIERTH D, SEY
NOEAGHHIENSD, HeEomy o /53R
¥ ERET2BETIIERMER M- 2
FHmEROSE &S, RENICHIREII
iy, ZHRASHHICHATHFEUFT
H5,

AYHEVL, DRI H S N R
W, BRI TIEME TIN5k R At
AMLTRS, . S0o00dIEAEERM 2
L TWAIEAENHE LM, e
TERNOTEEGRN BN THEA TS,

2) M) NIRRT
mY) o7k oatEic 2T, FRieR &



DHEOBAICH, FMEK & FRFMERE TS
A5 FEARMEROMRIT DO WTIRRSE R — AW
HEEW, UhL, BREASEIIBWVLTI,
Fafs i Bk 2 DM iR (FEROR, granular
cell) SR AR WHE (KR,
agranular cell £7/F hyaline cell) KB
B EW--RIGTHS, Radkic X 0iFHE
. RN A RELE B, T8
12, SRS RET TS, Y >N
ROEF T TOHEBBE FOEE, L5
(2K DS B OREERERE,. ks D
AR Y. ok EbZELE
HELPEINTNGS,

SEEFR. TAPRIIBWTOERLS S
URYENE:Evgtiie o3 B dit sl | REIVIAS: £ G |
475 ZZ8EL. RIS BRI
A FAFEREAEEL, BEME T IZYERIRE
MR IZ B UM R 2R EL TS,

—% ., BEORMELY NS SO
FAUTER U TES R, F0sr, HERICH
EHMY NI SRS HE DR
SARENEZEZOCNDS, BN IZhib
LM LERHEE RO EAT R
A OE VIR (ight cell). 7IYVH
TOLE LR THREHEL TERTS2F 7
MAE (pore cell) . METIZ/A < 49T 2404
Mo (ceticulum cell) 72 EE, BRI LD
ZEHEACEHOAR  HEETFVifth G
EHEWTEELEREH - THALELI AN
%o LU, BRI > MERIZ LTSN
HEATITT LY,

3) i) SoNEREERE
FUESHRaEgs = b o EdIH-Th,
AL A AR R BE 21T D B & T8
E7R S BMICR L CHEE S 5 2 ERDO
fHgAE & LT REBRAMNBRIEFR D, B¥EOMmY
AIRIZBWT HIEGEE L O THIEATT
5, BEARELT A-—NEROESEZITHEG
&R W R B MBS f L5531
H EENT) OBREDEORWED AR
o THET 2 EEEOmE OMIn L U THF
fEEshad, HEOMWY o ABROELENED

BRI RS Rk OB AR B A M E A
W5, KB REESIEE R LN —-RNTH 5D,
R Lo THEIEHEEE & FEE 2K
BlL CRIENTES. FAYRIEBWT, &
{CHE A Rk, SRR OIT IS, BE
HEEER IR RO H R ERS & OWGHE D,
SEFETIVHICBWT 10% A KBEE
EWK A ELERT & LTREMIRERS
HELTWA,

4) 1t NERBIEH

AR IER RATHE M 1 S Tl Bl
O, ARERETRICEIZEEThhD
AP LA ERCHEETH D, ZO—FHOH
BEREMA L WD, HIEXmCEEL-EY
EHUSIEDH OB A, W T 7y I/ —L(R
1) EWI/hRAEEETD., COT7ydY
— LA AEBEEDIGDY VY —ALRE
L, ZOHTHFEREIIRY BB L 22T
9. CNEMNAIHILE WD . BYOHEEO
BRPET, EMAEi e TH SR eI
EiThhsd, CORESRIZIBWTE, K
HTHRAR5 H202 NEELBEE DD, ¥,
PEOBEELLUT, REBRTHLHZY =7
HLVETERERERSh, F)a—7
I FNF—RE L T—SHBRN TR
N5 FAAEITHRMACHE ST 5. EE
FERICAE & - 2 A Y, SR
PEELTEIY NABROBRERIZL - THfE
AEZGT) -7 IRERICEERAS
T, WY NIRRT HSHERE
WEEZBARTIN, TO2TROELH
LTELEIAB S, L, B E ek
S EHFEEIRMY) N RE RS L HERCS
bbbt L&D, o T, BHIZE
T AEPRBA I & AR R D ER DA AR R
REIZRE 59 2 RIEMIE. EEDRER -8
AEARICH B EFTALN S,
BIERONEEE, —BReNIEER L 2m
VU SEREFIATO in viro TORYETO
EREMEMTEIENTHATVWS, Rf&
LTHAEY Y, BHEGREFRNENS,
T BIEHODMOERRELE L shoEl



PERTP L7 F a8 E O E TN T3
MADRINTLE, 5ICHERD—RL
L CHIMEE S Pt o — R %8 - T 5 1k
EREHOMEFITH>HEDLH 5, MLEEE
ELTRNFF Y-, N-7E2FI- -D-
FRALF =Y, FEI) T HEER B
W73 AT7 7y ¥—t, FhinmyF—+tiz
EFMEINS. 2EFETYITEIZRNLT
M) ARBROFERTFME LT, m) 2 2NEk
@ 20T, in vire HERTIVFOLNINI >
NTREMEE, TORMAZERRD T &7
L ORTREZAEL TS,

5) It o /SERIEVERE R AR

M- 3RE, REBO—®REL THIBHN
CRDAAEAREHEDEZEERETR. W
BRI, BHICBOL T ORI
BLTHAHESE (02— H202) NEEA
RREF> TS, ) »NEEOFERED
PEE TR A & & TR RS AER I
T HEMAE L FRBICEA#HTLEEZ LN S,
H202 FELEBOFMER. RENZ) B
MEgEanl a7 —F 35703 A
(NBT) R FizL->TAEENTITHN
B
SMEZR7AVHICBWTMY > /RO
20C. in vio IEFEFLTNB T EFH X
., EEhaRBEHEaPFI v Ik
VEAEET M EEREICTHEL Y
LT3,

6) Iy EROEFEM (SRS - ik
M) /S RROMRES®RE =2 — b
Sy ROMBRENETETRS 5L
5, BESNMROBZBTENE S
HLEREHTEREOMBATANKET
ChEREEILTHE TS, ZOFRR
B2 BRI S WD L D I3FEL e
PMRRILTH D, Fi-. R SR OM
FNBROAZERICT S Z &0k - TH
HOBEEEHMHT2IEHRIEN T

Do

(C) KAMhREE

WIEMMEDH 2 0IEET G s
T L BERERAB IADN TS, BNS
NTWAHML L AT S LT 3,
BRHETHhaN—F A 2BETAAERTY
%

EaHERRRE ) © RIPRE AR D E B W
ETHY. BHEMICHEYME r2ERLTO
i) >/ & DHERRFEE T 2RmES L
FENTNWD, TOEHEEITHY > 73Kko
AEERICIEZEZANKEN, A W
REFTHBoa— T by KA EHH
WHEhRTnS,

B kb i & £ B O B 29
ETHaA. ZOERICE. BRIN=ARE
DEME LT ORET EYekGD -5 Ol
SEEEDb > TS, 7 v HIL Sl
b, FTOBICEERAT AEENSHA
THDHI BYEEREHICE L TOMTEN
TN Tns (AR, 1965 ; A, 1987).

B2

1) FAEE. (1965) | ¥k, AEkRESE K
hEATERELZERS. Pp. 166-204. 2EH
REEMREEGBRESHES S,

2) FREBTE. (1995) . BEO/LAKPIEEE, 4
F o REFTHA T —AEE S
RN — (EFFFIEEHE) | Pp. 181-206.
fHEE /R,

3) MEEF, (1987) . HERHADER LEE
BEHIGE D, = B MiTR9eae$. 3, 5-13.

1.22. BHs (RIEHA)
HEBETOELBEH (F—T a2 U7—)
ERIIEARNKEOIF S Uh o BRI %
AgiEbs, HEICIRICEEEANE
ENEIFREL-TNS, FEROEEN
RS ZFIOBEHELRELTWBYE RSB
RV TFEFLINITI RO REFF
EHEAOBERBEERML TS, ¥F 758
PELELELSOSAERTHY, BERRE
HBEE —BICENOEEEE <> TWn5
R, COREOENBEAEKE, TORNE



BRR L EMEA T WS, I, AREICE
TANE oUE R -NE S
F20 CENREEL. SO ER A KRN
DY GAkE) BAZHLETSHENR
ML PR RO N ) 7 — I N T
WWBEIG. 1995, 1999).

)& O e e fE B, B 7 SR
T UNE T /=) 3 4PFF R
BEBEEESH. O ULAPEILL > T
AR EOHRMBEOHEFCHFZHAET S
ZEIRTES, FHIC. AEMRERY S LR
PR B2 O M AN EERE 72 O R ERHEO R A
HHWITHRRIC L > THIEZRINBERE
DIFETH5ErOE 2RI L8E0NE
V). MR R &0 L - iiE s o B AR RN
~NORAZEVILD TS (Ashida & Brey,
1995; Brey 5 1993},

—%, REPHEOBECHE SRS R
i, Uz S VBRGEE SR AT B A (proPO) Y
HFHEL, BAOXAS o AEBERICES LT
Wah. &I, B ST EBRL{IEENEA
THE, INGOMREOHERENTES 8
A T NA ARATFRZY I I EILE
2T, proPO ZEEEMLT PO HED, T
HERFMRICETETS2 7 2/ —VihEEAE
CLUTHRENICX S 2BREES, OO
TR, FROEBCLI>THEL, A
I BRI THmMBhE R0, BE
OERELZEEBFHEIGO 1 2THS Fif.
1995},

A7 2 RN F— & L THRE§ 2 (R BE
WE—RE (7F723) —HRE-VCAVFE
Dy 4 A S
HERMEARE ~SM 7 =/ —
GFH)
H&E—AREE
PG &
Hpr (ehfnishnis. A7) B 737 JLER,
xS =N E)
(5 oV A{ek)
p-d]/:31-S
.7 =/ — VR AR

HEE T O EERH

BEoOoh SIIPICE S kRO &I H
LELL THIEL, RS DEFEE RN
TWd, ZOEEES#ENICAE. B,
BBO3DOEANSTETHELA, §ils
BIBICIINEEHRDO 7 F 7 SBAGEET S
DT, THIXEFEO SO EFRIZBEDEAZ
RLiES 24BN F—2 L THELTNWE,
INIRSE sl v - -4 T 7= 8O
L& ET>TE 0. TOWNNTIRFF o,
LO%E EONEMOBERENSIFEHER
METT 50, Bild il LEROER
RiERAIHEXN TR Y. FBIcBT 5 EE&K
Bz Bz B2 LTS,

FHIEE IS NSEEROPICE, fTE
AT A PEME LS AEET VR
THHT N AMBNABEARNEFEL. Mk
PICERALTWS, 2512, BHOBLEIZ
FIOAUFTH O, pH10 (MO S H 5 3.
WY NN ERAETEE TSR NENS Eiox
FidAas &N TEL (T, 1995),

IR E T O 4 R

(A) R BH A8 B I
A-1) BHomek

RO MAEPIZEBERE O ) THEEDREER
LTWwa, Zofic, MEREFEEL, EEe
HILEZRWL TRATLIENMERETLSE
ROREELSHEISEEEND. NEROMEE
RHERILRRROMBICIE > TR -2 T3
M, EoBEICLHEBLTEETSOE. M
B (granular cell) &7 A—NRKDT S
ACHINRE (plasmatocyte) THDH. ZHhHd
MIREGEE W /ARGEHREL TUET
S (BIER) LRMOHAWEIHLTE
ek 286 (TREEER) 255,
fatE R R E B A RBEE I TV,
FarRA0RE. BEHMREE 7T XM
foEmi, FEimsk, SR, /b
£ B@ 3 BENIELL T, M2,
Ml oW 2 RE < B s, BicH
95 RNRRE ERICHRREIE SO
T, 7 A-NOkS B EE (S
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) ERRBEEtRXETHEL. Eihke
ERTONTZ2A0HRTHY, BRI 1D
Ty =D EHIRENT NS, BERENICHE
R S M TERRO MERAR S M3k, kK
iR E WS KMOER 25 DO TEEMN
TV TV LT 20H R, hEkOHT
Ho b RMTHIRE =0 A NOEEZ D
STWBODRL /i b RTHD, ZThHd
WEROEE EBRIIMAEEEOFT CAECE
BL., SIHECTERCBEL{EHT
(NS, 1995).

X5, BB mEREL T, A MY S
T F 4 BT bR B B ZomniR
MHEHHOERICEEINTH S,

A-2) MEROAE

B oo mERi AN S M T TR
ftL. miafEhictichs Z LhmahT
W5, HEAHRHOHE, SiItloOsiRETC
HAHEENREE L ZEAIENEEENSH D,
I ITHRAE. 7o M. R FmER,
AERMIRR, T/ 3 b Bl Eo IR S
NFEPICHBENS ZEMHHL TS,
B A om0 P T, SekiRe &R SR
BRIZARTHTIEING 0. O EHAE
LT,
A-3) HRRRMERG B R IG & B O S
B oM EE R, sl &
B EaPERoEMNT, MBSk
Rehd 2 Pa— WAL WS RGbIFET
5. ZORRE. sz w2
BHWESL T/ P a—)V Uhfl) 285
FATTCHY, CORBICE> TERENE
BRI T T e TERS AR
. BHOEABECE > TEETES,
I3 DOBREEEICE. B s
7 XTHRARETSOT, IO 2@EHOm
ERELE R 0 B RuFiE UllfE & LT D
Fensd, Toaize I3 Lo ateis e
FibE%RT 2% ThssIcEcE S5
HMEREAFTEL Tind, R g Bans
By RS EEET ST = /L
R AE LR AR L T B ETEE

ARk T /2 b R ES
OHEEHLHRTH S, Thabh, R
Bz R FF R Y031, 3-7 )
o 2RBETHHNBEAREEERL, A2
AERIERARO LMoL {EERIRIGTHS
v OF T — VORI E ST 5 A,
XYM BT = /) B ERESERTR R %
EZRLThA (Fa. 1995).

BB Ok & LA~ DM 5

BERTAE, O AR — BIEM. BBEEER.
A ¥ a— N,
By i g oo B2

BIRRRE —e XTF R O RREREORS

B-t. 37N L EREAHOGH
L)Y E — Tx /= VEBUBERIRAE DS

A-4Y BERTERT O R R AR TR

R RAERE MR EEIZE L. &
h2AHERBMCMEITTRYERETA. B
AT ENCROAALTHEYS, O
BAMEE., RH~OAE. RRBEOHE.
Rk OME. BDAA, 7704
R WS TR RS AL TWBI,
ZORTHRIREREOMRIIRMZHFE A MY
2Ty o TF T2 LTEHOTEETHS,
IOz A I s A NOEREL .
T OBEERIE T L 2 BEMRAICE OMETT
BRETEES L TRERS TV,
ERIGEANIZBATSHE Oxkig) =
FETVERITL ENTELHNIZ, —l
DM ERE RIS EAEATES,
—RNC. ERETH, E#ACdR250H
REMBMEATHY . 2NLARICHEE SN
FEBEIHNIRE R ERE DERIND, 2O
AR TR AR S L O T, RricEE
D L DA LFHEO S FREE L0 & BT
PRI RS L T T &M H N T
Do

RHR & i A Zidh 0 T <,
BAANTE UAAN AL E R
&L THRTAZENTES, I<H
£ X NS BAR Y M OBBEMIEE o
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D= IS e TR T, ok
MO MmN (AR &8RRI
Lish- - iialEpBE&3BEHL. Z0onT
ko T o (ma i, Jsiitkoi
) EAL. FNRIEACD LERLT.
FERDFLBTIOFT—EEKRUL, §)
HYMOMEREPHMT S ENHAFILTHS
(&, 1991),

(B) FEMED R Rk
B-1) BERIHET &L TOFEEHR
WEHOPTHENCRRICHERSE 9=
HISHBRICHITSTRELT, Bdid
PEEORHEERBEL T, BEMNSANT
W5 R FE TR 100 FEEL OPE A EE
WHIN. 7 /BEANETREINTNS,
CHEONBEERERKREL 5 OET2
ZENRTES, 5. o, 7
D, T4 T, BV OEETHE
HEQE, 50 5 EHENEEIETH
D, TOMMIZETYI 7bmehThh, £
L I3 AIRA RS T B L TIE R & 5 Wid Mk
WBWTERIN, FEMz/MEEn, @@
it L THEMICER L Tnsg  (Hultmark.
1993 ; Hr &Il 1999),
a) OV

OO 7R CRYCREEN-91ER
4 kd OB HEHET. AL B.C.DD 4D
DOMPEEL TS, 2 BT NT 7Y
7 ARGERD Y, WRENTE WSRO
N FiR&ELBREO C RRNRLNS,
M DL 7 L% BREEZMOTRBEERZ
AT, RO FIEZED B,
R TOMEE. M OMIERY > EE
WAER LERICARENE, SREOESE
FRT v VERET S LIC KD gEEE
REELSETHEEEHAD I ENRHENT
W% (Ando 5. 1987 ; Kato 5 1993 ; LI,
1997).
b T I M

) BB RAL V2B, 2TRE
20kd OHET., E&LLTHEEMAIZES
7T LM I HTRECIER T 5, DK

MRS < BB T BRI O
BOBBEEEAEITHE L, SROBOTER
HEFELLLD, filRBERTF RV D
BREFHETHERIEEEINTLS (Ando
and Natori, 1988) .
) TAZ7x %8

I DPEMEL D TR 4kd THIE L,
AT 4 »&EHH, 3 BOFANT 2 REEET
HOBENTNEOMNRMTHS. EIKIC
EETET 4 7z Ao 2O
PPMERTDLF ¢ 7z i ERERN
B, REF 4 72y ERENT WS,
EH L MEkifzicakTas s /s,
e OB E 7 —> v M2, 13 20F%
2RIV ERRL . HIENEOE AN, ATP
o MR A A EESISEIL,
MEZ2NEST L EPHFAL TWS U,
1997).
d) BT E A EC A

SR 10kd RIETT7 M ERRR
DY) REEELEATLNBEGHE T
B, TELTT 7 ARMMEICIERT S,
FATFVL DA TH LY RGHE
EEINTWS,
¢ MO EEVIREEAEN
RTEN 2-4xd ORTF T, o) &
HIZHBATWA, £&LUL TS ABREHA
AT HM. FiEEtoREIC BN EE
Thsd, Favil, Zaaidlix, I»
R R ERSERE SR TS,
D FOhOFEEEEE
HAADED 0, NIYYISNIOEZ R B
FUCHERSROFEMEERATH D, #
BhE TV FAUTAEE>TNWD,

B-2) BREEHIN & LTOMEENEDN
FEhEidAH Ce CHEHR TS FERO 1
DELTC HEEHNOFEEEEZFEHL TWhE,
T e F o NN AFP &1 D T R 7kd
Tt OWBESEEL, Pl 25
ORI IS T 5 Z SRS
nTws, £, FOVISEWIHEE
WMy 7 a TS R EINT
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WS, fBETHRENEREAEDIE NG
OB, BEHHERD skd FIEEKHAY &
EEATHS, IS, T k) oMFary
TOOAHZIME, AFZITA M
DPauNIASRHENTHS (Fehlbaum
and Bulet, 1994 ; Iijima % 1993).,

B-3) U /F— L

B IR <A LT S AR E R E T,

RUIZBWTENFIVH, B, &0
CTENSDEEINT NS, UV F—LD
cDNA Bt g, R FF— Lz b1

RICHRATH 2 Z EAHELTHS, —K&MY
K. COMMEAE. Ir0a9AR -
For ARNF LA« AT T AT E D
MBI UHEM L. MBS T F R h
@) 71 S5 G L O A R B

EREHOAFNEMAERS
EEL TR — EonEE
(&8 A ARESET o S3 ) HEBR)
Vs |

(7 5 LR O/ EE T H & R%)
(NTFF B UD AR

FE &L ThmERHE FA4 7148
(7 7 Lla TR

B-4) L 27F

I F R EME I IR T SRS
HORELETHS, ERICERE < O
DL IFRBHENTEN, BREE AR
PRI L R AR, B2 WiLRE
BEINDZENARETHL, BRL2F -
DEFREEMEEE LT, Ly F oHEETS
AL ORI ERIEL. T oskik
AT 5 &R, mBkIc L > TREX
NeT<TI & BHIREEY L 2BEL,
FTVELTHERTAIE, T UTHRM

e 2L L TRPAEEETD A T L.

RENMEZLN, INSIEIERMIZEEHEN
TWwa, —k. BHLZFIIIEEEEEEE
ZH DM TR, HEFEEH B ITM %
KBWTHHETSY, BEREREAELL

THHEL TS Fd. 1995).
ENEOL 2 F & LTE<IRENTY
DO, rFaNTIOFEALAT—H
OFL, DURVIRIUO LPS HEEE
PUD 2R ITTF L a0ONBTAF 7
ETH5, £, mMBONT, FEAHRIZE
D-H2 9 b—A. oI ATHKICET ) —
A N-72F D7) 3 s Eosias
EEL. ACLZFoariElada sy
MEINTHO. L7 F AR OMBRER
HRIGMEETS EEZOLND (Kotant 5.
19953 .

B-5) 7z ./ LR LR
BRHO 7 x /7 — BB 2 8 g
(proPO) AL T 2 &7 x / — )L B LR
# (PO) ITHhbD, ZOBRIZLEI->TFOL
PR BE=NROE DT o 7 — NV R
EN. RERMICAZ OB EARTIBRS
N5, TO—-MOBERFUGI TS - BIR
L. FICHEECHERORA TS EEMT
b, FiIZFo -0 po ORiEEEF
. REOAHZ ST F 05, RRIZETL.
RN RBIE R L TS,
praPQ HMERD L ETHSL 2 b1 FiZ
Lo THIR B SHTH Y, Ao
TR T AT DM, R FRA A
EBDOWMERE-1. 3l rEs0hHY
REMIATESE, LR EREYTE
LRBERNENEETS. LOBGoRITE
UrBnZOory —EiEEtds .

proPQ % PO ~&FRIMENIRETEE LT <,

EUEPORZx /AR LL T,
F—=F S o F—=X 00— L &0 S PR

MY ERTRECAS AR EERT S,
ZOEEERIZL->TRARBIIAS 6
FTRONZD., BRI & 2R A
EHBEET LR, JURHHRINE S
LAV L Twad,

RED proPQ WHERBBOANET 72
LERLEAETCHDZ EAMEBRA D
cDNA M B HERI X NS proPO ) AT F K 1,
T QKB OEFMSHALMMIZhTHS



L. BHD proPO @ cDNA P BE—Z> 4%
A2, arTagnNT, INIALAN
IRETHINL, TOREENMOHEE SR
TY 2 JEBEANDBHM - TS (Kawabata
5 1995; Pujimota &, 1995; Hall 5 1995),

7 x /= B R R AT AR
WEPBPA~ (TVUF—) ) FOFF—F
—proPQ {EHE{E - A S =

B-6) #{EETF

WA T HE A O I s R IZFETT S % 4 B
WMEBPE T, B 9 2OmS (C1-co) M4l
SNTWE, ZORHEREOEM]L (¢,
42356789) V3, PUHEBIEREGHRICZ > TET.
RAHEICHIR Z2HMT 5, 2 OB L
FEETHY. TOM. Cla2 SIERECH
EPRFITE>T C3 LN €9 £THEMLE
NHERERB LWL 7 F -NELET 5 L2
F B ENETEL, MECH R EOM
LHOWMITET LT D,
BHEMITH LD 0Bz M THN, 5.
C3 BRAMEIEBINF, C3 BEBE D . BHEIE 1
CEES =G C4 DFHFRT S EEY— &
EOEFEEPEEINTWVS (Anderson 5.
1972;Aston 5 1976) .

BEH

1) Anderson, R. S., Day, N. K. B. and Good, R.
A, (1972) Specific hemagglutinin and a
modulator of complement in cockroach
hemolymph. Inf, immun., 5, $5-59.

2} Ando, K. and Natori, S. (1988). Inhibitory
effects of sarcotoxin IIA, an antibagterial
protein of Sarcophaga peregrina, on growih
of Escherichia coli. I. Biochem., 103, 735-
739,

3} Ando, K. , Okada, M. and Natori (1987).
Purification of sarcotoxin II, an antibacterial
protein of Sarcophaga peregrina larvae,
Biochemistry 26, 226-230.
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Acad, Sci. 92, 10698-10702.

5) Aspan, A. et al. (1995). ¢cDNA cloning of
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1.2.3. BiEZE

2 R X OREBLE OB
32 AL OMEREY T, TOEER
TR A DAL . AAEALLENTE
EIZE D EMBRIGR AN TS E N TH
WE TRz, BE, O L BRI
MLT, oI BERe, 32RAMEB
Vo B LI R AT A N T E RN
H5.
FABIAATEY w0 EnEEwbhT
WA, PREIIOWTESGETHMTZI I AW
IR TS ERTF0EN, —FT, mHEk
WA, WHENATF A7) PO 71—
TEHATLE W, #5058 TOHEMRIZ
BPLo0Ha, IIZOMPIEIBIIHLD
HOEFE Vo ABEAT TR, 23X
BEELHORMHHORS Thd 0. Wmo
EMOEFRHLRNSTEENS L EFR
L5,

2 EREBMBERET. THLH—RICHE

(ELI—58)

ZHRCENT S, I I AOFEREZHELT
BHLA, MEIAFEEENTE < ORFEK
P SBBED N TER LTS,

I I AORBEIHBETERLDNTSEY., 277
FEAHETEEN LEHRTREINTNS,
¥k LR MRIIREMERORAZHITT
V15, ZOXRSHMBEHMHIZCDAT, 3
I ADQERIFREERZTS L, BROFREICH
AL TSP n,. A7 hemolysin.
aggritinin %75 & &G coelomic fluid % <
OPEEAE D coclomoeyte AHEH 24197
EREHOBAENH OTNS, IILORE
BRI EFHEEIO L 372, RATHEEICH
T2 5 RIS Z B s s
T LA, MEEFEELR - LR
FAFick2b0d, v /07 r—T, BRI,
chorolagon cell & 3o Kﬂllﬂﬂﬁﬁﬁﬁﬁﬁ@ 2
ORI AE NS,

1)~ A e 4
TAOHEMERTH SN, WENLE

H”?‘WTP&’" RO ERASED DA, ]
FULERABAD LT Tng Ay, mEH
fo LB OWE L, EEEZEEEZ LN
%, Coelomocyle DEFIL. coelomic cavity &
o R, B L < 3EDEHIZEH D ymphatic
gland ICHET S EEZ S HTWS,
2RI MERMEE (coelomocytes) 3.
Cooper&stein (1981), Dales & Dixon (1981}
S5IED. KRELEAYEARTLMRAA
T % Phagocyles (Amebocytes) & KBITERIE
DT % RENIZAH T 5. chloragogen cell

(eleocytes) @ 2 iz AN DHMEDE
BIAH LT &S0, RIUMBOMEED
BEndHH0E RFBROFTHH LT D
EALHD,

Amebocytes IZ2WTH, MOKRKES

(1030 m) PWEOAET. NY -
arAMReNS, ERERIFEEO O &, iF
HWEMEOBDHBH S, Chlorgogen cell tLA =
17200 m'T, FHREMIZ lipid % carlencid
pigment % glycogen 23 A TH D (Dales 1981,
Fokelbarger1976) . W & U TR £ Ml ®A
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IS 5HY. granular meboeyte & (A B MIT
AT A

Cooper and Stein (1981}, Stein (1977).
Stein and .Cooper(1978). 2 = X0 M ikAikg
Z, EHICEMYHIHEOBRCLD,
basophils, neutrophils, acidophils, granulocytes
and chloragogen cell D 5 DB T &1 Fih
HLTWha,

L- 70 L-\ Dales and Di X on (1981} }., eleocytes
W< oOHh DI B W T, phagocytic
amebocyte A 5oMET HRTAEHEZIERL TW
%, Z5I amebocyte DV DOME, —D2O0
celt linege OMFRNEDEFETH 4L KE
TRHRERLTWSEEZXEND (Dales
and Dixon. 1981).

R AR R Y. BN ICER R
2Ty H—E, (FrOF—ERTART
@ coelomocytes [ZF2 8 5N BB, FIZ
basophils and newtrophils K58 < RBHEV L T

5. Peroxidase I. eleccyte IZDHY< R
LTha PR TR A EHERD B,

2 AOGEIEHH AT A
1) EAREET (it RERET)
78 Ifn T i

SIZARBWTALENS, B4 (abiotic
materials} . FEEH OB PRAEPNTAT T SiE
F-o&EttiIREREDICBIT SRR T
LR bTO—/ELTRDAND, INHOHK
HETFOE<E, EEMICETT 5 IERENA
A AT LELTHFELTND, Ll
5, HLWwy 1 T OSFIROEIIC LT
OEEELTHRBINE ZEMFELMENRLD,
T HEEH - DI RE R O T AR &
NTWS, (Boman&Hulmark1987). #1& LT,
EEMEE T, U — NSRRI
IEMESEERPIZR S5 5. Inincesct.  Phylum
ENWTHE, %< OPREEE THESRT
53TV %, Defensins. ceropins /i &1 E M
CEWTRER<MENLN, EFTHROHEN
L% ETH B ( Eiscnhaner, 1989,
Leel989),

BEAE, TRTOEEFHESY (phyla)
HEHBHOAMBRE2ZFLT A LM 50,
ZO¥WE % hemolysins &M, Acelomates
IZHBWTH, ROz EmiEER]E
E N T WS (Kamiyal989), [ ¥k 72§ 4 b
celomate I BT HFED BND,

[Du Pasquict&Dupartl (986) , Weinheimer1
(969, Day (1972). Bretting&Rénwarantz
(1973) . Parrinella (1979}, Roch (1979).

Anderson (1980) . Cenini (1983). Tuckova
(1986} Canicatti (1987)).

3 3 VAR, BHEMOARMERS
& LR O EFHII EEEE 2R TYHAGE
HENTRD, FLUREZEETSEHTZ
hemolysins &PFZR, EFHEY TR
MR ERE I Z OMERTET D Z & —
RIZHISNTVWD, ZOYEIIEFHEEYIC
Bl o2HAEHICERMLTWE EELIENT
V15, £/ hemolysisn (IFHEE D pore-
forming protein L L T 2 Canicatti

(1990) . Canicatti and Roch (1993), LU,
L AOVTOREHIR S HO M TR,

1968 . I I ARBWTHD TEHEIY
DF MK B9 2 EMEEEA, Du Pasruquier
and Dupart IZE D HEFINTECREZ < OWE
WHBH. 22 XOHMIERIE. coelomoeyte,
Chloragocyte 2SI SN DAY THL,
BEUFXZEE > TWAKEPIZIHETETS
Valemobois et al (1984) .

MAHB OB ST
1968 FILRBEMOII A (F1EZY)
CHENMERD S 2 ENNBHTHEI NS
(DuPasquier & Duprat 1986). < i MiE M
BEMEOIINRASNSE, £l 2otk
R, fRERE, RFERERR. chloragocyte TER D
PP ICHEET . (Valembois1988). Cocoon
albumin B 7 17 2 A0 HBEMIEHEL B B4
celomic fluid &3 7L o T W3 epithelial
glands WEENTH S, (Valembois1984) .
Polychactes . Naineteis laevigata and petalo-
proctus terricola D ~E 1) 32213 single protein
M5755 (Roch, 1990). 280kDa 574 %

—107~



EHIE 4 D0 70 kDa. OB T 1=y MMIH
na,

¥ 7= Spirographis spailanzani D56 13
16, 22, 40kDa O 3O EESY - N7 & 29,
34kDa DA F—72 Y NI HRDH NS,
(Canicattil992). Eisenia fetida andrei. T 40,
45kDa @ 2 DD & 27 IR ILER O ¥ il |7 BE
HLTW% (Roch1992).

IS hemolysin I HBIMTEELA T H S
BREENRESNTNS, £<O hemolysin
. ARpEEEELEES (Stein & Cooper
1981 E/, hemolysin ¥, O MERO
B RAOMRBFERIZEE L TWaEEAL
N5 (Toupin 1976). NS DEEEMNS, B
JEEMIZ BT, hemolysin. anti-bacterial
activity. agglitinating activity [LF U Tz &
2 TTNES, Tyba HRizck R
THABDME LN, (Roch 1987).

Anthropods IZ B W T, EILOEEEIL. H
BEMALZOED., B S,

hemolysin @ ¥ ¥ ¥d . cclocmic fulids .
coelomocyte lycete.  external seerctions 72 & AY
HEMN, COMBHREEL THWEDMNIMHS
TR,

EERIMICBWTIR. Y NI H0%
MAEETSZER|EINTH S LRI
RN EDBOT, BlcEEl Y a3
B RS RO ERmOoN TN S,

(Roch, 1990)

Proteolytic Enzymes in Annelides
32 I A(Sabellaria alveolata) @ {LaEA &,

HHAE D pH THEH: 27T serine proteinase 2
RUBEROM->TWE, THOEOBED
origin V3BH S THNWAY, broAd specificites A%
#H 5% (Peuceltier, 1983) = 3 X (B. foetida)
@ coelomocytes JETAE N =, REHREAZHEL
T& % proteinase PR 2 N5 (Valemobois et
al. 1973). iz, FHEBH O MES N7

(pig IgG, Hu serum albumin-HAS) &EHHd
SREHEO, ERECAROMERD S 28
THEAELIZV, (Tuckovaetal) ChedF
N RRBEADGTRNTN DB 40kda

T, inhibitor i & ST, hemolytic activity
E R ZEFETHS (Roch 1979) .
Hemolysis & simple suger THEZ NS,
proteolysis FEEEE 3784, Proteolysis ¢4, 1
mM PMSF TRHZE X355, hemolysis il
L7 (Tuckova, 1986a)

Proteolysis 3. pH-dependent T, pH7 and pH10
ICE— 27438 V. dose-dependent. lonic strength
PRITH L TRHEN S D, 100CT 15 2N
LT, Z2IEKETHI &N, Zof
V. serine proteinase THTE 45kDa T,
trypsin-like and chymotrypsin-like 7238 Tdh
% (Roch, 1991b).

BAOWME T, Biondohondy -
NRIDREZDDOBLETEINTNS.

(Bilej 1993, 1992b)

Antigen binding protein

I IR PRI L TEREI
HEID LD IRFROEEILR N, BKRIT
BAINEHEREICHL THERORIZKRE
MIZHEET HEANS S Z 2RI e,
ZDWME ORE, RAERSCHEHAI TN
RV PEEEIT LD, FUEHE O
KE< & LAG, REAERRIET T
TEORENRTTIZRDONE I & 8720,
KEXBEI N TW S, (Tuckova,1988)
{Tuckova, 1991)

A el HE Do e

Phogacytasis

2 2 R HIT S phagoeytosis F MHHIZEE
L7z D¥EMetchnikoff(198 1) TH L, T I XD
coelomocytes X, #A L T< 2 EHOMER
iz L To. FEHRHANRETE L TH<,
AL EREEARE, RAAEBUTERIZ
BLTW37h5THS, Phagocytosis X, FF
READPODEENGEATHES LHEI LN
%, UL, BAOTF—# TR, BV PFm
2RE, FHEHO 126G, 1gM. C3b, C3bi. C3d
15 TIPS %173 & phagocytosis DTSR S
=, CTho ORI, EHEEIZRSHS
D EFRR L Y- OFEERFRET S, B
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S TH B AN S B,

Faid, MAE—-ZTORBRBLURRKE
WHERETLMAEEANT. FACS TN L
Thd, WELEGFRPEEAFERAz -3

ATHABRDETE, BHREDRESDZ W

V. RIEEEAOHE S L THETEZ 50 pEN
BHD,

Chemotaxis

D EHDRRRIUT LN 51 Fin iz
LT, FEttERT  EAMMEIN, 20
REEGTHDIE. FHER (type I granulocyte?
A 92-94%E HDHTWE,

Cell chamber Zffi- THIEEME A M ?,
Amebocytes B NDT, QETHbONE
WEEZ NS, BEHLEBLMBEORS S
EANME LR S,

Encapusulation
BRIZEAL TELZREE Coclomocytes
BABTERNEEFIZIL. BirEaMiLL T,

[55€ 3 5 RAACEHE) L FIRIZRD 515,

Metchnikoff OB TR, #ET 2 Bh ol
0. MR FOEMNSRE, B0
FRRW LR EB AT, NI coclomocytes
DEROEFNS72D, E. foetida I2BWNT
., Bl E-EHITEDSnIT,

coelomocytes DERICL O KETFHT, £
DKESTIE 1—2mm T, brown body &b
g, ZOMERIRICE, B —HIZH
Wxns. ZOEENE. RFRESEOERE
HRDENDH, BHICER L TIIBRE
PR S NRNn, ARERBEO- REEX
LB,

Natural Cytotoxicity (cell mediated)

R A AR I BT, &
HBPCR SN O EFREBON T 1 57—
MHLND, ZO_DOWITBWT, EEQ
P2 DRI BTN S8, AROliey
NZIZXT L EoRES R OERE 0@
SR> TND,

Naturat Cytotoxicity t&5 [ S0 S A5 A

ELTRHETHRATH Y, DiREEIC L 2HRENE
S 27 1%, THlEOMEL © BB
WHMLZRBV AT LATHSH EHELXSNT
VWhH, L L. EORETSFZHE N T
by, JTEE, FHEEMIIC 31T D Natural Cytotoxicity
DR & ARG HFIE T, MRS 5 He
L. coelomocytes {2 % Natural Cytotoxicity 7%
HESNTERTHDS, BEHRBYII L 5K
ek & S BOBEMREZRET NS
FTETHY, BCL->TRE> TS, B
B¥Miiincooh TRBMWEEEEE
FOEEXSS (Roch1981a) 4000units.
b5 ARTHEMICE - T, FHEMO
RMEIRGF AR TR NN, LR
DERD, BICEZ S2HKOMTETINELT
HTETHD. Eix, WEMEMICHTHHEETF
A B ERICHE CE D (bacteria, protozoa.
parasites etco) Insect ¥ natural lytic component
BHEEEEE2RTIEME, celomate DF
hERRZ-oTWBEELZONS,

C D A T AL A TR Gsh,
amphibians 7 &5 & 28515,

EFHYWICHTS hemolysis & FHEE
WZEFD pore forming proteins FER{LITEAT A
5115, (Canicattil990). Ly U FR#k 6 H 2
BRI 272 AF LA THOELR LSRG T
LRIVTOREAVAETH S, (Canicatti &
Rochl. 993)

Wi, W23 3 XD ceolomocytes O HEK:
HZ. perforin FREHERWAEL, LR
AD perforin ik & RIET 5. #) 70Kda DK
AZMER L, BRTMIOMR. b <
DADBGBTEE, HEEEWE, AF
> DEFN—RERLTHED, T st
#ir T 5. (Komiyama, Moro, Cooper.
1998) .

Mitogen FIIZ £ % coelomocytes &2 K i
BHEY T, U 2 /NERD mitogen [T DB
R ENTHW A, Concanavalin A (Con A),
phytchemagglutinin  ( PHA } . Lipopoly-
saccharides (LPS) 2 W THEINTWS.



ConA

ConA BRI 4 HIZ thymidine OH DA
BNYE— 1%, ConA IZRT SR,
coelomocytes OF) 104 BHETIE LE R
Vi, HIRROREKNT. non-adherent cell TH S,
Ll XAEEHNWTRRTS L. ConA
}3 adherent cell )2 BEFE L TS I & S,
Eartd, 30 2 CTHIBEIC adherent cell THE
capping 258 7, 2 REFRIC capping M
L. MfE M3 inhis .,

Small cell T, capping V& 1 FFHZIZH 20%.

90 AEITHL %D SN, FOR, M
BHICM DA EN, HREaEnn—iCaiz
L7,

ConA @ coelomocytes O RFE T Methyl-a-
D-mannose 7 B < fIH L 7.

FHA

L. Terretris O coelomocytes %% PHA Fl T
non adherent cell 17D & DNA SEATREW 511
/7. Thymidine PE D AHIT 4 AdiCE—7
s ol

LES
LPS 3. 48 non adherent cell i~ & #4 DNA
EEPED SN,

Chemotaxis

i D L OWMBRFUE N F U e EioH
LT, At erd IEMNRREN. 0
FEEAT BDNE. FHER (type I granulocyte)
M 92-94% % DTV,

Allegenic in vitro stimulation (MLR)

R IXNIBTS MLR 13, HFHETIC BT
BENERER TS, A MLR 13
SNAVAL FRUEHPIOMET, BrHO
BIZMHTTiTD ERGIGED ENS,

F1 12354 2 FUGERTU.  genetic control 2
BT T, HHWLEREN RGO
ROFEAS TN, Dl i, B
B L sERICBIAE SO R AN B,

M HERE RS {(graft regection)

FMHBF X T D coclomocytes DRI,
fEHM T, EEEAE S USRIz,
D OENERN OEERE 250, HOO#M
B LU TREEYBIOTER TS, BiE
brDIAEe, heal OREBITHIER., B
ME EBEEDREWIEBEICE S, Allografis
% zenografts DILMBIEZEFIA L T, REEF
A972 memory OEFBMB T abNTWwa. B4
DD grafts VM I NTR S, GRIFEOAC.
2 MEOBHEETD &L ATE D RSN
MRS, Ll BEEEMegEn» M
2D ECORIGHARERR SN W, i
& D EHMO memory ATETELTWS. Th
5 OIRDHREN S, T 2 ADOAET—1EH
10 HEANT. 20—9% BRICHESMET S L,
fHRTREC o< a>TLED,
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P. T. Redig. E. M. Lawler. §. Schwartz. I. L.
Dunneite. B. Stephenson and G. E. Duke

(Arch. Environ .Contam. Toxicol. 21:72-77,
1991)

TAhAZZZAVICHTEF— (FERE
0.82mg/kg - H) & 3~11 HEREL, FRilw
B (NL) GRECRERE~OEE =it
L,

T DRGSR

(1) NADEFEREBICEENA S, F
MERTRI 7 4 B 1) =40 AL R S
NI EEREH 35 B TIER IZEE).

(2) FRmFkoEMET O N7 2 ) %
AR R TR L - (A SR
Thd 3 EEIC - THM).

(3) BMREESMBEICLD. AT RS
o MERPAEZOE CEAKE RS LE.

(4) EBRECQHMZE T, EERMLINIC
T HPUEEERD T 1) 2/NBRO Mitogen 75
PSR & e, PURELICEERER
72,

(5) RBRED RHIZED, T U /NERD
Mitogen W MENHIRIE 1758, pikiEEick
LERIIEhoT,

Bl k.

YA AN TORRBERTIL, BRRE
DOEHMEEICEDALERIFEEIN, T
1 2 NERO Mitogen TETELIHR S s,

@ Effects of Aroclor 1254 on the Thyroid Gland,
Immune Function and Hepatic Cytochrome P450
Activity in Mallsrds

J. R. Fowles. A, Fairbrother , K. A. Trust and N.
L. Kerkvlist

{Environ. Res. 75:119-129, 1997)

THAE () I PCB(Aroclor 1254)% 4. 20,
100. 250. 500mgkg T 5 BWHIE 2 @i 5)
BRBLL. TORR.

(1) PCB BEBROELLGME LT, FERML
BICH T HPUAEAGR. NK HIRENE, PHA
xE % Mitogen IEHE 2 HE L7225, #ICE
LB NG 7z,

(2) PCB ZEBEBED 20mghe £ 0. FF -
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7 0 L P450 @ EROD & PROD DIEMENHE
W EH L., 100mgkg THENS SN,
250mg/kg TY—ZICEL =,

(3) PCB BERED 100mgkg LD, FFTE
EXPREHEBIREAE ML, L
L, BRGHRRIZR T EAGD S iz
o (HL. BREEEER,

(4) BRI T3 ARG EEENE
WA Uy T3 D NOAEL W 4mpfkg TH -
i

LL Lk, :

PCB #&#iZL-> T, HIKRFIEBRE
PASO TR E B 2T 500 LivLadis,

Rt AT THE CHY o i o 7=,

D Effects of Acute head Ingestion and Diet on
Antibody and T-Cell-Mediated Immunity in
Japanese Quail
K.A.Grasman and P.EScanion
(Arch.Environ.Conlam. Toxicol.28:161-167,1595)
SRS ITMEENREL. HEELL
M RZ I R ETRE AR LT,
BUAS () 21RIPEL. 2HRER4
KEBMHEL 2K EWIZRNEE AT,
FORER,

(1) IR 13~14% OEERD
xt LT, RE@ TRk 23~24% DHERF D
Elsof.

(2) I~ RRBRIC LR L, PHA 10T
% Mitogen HFAERD L 7=,

(3) EEBTHR. 7> vy RMERIKTT
SEFENLRICAEERY N, T2
EROEEE SR T L RISESIIH S,
LT OREX T 2 KGEFMR s,
LAL,
TAZCREBER IS &, WILRUSHELE
REPHIRIZ NS Z ERNFERI N,
(8  Cyclophosphamide Metabolism in the
Primary Immune Orgams of the Chick:Assays of
Drug Activation, p450 Expression and Aldehyde
Dchydrogenase
R.R.Misra, N.A.Lorr and S.E.Bloom
(Arch.Toxicol, 65:32-38, 1991)

U RUG B MEOSMEIZBLT, 27

17+ 22 RCPYDEEMEN SRR
HEEAEHDEDS COEEIKENONER
EY D, T T HBICHL ThRRIZRE
L7

T ORGSR,

(1) 4p-— bORPLEY 2 D7 JuF)
L2 4F(NBPYTIE, b ORI 21— A
27z J 7OV E S —(PByEE MG M EE0
shiz, ' .

(2) SPEHEABEOI s OV—LME CP

HIEHIZ. PB - TCB B BMEIAN: B L
TWiah-oi=,

(3) MEH T PB FE M & Aldrin
Epoxidase(AE){&EtE X DM o H o &t
W TR S, BF TRl o7 (i
M OHIX AE D 1% T,

(4)  Ftoxy resomufin-o-decthylase{EROD)E '
. TCB FEHEEED IR E BF OG5
BREISN BB TRWEESRD L.

(5) CP EBMCERAZHOMAIIZTENS
Aldehyde dehydrogenase (ALDH) HE4%:id, 9
B2 & BF Ol S #IT ) AIC D s /e,

LA b,

=7 hU B flaos iz, cp DfFERE
AR E R E=RITER W AT,
@ Effects of Sewage on The Immune Defenses
of Mallards
D.R.Goldberg and T.M. Yuill
(Environ.Res., 51:209-217, 1990)
WE (YHE) 2RAWT. FTABRCERET
246N DRI, R
NOEEERE L. MDD #
o F BT AW MOTT U G
WL FRTGRELEESE, A0S -
20%aFET 28 £/213 57 HRIRE B/,
TORE,

(1) 2L SHEERRSEELCS, HENY
AHHEREE N BT RIIEN 2. (0) 188
BHO2XTIHFBCROAENEA FIVL
DRAB 2~I B\ fo.

CA ., .
GRICEENS(LAEREIZL T, &
e SRR L. FECEALERT
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DL ERFEBTE a7,

DX, BERVARD SN BET
DI 5. PHAHS(PCBE 41 A3
= EOFBERCEWNS T Wik GERE
2T 5EEINRD R TWES, Ll
5. SR & 0 BB EIZAR

THLHTSGEOBRMIABEELL NS,

—F., EREFETORESENEBTIE, =
ThU AT THERE Z WM
HRENEINTETHED., PCB - ¥ 12 F
¥+ DDE - TCDD * 70007z )Vigé
OREHFRAL S O S e S MM X
N2ODHLH, BkEEEFALL TR
BEAERE (1 XRGRE & 2005 OHEEl, 3
ZHb B fIlEOEEETAS D, FERMIE
(SRBO)WIEEE - BERMBRIIGEEL L
OFRMHEEEE L Tna, Ei-. T Mgk
AR OMB L ERINIEHINDDH D,
#l Z L, Mitogen(PHA. ConA 72&D T #liE
HEHE)EAWTHTBREBILEYRERD
SI(Stimulation Index) DK F A S MIZ I N,
Bl E,

BEORIEHBRBIIRETAREFYEDE
BIZDWTOXERE T, ABERLEY
MO REE AT S N HM S o P,
ZHROEBIZBNTREFHHEDO LD TS
MHAmnizeg, SRS TOEMNRE - F
BRETORGHBEZHHTIET. H
MHORESELRATIAEN BB,

2.1.3. 44 (i —)

WO R AR ORI R L < ORI
o, LOUVILFRRMECHIN, HD N
WA BV E, MiAREAOREEIZINT D5
W|ET. 2 BOH TN OREIZHTS PCBs
OFEBIT DT O, Gutleb et al (1999)
O LIEHRH BT, &5 AIEEE~DE
BrRTIXMEESAHLE RN,

BEIWE
Gutleb A.C.,  LAppelman, M.C.bronkharst,
J.HJ.van den Berg, A.Spenkelink, A.Brouwer

and AJ.Murk., 1999. Delayed effects of pre-and
early-life time exposure o poly-chrolinated
biphenyls on tadpoles of two amphibian specics
{Xenopus laevis and Rana temporaria), Environ,
Toxicol. Pharmacol. 8(1). 1-14,

214, B
HE&EOESE I 2T
LEQEITHEN, KBEFRPARDOE
HEhES, TNSIZE58MOREIZNTS
BEENKECRBEE > TS, KRR
BHRIHEHET 2 BIC L 280086 0K
Fio DWW T, WA WAL AEND O REER
MTWALRENTWD, -4 NRRERORT
LEbESTHRIRZE D&, H<hb R
ORFEREATHONTWE, KREOHIC
MERETDHE, U1 I A (Hematopoietic
neerosis vinus) IZX T HEH AN TS
(Hetrick 5., 1979), Hififxh/m—P<wX®B
U SERTE. ML 72811 2 oL
EFHEBEMH A EAHMEINTHS
{Anderson 5. 1989}, P2 =z A, KB E
IO, KB RN BE #H b
LVEDABAEOBBIIEEANIFTER S
LTRHETHD, $1H2WEHFITNAEF
FEhk750 b0 RBWT, MiFF
DEBROIECEVEP TSI EBREINT
W5 (O Neill. 1981), K637 (O
ARAE) Q) R EED S ES Gill&
Pant. 1985). L&*L.. —ATRAFI I A
CLLMBEHAEDO LRV EINTEY
(Thuvander. 1989), #EOBIEKPTORE
BILE3BEOENbENESNTHS,

(B —)

SWRUFBEREKROFEIIONT

PCB i, #EOMfEE LT, ETiZb
EOMHENTE 0O T, BEthoikyn
HITAD L EAMISERIIEEL D DI 5
mMERET, AR TOINSOUENAED
RERCLTTEFEOREREM LI &
EREATORE LR LIILIIESEZ
DHDTH%S.

PCB iRMOET 12 # AfMEINA_DT
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A TR, FFELAIRCEMOE LB S
A2 (Clland 5. 1979), T AU AT
VR Aroclor1232 S LAERTH, i
HEEMIZEEBLBRGInWs 0O, &{E
HWOEAIIIZ 2 (Jones 5. 1979). E7=,
FAVAFTZXIZPCBi26 CEEL, 20
MEEEN. fuEemB L UBR 2 EYEms
LTHELAREIZL S & (Rice & Schlenk.
1995), #RAOMBRERERIIETTS
M, FifkEEIr DLW TH. KBEOEF T,
DL AFELRLSARBELTWS, AERX
I O(EFLE) TH. 2| EBERLAKEL
EMITHTAREHVERLIBOLEREN
Tha,

BHAOEEIOWT

RO TIEREEIC RIS, REF O
BLOUZOOMESIC SWTH., £<NER
NG, TOEBRBSERENTWE,
DDT HEAIN-#s. BEIIERCIFET
AOT, AEICHETEELKEN, F2F
2iZBVT, 53/ DDT . FiEL
F oI T OERPIB OB OBV EZ S
$ (Sharma & Zeeman. 1980). Edrin i, =
DR BWTRERN, EELEEbSH
% (Bennell & Wolke, 1987). AHEALHR
FEAEO MBI @E, Toadfish Thl, BEA®
HREE F A5 NS (Rice & Weeks. 1990},

LT OMOBEDEEIIDNT
mEOEEEECBLT, LIFLIEEHS
NAMEPENRERICRIZTHELRMEIC
HoThd, BEIZEWTHLWSLENS
Oxytetracycline 7%, =P AOHBELZE
PEREBZENEESN TS (van
Muiswinkel ©. 1985). Aflatoxin B-1 &. =
PRADBHRBROEERELE VLS T
(Arkoosh & Kaattari, 1987), T @i, RILE
(e ROLF ), INFTN) EB
R BME TN TS (Anderson.
1982;Stave & Roberson. 1985).
DLk, SEOERE BT A2BERTICONT
ORFEFHAE D 5 DEEI, Anderson

(1996) DFBFHRITHEL VY,

P30

Anderson,D.P.,Roberson,B.S.,and Dixon, O. W.
(1982). Immunosuppression inducéed by a
corticosteroid or an alkylating agent in rainbow
trout(Salmo gairdnerl) administered 2 Yersinia
ruckeri

2,197-204.
Anderson,D P, Dizxen,O.W.,.Bodammer,J.E., and
LizzoE.F{1989). Suppression of antibody-

bacterin.  Dev.Comp.Jmmunol.Suppl

producing cells in rainbow trout spleen sections
exposed to copper in vitre, J.Aguat.Anim.Health
1,57-61.

Anderson,DD.P.(1996). Environmental factors in
fish health: immunclogical aspects. In Fish
Immune System, eds., by Iwama G, and
Nakanishi,T., Fish Physiclogy vol.14. pp.2892-310.
Academic Press.

Arkoosh,M.R. and Kaattari S.L.(1987). Effect of
early aflatoxin B-2 exposure on in vivo and in
vilro anlibody response in rainbow trout (Salmo
gairdneri), J.Fish Biol. Suppl A 31,19-22,
Bennett,R.O., and Wolke,R.E.(1987). The effect
af sublethal edrin exposure on rainbow trout
(Salmo gairdneri Richardson). T. Evaluation of
serym  cordsol  concentration  amd  immume
responsiveness. 1.Fish Biol. 31,375-385.

Cleland, G. B., McElroy, P. I,, and Sonstegard,
R.A.(1988), The effect of dictary cxposure to
Arclor 1254 and/or Mirex on humoral immune
expression of rainbow trout (Salmo gairdneri).
Aquat.Toxicol. 12,141-146,

Gill, T.S., and Pant).C.{1985). Mcreury-induced
hlood anomalies in the fresh water teleost Barbus
conchonius. Water Air Soil Pollut. 24, 1635-171.
Hetrick,FM., KnitteLM.D., and Fryer,J.L.(1979).
Increased susceptibility of rainbow trout to
infected hematopoietic necrosis  virus  after
exposure to copper. Appl.Environ.Microbiol.
37,198-201.

Jones,D.H., Lewis,D.H.,, FurellTW.,, and
Cannon,M.S.(1979). Alteration of the immune
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response of channel catfish (Ictalurus punctatus)
by polychlorinated biphenyls. Animals as
tmonitors of  environmental pollutions.
Symposium on pathobiology of environmental
pollutants; Animal models and wildlife as
monitors. National Academy of Sciences,
Washingten, DC (Absiract). Pp.385-386.

O'Neill, J.G.(1981), Effects of intraperiteneal lead
and cadmium on the humoral immune response
of Salmo fuita. Bull.Environ.Contam.Toxicol.
27,4248,

Rice,C.D., and Schienk,D.(1995).

function of cytochrome P4501A activity after

Immune

acute exposure to 3,3',4,4'S-pentachlorobiphenyl
(PCB 126). J.Aquat.Anim.Health 7,195-204,
Rice,C.D., and Weeks,B.A.(1990). The influence
of in vitre exposure lo tributyllin on reactive
oxygen formalion in oyster toadfish macrophages,
Arch.Enviran,Contam. Toxicol. 19,854-857,
Sharma,R.P., and Zeeman,M.GL(1980),
Immunologic  alteration by environmental
chemicals: Relevance of studying mechanisms
versus effects.  J.Immunopharmacol. 2,285-307.
Stave, )W, and Robertson,B.S.(1985).
Hydrocorlisone suppresses the chemiluminescent
responsc of striped bass phagocytes. Dev. Comp.
Immunol, 9, 77-84.

Thurvander, A. (1989) Cadmium exposure of
rainbow ftrout (Salmo gairdoeri Richardson):
Effects on immune functions J. Fish Biol. 35,
31:197-208.

van Muiswinkel, W. B., Anderson, D, P,
Lamers,C.H.]., Ebberis,E., van Loon,J.J.A., and

Ijssel, J.P (1985) Fish immunology and fish health.

In "Fish Immunclogy" (M. J. Manning and M. F.
Tatner, eds), pp.1-8. Academic Press, London,

2.2, HEFFHEEY

2.2.1.1. REREM (THEET)

B BN EE T 5 A L8
22T, Medline & ScienceDirect {252 T
XA T /. REL oMM
AT, BRESHHICOWTORGEIMM DA

LLnbHoo, BRRAEEINIEWZ EIZnL
DhOFDREINTNS,

a-1) A1 FF M

1981 fF1Z Anderson HFiE~FH ool
¥ LHCB) LR Y& P OOF x / —N(PCP)
ZENT Z 1) @ 1 fi(Mercenaria mercenaria) D&
HRENZETSHLZZEE2TTIIRELT
WaA(Aquate Toxicol.. 1:187-195. 1981).
F 7=, Willlamson FiZFAMEAS VY LUD]
T (Tegula funebralis) 2 K¥E £ 14C-PNP (p-
nitrophenol) T 24 FE FN-L, F~ULH# 24
R OBRBEEEEZREL T, KO 89%D
14C-PNP HHME & 3, FRID 96%2% 14C-PNP
DEETH oL ENIFRER/R TV S (Aquat,
Toxicolo. 33:113-123, 1995}

WE O HFIZD W T polyaromatic
hydrocarbon (PAHY A REEEETFTIH D &
DHENNLS DM BED, TAVIERFOIMm
RO BB PAH IZ X VKT 9 % (Fisher
& Tramplin, Aquat. Sci., 45:1309-1315, 1988;
Sami, et al., Marine Biol., 113:247-252, 1992).
L3 A1 THILROAREOIKT & 3&1Z,
F4 0 — AEEBET % (Graundy. etal,
Aquat. Toxicol,, 34:273-290, 1996; McCabe, et
al., Marine Environ. Res., 46:361, 1998). &5
2\ Cajaraville A Y F 1 MBROKR
TAERREE RO — A — L 0155 S
TWid(Ecotoxic Environ. Safety, 35:253-
260, 1996). —A. PCB XU/ 1 OIEFRA
KBWTHENCH CEPRBEENTWD
(Smith, et al,, Toxicol, Sci,, 50: 54-63, 1999),

a-2) ESR
EomMERNHERRICEETEEICONT
BB &, KERAFOSTF o 2 AR TFRAME
& R Y &\ D (Cheng & Sullivan,
Marine. Environ. Res., 14:305-315, 1984). A1
AR DWTHE A F ET T (Tapes
philippinarum) TR DFHEABF ENTWS
(Fisher. etal.. Arch. Environ. Cont. Toxi..
19:354-360, 1990;Cima. etal.. Marine Pollu.
Bull.. 39:112-115.  1999),
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ARA LSRN EEEI "1 o REe
A" B2EFRITHRAR "BERLES &
WOBREMIZIED . £E<OELECEA
BOBRMRE IR TwashT, Y TFI
AXEDPU TR X0 AN 0L
SIZRIT I EMNHSNT VWS, FHTIA
RO ENA A% 238 BT “17F By
2" PNEREINTWS (BR{EERE. 71
X ERERIVES, BRERA,
1998) .

b) EEHEND

PAH O b7 #—Iid. DNA E5HIHES
ThD, BE H$-—AF4T7UXA R
AL AN ACHBWTHEHERERZREL,
BREMIFRIPIC S <A SHEAEL T
T EBHENTHSD (Hohn, et al., Proc,
Natl, Acad, Sci. USA, 94:13743-13748, 1997).
LA LABAS, 125LTCDD 7 ANV ERICE
W, D OB TR0 -0
FENMUGEATEEb00, EREE 9 @O
TR T, Fr NSRS R,
PAH VE7H —&RNTHWBEDTEANWM
WD (Hohn, et al., Arch. Biochem, Bioph.,
310:218-228, 1994). & 512, ZREHMIZON
T dioxin DEBREREIFELE LIS, BH
HERhS (4 3) CRPeHERMUNC B LT dioxin 12
T ABZENBENERAT0EHELH S
(Loonen. et al., Sci. Total Environ., 182:93-103,
1996},

c E&H
PLEDCRGRENS AL E, FEAXOH
ShRESHhOb T, BEORYERBE
CBR. The T HEEICR-STED. Ch
DD S, BEEH I DOWT. BEA
HLREMEREDEIT L THRISFAEHET
EZNEVI T EETET LI EITERY,
FHEHCHEEZECOWTO®REBEELHD T
A, Ef, BEREBMIIOWTHIESA
ERGFR SN, BREEAEII I ER
FEREHETIETC, ISR ELEYE
HICAIhETI TwWa EE L oA,

RERA FEERETHO pAH L 7Y
—DFETEMRVPTH S, PAH S HCB I2&
SZHBRHOE FARSENTVNDZ &M 5,
VT - OBEEAZE L T, SRR
FHBEHSPIZT EHENHB,

R

1) Anderson. R.8., Giam, C.S,, Ray, L.E. and
Tripp, MR.: Aquat. Toxicol, 1:187-195,
1981,

2) Williamson, K.C.,Shofer. S. L.
Toxicol,,33:113-123, 1995,

3) Fisher, W.S. and Tramplin, M.: Canad. J. Fish
Aquat. Sci., 45:1309-1315, 1988.

4) Sami, §., Faisal, M. and Hugggett, R.J.:
Marine Biol,, 113:247-252, 1992,

3) Grundy, M.M., Moore, M.N. Howell, 5.M. and
Ralcliffe, N.A.: Aquat. Toxicol,, 34:273-2090).
14996,

6) McCabe, R.H., Moore, M.N. and Ratcliffe,
N.A.: Marine Environ. Res., 46, 361, 1998,

7y Cyjaraville, M.P., Qlabarrieta, 1. And
Marigomez, I: Ecoioxico. Environ. Safety,
35:253-260, 1996.

8) Smith, C.R., Barker, L.E., Jensen-Eller, K. and

Reinisch, C.L.: Toxicol. Sci., 50:54-63, 1999, -

9} Cheng, T.C. and Sullivan, J.1.: Marine Environ.
Res., 14:305-315, 1934,

10} Fisher, W.S., Wishkovsky, A, and Chua,
EL.E.: Arch. Environ. Cont. Toxicol., 19:354-
360, 1990.

11) Cima, F, Marin, M.G., Matozzo, V., Ras, LD,
and Ballarin, L.: Marine Poll. Bull., 39:112-
115, 1999.

12) NAALZ DM (51 45 > BRI
Tl HEAGEE AR

13} Hoha,M.E. Karchner,S.1,,Shapiro, M.A. and
Perera, S.A.: Proe. Natl, Acad. Sci., 24:13743-
13748, 1997,

14}y Hohn, M.E., Poland A. Glover E. and
Stegeman ). Arch. Biochem. Biophy,,
310:218-228, 1994,

15) Loonen, H., van de Guchte, C. Parsons J.R.

: Aquat.
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de Voogt P and Govers H.A.: Sci, Total
Environ., 182:93-103, 1996,

| 2212 H#E (S M &%)
HEOSKESEIo 3 2R A Tl 0%

AR L MEEE <13\, FOIRE

. EEBRANATEER 2B T2 3
T, R~ H 2 BB L TOREEREE,
EREE TR S NBREMEORGRETO
BEFRIZESTENTEY., FFREIBN
TITHONILRHEDOE RN FOAREREEIC T
HEEERRETERE S S0, HiED
MESRRTER T2 I SRR I
WAEBHTEHITL > THWS AR ENT
HEERRA, ERAWAHOBLELTDHS
(Fisher. 1988 ; Pipe &. 1995¢ ; Livingstone
5. 1992). EAT W, RETHLEFHE L
HHEOREBEAORBEERE L/ CE
T4,

a) BEH

ARITLABEICL 2 TATYFRLH Iz
U2 RERDBINAE SN (Coles 5. 1995),
Elr AFAOHFIVLABERICL->TMmY

NIROEM (Cheng. 1988a ; Auffret. 1994),

S SIT/EBRIR O I &K & T MR O
(Auffret. 1994}, MERRERDHED (Cheng.
19884) HHREINTNS, KBEH RIY
LEYRE A ZYF A M1 12 2/ ERE
RECHBROHY (Cole 5. 1995) Md 5,
fill, HFL IS HAIESEBRERICEE
L anEOEE (Anderson S, 1992 ; Coles
5., 1995) 2, ATHFIAT IR IS0
BRI E M QM (Coles B, 1995) 7
EVH B, NI BHNEERER T,
7THAMD 0dppm DK FI L (ML RS
A0 IREHROE T AR L 0 R
ISERBOMI &, §F AN R O
FEROEAPAROGNT NS (Pipe 5. 1995
C)e

FRBIC L - THFICEBSREROMET
(Cheng. 1988a). L ZH ¥ A1 ITHHE
iRagT s A RROEFED EY (Coles
B, 1995) B IS, SEERRFEICE- T

WLt 2o 2NEROREA (Suresh 5. 1990}, A
IS AR O (Anderson 5. 1994)
WHLHNS, NITVIZTHBLU7EBO
02ppm. 0.5ppm O# (GiEdR) BMi%. @
EwWREEREAWE 7Y A (Bibrio
lubiashi) MKET X - THERML ) - BRI
o EML - b OO, TR RO
MR WL R SN/ (Pipe 5. 1995¢).
0.2ppm O 7 AMEEIIL-TET ) A%
BT ko TIHET S MY /SR OTEE
MEENHVDLBAEOECHEREE >~
(Pipe 5. 1995c).

AFD ) TF NS L~ TIatERE
PRBETEANAL, BBETIEH®EMNLE
(Fisher ©. 1989 ; Fisher 5. 1990),
EREGHOERMERRIZ L 0 im) >N
ERA AR IR S S 417 (Cheng 5. 1984 ;
Cheng. 1988b), WESBERRTOLT
A H A OREIZLOE Y o /SERERBED
495 (Pipe ©. 19952) PEEIN TN 5,

b) HHEHE
AoHEAHA~AOZILFF o
{fluoranthene) DRESEIZ X - Tl J 2/ 73VER
RS 545 o BREC S ES, M
DM OEIIRBEREE ML
(Coles 5. 1994), 7z /—JLBBEIC L
T 2R HMINT B & (Renwrants.
1990) HEZTNTWA,
ERAEMERCKFBH R TO I+ O

FIZL DM 7SR E OB/ ) /R

AREOBKBENERIIN (Sami 5. 1992),

KBS T ORF~\OLRTTERD LK RRR
Ko TarhF-d 7)) ARG O R b
(Sami 5. 1993) <, HFEEOET (Faisal
5. 1994) MHFINTIND,

N DMmY T 6 LA
BN E L 2R/ETIETIHRNTF)
TVLABOREENNETT S (Anderson,
1990) .

Elizabeth /| O O Xt THR L 2 HEL
BE (V124 —RER) % 56 HEL. A
FIZHLUTBELEEZA/—F A g
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HADBEFBE L (Chu 5. 1994).
HSFEWEREIZL > Tl 2RI EE
L (Anderson. 1981)

BETHS, DDT. T N3
FAyOBMEESERDFITHASRE (Towe
5. 1971 BRI L.
o-= PO P LFNT I L RIS
—F P AMEHORGERERI I G
(Winstead &, 1988).

FHXERTIVEIZ 1 ppm BLE 10ppm
D7 HINVLT T RE AR, BEldD0N
GMEEBERL . NBT BLEEZET SRR
RO, i) A EROWEREOER2EZE
HELTWS (FH. £RK).

3) \WOER

BEAE( P EREIC Lo TIE4EeE
FENTRE TN . KHEE T
THZEZNFTTHEERL (Larson 5, 1989).
BRI O BRI L 2 el
U A EOHE MY > /BRSO
ZALAR S (Ruddell &, 1975 ; Coles 5.
1995 )
LR O BU IR IZ L DI ) > /R
HARMEDOE®REH S5NS (Anderson, 1981).

B 3Tk

Anderson, R.S. (1981). Effects of carcinogenic
and non-carcinogenic environmental pollutants
on immunological functions in  marine
invertebrates. In Phylogenetic Approach to
Cancer {C.]. Dawe, 1.C. Harshbuarger, 5. Kondo,
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BEFlOEB8IOWT

BHROAENEL O EOREIZBW,
THERREZRELTWD Z LBLGEINS
A SN Tvo, EREIL, Joseph T2 A3
F<id 1 #IZ 5%DDT WS8R L
Z 2 s &, 3 BRONEFOER
HEZRTLALOIIC, EEATERER
SO%MINTAIEEHEELTWS (Josephs
1958), 7. Jones X DDT 9 SR
INCEMERIZEEIZ R L TRWRWwWZ &%
#]E L =Jones, 1957). LA L. Patton
NE2FF2aAnFINETS &, IR
WA d D &L (Patton, 1961).
T 517, Rakitin FEHRO MR N2 DO
BTREGINTEHEORRBERNT DD
&H R L TWaS(Rakitin, 1974).
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FAZRRL., TORO MR ES
ML &SRB LR, vI73F4 0K
BOZNERBOIMHIIB N THITH I L,
BRI ANMET 2 2 &, T3 A TG
AN E RS RINT % 2 &, T L THEAmER
DI RPBSWEINGT B 2 &, X REShiC
LT A (Saxena 5, 1985). Gupta 5671
T B HR D TE > T 7V 2 BT imEk
DD EBRELTED (Gupta 5. 1968),
INSDHERNG, MEENFAENDASFA
YOI LU TWS I EMNFEBENTH
Do MEROBEEAIZDWTIE, Yeager 5
BIEARE 2 KRB L 240 1 BIZE T
mEEOBRRE & IUEREEEIE TN iR 2 D8
MEHEL TE D (Yeager 5. 1942), 25 L
FRBRAEHRICHT 2MREE LA
N5,

= 512, Shukla & Bahadur FRIDREHT
HHT 4 ANRAORRMIKI. BT TEEE
DD, oy YO LEDOEESRZH
WT, Fq AR AE 00IBTT A,
0.004% TAZIZHMEL , NIBEI1ITEMS
THEETMERORLEBSE L 7 (Shukla &
Bahadur. 1989). ¥ O#FR. HOmERIZ LM
1 BET/HBALL 7228, 3 HE T3t i
RKE<SARD, 5 HERSIZEALEERLERE
CHED T E. T XTHNRE A X A
HAaemL, ARLEIEECAS T &, i
MR XCAVNE <A, SR B Mz
A< QFRIAHIRT 540, A X ORI
FRCERNEE<Rond &, 27¥a0
T b EEAROEIT A BB RIS
&, NERHIREE S A SERE SR T
&, L7 RIZHEIRE D T
HEND T &, TF 4 BATT Mlsbi
PHALZ &, BRENFHEMEL L

— K. Azambuja & Gracia i, Y0 AD
1 # Rhodnius prolixus & T, THFT o
ZF % F > azadirachtin (tetranortriterpenoid ¢ Z
ET, REORIMOERHEEA &Mk EHEE
FNDORIERER M )N — R
HEBEMR LI, TORE, JOHEOR
H5T9 VA A MREOBR G ERHIENE

Z&, F=207 HE (Entcrobacter cloacae)
BERTHELS /P — Bk b5 2 &,
Z OHIFE R A S NS PSR A E D
THIE BREMNPLEMITARAD TS
(Azambuja & Gracia, 1992). MA T, #old
ZOWEEREITBE TS AS & T, Y
BEMINA/V—TORENHEEEINEZ &
HRHELTWA,

[RTH DRI DONT _

Jones SFL. BREMO 245-+) 2 oO7
T/ F K (2,4,5-trichlorophenoxyacetic
acid)?FA A 2 0F a o OhEF OHEE
BE OB T AEEIIRITTE
BICOWTHR, COREAE 20ppm O
RECHCEY T, A4E0Fa7oy)
HiZH A, b o7 A B (Bacilius
cerens). AMSE (Escherichia coli), V772
i (Micrococcus luteus) 133 AIERIE &)
VFLEROEBERTHE L, LR
AT, RREARILR O TRFIIABHA
ENF I ZE I AMEEESET L, )
F—LEHE BRI S 2 LAVHETL
7= (ones 5. 1989),

ZTOMOBEOZBIZ DT (BRHRBEUSD
RBELIAOHEIEIPAERICRIECH
B BENROPEDIEEEEA DD, 12DWT
R AREIRZIIZEAE L. L
L. Cheng & Sullivan [UKEE &N
R HE DA F Crassostrea virginica 08 X
ERIZGASEBIIDWTHERL,. BIzkE
P BB T 7y 7 AW T OB A A EHE
TBHZEERML TS (Cheng &2 Sullivan.
1984). = HiZ, Anderson SRGERBEDA
oAy S —
JLIRNT 71 & 1 T8 Mercenaria mercenaria O
MERENZRETITEE2H/E LA
{Anderson ©. 1981). —4. BWHHFITH ST
A4 F A I —)NA |~ dithiocarbamate %32 B L
=) 1 # Palaemonetes pugio 0L 3 OREEIZ
HZ LB Doughiie & Rao V2, &
HATH D WAL O mERPRE L,
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EOWRMIROMBIZE > TATZ o BHE
WAFEINLZ I LMzl
(Doughtie & Rao. 1983).

223, KR8 CNEL—3)

LIADEBIETHEEE<EL-THY,
HLALTORBEENDEDOHEEEL TH
FIENTER, 52 0 LB N5 MK
OBRFEE) A7 RO AR S TN
Do 1984 4T I{Z Organization for Economic
Cooperation and Development (OECD) Guideline
#207 IZED. 33X 0oaEEERBORS
ARSI EMED, BETEZAAZ D
BERESYE L TOEEANBRINTHS,
OECD Guideline i35 H. B itRAROR
XEREFENMHENTWE, Lhl, Th
SOBEEWTN S I I AOETEAHIEHE
ELTWSHOT, RHEBEGES, 332
D4 MBERED A BRI I 5 A 5 I
WTH, bR 5ES) hﬁj}ﬁ‘ﬂﬁfﬂﬁﬁ:o
72 0 C#H 5. Polycarbonate blpheml (PCB)
DRFEFEITDNT Ville {1995) Hid3 3
A (L. terrestris) ) colemocyle @ EHZ w ki
REHETD PCB BIEH., 5 gom2 THS
A%, EBORBABEN 76 g/ dry mass 7
HEHEOBETHLEBMELTNE, HEHOE

BCHROU< EFENLHDESAETHY.

Z DT coclomocytes @0 PCB L~ LAE S
W Tas, Tty R coclomocytes 21R
MOURPREEI R L T, MREEZETS
EHRAEbDEEIONE, TOBERIT

FEEROABOATIZ A ELTEWT NS,

EBOA S, PCB DIEIIU /F—AlEHE,

P&, B, Koo fesREil s b
RagdoH—AHAREBLURAEEEN KT
St FEBERR GEEKE, AFILKH,
i R L, WGHESE, Wik, 7T
V) 72E# . in vio THERA I H,

coelomocytes D EMERE KURBRBRE NI
L&A He, Cd. Znil@iiizs=l. &
MRS RO RREE LB FE UM,

INSEHAR Po THEEN bR
(Fugere el al.1996). BERFEREIZHBREIN- L

BHOEEREDOERBLICIIAEALL
*:-c‘:“g“%nié'm%éfﬁ IZZXOEERTIR

IKEHRTZOTHS 5 ? BIERASIC X
UiLﬁ%L $. A7 chloragosome PIIZEE® &
N LD, ThE DS chloragosome

CEMEINSIIADRECREREDA
RRVAETBHETHINTEERDS
% (Ramseir et al., 1990. #. FH#ik &
fae LT, chloragosome NIZERIN BT &
W& oT FHAME MY % (Morgan, 1989).
flsF HEEABRIZ S 2 MAA 30 Wb S,

SE 3

Fugere, N., Brousseau, P, Krzystyniak. K, Coderre, D,
Fournicr, M. (1996) Heavy metal-specific inhibition of
phagocytosis and different in vitto sensitivity of
heterogeneous coelomacytes from Lumbricus temestris
{Oligochacta). Toxicology . 109, 157-66.

Morgan-JE; Morgan-AJ (1989) The effect of lead
incorporation on the elemental composition of
earthworm (Annelida, Oligochaeta) chloragosome
granules. Histochemistry. 1989; 92 (3): 237-41
Haerdi, W.,(1990)
Cadmium speciation studies in the intestine of

Ramseier,S,, Deshusses,J,,
Lumbricus terrestris by electropharesis of metal
proteins complexes. Mol-Cell-Biochem,  97(2):
137-44

Ville ,P., Roch, P, Cooper, E.L., Masson, P,
Narbonne J.E (1995) PCBs increase molecular-
related  activities (lysozyme, antibacierial,
hemolysis, proteases) but inhibit macrophage-
related functions (phagocytosis, wound healing)

in earthworms. J Inveriebr Pathol.65-3, 217-24.

(8) H%L

NS DINOIEEEhERLE Lok
JEHERE S XN EE I B TR R
YA SRtz B 3 ET s T o T
DWTIHENCIE L /=, £ O IEHRE L
EET500EELIMCERNTHONED
DAL EORBOZI bR - TL5
BMEBLILNS,
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TIRASTw bRV REEE~ORE
T AERIIE & OBESHE R LB
MEoEREgEz. fEHE<ITO—
WENEI T ARy hEAWEERIZB L
ThHEFEEINHNEShRHL, Rond®
OBFICONTHIHRAETTHLHHATOM
WHEBELERSNS, HIFERECELT
b, w07 r—URrER, 50 NK
MR 2T, ARECHEEMED D WL
HEREOELRE. NK OHilEEEREICDW
THAL, WiEREcBW T, WfEe CrRP
OERMNRIBEENE RIRT S HDRONEG
MIIDOVTIHRZITTo TS T EVRETH
5. Kz, LOFESDICRENS Y K
S 5B SR fRic BRI T HEEICBW
THEBEREAS PRI LTI &
WEHEEEFEZLND,

M HYLEN
BHHRREFESEICERS 2T HH NI
7 H T o T EMELEM ORI
B SRR OWTE S BT S D
ENHRBEEZOND, FIThACERLRES
BEAME L TS TOMERNE &
BHEFELZEND, T, W8, AEFEER. 5
AT NKIENE, 2 EROIRIRE DRI 73
FREDOHBORUEUTH L I EMHLRNITR
DTEE, Lil, HADES S WILERN
hENE Eh AR B TSR EO A
F(L2PWE ORI ORIE S IREBIZER D 5
HEEE & OB S hic IS, kTR
Zl AR OERDD 2 WNHEBEENGEN
EENDHMB TR E 2 AR DL THRA
BOoNIULTHEEE LS - L EHRIEEE
BEEZEILENS,

%3]
HEARENRL mAEFHE T 5 BEAD
RELRAT LI ENBEEIEISNS, B
HORM Ty AT IEREN S LT, kB
ICETLETHOEBMEENI & $EMHE
HTEMLED THAS I &, BERF O

HiyhiEE (B.F) féHasl s, i,
Btk oMsE (25 ZRRICHA
Tz LAl L, MEFLEWRCE
WTHAZHTES, HER (P, cd). KH
&t (B, SBEUATE. FHIEERL
St ORfERS-PEmn R OBKIR S
KAH%ERLANE (T - B #illE. Md. NK
) ~oEEERBLURERREICES
RS ) & AR S S A AR & O BSIR & A
ML T Z &Iz, AFEARETH
B DB D RIFEERE DI T DEE AR
B THHOMIINB bR EEZ LN
5.

W EO R AE I B S BRUEE B ¥
BORBIIDWTOHER, BEAERNIR
BTHDLN, KEEKETDIHE (Y7
v223) NARUGROEEEEESITLH &
PHEIND., ATNBBPLTnEENS
HWERDEIENE. TOBERDOLMICRE
HREE DT B 50 & 5 h 2Bl L UG
HPARBEERLTHEAD, VYAHIINDRRT
FOFENITED, RO @B
REIZIn» TETWD, BHERRIIOAMS L
BN LREH 2 E 2 AEFE AT 2 g
ATV, KEBHLZWIZHE T DWW TES
DA eBEMITERE< 5 TINTOW T
BN H DB ERIICRE 2TV BB R E
FTHIENNRTHL. £, HERIIBL
T oI DWT. WHQRFROE R/
M ETEREBELTWS LD EOmig
2T (i FRFER M ERECS &) I AL,
TP RS GUE7s ) MEobeEfT
HATEHBRELERL LN,

A

WEAEE., THRIPOLPTCHRBELD
FRICHE L. ¥R SN - iEs SR
BOAKIES 970 - BRLTWS, £OF
T, AMEOAEREKRZ EDSERE TS
HIBRHEOOR LY, I R & R - R
MicERT5AE (I8, AFAR. NE
s CEALT, fEEMpEHNasED
RIS EEE A DDENET
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LR 5, RERECEYER. RaH.
kdp, LHpiEin, IEIEAMEETE
HETaM APlEEhsBhEisonT.
HRARTANERTHATER OGO EA
ERITERIL ., TN ERBMICEE L 2 &
ZlZhbobhd, REROBLERERREXL
B RRmN SRET B LNV TH S,
IS, BREEOIDAETNIER (R
M5, GRS, @E@h5)) ®, AFNTO
NI EHTRAL. HERRAEEER L) %R
&LV, WIERECOHELSVETIRMAS
LTOROE M END PHAONE S IR
ThB. AEREASLFE N RIEEC
EQLIREBEHATNEMIDNT, #
f# CHer BT L #HER. PiBEAE) BX
TRM R ke (RMIRUOARAR) ©AR
o) TR AR L), B
o & AR EERBRICRET S EAARE
TH5, BERIZE. AlCBEgEErHA
SERICEA. HH5WIETHEMAEREMNRIZE
LT, 7 O0GRRIILLBRERNEBOBRN
Ik DERL (PR, BB, RS, B Y.

SR AR B, SRRBE I E D - B
TUORETHENE, MW - 2RI,

I SRR KER T b 2 AR R
SHAELZOERPEIEICRIETRE,. R
a5 WIEED= 2 0 77— DR &
OEHEOA TR, BEFEEEEAOZR
frEofEfic X 5N ARETH S, AT
R EALD ETHMEBMORIZH N, KREFR
BIFFBEICACNSBEELIZERA TS —
F. EHHEBY LD RNMNBICS S, A
ERBRHETH . HERECEnE
AP O R L A F A RIET HB/E LW
WhSBATEL L EMNHHTES, £,

AEEHTHENT. BIEAOERIEHD
FUHH AT AT THE 2T TSR
WEEoNAEEZ SIS, L. ML

W72 £ DKM S B EOR RN & EEIC
bl E<HfL, 20BELERTH D,
FOMIZHE, I DEDIZHEDORNVELS
L7 2o, ASHOLDIZEHEN O
H#HSH. BEFELEHRT TN THOED

SRR N S ZBEMChEDERERIET L
HZIOohBOT. EHHOBLAROERE,
FE - EOHERIE L TRERN[ LS,
2R, HEERBLLEY2EOREARL
LB, ThETOEEMEHOZ2EED
SipEEN 2 hOTHET. WmiiilEes:
BILSHLZ BRI N TWS, BB
DR & FY & U THERR Y B AT AR,
RN CEN s TAEE X B = X L5 TR
EhTW3, FCI 3 BEaELY
WMENRBAT B E, £ 5 OLEANERGE
NEESL T, YAFLNEEL. gah,
FlhEnfEEicd s ThEAENS.
BAa2 A, SEIFELARERBRELT
AnThaOT, REPAICLIAHOBR
. RRiEs EOBESR 4 ORBEEEDHE
B EHEBEARNEN, TERETEY
HOFE TR EERARER W TRLI N,
e E OEARNTORBER O S
miziaiud, TORREE, fERRCRER
RONBISHARETEROEIIE LTS,
AELAWMTELZ LREDND,

TATY

R AT A 2 2@ F e B 4
Bl 7y—J0THL I EAPFSHRHICE
NT&l-, w7 7—YEREOEOTIC
HEEL, SEBEHCESEDAHIRTSD
B DT DL 2 s, RIEH
EEHEO OIS EEBERNS
&k, EEAT%ELD. REFE{EED
BREFEIMO~ s O 77— 5238
B OWTOFEMIREEAEHLMIMRS T
WRWOFERTH S, £IT. #HENEL
ERNFEOWTNLARELITIDEELS
Nna.
RAEWMAEL T, FREORLS EED
NEHMMITHNWTF A VRFELES. B
TROFRGEOHERITIEIEEMIT DN
T. aybE. B, BE. LR, S5
B, RS TEREOEEBRESW
T 5, byT ARG, BEEATH, D
ORI B D EREOE LS DR, o
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HREICENNLRZETNS D0, OHFESIHLE
FRUICEBEMOICE LY RSN Dh, DA
M5 EDRAGREAFE LMK EEECT
HEMESOHRBL TN I ENBEEEELS
N5, HROBEGWEAEBEELORER )
FAZPEREROT YT IO E R
L. fERMICXSEZFNEIE, kv
FRIMER, T— A &P A2 IRPEFENTERL
T, —~ERE#HET I/ Q77— 2WMOMLT
AREEEZHENS L, o DAREICEREN
ZHEH 5. JERPEOEECLVZO
HEREENHLD, REFERORFHLT
WS ZEIZLDEEEFEE TS Z LA
ARSI

KB E L T, aREAELEYE
(EROREHERALZFATLTHFA I U2
AHE L. EORENSEENENDNERRHK
THILE, FAZPREENE 2R UEHE
BRlUBEREMETL, MR (vro
VB NOEBERLNCTH I,
OF EREEZAVWTERNO EOEE. B
NoBRENTHIPEALHIZT BT &,
d) FE4 BRI TORE OB S0
WEHEOHAZTES L, A EOBFPEE
HRTHOHF DAL, T A7 U0LER
HERNT AR EANEZ< RS
& M & a) polyaromatic hydrocarbon (PAH)
receptor 23 54, bYCRP DTEE, T DAL
BES» (MEHEW T acue phase 72
protein THR <, FRESEETIFEET 3 &
WHNTWEA, RELTESh). L
BLTBMSEEHS, CheOWsEzmL
T, INETEALE LEREBREY OGS
BHEIZH T 2 RBA B LR PEOEE L F
PEORABERPHAK LA D, £l mb
BRREAWEINDH FICEAIE N E D R
mARBYI, BB EEANS RTHER/L
B~—H— & U THETD I ENTEB LI
BOBIEST, HERRIAELEHED
FHPRRFME ST S h, HERBEHR 20
PR OEROBMATRIGE L2 5,

HE
BHEIGHER 2 ToOBEmEOKE DB T
BRI ERT S, HICEEREI SR
THEHZNTREICHNZ N B E -8
BT S0[eMMEFD, -, MSHAKER
20, RETRAERE RN FERERE
CHD, BRI SIEEESTEE LW S
TEHBHhSRD TS TS, bbb, 4k
BEPOEEANOBABERIE < LR
Pt s & ML O fepe B AR RE I L B A fE A
EPLETHIERNMENETES, IHh
S5EBEHILEICBWTB AR ORI
BT RE B CHRE Y SOuBg LR 0
bOTHDED, HETOREEMIARICE
2 TREEY T OREFIMEZ AR
WABLONDS., CNFTIrbhTE-UETE
s, B S E. REBREORET .
AEEIAE. MTTRMA, ERREHIRZ & ol
LEED,
A Mt

BHRAR RIS AKEEN TH Y KED
HEBETESZTLLEEIOND, EAEH
MOENDESERIRETICEET2PE LR
BEHMLUTEATKBEICAL, TBEMSK
BIZHATA2HES ST AIRS X /-4
B F T 2 PHE EENAL. 3hbs
AB T RKERB I ST 52 TO
LB IENEZ & &R 5, T,
HEIod 2 REEEIE OB B2 T T 2
{ZHo> T, KBOH6TREH,
BT 22 TOREEMRENNRLZVES,
B. #BME OB HIL

BED RIS LR /s KB 7 e
FHEL TR, BRERRECOMEEND
ERREIL &, BHELEE TORERA IR A T
Hh T3, AiETIRESERTHLBESH
<, LOBEEGONAEEER R
hRSCE A, A, BEYEo@sEhy
MAPCHRIETECORBIT 2%, LivL,
i OETFLE S ELE L E LR TH
BDOTEL AL, BRETOERIRSICD
WTHTIEEDS,
HIEFADEFPHE OBV, MR%E FK
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HILEFRHHVWIEBR2 OBE 2RSS
WEDPTHEELEE XTI HLA -
BREEZOHNDE, BRT LAOFNEE
SRS (CHRATEIHE) &0
ENNETHS 2D ORI Tl l&ER
%, ¥ LHIXARREB-Fn6RD, KE
HEVOREORE, BEESZDICHEL
THEETARELEZLN, X ETHE
ROABZFNT S EEREZNSTHS,
ERFICHL, AR BEERLL TO
B DL THRRT S,

RIZHERL 3L hoRElO AWK
OWEFFER DA, Riz8RdE. Bk
. BAERE. FEMELREIORBMENS
W E OIS BERE OMESEE S 5.
HEIOATROZHM - MHRER LSS

IR LAp O BHE U HERIRE T O RS Kk,

HL5WIEIRENOWERE LTV DODOER
ERDZERBIEDEFGLNTHAD,
. #EitHA
THHEHOHR T EHBERIMWENT
WBLITHS, J1F(oyster. Crassosirea)-
I T A A (mussel. Mytilos), /vT 271
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EHoOB26 T ABEROMBETIHZ &M b,
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izl

(11) #X7TARZY b

Living things lead their lives with excluding
invasion of microorganisms by developing their
immune functions. Declinc of the Immune
functions allows invasion of latently invasive
microorganisms. There is a possibility that this
invasion causes fatal effect on creatures. The
cause of mass death of marine mammals in
polluted waters such as the Baltic Sea is
presumed 1o be infectious disease by suppression

of immune system due 1o hazardous chemicals. Tt

—136—



is not 100 much to say that most studies on the
effects of chemicals on immune functions have

been done with using experimental animals such

as micc and rats not with other diverse species.

Differences are cxpected in the effects of
chemicals on immune [unctions of different
species because of their diversity of immune
functions. Thercfore, in order to elucidate the
effects of hazardous chemicals in  lhe
environment on various animals, we surveyed

using literatures 1) immune functions of various

representative animals, 2) effects of hazardous

~chemieals on. the immune funclions of various

animals, and considered 3) fulue studics.
Regarding 1) and 2), we surveyed vertebrates
such as mammais, birds, amphibians and fish, and
invertebrates such as mollusk, arthropod and
annelid. Based on these surveys, we considered
direction of future studies and made clear that it is
necessary to push forward with a project to
elucidate the effects of hazardous chemicals on

iinmune functions of environmental animals.
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Organizatio_n of a Japanese Research Group on Endocrine Disruption in Birds and a Preliminary
Study on Testing of Estrogenic Substances by Measuring Circulating Very Low Density
Lipoprotein (VLDL}

Masaru Wada (College of Liberal Arts and Sciences, Tokyo Medical and Dental University, Professor)
Keywards: Endocrine disruption in birds, Research group, VLDL, Ass:iy meéthod -

Abstract:

After allcﬁding the Meeting of the Avian Reproduction Expert Group on OECD Test Guideline for
Avian Reproduction Toxicity Testing held in Leipzig during May 23 through 24, 1999, the author took an
attempt 10 organize a research- proup gathering Japanese avian endocrinologists to promote studies of
endocrine disruption in birds to meet the demand of OECD EDTF guideline scheme decision.
Fortunately, many researchers agreed to have such a research group aftcr a meeting held in January, 2000
and 23 members were included in the group. We have made a proposal which waits for approval from
aulhority.

Yitellogenin is established as a good cndpoint to assess estrogenic substances in fish. However, in
avian species, vitellogenin assay system has not established so far.  To get a good testing method to assess
estrogenic substance, we tock notice of Very Low Density Lipoprotein (VLDL). VLDL is a carrier of
ncutral lipids from the liver to the ovary. Tn egg-laying hens, circulating VLDL increases. Amounl of
circulating VLDL is estimated by Tosoh Lipoprotein Assay System with relatively simple proccdures.
With this assay system we measured circulating VLDL in male and female Asia blue quails, The level of
VLDL in females was very high compared with thosc in male; especially laying females had high values.
Photostimulation induced increase in circulating VLDL only in female birds. Furthermore, injection of
estradiol (1 mg/100g BW) into males induced fremendous increase in circulating VLDL. These results
indicate that this assay method is vulid to assess estrogenic substances in male birds,  Further validation is

required using actual endocrine disruptors.
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Cytochrome P450 OFEF &L, FECDNWTHERL .
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ERABELEINTWS, KL, RPHr4Ey
EHITRATES &, EAFEHRNE L TEE
SNT < LHBO R NEHEE L Cytochrome
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Effect of Environmental Endocrine Disruptors and Other Environmental Pollutants
on Wild Animals and Its Evaluation.
- For the Establishrnent of the Environmental Risk Assessment System Using Biomarkers-

Fujita, §., Kazusaka, A., Masuda, M., Iwata, H, Chiba, [, Graduate School of Veterinary Medicine,
Hokkaido University, Sapporo, Japan

Possibility of the use of hepatic drug metabolizing enzyme, cytochrome P450 and its activities as the
biomarker of the impact of environmental pollution on wild animals was investigaled. From our earlier
finding that fish eating Stellars Sea Eagles which migrate from Siberia to northern Japan in winter highly
accumulaied PCBs and DDTs in their body, we thought that seals which shares the same gaming ground
with the eagles might accumulate these chemical pollutanis. Therelore, an isozyme of P450, CYP 1A1
contents and activities in the liver microsomes of the seals were determined immunochemically and
enzymatically, The high individual variations were observed in the contents as well as in the activities.
However, these values showcd statistically significant correlation with the coplanar PCB levels
accumulated in the fat of the seals, indicaling that the levels of P450 and its activities in the liver of wild
animals can be good biomarkers of PCB exposure. In order to characterize the P450 isozymes of the
scals, we have cloned cDNA of CYP 1A1 and 3A from the liver of scals and whales, The phylogenic trees
were constructed based on the sequences of these cDNA. These trees showed good agreement with the
taxonomically constructed phylogenic trees. CYP 1Als from scals und whales were expressed in 293T
cells, and the activities were.cnmpared. Ethoxyresorufine O-deethylase (ERODY} activity turn-over number
of seal CYP 1A1 was Jower than that of rats as well as whales. The seal CYP 1A1 had an activity of
pentoxyresorufine O-depentylase activity, normally CYP 2B dependent activity in rats. It was concluded
that hepatic contents and aclivities of P450 can be a good biomarker of pollution in wild animals, but the
use of activities alone should require cantion becausc of species differences in metabolic rates as well as

substrate specificities.
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Table 1 Mononxygenase activities (pmol/min/mg protein) in liver microsomes of twa seal species®

Monooxygenass activities Largha seal RAibbon seal _
Mala {n=7) Femate {n=6} Male (n=6) Femate {n=6}

Alkoxyresorutin C-dealkylation .
MROD 0-29 C-25 0-11 341

EROD 0-733 $-459 108-259 0-251
PROD 0-3.5 0-2.8 0.76-2.2 G-2.4
BROD 0-12 0-7.2 0-5.6 0-4.9

Tastesterone hydraxylation

2 8 -Hydroxylation 0-8.6 0-2.8 0-0,3 o
6 4 -Hydroxylation 085 0-a2 0-27 - 021
16 2 -Hydroxylatien o-4.1 Q-2.6 ¢ o

values are ranges from minimum value to maximum vafue. Activities of undetectable samples were regarded as 0.
*Specified are methoxy-, ethoxy-, pentoxy-, and benzyloxy resorufin O -dealkylation activities (MROD,

EROD, PROD, and BROD, raspactively), and tastosterana hydroxylation activities (at the 28,68, and

18 8 positlons}

Table 2 Spearman tank correlations between CYP contents or monooxygenase activities in liver

microsomes and PCB concentrations (lipid weight basis) in blubber of largha seals®

total TEQ total FCB  noneorifo PCE moeno-ottio PCB dlortho PCB
BCEIT PCB128 FCE108 PCE118 PCE1BS RCE1TQ PCHIRD
Monocxygenase activities
Aikoxyresonuifn D-dealky|ation
MRADD Q o 0 o Q o - -
EROP o o o o o o - -
PROD O O o] o} O O - -
BRGD o o & o o
2 8-bydronyiation - - - - - . . -
6 ff-hydroxytation . . - - . . . .
1683-hydraxylatlon B - - B - - . -
ovp
1a1 & &) & o] O O O -
182 - 4] o] - - - - o 2
281 - - - - - - - - -
Az - - - - . . . - -

Cipen clrcles show sianificard positive correlatians (Spmarman rank correlatlon, p < 0.05),
" Explarmtlans for anbmviations ore shawn In Tablet.

~166—



Table 3 Spcarman rank correlations CYP contents or monooxygenase activities in liver microsomes

and organochlorine concentrations (lipid weight basis) in blubber or largha seals

HCH HCH CHL oot

@ fi+ ¥- WWIHCH  omy e - ols - irens -nona  ols -nona tetsl GHL p,p'.-m'ﬁ op -ODD et -DOT  tolarooT

Mow oy gon eea aslivities

1Al £ -daalylatk

4

MROD
ERGD
PRCD
BROD

Tastoatorona hdrowy sl on

3 8-hydronylation
83-hydronyiathon
15 i-hydroxy ation

=YP
1At

wonlents

142

<81
342

Qpon ol reles show alg

paniive eo {SF i rank comuation, p < 0.05). Clesad §irgla shewe significant negollvo carretation (Spearman mnk oomeladlon, p < 005,

X
Ll
e

EROD actlvity (pmol / min / mg proetein)

for atbreviatl

v
are showm in Tablel,

HN | argha seat {1 Ribbon seal

DOTs [“—I
pops | ——

HCHs

CHLs

HCB

I Ll T 1 I T

) 1 2 3 4 5 B
Chlorinated hydrocarbon concentrations {1 9/g)

Chlorinated hydrocarbon concentrations {lipid weight basis) in blubber of two seal species,

800

&00

400+

200 4

50 100 150
TEQs (po/g)

Fig. 2 Relationship between hepatic EROD activity and blubber TEQ (lipid weight basis),

TEQs were calculated using polychlorinated biphenyl isomer concentrations and TEF values {van den

Berg ot al, 1998), Statistical analyses were examined by Spearman rank correlation.
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AGAGCTCAGCCTGELCEGGCTGATC ACACAGAGC TTGEGAGEGGAGCCAGGAGGTACGGGC
TGTCCATTCCTTTCCT TCTACACACTTGTCAGCCACACACACCTATATACTACTACTGAG
TACTTGTGTACAGCGACAACTCCAGCCUTCCCCCCAACACCACAGGAGCCAATGLCCCCCG
TCCACTGACACCACTAAGCCCGGCAGGUGGCACTTAGTCACTCACCTCTCCTGACATCCC
TETCTCTGGGCGCCCCCTGTCCCOGCATGC TGCCCARCGETGGAGTCCGAAGC TTTAGGAC
M L P K ¥V E 8 E A L G L

TGTCCCGETCACAC GEGGAGCACGGACRAGATGCCGGACAACATGCAAGTGTCACAGTTTA
S R 8 H G E H & £ M P D N M Qg V 5 Q F E
AAATGATGGGCTACTCCTATGATGATGACCTGGAGGAGATETGTCCAGTCTGUGGGGACA
M M 6 ¥ 5 ¥ b D D L E E M I|C 2 ¥V C G D K

RAGTATCTGGATATCATTATGGACTGC TCGACCTGCGAGAGTTGCARGGGCTTTTTTARAC
vy 8 6 ¥ #H ¥ L L TCE B C K G F F K R

GCACAGTTCAGAACAATARARGETATACTTGCATTGARRRCCAGACCTGTCAGRTTGATA
T Vv ¢ N N K R Y T C I E N ©Q T C @ I D X

AGACTCAGAGGANGAGGTGTCC T TATIGCCGCTTCCAGARGTGTCTCAGTGTGGGGAT

P ¥ CRPF Q K C L 8 V 6 X

L E A VvV R A DR MUERGGUR N K F G P M Y
ATAAAAGGGACCGAGCTCTTAAACARCAGAADARAGCTTTAATTCGAGCAAATGGACTCA
XK R D R AL K Q Q K K &AULTIUZR AWDNGT K
ARCTAGARAGCAATGAGTCAGGTCATCCARGCCATTCCCACCGATCTCACTATTTCATCAG
L E A2 M S Q VvV I g & I P T D L T I 5 & A
CTATCCARAATATCCATTCTGCATCCARGGETCTACCTCTAAACCATACTGCCCTTCCCC
I ¢ ¥ I H 8 A 8 K ¢ L P L N H T A L P F
CAACAGACTATGACAGAAGCCCCTTTGTAACTTCACCCATTAGCATGGCTATEFCCACCTC
T D ¥ DR 8 P F V T 8 P I 8 M A M P P H
ATGGECAGCCTGCAGAGTTATCAAGCCTATGETCACTTCCCARGTCGAGETATCARATCGS
g ¢ L ¢ 85 ¥ @ A ¥ ¢ B F P 8 R A I K 35 E
AGTACCCOGATCCCTACACCAGTTCTCCAGARATCTCTCATGGGATACTCTTATATGGACA
Y P D P Y T 8E 8 P E 8§ L M @ ¥ § ¥ M D &
GTTATCAGTCCAGTTCOCCCTCAAACATCUCGCACCTTATAGTGGAACTCTTGAAATGTG
Yy 2 § § 8 FP 8 N I P H L I vV BE L L K ¢ E
AGCCAGATGAACCTCAAGTCCAAAGCAAGATCATGTCATATTTZCAGCAGGAACAGGCCA
P D E P OV Q B3 K I M 3 Y L Q QE Q A N
BCAGGAGCAAACATGATAAACTCARCACCTTTGGACTRAATGTGCAAAATGGCCGACCAGA
R S K B D K L N T F 66 L M ¢ KM & D @ T
CATTGTTTTCCATTGT TGAATGGGCAAGGAGTAGCATATTCTTCAGAGARCTAARGGTAG
L F 8 I v E W A R S 8 I F F R BE L. R V D
ATGATCAAATGAAGCTTTTACAGAATTGTTGGAGTGAGCTACTARTTCTGGATCACATAT
0D M KL L ¢ ¥ C W8 E L L I L D HTI F
TCCEACANGTTCTACATGEGAAGGAAGGCTCAATACTICTAGTTACGGGACAGCAGETGE
R ¢ VL B & K E & 5 I L L V T 6 ¢ g VvV D
ATTTTTCTGTCATCETGTCTCAGGITEETACCACGCTANMACAMCCTCATGAGCCATGCAC
F 8 v I v 8 Q A ¢ T T L B N L M E H A @
ACGGARTTGGTGGCCAAGCTACGATCGCTACAGTTCGATATGAGAGAGTTTGTGTGTCTAA
E L vV A KL R 8§ L 9 F DM R E F V C L K
AATTCTTGGTGCTCTTCAGTCTGGACGTTAAGAACTTCGAGAACTTCCAGLTCGTAGAAG
F L v L F 8 L D vV KR N L ENUF @ L V E &
GAGTTCAGGAACAAATAAMCGCTGCTCTTCTGGACTACACCCTATGTTACTACCCLCAGE
vy Q E ¢ I # A A L L T Y T L C ¥ ¥ P Q Q
AARCAGACRAATTTGGECAGTTGTTACTACGECTTCCAGAAATTCGGGCTATTAGTTTGC
T b K F ¢ ¢ L L L~ R L P E I R A I 5 L ©Q
AGGCAGAAGAATATCTATATTACAARCATCTCAATGGTGATGTGCCATGTAACAATCTCC
A E E ¥ L ¥ ¥ K H L W gD VY P C N N L L
TAATCGAAATGCTTCACGCAAAGAGEGECCTGACCTT I TTITCCTCGTCAGCGGAACTGT
I E ML B A K R A *
GCACAGTCAAAGACTATTTAAGCTTARAARCATTTGARGTCCAARMRCTATARTAATCAC
AAAATTCTTAATAGTCAATTTGTGATGCAT CAGGGTATTTGTATTTCAAACTGTGAATGA
CATTATAATGTCCCACGAAGGATTC TACACAGGACATICTGCCTGARTTCARECATAGTC
ACETEETCGTCCTTTGCTGTGTATC CTGAAGTGGGCTCATCTC TATTGGGAAGAAGACTG
GEATGCTCATTAARRRACTCATTARAGAGAACAGRAAATAATTCATCGTTGARGAATCTTA
ATTCCTTACAAAACCETATGAGC TTCATCCAGAGCAATCTATG T I TGCTCC MG TGGECCT
G

%2 PFHITN FTZ-FI1 @RTFOMBERT E-TEINEGT I JEBERS
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300

( 12)
180
( 32)
420
{ 32)
480
{ 72)
540
( 92)
600
{112y
660
(132)
720
{152}
780
(1723
£40
{192)
900
(212)
960
(2323
1020
(252)
1080
(272)
1140
(292)
1200
(312,
1260
(332)
1320
{352)
1380
(372)
14490
(392)
1500
(412)
1560
(432)
1620
(452)
1680
(472)
1740
(492)
1800
(501}
18860
1920
1880
2040
2100
2160
2161



GAATTCTCATCGCAATCGGAGCAACCTTGCACAGGACCCTTTTTTCCGCAGCACCGGAAT
CGGATGGCATGGTGGTTCACACCATGCGGTCCGATTCCTGTGCGAGTTTGCAGTTCGCAG
TGCAATATGCAAACTGATTTGGGGTGTCTTTAAC TTTGTGCTGACACTCCCTGCAGTTCG
CATATCGCAGTGTGAACTGCCGCAGGAAGACATECCTGCACCACAGCAGTGTGARCCEGE
CCTAATAGAAGGTACTGTTTAATGTTAAAAATGCTAACTTGAATAGAACCTTGTACAGAG
ATGGTACATGGCAGGTCAGCGGATGATGGCAGGGATGGTACATGGCAGGGTCAGGGGATG
ATGGCAGGGATGGTACATGGCAGGTCAGGGGATGATGGC AGGGATGGTACATGGCAGGGT
CAGGGGATGATGECAGGGATGGTACATGGCAGGETCAGGGGATGATGGCAGGGATGGTAC
ATGGCAGGTCAGGGEATGATGGCAGGCATGGTACATGGCAGEGTCAGGGGATGATGGCAG
GGATGGTACATGGCAGEETCAGGGCATGATGGCAGGEGATGETACATGGCAGGGTCAGGGS
ATGAGGGCAGUGATGGTACATGCCAGGGTCAGGGGATGATGGCAGGGATGGTACATGGCA
GGGTCAGGGGATGATEECACGEATGCGTACATGGCAGGTCAGAGGAGAGTAATGTCAATTA
GAAGTGGTGATTTCTGCTTGTGTCTACCAATCTACATAATGTGTAAAGAGAGAGCAGCALG
CAATGTAAGTGUTGATCCTCCATCAGGACACCTCCACATACATGAGGATGGATGATATGA
CCTGAAGAGGAGCECTCCCCAGSCTCCCCCCTGCTCTATACTGGCGATCTCCTCTCTGGA
TGGACGGAGAGAAGCACCAACTTCACAGGAGACACAACAGAGCGAGGGAGECGTGECTAL
AGAAGAGGCCTCCTGATTECAGGAGACGCGGCGGAGECGATCCAGCCCCCCAGCGCTTGA

CAGAGTGACAGAGATGAGAGGAGACAGAGCTCAGCCTEGCCGGCTGATCACACAGAGCTT
GGGAGGGGAGCCAGGAGGTACGGGCTGTCCATTCCTTTCCTTCTACACACTTGTCAGCCA
CACACACCTATATACTACTACTGAGTACTTGTGTACAGGACAAGTCCAGCCCTCCCCCCA
ACACCACAGGAGCCAATGCCCCCCGTCCACTGACACCACTAAGCCCGGCAGGCGGCACTT
AGTCACTCACCTCTCCTGACATCCCTGTCTCTGGECGCCCCCTGTCCCGGCATGCTGCCT

M L P
AAGGTGGAGTCCGAAGCTTTAGGACTGTCCCGGTCACACGEGGAGCACGGACAGATGCCG
K v E &8 E_A L & L 8 R 8 H G E H G O M P

GACAACATGCAAGGTAAGTGCCCCTCCGATCTCTECACAGGGGCCCCAACAATGCACAGS
DN M @
GGCCCCAACTCTGCACAGCGACCCCAACTCTGCACAGAGGGCAGGCAGTCCCATCAGGAG
CTGGGAACTCTGCTAATGTCATCCGATCACTCAGGCTTTGTATGGGCTATAGGGAGAAAA
TTCTATTCTAATTTAGTTGCGATTATTTGGCACACAAAGAATTTTAAAATC TCAGATTTT
CTTTCTATTTCATTTTTTGCTAAAATCATAAAAACAGATATTTATTTTATT TGTTTGAAT
TC
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T a o
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/B H LI Rana nigromaculata
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"3 LIV Rana catesbeiana
FIWHII Rana brevipoda
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a7 T AHIN Rhacophorus schlegeli
BT A H LIV Rhacopherus arboreus

AP HH LI Rhacophorus buergeri
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Investigation of the actual circumstances of amphibians in danger of extermination and making a
Web site to gather informations of amphibian malformations in Japan, and production of
transgenic frogs to monitor the environmental poliution ' :

Masahisa Nakamura, Laboratory for Amphibian Biology, Faculty of Science, Hiroshima university,

Professor

Key words: actual citcumstances, amphibians, Web site, malformation, EDC, dioxins, transgenesis, model

animal

The research consists of 3 parts: 1) investigation of the actual circumsiances of amphibians and
making a Web sité to gather information of amphibian malformations in Japan. 2) the investigation to
clarify unbalance of sexual ratio in frogs in the Yamada-Ryokuchi area in the city of Kita-Kyushu. 3)
production of transgenic frogs to moniter the environmental poliution.

We successfuly made Web site to gather information of deformed amphibiahs which might be caused
by chemical compounds such as EDC and dioxins. Investigation was also carried out 1o see the actual
circumstances of amphibians (frogs and newts) in sclected areas in the districts of Kanto, Hokuriku, Tokai,
Shikoku and Okinawa. The number of amphibians secms to be declining in all areas examined.
Interestingly, six malformed frogs (Rana catesbeiana) were found in a few months by this invesigation.

In order to elucidate a reason for induction of unbalance of sexual ratio in frogs livinng in the
Yamada-Ryokuchi area in the Kita-Kyushu city, we analyzed the contents of environmentally distuptive
compounds and dioxins is frog cggs and found that organochlorinated pesticides, polychlorinated
biphenyls (PCB) and dioxins which were accumulated in frog bodies were transferred to the eggs. It is,
therefore, very likely thal the malformed frogs might be caused during development by the chemicals that
had been accumulated in the eggs.

Finally, we tried to produce transgenic frogs 1o monitor eavironmenta) pollution by injecting a DNA
construct of the S™-uniranslated region of the frog FTZ-F1 gene, which is expressed in the frog gonad and a
pEGFP vector into the eggs of Xenopus faevis, The expression of green fluorescence protein (GFP) was
tissue-specfic in the transgenic embryos. Unfortunately embryos died before reaching the tadpole stage, so
that we could not confirm the FTZ-F1 gene was expressing in the gonad.

We successfully oblained many results, but this research was performed in a period less than one year.
Thus, we cannot draw a conclusion for the relationship between the deterioraiion of living conditions and
the change in the number of amphibians at the present time. Further investigations are required to elueidate

why the number of amphibians arc declining and why fro gs are deformed.



F1-1 HIDPCB RUHEIEREREIRSE (BERRE)

(ng/g wet)
No. a7 WEL B2 w1 WA 13 \WE14 WE16 1] 1] Eft17 K18
iw WEEe | IERS | LERe | e | R | Ay | e | e it il
i L) A YA TA MA, NA NA A, MA TA NA
8 M 31 86 30 o7 66 64 67 66 80 7e
L Tk X .94 1.63 1.07 116 0.93 .85 1.1% Q0.5 1.1 084
AR . g 30.9 7.1 31 7.8 19.3 15 176 154 844 22.5
Wikt 2iap <2 <1 =2 <4 <& <4 <4 <4 <2
SHHER 71k, d <1 <2 <4 <2 L5 < o 2
SRkt 7ick <2 <1 <2 <4 <2 <4 <4 <4 <2
P PRREfLL P12k 2 <1 «2 <4 2 «d < <4 <2
e FAEfEL 7120 <2 <l <2 x4 <2 <4 wi haid <«
] FORALL 712 <2 <1 <2 <4 <2 <4 <4 < 9. <2
1 CIEfLL T2k 2 «1 <2 <4 [ « £ 4 [*4 <2
Fat: {43 P FYd <1 @2 <4 <2 <4 < <4 <2 2
JUEEE 7128 <2 1 <2 <4 <2 <4 <4 «t < 2
L 7124 <2 <1 <2 <4 <2 <4 <4 4 2 <2
HCH <2 «Z <2 <4 €2 €4 =4 L2 < <2
a-HCH <2 2 @ <4 <2 <2
B-HCH 2 <2 2 <4 <2 «2
y-HCH «2 <2 «2 < <2 <2
-HCH «2 <2 <2 < <2 2
pp'-COT o < < 2
o007 <d ] <2
pp'-DDE <4 <L <2
op'-DDE <4 <2 <2
; pp*-0DD «q < <
o op'-0O0D < <2 <2
Al DOTs 0 0 1]
A7 008 2 > <4 <7 <2
A7 HOALE §71 <2 =2 <2 <4 =2 <2
F Ak Yy <2 <2 =2 <4 Py g
trang- i < <2 < <4 2 2
cle-204 ¥ <2 <2 <2 <4 <2 <2
Frtnas r <2 «Z 2 3 " <2 <
rans-/T504 <2 2 <2 <2 <2
cia-rHAK < <2 =2 <2 <2
F12 TN O PCH RUARERAMEME (EHHE)
{nu/g fat)
Na. [1H:: [18);:a 5] th e sl WwE3 A 14 WE16 LIm18 Bit17 D, AL
il e | LD | LEEL | LBih LB Wit | wEsg 1L B A i\
[ £i] YA A YA NA HA MNA NA A, TA el
3] mm 41 86 BOD &7 3] gd 114 @b a0 72
TR o (.94 1.63 1.07 1.1€ 0.83 0.85 1.18 0.5 1.1 0.34
L2 a 30.9 371 3t L] 19.3 15 17.6 158 349 22.5
e 12 4] [H] 0 Q 4 9 { 0 [ o
jt | A 534 o] 0 0 Q o] D [} 8 ] 2]
=t ) g o 0 Q % R o 0 0 o
P [ L} Siriagp) o) 4] Q 0 0 4] D { 4 Q 4]
[ ot e o Q Q L 0 0 4] "] 364 o]
D FUEEr 2acd Al 0 Q [1] 4} 4] 2] 0 818 %
3 LR 7oh 0 a i} M) ] 0 O Q o] )
DIEAEE P24 o] o] 0 0 1] O 4] 1] I} 0
pah) S e ] o 0 4] 0 n Q D L D 0
AL 71oh i a 0 0 0 1) [i] [} D 1)
HCB o a Q 0 Q Q 0 0 4] 1]
o-HCH J Q 0 0 0 1] 0 O 0 [
g-HCH 0 ] 0 o] q 0 0 ] 1] O
+HEH [1] ] Q Q 1] [ 0 [ 0 1]
&-HCH 418 Q Q 0 ] 0 i) 1000 Q L]
pp DOT [} 245 1028 ) 1823 106 1652 1600 0 0
op'-DOT Q2 4] 280 0 0 Qg 0 o o] [
pp'-D0E 532 245 654 ] a1tz 48 ATRZ 2200 g L
cp'-DDE 4] Q g n 0 0 v [ 0 )
; pp-DDD 0 0 780 0 430 0 0 0 0 0|
p ap'-000 o] 0 Q 0 0 1] D Q 1] 0
AllODTs 532 431 2243 o 10430 1294 6435 3800 Q Q
oy J5dh o] 0 a 0 0 4 0 0 0 0
nF HIINEY o] ] a ] 0 0| D! Q0 0 O
5 Ay 4] a iy L) 0 0 0 0 1] 357
irans-raM y 0 Q qQ 4] 0 0 0 0 a &
ClsJaM » 0 Q Q 0 ] 0 0 0 1] 0
FHAIM Y O QJ Q 345 (] Q 0 a Q L
rans-J+enx o Q 0 1] {) Q [i] 0 4] ]
cis-/#70% 0 g o 0 q 0 0 0 Q 0

—203—




#2-1 BIOPCB RUFHIERZARER (REFERE)

{ng/g wel)

bt e ]

Wm7

Wme

i)

wEll

o A

WEi4

WHEIE

A8

A7

115

Bk

i

R

Lt ki

b1

YA

YA

L B
Wy

L Hj

UEE: G

WERR

LI

iiked

JhE

NA

Na

WA

YA

(9]

1730

17.3%

8.39

1837

8.68

10.58

19.05

M His{%%)

5.4

6.5

6.0

5.8

6.5

5.3

[ T

HD

WD

ND

RO

SHEY 1ok

ND

HD

e 2k

ND

ND

AEALE 7ecy

ND

it {1y ]

bt 3[4y

L 2ezb

AUNHEL 71k

FUMEE Fazh

ALY 722

HCB

a-HCH

g-HCH

y-HCH

5-11CH

pp -DOT

ap' -DOT

p.p' -ODE

op' -ODE

pp’ -DOD

L ]

2007

AT Hok

AT SNIE b

M

ans-fis' -

Cis-#0MY

TR0 ¢

trans-/ Hog

cha-/3nk

ND : ity

PCBMNSES © 1 ng/g, EabcM BRI : 2 nafg

%22 90O PCB RUHBERZRRERE (B

(ng/y fat)

AR

WB7

1 Th:: 113

WEI

JIT=: 1

w13

W14

181 4 1)

WS

A3

ik

W iR

HERH

LI iBRtE

i £}

YA

—

WIEKME
NA

el

NA

L EEH
NA

Ll Bk

LI k33

Sl

NA

NA

NA

PRER(Y)

16.73

839

1847

8.68

11.29

10.58

1585

Ribs 4 (36)

5.5

5.0

5.8

5.5

5.4

5.3

4.6

4B Iz

ZHE{EE 702k

SIEEE Frzh

it Sl P

ajz|o|=2

EXAEE Pk

306

FURIEL 7220

-

—

iy
i

HHEEY 71z

=3
=

AHEE 71k

FUliEl ik

[~ E=21=] E=TE~1 k=3 0~1 [=10-]

b Unars ]

HCB

a-HCH

(=] E=1E=0 k=2 0=d [=] LA =2 =] k=] L=} k=]

pHCH

FHCH

=1 E=1 =1 D=0 E=30 =] (=1 k=] L=] =3 =) k=] L=] =01=]

=1 -3 1= =3 i=1E=}{=]1=] [=] k=] [=] §=] [=] [=]]+]

#-HCH

clojlojlaloloi@|e@|e|RS Q2]

pp'-00T

o

ﬁ

1121

63

4
o

op'-D0T

clalolojolo|ois|as|lajolw|dlolo|a|o

alolcjalalajalola|o|SiNS]|S OIS [ O

e oo

=1 Y1 E=18=2 =] =3 [=11=]

pp'-DDE

L]
~
o

r Y

w

10

4655

354

1834

-
o
&

ap'-DDE

=]

(=2 1500 K= E=1 =3 K= [=] =0 E=3 =] L=] R=Rheliii =g E=d i) L=l ge)

=

=]

=

pp’-D00

L=

(=]

o

241

-
o

185

B
=

ap'-000

(=

b=

L=}

[=]

OOD%EOOODOOGGQOGQODDO

Ajl DOTs

i
[

i-N
o

100

704

2843

&7

A 230k

(=]

A FYILE J5)

2

A

trans-S0WF ¥

cls-SAF ¥

—_
[=]
=1 E=1E=Ri=1E-1 I~AE=RE=-21~10-10~]

=1 1 = B =

o D)ojo (oo

o] e Bie] Lol £o]

i3 E=1 =1 E=1E-01=2 E=3 [~1 =1 [~R0=~10~] E=TE=-2i=1 1= [=1 k=3 E)

F30AY Y

S E=1 E=1E=2 =1 1=]

w
—

2]

121

185

74

m
[a*]

trans-/H o

o

=]

o

[=]

(=]

cig-/Hb

]

Sjo|wo|lo|jQio|o

[+]

=3 L~
[¥]

|
G



®3 ATNENOEBERZEENTPCBEBEOHLE (FL%)

—205—

JERH A T O il 5
PR n SE Bx B ERE | MFED
iy 71k 0 0 0
b -2 | A e 3 0 ¢ 0
e 0 o 0
itpe Sfolalivl ool 0 0 0
BB 7128 1 0.842 0.842 0.842 0.842
FRRERE 7o) 1 0.549 0.549 0,549 0.549
BB 7128 0 0 0
PIEAEE 7126 0 ¢ 0
AR 7124 0 v} g
Y 712k 0 0 ¢
" HCB 0 0 it
a-HCH 0 0 Y
B=HCH 0 Q 0
y-HCH 0 0 0
8-HCH 0 o 0
p,p'-DDT 5 {.383 0.613 0.071 0.221 0.304
o,p'-DDT 0 0 0
p,p'-DDE 7 0.469 0.789 0.056 0.270 0.358
o,p'-DDE 8] 0 8]
p,p'-D00D 1 0.581 0.561 0.561 0.561
o,p'-DDD ¢ ) 0
£D0Ts 7 0.449 0.801 0.049 0.294 0.314
LYl 0 0 0
AT RIONTE F0b D 0 0
F A 1 1.0%96 1.096 1.086 1.096
trans-7ANF ¥ 0 0 0
cis-0F ¥ 0 0 ol -
TEeFONT 1 - 0,387 0.387 {.387 0.387
trans-/ 0k 0 4] o
cis= 1404 0 0 o
Ly 0.592
BRI 0.554
g% 0.251




F4 PCBREUVEHEEERMEDHTI GHOEFRIL 72 TL)

MR

B

ERRE

BAEE

L8| A 2T

ZHE{EY J1zh.

=g 21k

EE{LC 212k

IR 7128

FUR{EE 7128

A=t 7124

ASEIEE 21zl

FUBAEE 7128

THEALE 7az)

HCB

a-HCH

p=HCH

y-HCH

&-HCH

p,p-0DOT

o,p-DDT

PnF"“DDE

o,p'-0BE

p.p'-DOD

n,p’-DOD

=20D7s

A7 3500

AT A0ME Ay

raR g UM

trans-208r »

cis-20i7 ¥

05T v

trans-/440k

C‘}D-—'OO-—-‘DD‘\ID—‘OHGWODDQDOQQWD—'—'ODDO?

cis-/Foolk

b2

MaEFg

RAEE




7 5-1

HINOFA AL 8 (A7 5+ —PCBED) BE (BERRE)
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ANl g 26.6 251 248 5.2 728 403 404 49.6 21.9 223
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1,3,8,5-TACDF Q.55 [K; 065 6.3 06 0.05 0.58 047 0.1 0.2
# DO TaClks 15 14 54 0.5 1.2 15 3.3 36 23 D7
1,2.3,7 B-B500F T 1.4 1.5 0.8 1 11 1 1 0.5 06
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2' 244" |5PSCH 5 4 ] 4 6 4 3 3 3 2
73 44" 5.PSCH 730 200 T80 54 110 156 130 130 68 57
23.4.4° .5 PSCH z z 3 z 3 1 2 2 2 z
Z33 44" -PSCH 21 25 z8 14 77 70 15 14 14 14
ZA A4 5,5 LB 33 ad T 76 28 26 24 4 1t 20
7,33 44" 5-HGCH L] 38 43 23 36 24 25 T 16 19
733 44" .5 HGCB 1t 15 20 0 B ) a ] 5 7
233 44" 55 -HICB 13 16 18 12 17 0 0 13 B AlFy R s
PR 11.0 16.0 17.8 7.7 14.7 1.5 195 11,0 1789 275 18] 1783 77
LPCDE FX WL 15 1.1 10.4 214 23.1 23.3 786 14.5 220 5 11
®PLDO/CF 28.1 48,7 49,2 8.7 33.0 133 42.7 143 2075 42.1 £3.6] 207.5 187
WCa-PCE 763.8| 3548] 8752  1548|  767.2|  259.7 732.4 2414 1437 13t.1|  2424] 375.2] 1314
B A AR 2918 4016l ag4s| 1736} do0.2|  29anl arsp!  2757) 3507 173.2] 2058] 4245 1732
WHO-TEF Toxicity Equivalency Factor (WHQ,1998) DA WML AR
TRTRERSOSERSTRTRESC 12 £ LA
T EQ {p3-TEQ Dy wet) @3 i@ 5 W10 wE12 wm17 miti3 ars @|Rs T LA A ki A [ 2
PCDI{WHC-TEF) 0.978]  1.318]  1.145| 0.584| ©0720] 0999 1008] 1o0%a]  zzsa|  o7as] voez| z230] T o.Ss4
PCOF (WHO-TEF} 1481 7.268 1825| 0.a2¢ 1307 1513 3418|  1.527|  1.531 0413 1.490| z.268] D913
DXN{WHO-TEF) 458 3,585  3.070 1.520 20201 2.512] 2424|2821 5.861 7852 w.572] 3861  1.520
CorPCR1 2 0837|  1.09% 1.211 0.533] 0912 T052]  0.528]  1.078] 0492 0440 0.574] 1.211) Daa0
DXN[WHO-TEF)JCe-PCE1Z] 3456  4.680]  &.281 Z.053 2933 3.564]  3.352]  3800] 4353| 2.082| 3.446| 4.68D] 2053
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X522 ATINOFALFFL M (27T -PCB D) BE (IBHHE)
{pg/g tat)
BRZ WE3 M5 B0 W2 A7 A3 BT BH1Y A
AR IR Ya, fh YA NA NA YA YA YA NA
g Ee | LEde | weEls | LEe | umaes Eft B Bt ool
AR YA A YA A NA YA XA YA NA
H8 mm 76 7§ 75 E7 72 83 79 a0 66
R 26.8 25.1 246 15,2 226 40.3 40,4 49,6 218
RAierR % 1.25 1.72 0.84 0.81 1,02 1.23 1.24 1.65 0.86
2,3,7.8-14CDD 16 12 25 12 a 14 13 11 12
1,3.5,8-T4CDD 160 172 250 74 138 128 218 127 5330
1,3,7,9-T4CDD 14 17 29 3 18 4 21 14 628
F-IriddT4CD0s 10 G 13 3 18 5 11 7 47
1,2,3,7,6-PSCO0 52 52 65 49 45 47 53 a4 188
+D#OPSCDDS 58 58 131 37 T 44 1) 63 523
1,2,3,4,7 B-H&ECOD 40 47 &0 ar ¥4 L]} 40 36 105
1,2.3,6,7,B-H6COD 4B 64 107 62 55 B8 73 55 221
1.2.3,7.8,.8-H6C0D 4 3 36 § 5 23 24 186 47
+DfiHeCODs 4D 52 197 25 64 45 T3 42 116
1,2.3,4,6,7, 8-H7CDD T 128 286 117 128 143 121 85 1163
EalBHICDD 24 17 71 ) 55 73 48 12 302
0BCHD 17 349 917 HE 706 286 798 1521 11813
2,3,7,8-T4C0F 104 11Q 214 T4 22 73 89 al 45
1.3.8,8-TACDF 44 Y 77 37 55 4 45 28 12
FQYDTICOFs 120 1598 543 74 110] 120 266 218 267
1.2.3.7.8-F5COF B8a a1 178 92 97 83 81 61 58
2,3,4,7,8-P5CDF 168 180 321 148 156 150 153 127 123
QR DPSCDFs 432 640 1310 383 505 504 629 479 302
1,2.3,4,7,8-HGCOF 80 105 155 111 0 105 89 73 930
1.2.3.6.7 8-HBCDF a8 64 33 85 79 €0 56 48 1186
1,2,3.7,8,.9-HGCDF 8 & E 12 D) & 8 5 12
2.8.4.6,7 B-HECOF 56 &7 119 B2 73 j]n] i3] 6 az
T OGHECDT s 152 215 417 173 211 EFL 226 188 291
1.2.3,4,6,7.8-H7CDF 40 a1 107 52 9z 53 56 36 279
1,2,3 4,7 6,9-H7CDF 4 3 12 5 5 4 4 3 40
EOHRGH?CORs 16 12 43 25 45 a0 32 12 291
OSCDF 8 s 45 12 55 23 40 s 372
Co-PCBs
3,44 5-TaCB 120 105 24 ag 156 120 121 103 105
3,3" 44" -T4CH a0 47 202 T 128 53 65 36 a1
3,3° 4,4° 5-F5C8 736 581 1310 583 761 737 €94 608 523
3,3" 4.4° 55" -H&GCB 2483 250 CER] EEA 349 271 274 743 244
2 ,3.4,4" 5-P5CH 400 233 952 IET] 550! 301 247 182 349
23" 44" 5S-p5C8 10400 11628 22619 eoay 10’.’]92? 11278 10484 TB79 Ta0?
2,344 5-FSCB 160 118 357 247 2781 73 181 121 233
233 A4 -PECA 1680 1453 3452 1728 2477 1504 1210 843 1628
2,3" 44" 5.5' -HGCB 2640 2326 5476 3210 3486 1955 1335 1455 2093
2.3,3' 44 ,5-HECH 2rzn 2093 5119 2983 EEGE 1805 2016 1818 1860
2,3,3" ,4,4" 5" -HGCH 860 872 2381 1235 1376 677 726 545 581
233 44 55 -HiCE 1040 930 2143 1481 1560 752 BOG 788 1047 | ey B B
¥PCOD BE1 927 2119 944 1344 BSS 1582 664| Zo@0z 3341| 20802 564
ELPCDF 1368 1788 3744 1364 1683 1639 1864 1413 3326 1953 3744 1364
BPODDADF 2248 2715 5863 2308 3028 25058 3446 2077 24128 5333 24128 2077
$Co-FCB 21104] 20834]  44667|  19123| 24514 19526]  18734] 14630 16651] 21518] 4s667] 14830
WA A0 233513 23349 50530 21432 275411 22031 22180 16707 40??3 2HERSR 50530 16707
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#61 WHOTA1FALL U (A7 —pCB L) BE (BEERY)

{pg/q wat}

s wm3 Wy L@ATo b oLEI2 | eI | Bitid | Bf1S | |19 TR 1S

e WERH | B | Bl ) LERe | LR i A i A M

[T Y TA TA, NA NA YA YA YA NA NA

BANE & 12.49 14.68 13.48 8.02 11,59 22.36 23.23 22.38 13.90 13.48
2,3,7 B-TaUD 0.7 0.6 Q.5 1.2 0.7 0.2% 0.27 0.4 1.0 1.0
1,3,6 B-T«(00 &7 5.0 5.8 11 75 1.5 A0 4.4 230 220
1,3,7.9-T4CO0 0.4 0.8 0.5 0.5 0.5 0.34 Q.44 0.57 20 2.0
¥ DI T1C00s 0.4 .3 0.2 0.9 0.7 0,14 5 .22 b 0.7
1,237 8-FC0D 20 2.1 1.9 3y 2.4 0.93 0.94 1.1 14 45
EOBOPCD0s 20 2.4 1.5 3.5 25 1 1.1 1.3 1.8 6 1
1,2,3,4,7,8-He00D 1.0 1.3 1.1 2.2 17 [ o7 a.7 0.8 4.1 1.4
+,2,3.6,7.8-HeC DD 1.6 2.1 1.4 3.2 24 ! oo 1.0 1.1 11 5.2
1,2,1.7,8,%HeC0O0 a5 0.1 0.4 V.0 o7 0.3 .3 Q.4 1.6 1.8
FOROHCDDs 1.2 [ 0.9 2.2 1.6 0.6 o7 1t 1.9 21
1,2,3,4,5,7,8-HCDD 1.6 1,6 2.3 4.3 2.8 0.9 0.3 1.2 18 5.5
£ HCOD 0.2 0t 0.3 0.4 0.3 0.1 0.05 ot 1.0 0.4
QG0 3.0 2.7 4,3 1G 3.3 1.2 0.9 13 78 13
2.3.7,8-TLDF 5.1 5.3 4.5 3.3 8.2 1.5 1.7 21 3.6 6.2
1,3,6,B-T+COF 2.4 2.2 1.8 5.0 3. 0.79 1.1 1.1 1.0 2.2
£ T OT+00Fs 13 V7 85 15 12 4.9 5.5 7.2 14 15
1.2.3,7.8-PsCDF 25 3.0 25 5.7 2.3 1.1 1.3 1.5 38 53
2,3,4,7 8-PsCDF 5.8 5.6 5.2 11 7.9 2.5 2.8 3.3 8.4 11
EDHOPCOFs 22 30 15 34 2% 9.1 13 13 25 42
1.2.3.4,7 B-FsCOF [ 3.3 1.9 5.3 4.1 1.4 1.3 HES 41 1]
1,2,3.6,7,B-HeCOF 1.3 1.6 1.2 3.7 7 0.6 0.7 0.8 5.4 3.7
1,2.3.7.8,9-HeCDF 0.05 0.05 0.05 .05 0.05 0.025 0.02% 0.025 0.2 0.3
2.3.4.6,7.B-HeCOF 1.7 2.4 14 1.6 2.7 0.9 ] 1.2 3.3 4.2
FOfOHCDFs a0 7.7 4.1 15 B.4 EX) 30 4.2 15 16
1,2,3,4,6,7.8-700F 0.7 0.7 Q7 1 2.5 1.5 0.4 03 0.5 5.3 2.3
11,2,3,4,7,80-L15C0F 6.1 0.1 AR Q.2 0.05 0.05 0.5 4.3 0.9
[£ L OHICOFs [N 0.1 02 i 1.2 a6 0.1 0.1 Q.1 7.5 1.5
L0aCOF 0.28 0.2% 025 | os .25 0.1 0.1 0.1 5.2 1.3
Co-PGE ]
3,é‘4',5-T4CB(#H‘I) 4.4 5.4 5.4 12 8.4 2.2 2.8 2.5 7.3 10
3,34, 4-T4CA(HT7) Z.4 E] 3.6 a.1 6.6 1 1.3 1.3 2.4 3.3
3,3".4,4' 5-FsCB (%1 26) a5 22 ED] 55 34 9.1 12 E 35 51
3.3.4.4' 5 5*HeCBI#169) 7.8 6.9 0.4 13 15 2.9 4.1 4.3 13 19
2'.3,4.4° 5-PsCB(#123) 17 12 249 56 24 q 4 5 22 27
2,3'.4,4' 5-PeCB{#1 | B} 490 510 560 520 500 B0 180 220 530 850
12,3,4,4,5-PiCR#114) ) 7 13 25 14 3 3 4 14 18
2,3,3".4,4'-PLCB{#1 05) 110 a1 a3 260 158 28 25 1 150 190
2.3'.4.4°.5,5'-HeCBI#167) 58 53 72 170 g 15 19 a3 100 160
2,3,3".4 4" 5-HeCBI#1 55) 87 75 25 250 130 26 27 37 140 710
2.5.3" 44", 5 -HeCRI# 1 57) 32 25 37 %) 46 3 ) 13 48 55
23,5 44,5 5 -H/CE %1 89) 24 20 32 73 48 8 0 12 43 a1l 2y n* A
HECOD : 21.30 21,00 22.60 43.90 27.60 11,24 11.56 14.53] 39780 27060 84,2 397.8 1.2
HPOOF 63.60 80.30 47,400 111.75 76.50 26.67 30.08 36.58) 14310 120350 73.8 143.1 6.7
#2FCDD/OF 84,9 151.3 70.0 155.7 1061 7.9 416 51.1 540.8 391.1 158, 540,8 37.9
#Co-PCB 668.60| 820.30] opa4d] 185810 107000 289.20] 297.20] 364.50] 120460| 166490 952.2]  1958.1 289.2
[ xsem 953.50] 921.60| 105440} 211375 117610 327.11] 338.84] 41561] 174550] 205600 11102 2113.8 3271
WHOQ-TEF Toxicity Equivalency Factor (WHO,1998) a3+ BE
ERTRBEEQEHSNERTRESC 12 &L
TEQ (pg-TEQ/ g wer) wWE3 HES WHI0 | wliZ | wEi7r | a1z | @RIs | |Rie 1 e [T Al
PLODKWHO-TEF) 3.028 3.128 2.753 5.582 1.608 1,359 1.418 1.682{ 16,958 6.596 4.611]  16.958 1,359
PCOF(WHO-TEF) 4.082 4,717 3.632 7.963 5627 1.759 1.548 2.280 4,837 8.097 4,554 9837 1.759
DXN(WHD-TEF} 7,108 7.845 €385 13.545 9.235 3118 1,366 3.962] 26.794| 14593 9.605| 26.754 3.114
Co-PCBIZ 2.708 2,386 3.240 6,009 1,720 0.900 1.283 1.596 3817 5.552 3.108 6.009 0.980
DXN{'WHQ-TEF]+Cg-PLB12 2.816] 10.231 9.625] 19.554] 12.95% 4,009 4,549 5358 30.612| =20.245] 2715 30.612 4,093
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62

WOF1AFH (7 7F+--PCB S BE (EWHE)

(ngfy bath
L) Wil RS WEIN N e WM 7 i El Hit15 Hit19 Jl\!_l S
s WEE | uEad | imEs | mEs | LS L Y I i L
[T YA YA YA NA WA YA YA YA NA NA
JHARA g 12.49 14.68 1348 4.02 11.59 22.36 23.23 2238 1.8 13.48%
2,3,7,5-T4C00 13 11 ] 21 13 4 5 § 20 13
1.3,8,8-T4CDD 120 3] 122 187 134 68 TE 75 4114 393§
1,3,7,3-T4C00 7 14 3 9 9 6 2 12 358 ag| -
F 0B TALDDs 7 5 4 16 13 3 3 4 20 13
1.2,3.7.8-P5C0D 26 38 34 i) 43 17 17 20 250 a1
+ N PSC00s i6 43 20 E3 45 20 28 22 2BE 18?7
1,2,3.4,7 8-HEL0D 18 23 20 EES 3Q 13 13 14 73 €1
1,2,3,6,7 B-HECDD 29 38 32 57 43 16 18 20 197 93
1,2,3,7 B.9-HECOD ] 13 ¥ 18 13 5 5 7 29 az
+ Wi SHECDD 21 20 16 35 28 11 13 20 34 38
1,2,3.4,8.78-H7000 29 32 41 73 50 16 14 21 222 94
+H4OHFCDD 4 2 E] 7 E) 2 1 2 13 7
03CnD 54 4B 7 179 68 21 16 23 1395 233
2.3,7 8-T4CDF 31 55 a 159 93 29 30 3a 54 1
1,3,6,8-T4CDF 43 ag EF] a9 55 14, E) 20 20 32
| £ O T4C0F8 238 304 152 268 215 B8 98 129 250 26R
1,2,3.7,8-PSC0DF 52 o4 43 102 o8 20 23 27 1] 45
2.3.4,7,8-PSCDF 104 18 93 187 141 45 50 55 150 187
0P SCOFS 394 537 268 ECB 447 163 1957 233 447 751
(1,2,3.4,7,B-HECTF 39 58 34 a5 73 25 23 25 733 754
1,2,3,5,7,8-HECOF 22 29 21 58 38 K 13 14 a7 £6
1,2.3.7,9,8-HECLF 1 ] 1 1 1 o Q Q &4 5
2.3.4,6,7,8-HELDF 30 %3 25 G4 4B 16 20 2% 59 75
F-hHGCDF s 107 138 73 268 168 53 54 75 Z2h3 288
1.2,3.4,6,18-H7CDF 13 13 13 4% 2?7 7 5 ] a5 17
1,2,3,4,7 B,9-H7CDF, 2 z 2 5 q 1 1 [ 7 16
S HFCOFs 2 2 & 21 11 2 2 2 134 27
Q8cor 4 4 4 9 4 2 2 2 93 3
Ce-PCB(pG/g)
13,4.4" 5.T4CR{287) 114 az 153 215 150 EL 50 52 131 179
3,374 4-TACR(ET ) 43 54 54 145 118 18 23 23 41 70
3,3"4.4' 5-PECE(E1 26) 447 394 537 934 GOR 163 218 233 626 E
3.3.4.4' 5 5-HECB(A169) 140 ] 165 340 268 52 73 7 233 240
2'.3,4,4",5-PSCR(#123) 304 215 429 1002 4z8] 72 72 83 394 483
2.3',4,4" 5-PSCR{#118) B7EE 9123 10018 16453 8945 3220 3220 2936 11270 15206
123,44 5-P5CALY) 161 125 233 447 230 34 54 72 230 322
|2,3.3" 4,4-F5CBI#105) 1968 1448 KA 5009 2683 501 447 555 2683 3389
2,3'4,4'.5,5"-HECB(#167) 1038 248 1284 3041 1682 286 340§ 411 1749 2862
2,3,3" 4,4 5-HELRL#T156) 1556 1342 15493 4472 2326 465 483 E62 2504 ars?
2.3.3%4,4" S-HECEB(®157) 572 447 562 1610 823 161 161 197 359 1163
23,3 44" 5,8 -HPCB(# 180} 428 358 572 1306 859 143 17?8 218 68 1081 | ¥k [ B
I$FCDD 381 176 4C4 785 494 20 207 260 7116 4341 1508 7114 201
HPCDE 1138 1436 348 1999 1404 477 538 654 2560 2156 1321 2560 477
BRCDDYDF 1519 182 1252 2784 1598 678 745 914 3§76 B25E 2828 3676 678
ECo-FLD 15538 14674 17910 35028 19141 2174 5317 EF4 2154% 29784 17034 95029 3174
WA Al 17057 16487 18862 37813 21039 5852 6051 T7435]  3122% 578D 13861 37812 5452

WAL, WK R RS R R DS 59%E R

EETRMEAROWE TR TRED /2 £ 04
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£7 FAAFL U (A7 ST -PCBGY) OATNEHOETRE (8371

aArvxF— iy Bx b W% DR L)
2,3,7,8-T4CDD 3.095 7.121 0.672 2.641 2.166
1,3,6,8-T4C0D 3.856 14,466 0.852 1,766 2.320
1,3,7,9-T4CDD 2.941 11.868 0.973 3.328 2.060
+ OO TACDDs 4,895 21,363 0.657 7.506 2.159
1,2,3,7,8-PSCDD 2.519 3.489 0.689 2.041 1.863
Ot OPSC0Ds 2.636 8,506 0.680 3.032 1.721
1,2,3,4,7,8-H6CDD 1.985 3.142 0D.602 1.631 1.499
1,2,3,8,7,8-H6C00 1.998 5.243 0.551 1.658 1.464
1,2,3,7,8,9-H6CDD 4,246 11.868 0.555 T 3.950 2.402
ZO{OHGCDDs 1.724, 6.528 0.447 2.020 1.118
1,2,3,4,6,7,8-H7COD 0.926 2.703 0.263 0.793 0.696
F0OHHTCDD Q.709 4,747 0.048 1.426 0.301
CECDD 0.416 1.413 0.052 0.384 0,304
2,3,7,8-T4CDF 3.604 9.37¢ 0.888 3.513 2,353
1,3,6,8-T4CDF 4,254 9.890 1.0586 3.432 3.065
Z O O TACDFs 4822 14.836 0.863 5.026 2,994
1,2,3,7,8-P5CDF 2.174 5.344 Q.555 1.872 1,539
2,3,4,7,8-P5CDF 2.457 6.049} 0.694 2.135 1.752
F 0@ P3COFs 2.921 7.699 0.742 2.739 1.937
1,2,3,4,7,8-H6CDF 1.664 3.495 0.526 1.252 1.285
1,2,3,6,7,8-H6CDF 1.628 3.730 0.416 1.306 1.199
1,2,3,7,8,9-HGCDF 0.484 1.815 0.113 0.576 0.307
2,3,4,6,7,8-HGCDF 1.71% 4273 0416 1.491 1.230
EFO it OHGCDFs 2.232 6.358 0.391 2.120 1.441
1,2,3,4,6,7,8-H7CCF 0.914 2.967 0.246 0.830 0.681
1,2,3,4,7,8,9-H7CCF 1.395 3.561 0.451 1.017 1.102
O oH7CDFs 0.804 3.561 0.139 1.103 0433
QBCDF {.883 2.967 0,115 0.870 0.564
Co-PCBs
3,4,4" ,5-T4CB 5.879 £5.754 0.763 7.752 3.038
33" 44" -T4CB 2.307 6.867 0.793 1.803 1.857
3,3" ,4,4° ,5-P5CB 2.752 7.713 0.515 2.69%8 1.784
3,3’ ,4,4" 55" -HGCH 2122 6.385 0.447 2.051 1.406
2' 3,44 5-P5CB 3.026 8.208 0.555 2.979 1.987
2,3" 44" ,5-PSCB 3.532 10,310 0.666 3.725 2.176
2,3,4,4" 5-PSCB 2.968 7.418 0.883 2.128 2.377
2,3,3" 44" -P5CB 3.870 11.868 Q777 3.779 2.565
2,3 44" 55" -HGCH 1.721 - 4.839 0.341 1.682 1.120
2,3,3" 4,4" ,5-HGCE 2.56% 6.686 0.556 2.509 1.659
2,3,3" 44" |57 -H6(CH 2.366 6.093 0.551 2.321 1.527
2,3,3" 44" 5,5 -H?7 1.671 4,613 0.417 1.513 1.171

Fig 2.468 '
:-31 31 1.282
BETEY 2.103
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8 LW BINKTBROY A 3+ 8D TCDD U RBEE (pe-TEQ/g)

i quaat& (";1{;% B (n=2) | AvBE (n=2)
PCDD/DF 2838 T4.84 115 3.70
Co PLB 1.33 0.87 %R 0.30
PCDD/DF + Co-PCB 29.72 16.04 1.25 | 1619
L At {n=10) Bt (n=11)
TYTRATL AR ¥ | BATH | %5 | w0
PCDD/DF 3.46 339 3.26 3.20
Co-PCB 2.12 2.09 1.97 1.89
| PCDD/DF+Co-FCB 5.58 5.50 5.23 5.13
L (n=10) Bt (=0}
TRFAATL AR w5 | mmym | @m | meEs
PCDD/DF 2.23 1.99 1.88 1,77
Co Pl 0.98 0.88 0.93 0.78
PCDD/DF+Co-PCE 3.21 238 280 2.59
_ WM (r=10) S (n=10)
TRYTAATNL HA w5 | BmEE | RE | @eTS
PCDO/DF 413 4.01 3.61 2.28
Co-PCB 2.21 217 1.89 1.65
PCDD/DF+Co-PCE 635 | 819 550 2.9
. WE R (n=10) AR (no10)
THRITAATN A2 Fig BT i AT
PCDDADF 1.26 113 1.61 1.45
Co-PCB 0.54 049 | 047 0.45
PCDD/DF+Ca-PCB 1.79 162 | 2.08 191
o ”fjg;ﬂ’ met (n=3) | /1B (n=2)
PCDD/DF 3.51 1.46 19.84
Co-PCB 3.42 1.21 4.60
PCDD/DF4Co-PCB 11.96 4.67 74.89

WHO-TEF  Toxicily Equivalency Factor (WO 1093) O EE ERA
EHRTRIEXZBCREITRTRMED 12 2L

T, RAUTHOEREDLLSOE, RAFEETES,

#9091 UHABHMATO YA 352 O e

(pg-TEQ/g)
PCOD/OF+C
EHH PCOD/DF Co-PCB a-pCa
L] 14.84 087 16.04
AN (FR) 3.70 213 5.85
Ef B.51 3.42 11.96

BRI, WHO-TEF:Taxicily Equivalency Faclar (WHO,1998) (EILE% B
ERTIREXRZCHESIERTRED 1/2 &L=

#9202 [IBEHNTO3EI T3 T RUFIOR

FCDD/DF+C
B PCOD/OF | Co-PCB gy
iR ' 1 1 1
ALL (FX) 0.25 2.45 0.36
5 0.57 3.93 0.75
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Tadpoles: BYERAMEE

Xl 6

—214—



12. A WMBEILEMBEORBICAVAAYHEHED (R &EAH
BLUBEAY O HBICHT 5

WARE A8 BT EHBRRPADLTREWR L 5 —B#R)

WREE

W BRSO LTI QR B2 F M T 258 & L TRRAL S ANShT
&z d-R REEEBR L. HONRNREOYHIZ. R TELREEFEU UL, &
D S RARELHREORE THENL S NBXBERTELEAA T W EERL
oo INHOREANDWBACEYEORBICHTATHINEShERHIL TS,

P& A
REEZ (FHBAEENS PISERRL ¥
—#iR)

A BN

A IEPUREAL LS E I & 2Rk
B OB LB IC B W T RSP Ot
FEETEHW SN TWAAEOHREY
THD. FAFHE. OECD FIHEM RS
HORRBIIFEALELTORR: GER
R EES. BHEis. il LR
BREEME. 2EREER) TBWTHEFHT
HZ, E0bDITERMICELDIRRECOWT
BRELZEZBRTTNTHLERMINT NS,
Lo L. BBROPBLEMS DI, 1
FNORBECBELEZRNLETH S, &
PR L EDEORWIRERR A Y I A%
BIFE L. AADOMAEEICERNT S L%2H
&L THBEENZRDTHS,

FHETIT o) FHAEERROZDIZLR
R b) SRS S NERASBIR T E 2B H A
FHOFRMO_DERRET %, o) LMD
BT, BB OREAENLEEIC
ZET LB TENL. RBoOEROR
ROBEHEIERIIMETS, CThETOD
d-tR FM THBEA: OB R TE 2 AR
RRBIRW EHEID RN, R TIRSE
% 2 HOM TR PIHET. DNA ¥ —H —
Lo THHEHATELIRRECATTS,
b) HEEENEN SHEET D Z EatFENE.

{LFEMBECEBRRHAEZLVWINCEETS
ZERABRIZE S, ElidBEh eI
THTORTHRERSKE N, SR TIE
W OMOEEMBERAMAREROLREIZ L
2T, RFRB UM B 7V g
EOBNAFTTORBEELT D,

B. MiRNAix

a) daR IO R

WE, HEEEBRTA<ANGNTHNLSD
id d-IR TR TH D, T ORKOEFT T (H
HBEAaBET LD, Midblian) ko
TEENZECHDNRERSEThD. L
ML, ZOEEEMER 10 BEU S LAFER
Lz @ T, EECHBANEND Z &i2ieD.
i, bihvhhAi5 L7 FLF ## T3
WBED 2 HWTHIZARSHRSRRTS
(MEIZERR LW T, ZoBicE
BWNEHOHENRTES. ZhEOHb
STFHERFMRIYRAE IS 28, X &
Y B0 E Lo THEORRIZEn <
ShOPERELS, TOMEI R BHET
0.3%. FLF &#MT 4% TH > T, FLF "D
R OEEZEORENTETH B, £IT
AT TIL T O D OB A B W TR
PEHRZ AR daR AR OWRIZHAET
5L, TOZDOREEE 6 HASTH
THILELK TS,

by EHA SO _

A HRET T 7 4w 2 ORRIZAEHEMN

—215—



WO THROAS 2 HME R ETESICHZE
TED, Zho O/pRAEREEIORL
OHEICFATHOWSNTWSRETH S,
Linl., BREORMIZZS & G0 ER
K EBEOBER - aRMAER, N
TR ORI AR nREICR D, F I THEMR
TH, CheD@EE (FICASZ ST
Y W nRRERARET S, Z0OLD
R TEIUIHEAN, KA EEL TN
REROBENANEA S TRICAR D, 4HED
ERRERATEOCRH RO RLTFY ik
KEoT, BRORERHEIT D,
(R~ ORE AT U TRENAR
Al WO THERICBWTRE#EEEND
FEEE{F->Tn35,)

C. ARER

a) d-TR D LB OfER

T OB BRKII D OOENR T — -
LD EHNINEIRETH 2. SR 2OKT
#THOBSERSET A0, BTk
ME S, FMEE 2 AT TIHIERE SR
MRS ERRICIHEL T %, ZOED I
MEF SO DORLEBETTO &
Mk, WHOHHIAARMRICELT
X Btk e Yy RAB OB 4% ES B /-
WDIZ, FOHFEITEENTS, Lil, 20
IR i L > TEET A &0
TED, HEENECET AERIZ03% &.
T B sTHS,

b) BHAYHOFEL

COFMTHERARER, wAafiEl. 8
RN, ERMROZ AMELTIR
W, BB AT, X7 hE0E
EINEOWEDIZ, NBYBETES, | B
Bh. BE, L. WE. R OB, TES B
BOBRE, MRS EOFESEHIAAIN S E
BTES,

D. &%
DR FHENE O ITHETT U BRZERT L C
EAH R, B EhARWBEET Tion

SONDHEBTERAIhTWS, BAA
FANEBREYOHR TEAKNZEREZ-
oo . INLORKOBEIEM DI
S THREMNTHEFFINDNEShN, FEO
METHS,

E. &5

a) ZDDRMITERI NN 0T, B
8T Y OB ENE D W RSB
SPIZHE THERL. BELUEEHESHE L
THRHMETE S EIDIT DN TIBLANE
THS,

b) P BRI T B RS R E
ORERSD. @b, {KhHh, oW To
TAPBETCHD, :

c) HEHNIDEF R ERICEST R NI,
PR EAFFRN DNA X —h— D8 AEHE
T 5. :

d) BHIAT HOBEEENL T, GFP E
EFEBA LI AT TR BE
B9 S EENEG S, FA, ERRS T
BHLEREERDRETH S,

INSOBEIREBIIT>TFRETE S,

F. AR
i LR Al
TR
. BEETH AowEE b mE oMk
L L TOAS DR a B R
RUZEET DR 2RI T L 1999 12
A9—11 H., M EE=SS
2. AT R, W, ERE B N
T EEALEMBE ORBROIDDE L A
FHRHORF © d-R FROWAB L 2 —
AN—FfE. HENDIREE L EE 24
BMEFARRS 1999 4 12 A 9—-10 A,
U B R
3. Wakamatsu, Y. New medaka strains for
endocrine-disrupting substance testing. Inter-
national Symposium on Endicrine-Disrupting
Substance Testing in Medaka. 2000 3 7 17
—20 H. ?AEEERZES
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13. fREZERAWCATRRE R E TS T SH5E

g Al eal (RRRR KPREEH 2 KEE)

INETHBAWVEZHRZRETY, ThThSENRRAFCEATa8IcB80
T, RO, MHHEREA. ERTSHOREASCEERGMRETHE S
FRLTERE, SE. CHETORED ZIZRIOENS OWNRARRRD FIZ
REEPLLLAFEEYOMFRICERREEORENES TV INFEFE#E

Rl & L7 BRI 2T o 7.

WreeA1E

H OWE UEAREERED
T IR SRk REE RS
HO #BE GEHLCAFER R

A TR3TEM
IR B O &7 OFMILOBEL S,
feEh s QI ARRRICEETSE
AP E LA Ao 40l
RAH SFME i 1B B LU R mes
217D,
a) AR ELFE M T 2 81 v —F1 —
DR
WERATSEEFOF5 iR ERAWET 4
=)l FERATFEA~A DGR
BB THE 704 = AP B Eas
DL E R R R E A O
H
d) AR B O M AR A0 NI
AR A LA
e} BRI A & W I N BIREL
REE DWW T, EFN—TF L FRIZERD
HATWSHEES)— 7 EORETchs
79,

B ARG

£ < DCFEWE OWBER DR ERA~DR
WAL RO O LR -SIB AR O 5
AT AR VLA RBRIIBIIST 4

=N TR ETL, BEESAORIRE) A2
FEOHELEBET,

0BT AN Y. Tl = )

fIEE R NIRRT T oM ER
oy LRI L e, '

C. AIRER

1) FHBE AL T 281 A v — 1 —

DS | EPEOHER

. AFHh. YA I FaFOET
O A NTNERMICERT % 4 fi%g
DFE S 7 O—FNEEOFEED D, T4
BAFETOoy R ERNICRIT 2T
2O0—FLHEHOBEMSETLE, O/

R, O, AFH, ¥, XIF I TOEF

O7 2 ACENETNERMICEET S 4 it
D/ Zo—FNHEOEFEICRDIL, 25
WKaT., A0, YA, YEFaFdTR
TIETaEFO7r = HlE# (ELISA) @
MEMZREI L=, 21 EFOy = 3w Ma
BREFRUVRERAOTEREICAHA I ES
O NGRS B FIREBIRRIC R WICHE
MEaZ Lok, —A. AFAETOY
ZAw M2, OBCD O ER WAL
B AT IREGE I AR S A IR BEELIE AR i
D—WELTAFBEFWERERICHHS
Nz Eaffishtnsg, 5 /KkARE
BT TAROY OBELHDL 2D,
HEATATHLIIFa 72, SHP
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MEIA MO RBEITD &, BERE.
BRRER, MM ROBERUEAROR
WEIIEEI VI LAEEINE. TORD,
TA MO IR ARG E DR BN S
ERALITTONIA NOXF L BEEOS 0
—Z TR, BERKL, YHRETOT
2ZhALBI BT A MO L 2EE
mRNA OFEHELORMEDFEPETOT
CUBEE BB ET O, TORE.
REMHCHBTH A Py 0BEN, T
2O REBEENLUTRIS LA
AN G, BERKEERICBWIEF
O AP WA FRIEAEICmA,. TA
b oA EARGIE 2T AR O
BEERITTE:,

DWATHETOS PR ERNET 4

— I FRE~DIE

) 1. F o Fatfvkmks o)L K

T OB

i HO - 1S, RRBHPTTOILS
FET KR S BENNARICHIVADE T
OEICER T2/ 2RWEL . FAELAE
I W2 E 45-66cm. fE 101 B, HE 53 it
F 1L BRt 155 BT, BOFHL o EF
oY A ENSE g g/ml B E TR
12mg/ml SHEERIU L ~UL) . XSICHTE
& A ERH L TU i WS 30%TiE L .
BB O SRR LEER, 1
i g/ml BT OEERL, HOEBEZIT T
LN R I NN, BEMRER Y
FIRED & Z BHREIZ IR TWRW,
Foo¥ald, BAINCELEO?EAE
HTAT1ABLEEFSE, Crodo il
GRS IR - L s, I St N
0.01, 0.1, 1, 100 ppb D 17p-LA b 7 I3 =)l
(B2) 15 AFIREL =+ F a@hiEh
EFO45 % BLISA L DRIEL. E2 &
METBF X EFUF DR SR
Lize (B1) F2Fad B2 8 1ppb B
KiIZBWT, 1 BHRETET oy = i3
BINT, 1 4 B EEE TRAY mym] BE
FE XN/, 100 ppb WEER I BT, 138

SRR NE LA,

FEIHRRE TMT mg/ml FILETHEINE,
EHIZFrFa 14 EEST—T (D30cmX
W.40cm X H.25cm) AN, FEAR RO
10 2 Ff 121 4 AR L 7. BEIEHE. ELISA

ks mEdh Yoy oy EEONERN

Cd-Hem HIZHBHBRASY OFFTRA 2
(MT) BoflzEfr-k, (B2 %=
FREATROMN10# 1+ AREL -
EZA, WO 2 4 BTy ST OEEE
Tlk, —H. ToMs »FRIZBWTHKT
B2+l BnTEyosy = =R
THEFEREEU 2. BETE- » AT
OIMNNIZBWTEFOY = 2RI T LEE
MEEL T, £, WS mT B2 OsEE
MOBEHVGEEFRLE. SEIELA
Fo¥FamEhrrFor Z EE X, £k
B (GSD) ORMICIEEOHEBGENED S
Nz, (B3 ok, £¥am
e T 0d L RER TR MT 8058
AR QOWNMIESLER MNP H S BED
EEBTEWTHSHRGNA AT - L
‘/HI LRI NE, SBRBONTAT—
AT MTOB/BIC LY. PISNEREILE
ME& LS KBBEOMEZLERHIIL T
FETHL,

b} Bl N YA BRI T ¢
—J FREADIER

B - FHol, vafLroEnsEmges
OSSR S A2 THLEray = 2R
L. BESDHFRZIN—TE N OEEN
SR ELOBIEM K TS
ZE SN SRR NI EEEREL
T, EELRRATY IMENEFOL
(B 4) RAYY 1M
WY For - CEEEL AUV 1; 0.0097 i
g/ml K, o9l 2; 0.0097-0.078 wg/ml. b
Ak 3;0.078-0.312 giml, LRIV 4;0.312-1.2
tegiml, LoOb S 1.2 pp/ml BAE® 5 BBEIC
LA L. EERO KA~ YT
HLN) 5 @ 12 gmt B LEAT RGNS
BEELRE, EHRETMICBWTHIEF0
AR E N MES AT EEL, TD
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RN 5 D 12ng/ml B EERTEED
FrELE,

- 301 3 B 1 111 L Lol syl o B o
ZRELHEE (15 . EIORRE~
T4 T, KA TRk L)l s D12
pgml U L& R EARSEEEL . B
BV ARRETT 1 X0 b TE T
oA R X N BUA TR L, £ 7
BEHEFET I 1B TEEF Oy
HEN-FEERGEEL, BBEOYFOs =
rERTEESHFEELE.

NWRAETEZEF 0 = RS OEE A

~ODELENE S HRERRAEAEEANDL

H

a4 EF 04 2 BLISA Z{LEFENER
MU FERE TR EE 2L L.
EREA 120pg/ml-500ng/ml TTF -7 71D
I SRR EERL, FRERIMO 27
FAM vg WEICAITH 2 Z EDHERIZ
[ Sy 5o

4) WA HESI M B TR A RIS A O A IBBEEL

AN X LHRE
ZOEEFBEA Y07 Z AR KE
Selcer I LOWAEEGTHREL, §TIKLEDS
HEEM R A B ADOEHMAIETH S Z &N
HEILTWS, 367, TIRIOZHMNK
NBFREACERDI THLURET) L &2H
WL, PiEEERLE. (K6,7) IHERAN
TR i—ickaEFns ol %
#ar L (K8 . BE~olERHINDS
ZEPRHFFENG,

5) AE MW R IBEILEIC D WT, &
ZN—TERRICR OB A TSRO

I N—T L OERIZBEITD
EEOIN—7ORBMS U TOA Y
2=V THET A b OEFRH# KT CEFAS
DT — 7 EEHR LI e - .

3A28H BB DO F2E
3 A 390 CEFAS (Centre for Environmen-

ment, Fisheries & Aquaculture

Science)
3 H 30 H Brixham iZHH;
3H31H BEL ({Beixham Environmental
Lab., Astra Zenica) #4H)
4H3H FTrI—UEHETRE

D. &
fANOEEREE L Ta1 2Hn,. 2EFE
BRI OMEZREET, BRELHHUALT
HEENRE, I EFOy = ORIER
Vi, AMEHWEIMERORBERLLE,
MREUTEEICRREBIZERTAA8K
T, HlEER. EIFTBHOREAS
DEBEGAEETWEIEERHLE, —
F. ERENICBWTD, YIFg/0AY
A B TEITE-CI o bRizHET
5 EKDATMEAEROFMET IR
BB U AR TR ONZHRNG,
AR S LR T O REERT O H N
HEHITbH . HFW D OFE P
hTH2d, SEESNEES L OLEMEORE
YRR DK A~ ORI E RO~
HOEFERCEBORECHET LTSRN
FEBBRICBT D7 ) FiRERE R, B
RBONRIE T OREOBPEENS HEFEE
Wy~ OEE ) 20 FIEOBEITHRVITH S
TELHZHOTHAS.

E. &%

a) B0

(1) A A&DRFHLHTRFANTRCERT 284
FOLRARICEO LD BRENMHIRL
TWHDh2EETS,

(FN S DERMEEIC EOBEHEEHE N
AL TWS0MENT 5,

(D BRB{LEME O S ERN T O 2
ERANTIRIF 5,

(4) PO EE &R L. Tho
DEEEROBBIFELERRT B,

b) HEMER
MiloEEaEE L Ta4 xR, 2BF
BRI OREEBRIRT, BRELLBILT
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BE (ug/mL) GSI(K), Hsil

EBMAPLEFOr

HHBPYTOFZ AR ug/mL), GSI(X), HSI(X)
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100000 4
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10000 4
O HsI
10004
100 =
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'|_
0.1
0.01 LNPL o8
Control 1ppb Control 1pph
. J-—ang- -
BEAER 1 i) %1 5 A
1TA-ZRA S V4—ILRE (MBI
1000000
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10000
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1000 -
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1_ - e ad
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0.01 L Al

A
Control

OOppb

1
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ZR1ER
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178-TRA M FA—I)IRE (BIEIRK)
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Zomm o ag/mL), GSIL), HSI(X)

EHnEPLrTor

ViR (ugfmid GSI(K). PsI(3)

Froy=

L

&8

G5I1({%)

1000 —
B VTG
o] 8 csi
a Hs
10-

.1

R
emrraviae

T T e e e
e e e L W

.01

T

10000

1000+

1007

104

014

0.01

control

FEH

B2 —&mIiNc 15~ AMBRELEF > FaonEbhrsor - o BEr gsI 7L YIS ORE
LR b AL ND<78ng/ml

- y = 0.478LOG(x} |+ 1.855 r=0.564
14 [ ] |
0 1 'L “_!, 1 ]
5 G = 8 B B B3 —RAADINT 1 o B L
_ _ - ¥ FaomErsFos
eRmihrFOs = RE (ng/mL) NEE - GSL O R

—224—



16

Number of s‘am‘p]e
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Sa.mpl'ng Vitelloegenin
date o {ng/ml)

Samnpling Jun, Vitellegenin
date (ngimly

M4 RKETHTAOMPEFET o8~

Hurnber of ample
=

Nurbat 1 sarmphe

Ay
a
Fampling gale Vitallagenin level Sampling date”™F"

. . : S 5 . A waimi ApL

Jun, 1 Vilallogamn (aval
an. 5 {aiml)

Number of sample

Mar,

Apr, :
Apr. ;
Sampling date AT

3 4 Vitalloganin lavel _
Aug. T {ugimi)

K5 BITYAOMEE P OY = >
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e 733 REF LhEOR:EM

Expetiment of Ez2 treatment

Ez injection Sampling schedule

005 05 5 50 (mg/kgBEW)
(21 [27 (3] [3] I MNumber]

l | 1 |
0 48 60( hour)
2 | —
I
0.05 mg /g BW 0.5 ma/ kg BW 5 mg /kg BW 50mg / kg BW
024486017 hr) 0 3143 60 [ e} 018 2448 80( hr} ] 13220_0(117)
—— -4 120D - — ¥ 20 kCa --_-:-i: - I3 4Ta T - s
=== 10k “—5—‘—4" ~R170 ka - !"—-110 kDg

Western blotting patiern of E2 treated plasma

M7 FREOD178-TA VARG EIIRAMPOTIAY Ty 7t Y TNRF—

50

40

Diameter?

104+ T T
2550 100 200 400

Ly (xy /ml) ' 1) AR
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14, AFHCHTE2ATWERENECENREITHT LA

AE B AT (RREHREEAFRAHRLRRATE)

MREE

PrZ AREDREKICEHLE.

AIEIZRT A ABHERVE X PN BELCEHEORE~OFBERH LMY
ZHEIT. A¥H (Oryzias latipes} OFAE178-TA M Z¥4 ) BHRELER
NELHNTVZEBOLEHBIIREL. AR LEDLEBOFERE R, RU
BREBRTHOIAMEFPOLF Oz 2V BEEMNAL, TOFE, 178-ZANSIY
A= T nmol A= F—T. W ODPDEEHE TIE Lmolt A —F — TERESH
L¥nBEEEL TP LA, T, CHSOMOAAAY I THAEBRPOEYFO

Wt

HER R AL BT
#OAB EEmR8
BEH # %A

A HFEBEH

TR 7 x J— i ED{LERE N
EORICH L TR A E 25 8RB ILT
WL AN RS N TR, Zh S

RELVEHDRD I T B2 O 4,

A BICH TS BB ICET RN T sh
NTER, TLT, TOBE. W<2hdik
RS L T EBRRA R B LTSRS

NELEELSZ ERALNITE S TERMN

TN OPENAOERICREEER
LA DONTOWRFRERE EAERN. T T,
FHRTIA ADAFT HADFRLE MDD
FISHEALIE R ED N T S{EEME O
BN, FADERENINEALSEREZY S,
TR LRI, FRAOHED AR DN
OEMERRETHSMEROETFOY 2
SR RS OB EFEND,
LEHBEE LTI, ABBRLERVE S
@ 178-TA T PF ) (E2). &€
CBRAEHSEDRTWAY A7 /1 A
(BPA). p-/ =7 /=) (NP). 4t TF
NZx /=N (BP), VLFIAFTNTH
JLBE (DEHP) BN 7 2 ) R0z,

AL L TRAYAER WL, A e
ERRZTTIHERAMEL TS 2 &, BIER
HERGETTIHHBEHERT S L, RU/NE
THETENES THD I &0 s BsE
L LUTHESTHD, B, E5oyoz=r
OREHAEBIC/E > TS,

B. IRAik
W

REA TR THER - BMERUMAE TR
2 TWAHNOREEDSBA LAY
(Oryzias latipes) DHAEZE 20~180 BHHE
#iRBICHWS, O/, AIITHROB
FikEHHEIWEF I rERBHSAT.

{EEHE c B2 BT 7NV EY) v F, BP &
RS 71 ) ASRAHE. Ne IR
B (00% /N @ik, 10% A1 MR,
TBT &7V K1) F, DEHP I GL {LZEH
DHEDETNTNARE. 2TOEEER
IR T & b AiC R, EHERSIEKIC
WRUTEBAER2MM L. TERO
WEEVT, 1000 L/ EAFELE,

FE FALREAZ LBE 1N —TEL
T MR A K 248 & RN U 22 I
TP WEE L. SRR & AL R
FIERFOREEL, #6000 )17 AT, 16 K
RIAE, B BFEIESRAF & L, iz O 5 4.
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FEAKI 2 BT 1 FEREXB L. BT
RKiZE, WNEEHAMITEEDENTKRESHE
W ANz, FOM. 2 BRichinEy
PR B N OROKLRETL, &LF

LT 2 EL 7L — T ERBRICA V.

FRANOYBEZRLHERTHE, AX0H
EREBEBICHEL . SEFWREIC 2 HHE

Bl HcOWTH, B A0

CFHE2E £ VRS EAR T2 A
PR L7, BHEGH A 27 VR & [tk
THEY, HEEBENREBILLED
500 VG A& Uic, SBEARIL 2 HIT 1 3
ML, RO 4R AR OME 5
Afc. TDBR, AREBZLTOHEEDLEDAR
&I L TREEERFEML FigiP T 1
WMERIR L. FESR ESELREL .

EFOsz= REQRE

FHRL R O B

DR R AR EE

WAV hVYSFaPrzyte /) 70—+
Pifk & B F U EEH AR yo—F L
PR 2 < & MR SER TIERIL /2. HRP
EREAFCTRTEZSRTT Ay F-EOb
DERVWE, FEAYhE TP o212
Y E MR TIERL L A S IE AR S
AL =, Wi 099 B RUD AL
0.05%¢ Tween =58 L7~ 10 mM V) BE
#% (pH 7.4) (1-PBS) % AT VA 72, T-PBS IZ 1mg/ml
X Smgim] OEEOLMFETINT I &EE
FRABHEZRIGERG 7Oy F > FiBiIC
K7’ (1mg/mL BSA-T-PBS X 7F Smg/mL
BSA-T-PBS).

ik _

PA¥HETFOP o v E/Z70—F 0
Pilk 250 gmL 500 L/ XN D96 UL
T = MZBENL.4T—RHE L TEBL
L7 (ioBEfL) . FiFEkeREs.
T-PBS % 300uL7TIVNA, T E S
Ui, COWHHREEIGIZ2EIT->7 (I
). KIT. SmgmL BSA -T-PBS # 200 L/
SLVmA. SRINMBELTOyF 7

Ui BREREL. EOfeiEs 3 EiT
ok (T4,

1mg/mL BSA -1-PBS THIREICHMRL 7285
HAYAHY 52T 70,0488, 1.95. 7.81.
313. 125, 500 ng/ml) ROPERIEZ 500
L DIVINAER 2 RREIEE L. Bk
ERIBSEE @R, BlREREL, &
IR e E 3 EHT o 2 (.
Img/mL BSA -T-PBS THM L 2 4 F AF#
BLA S 1 B 20 g/mL % 506 L/ TR,
FE 1 EEBE LRSS (U4 F RR
Hitk & DO . R REL . BREERES 3
{7 o 7 (BEED . AW T, 1mg/mL BSA -T-PBS
THRMLZ HRP BN L7 RTED %
S0 L/ T)VERINL., BiH 1 BRAEE L KIS
T (MRFEHTHEE ORI HEEERER
L, e, AN 7L Y272 ViBE
210007 TV NA, BHE s AREERE
. 2N R Sou L/ TIVINA R G20
Lz (BEEEIR).

R 21T, 490 nm DWW ALEE & e L FEdt
NS ASIMER S F oY s - A AR EE
Ul (ERECHUTE) .

C. MBRER

SRARARR

AFROBERF L ER 1P EE6I
7.[\ ]-/:f:-o

E2 #@B T, lomol FHETHRBEL &L T
ERRE R WML & bR EEARRIIR N
o Fe 78, 3nmoll BA B O BB & BN
DL, ERCETLI G,
10mmol/l A ETRIEEA LR L 2h o k.
L7 L 100 nmol/) RBF T 50 FE DREDY
RSN~ :
mm%ﬁfm.Mmmnqu%wﬁ?E
DR - BMER LS ICHBRIC B LT ERD
FRALSNENS R, UL, 10 2 mol) B
BTN - h ke & b iR I g L
TAREALRETHRESN, ZORERICHITS
YR RRED KR TH -~ 77,

NP Tld. BREBETONTVEEREN
Fesh, wfEGEE S beek L TRMEBOTE AR
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HEEAE SRz, LML, 0.3 ¢mold
EEHIZBOTEERMEROETHE SN,

BP &ETIL, 1 tmol BETHEBIZ IR THE
LW LEORDRRSNE, £ 3 RO
102 moll Bf CHEMEBOFPHR SN L
ML, WITVFRRINWLOHMEPITAERED

=iz,

DEHP KIARV 7 x / BB TIIENR
B-FMER EDICHBEEIAERITR SN
ain-oiz,

mFPOEFOS = EE

FIHOHE 1N CEFOI s  ORITH
BERELE.

#&%MLﬁﬁﬂmﬂﬁﬁbﬁmtﬁm
TIRIE 200 g/ml THo k.

MEPOET O = R R G
B A AT 1100~830001 g/ml TH o7~
DT LT F A TRGAERBR G R OFXHEa
BTeT 200 g/ml AT TH» 2,

—7. B2 i2 2 HEREL 4 X T,
0.01lnmol/l FJBR T E T2 gml LT TH
> 7o 01nmol/l REFETIE 20 gml BT 5
13000 ¢ gfml (£ 40002 g/ml) . 1 nmol/l F&
FEEET 72000~500000 1t g/ml (T 190000 1
gml ERBBBRENR OB LALAERE T
P CREZHSELER U T 10 48
EOBEW 10nmol/l HEBR TOEFOP 2
BEEIE 100000~240000 2 g/ml (24 180000
¢ g/ml) & 10nmol/] ZEEE LITIFEFRBETH
1 . 100amol/] SRtEFE T 60000~88000 i g/ml

(R4 78000 1 g/ml} ST U, &z,
1 M 1omol/l KEBUEETOEFIS L
= BRIV 3700~200000 4 2 /ml (1 57000
i g/mb) &2 ARRBEOHEIET TH 72
D mBEorYFoTI-AEREN,

£72.BPA BE TId. 1 £ molyl BEFETII.
2T Wugml LEFTEHE->2. UL, 100
moll FEEH TIL., 1HEERWT 26000~
110000 1£ g/ml (CE1Y 57000 ¢ g/mD) TdH o =

NP 0.3 & mol/l #ER#¥ T 330~32000 4 g/ml
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