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EEZBHREMARHEHE (LEVME) R 7 HREFXE)
o OB R HEEFE (PR TER
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SHERE BE & RHEEE =R

EEIR CREES R SIS WES i - mERELEDEICHIE TE 5, BEHMRERE
WBMAROMSIZE BAYE UHIHIZED 5 b, MiREERENME SHEMEEE LT, BFELERAI(BFR) %
Bl L7 v bERAWEAENGHEOEEBTEMZ B Uiz, BFRs {2 & 0 & & 5 36 T 1T R s
IR T OGN ARSI N A 728, 17EERR, TTRERBAOBRKESETVERBWZITMROMY %
Rofz, TOMKRE, T4 10 B B2 5L ((HE% 21 H B)E T propylthiouracil (PTU), methimazole (MMI)
BTy MORE LR, BREKTR COFEOFIRIMEIED R TLEF T3, T4 OA, TSH OHN)
NRBI, BB%E T, =2 —a VRO BEBHS OFRFTHE (E CAl =2 — 10 migration DEK,
CNPase (5 R E B (M2 oEEOBD & HEIZ ST 5 CNPase [BiEA Y S5 Ka o FOEE DR
MRFEFR ST, £, CAl —a—o VIFRIZ PTU, MMI B U CRRALET 2B EFHE~A 707
VAEIZEDEEL, £0O5hEICHBRRERRE COMENURMIZHR I/, BFRs DERIZEA L TIE, K
MTEAREOBVLOEZE L TTHRARERL BICREHAEERE L, 17 FEIX decabromodipheny] ether
(DBDE)DFHli & BHss LTz, F£7, WEEUMRORETEME TH 5 1,2,5,6,9,10-hexabromocyclododecane
(HBCD), tetrabromobisphenol A (TBBPA)D T {2 # T L7, DBDE ® il EHR(0, 10, 100, 1000 ppm JEAE)
TiE, AL RARKENZRIGHEIIZRNED O, 10 ppm 25 EENO FIRREBOEMN & b, FE11
DILIE F O FRIREDER L E E, HERLTE, 11EB &S 1000 ppm (2B W TOALREM LT E R LT,
—77, 11 BB CHMBEEME & CNPase B4 ) 27 Fat A FOEEDENENORD A 100 ppm LA L TH
BhrE Y, 10 ppm THEIEEDBEEB 2SR S 7223, 1000 ppm CORIGIZH L7 BB Z2RD 0o
7o ALk, FTHRIREMA 55V DBDE O LLIFKBEICRWT, ISR T2 R A B85 R T 5 2 &8
TE, ZOWEOFRKIRER & MEEORGHR, FERNTHIZ ENRAHEN, TBBPA, HBCD ®
FIRERRFTCTH, BHEIND FREER TEICEREREICS U RISERRD bz r o7,

MREE : BEirE

A. BFFEEN

{LZE OB EAFICEEE LT, FEREBIC IS
TE B FEME O MFIEORELPEEINTEY,
ZDO—2¢ LTHNRME2ETRERRETEICL 5T
MRDOFELHZET BND, TORTHRICHEEME LT A AREMEbIEREN D, AR, HMIaREaE
Rt BN, BRAMICETIRERTE - BN LEEEZZT B0, BREIIKT 2 0hHE b EE
STAE SR DRESI A TH B, END, TDOI=HPTEARIREE V7= 3 =8 H R IR

@ﬁ%% ERTICL Y, £BROMBECKTT DHAA

RENIN THBEESITEICER 2 RIETZ
k#ﬂ%ﬂfwé Fi, NAWFROEEICER
TOEWMEDOEIZ LY, RBEITT BN E

ARPERFIEIE, BREENBSShDIEL]T - mE
ML FEYE 2 A E S LTl B, i
awﬁﬁﬁﬁﬁm%ﬁ%%f,%E@M$%E@%

ﬂﬁ&wﬁﬂW%W%j CETHIEERERE
Té ZDTHITE, FEXELHTEHKD T A
—J DB - %K £0, ENLOEENREN %
FOMLERDD, FOEFNLI—RE LT, BFED
— R EHECEREREERR CIEEORENH T DM
B EhR2WL DD, BORTRERFFERCE b
@%@m%&#a@w RANASWHL ELImE &
LTRENREICLIEENBIBEINTVELE
%fhﬁ'@fﬁiﬂiﬁﬂ(BFRS)@C% B4 a6 88MEmnEER
bILD, R TEHARTERERINTND
decabromodiphenyl ether (DBDE),
1,2,5,6,9,10-hexabromocyclododecane (HBCD),
tetrabromobisphenol A (TBB PA) IRV GR LT D,
BFRs ié%%@i% T, PCB & Ak
AR IR R @%5#TméﬂTW5 FRCR R s
W%V@@ﬁwwﬁ%éwﬁﬁﬁ%b,%ﬁﬁﬁw

HHEERTETIAZHENBE LT, ZhbnEA
kowfﬁdTéz%@#%é FhiZ XY, BFR
WL D EBEERE BRIMERETICER T2 8%
HRTE, FTRIBESEET 2 L-LhIEHEE
BEMICET S, K AENRYAT ADBERN

FREL D, Fie, FMEROMIICHE, (LFHE
HEOBEmE/AFEE LTHFEATHS, b¥ya
7) I A, QSAR, AT HY — T u—FEZ

HRAIERIBUBRIEE 225,

AT TIE, BEH TOLFMEREC
THEUDMBE~ORBIZONT, BB - EE%%
MRDELEZHD I EE2BHE LTVD, TOLD
Wi, SRR & BE L CHBRERRICA U DA WM
MEEBOEER/NT A—F—2 R %, HDLOITEA
TEOELEND D, HBEYICRE INALFHEICL
B AR AR TR ~ D RN A RO, EA IR O R E
WRRICA U DA (programmed cell death, migration,
HHRRIETE - L) IIxt L TAEL, MEER TOE
BIRIE 3 D VIR E N D OMBIADTE AR DR B S



(R, BE8Y, = = — o EAE) oS HOEL,
FREREBEOHBEE L TRESND, UELD,
AT, ETRRBBEERTECL D FR
IND PR REZDFEERHRE, D
TR BEREE CTHIZa—nreF Y IF VR
oA MK LU THESIL, KRWTBFRs (2L 58
BOMHESHEOFRELBELXHBFTL, TOHE
LLTH, BBEKRTIHTO=Z2—nrHB353WEAY
IF v Ruad A MERMR~A 70T VAL
PDIZEOBGTOWRREZOFER~DIEH, Bk
TORERS O ETH LR D, Fiz, FBEHO
RORBRBREREEIC LY, NAWRESCEREMEA~DK
TR 7R BB N B E &, TBBPA THRIB SN TV 54k
S EEBEOFE R INDIFERERH H 720, BRI
FESL L Ch A B FEHEMMEBIEIC DWW T LIRS 2 Mmx
5o BRERHZIL, ARBAFZR CEME LTV AR 045H
METHD TREFEEEOHERISTHEFREICER
TAMABREOREICHETIRENE) OFREX
HEhs, fEEOEWEEREET VMCER LT, %
EMRBEEDO) R LAVEEH, BRTH, 4
FEEITET, BURRIRAITH 2 propylthiouracil (PTU)
& methimazole (MM D55 /1 % fvs ThK3s =
WX DR A RE LT IRV T, BFR @ 5 % DBDE
DBEEREIToT-, £z, 3EMLZE L THT
BLBRDHENENDOILFYED AER TR % 5
L7,

B. BFRFE
HEMLEMERBETNVE LT, 3R - BULH
Ty bRV, #HBRWEr, BEIND L b~DF
BERREER LT, SUKERRRAD, H2V ik
BHBFROIIZIE L CREMICER S Z LITLD,
R 10 B HEERLRR(AE. 21 B B TR - B
L FEICRE L, WK TE S 1138 B s
BT ol AT 2 EMIXIERSDIGS 7 v M e L,
BFR OARFERIZAL 10 LT, 3 AEZRE L,
HAEEERENL, KE /D phytoestrogen & ¥\ 7= SF
(NIH-07 Z5%) Rt % Az, BERL%E, BE0R
WERNIE Y B2 TIFEMERE L=, Eik - #5
HOBBMII DN THRELRIEE2REL, 781
WCOWTIE, 4% 2 BBICHAFER, BFE, M-
EREZE R IERE (AGD)ERIE L, £% 3 B BIL—T
OFEEMS - VMBS AL ERDEHIC) v F—
YA REHE LU, B (E% 210 RE) £ TOM,
FEMOKELZEREIE UL, BB, BEY
WX T ABMEREEKRTL, FEDIEEOE
WERAE T D CRF-1 12 ) B2 THRE L7z, BRI
FRTOMEIITAR 2] BB OBILFRITo . EZ0 O
Bhpioxt L CRUIRS (BB ED) oBL

KEAERD, £1% 18BN EZIT o7, MW
T, fEHIO 3 ARTE Y EA AT OBEIZ LS HE
HAER OMRE 21TV, BIFRIEE 2R3 BICfigds %
1T-7=,

KALEWMDARERITANT, £1% 21 B OSBRI
i, BFF, B, OB, BRI, MHE, HBEEE IR, ¥
", AREEM L, RS OREIEICE L TEGE
EBEXRE L BRE—HMOMIT 7 VEEZITV,
Mol R < ) VEEERT o, o, S
PCDHEVEAF BN DWW T, BB T BT I AN
BAZH—VEE - NT T4 EB L, 1THEBIC
R, ATSIR, B (HEER), TREDKREE
A< CVEERICRIE L, BRIZ oW TIEEAL
<) CEEEITom, THHDIEERIZE LT, ~=
F¥ Yy s =4 Y (HE) YeiER % /ER L O
BB BELIT O TE CHDHCEREW), Tz,
BESLEF, 11 B & bicmiE 2B L, miE+ o T3, T4,
TSH L~UL&BIE Uiz, 21 B B Ofi@Ee, BEiwic
DWW TIEFRRZERE U OREBBRFEORE L £k
L, FEOERBEREZHR L,

%4, PTU,MMI & DBDEWEL T, FHE92HA
BRERREY LMELZSBICLTTo 72, BlD,
MMI {2 B8 L Cid 200 & U8 250 ppm, PTU B L Tk
9 %12 ppm, DBDEIZBAL THXBRIZ L - TF —
ZFRZ2D L DD 60 K80 ppm ZRRE LT, KB
2 ICDREM & AV C1T - 7z (Fig. 1), DBDEIZBI L
TIXFEICRERHSR & LT, 10,100, 10,000 ppm % 3%
ELT, FH3ILOBEHME AV TEREERELIT-
77

W, PRABRERE L I, FURREA & LT200
ppm MMI (1 fi&), 3 72\ L 12 ppm PTUQ2 A E)DEK
KBEEER (KREBE, SHSLTOBHMERANT
1T~ 7= (Fig. 2), ®IZ DBDEZ B L TiZ, 10, 100, 1000
ppm ZERE LT, &8 ICOREM & AV TARRER
#1T o7 (Fig. 3),

Bigls, WEELIFEICTZEL TS TBBPA,
HBCD {22V T £ 4 1000, 10,000 ppm OIELEFE T,
EHIEOFEYE AV CHERERRE2 EM LT
(Fig. 4)0

HEORRBEEETICEY, =2a—a 0
migration D 5 R F AU FE D K EHARIBAL T D R
Za—arBEOREY, AEEERTALIA VAT N
a4 FOBE, HHIWIIT VU UTEROME 1
Bzt AAEOEFEEERRESNL TS, £ZT
BESLRF(AERE 21 B B)DORNTIE, 1B CAL 8K, X
Z-(Corpus callosum: CC) TO LK RAVBET 3
Bra7 74 0ERDT, BRREEETICERY
Ama—mybkAd)IdFy NadA OENEET
RRET D, FOEHITIE, PTU, MMI O ERTIL,
KBIZDNWT A Z A —EE L7k, Bregma OF]



F+1.2 mm & % 5-3.4 mm O 2 7 T RER B % (U
L, TNENORAEIE I EGIHEIZ /R DRI /N5 7
4 VEIBLT, 20umEDYA % 10-12 #fER L,
w4 ufd s varBrrouE L, IR
Mi/35 7 4 #1Z Cresyl violet stain (Ambion) TH:,
L, Laser Microdissection System (Leica)# VT,
EiEZ T EED CAL & CC BB L7, DBDE &
BEBRD 21 BB ORMIZE LTiE, Bregma D% FH
34mm O 1 A CEREIEZER L, ZoXFHiEm
DEWEE 2D L) ICHIBOMEOE L (A7
BE A7 v a r UBOMBITIERERE), PTU, MMI
DEBRTIE, ENEREBEED CAL CCOY T
7> b total RNA fiHH 2 RNAqueous-Micro (Ambion)iZ
TITVY, [EIN &L RiboGreen RNA Quantitation kit
(Molecular Probe)Z AWV THRIE L7z, FOFERE,

CA1 D35 13100 ng B 0D RNA ASHREL T X 7248, MMI
#£, 12 ppm PTU #5243V T CC > 5 0> RNA [E[UY £ 43
100 ng (I ZiT7N b ONRE Mo iziz, 4 EIL CAl
DI DFEMNT & 7=, AlH, 100ng @ total RNA #
~A 7 aT LAY 7k L, MessageAmp™
I aRNA kit (Ambion)% FAVNT 2 EEIE L7z, ~
27 17 L4 }Z GeneChip Rat Genome 230 2.0 Array
(Affymetrix)% HV>, GeneChip Scanner 3000

(Affymetrix){iC CTRHAT — 2 2RV IAALTEERE LT,

ERTHET — 21250 T, MMI, 3 U2 ppm
PTU &R CEABBYICHE L THERIC 2L L&
721305 U T ORBADOHEB L TV O EBEFH LR
B L7z, HikE LTI, GeneSpring ver.7.2 (Silicon
Genetics)% FAV\T, &5 — & @ per chip normalization
% global normalization {2 & Y {7\, FEIROEE %
Y flag 23 LT 2 HALE R L MMI, 5 i
PTU OFFED 10 ¥ 27 /VETIZEBUV T absent TH
STEBEFERIL, SbiT, BABXMRIZE~2
fEUE, HDVE05 BUTORARALLNDIER
FIZDOWTIE, MMI &5 VNEPTU OEREOY 7
ND5 Y2 TR AT VO flag 3 present T o
TobDEBRIR L7, RWT, flag TEEE S iz MMI
& BV ML PTU OEAEFIZ 24 T One-way ANOVA 12
LD AT, BLENRE OBICEBEENRD
DRI L TFHELBRE LT, £OHH 5 PTUDAE
WCEE L TEB L& EF, MMI & 12 ppm PTU &
DETHIBICES) L= BIRF AR L,

A1% 11 BB TiX, PTU, MMI ®3%B, DBDE OE
B & BRIV T Bregma D% J5#9-3.3 mm O 1
AR TRREIE AR L, TOXFRE?HEDE & 7
55X 91T, Bregma ®#%F-45, -23mm T, 3um
JEOEREIA 2 E U7z, IR IEHE S & & b,
postmitotic neuron D% (FAVIZHMIAE H) % FFHEM
WZERFR 9 A8~ 7 A NeuN Hi{&(MAB377,1gGl,
x1000 %, Chemicon), AU I7 v R4 FE5R

BINCHER T A TH B H~ U % 273 -cyclic
nucleotide 3’-phosphodiesterase (CNPase; MAB326R,
IgG1, clone 11-5B, x300 fi%, Chemicon)% T, ABC
£ (Vector Lab. Elite kit)lZ & A et 217~ 7=,
CNPase (2T, BURRIEL E LT T 7 4 v
L7728 A iZ-2v™T 0.01M citrate buffer (pH6.0) 7 T
A7 yz—70E (90°C, 10 min)&1T-> 7=, HE
CAIBI, CO= o —a AR ERET 538 & LT,
NeuN #ea 8] i % AV C, Bregma O J557-4.5 mm @
FEARBIE I IV T 200 5 O BRIBEERE CAA | BFT
D CAl ik EREOHEM) #88ExHE L, &
o, BEBERSOMEICE LT, EPHNEoEE
& LT, CNPase e t) 7 &2 AV T, —fEikic>& K
D2 >OFEREIE CORMBERE L, b, £
FDORPERE F 72X, cingulum & dorsal
hippocampal commissure (ZfEE 72 CC I D 9 b,
EREOMARE) BERTEE I R bt & 2 A TR - 7=
RO Z RO T=(Fig. 5) WIT, KWMBEIZHHAT
% CNPase fGitEA ) S5 Fa¥ o hoBEALEmEY
=0 0%y, WL AT 10 EDOREONAIT SN
cingulum @ E¥EICEZ 2 X 5 ICHRE %2 EE LR
T, LK% 20 512 LB OTRTEER RN EE F B I
BiIT2HE L, WIhb 2 B5EOEROFEHEEK
¥ 7= (Fig. 5).

(fmEHE~DEE)

KREEFITIREC KL 2BOKEPEETHY, B
WMOERERNBIZED -, £, B3+ T=
— 7 VRREET CREMRD S ORI L v B L,
B E 2 2 ERISR/DRICE D, $7, B
B, EBICY o T, RETOF RBRREICIE - T2,

C. FRHE
PTU, MMI, DBDE {55 -

200 72V L 250 ppm @ MMI, 9 72V L 12 ppm @
PTU & b2, ZREKTE (BEWLE) o0 RR
MREE B2 FERICHE M & 72(Table 1), MMI &&FE T
FRBRTROBBYEERIAZEKRTEOICED TS
ERRRD B, 250 ppm TZ DR A TOFBMEK
DFEEFRBERIZHERLTBL 2T, ZOHRER
BEHREOMFEHOWTRICH L THLEEREEE X
HALT. PTU BT, sBEHICLLE L CREMY
EEIWThORETHLET R, HAEFKICHLHA
bR EL R 72 H > 72, DBDE 2B L T, 80 ppm
TREYORRIREELBETHEMIE-0, S8
RE, KL COAEF TR BEE & ORICH
LPREITRORN T, HEBRNOHALEFE TO
FEMOUREOHERS - BE LIRS R, Mk & & PTU,
MMI DT HOFBIZBNTY, MBS B LT
B B AR R RIS &2 R L7z (Fig. 6), £ 72, BIR

REEBETRREROFERICEL T, PTUOWThO



RE, MMI & & ICBE) DR G T IR CORIRIRE
BOAFASHIZHEML, OYF MR EE GBI HA
B TH > (Fig. 7)o £7-, DBDE Ti¥ 80 ppm TH
IR EESIREITEM U, FEBRRIZLD
80 ppm DA 72 53 60 ppm FFEHI T b UFE A IR
ERIBER E RO T20, S EEEMEE 3 L LT,
10, 100, 10,000 ppm P HET, BHEIBMERZIT
Slee A, ALRHAEKFERIZRVWEOD, &
HE2H RO FRBEEOREDEME R D
(Table 2), FAEMAEEFRAICIE, OFAMIER EZE
TR EFTHEN 10 ppm BN LERDH BN, LR
FABIEFEEE 2N b 00, ARV DRE LR
FHIBA ST L7 (Table 3),

PTU, MMI 74 £ B
BEYEGTORBHOBKEOHB L LT, BE
F¥> 9 GD10-15 12 200 ppm MMI TIEEZR L, 4
%2 B BEARECIE, 200 ppm MMI & & 12 12 ppm
PTU THHR G TR E CERE% R LT (Fig. 8), &

EEEC B L T, 200 ppm MMI £ T GD15-20 £ Y,

12 ppm PTU #CiE PND2-7 £ ¥, EEBREIMA2E U T
XHRRBEIZL LIEREZ R L7 (Fig. 8).

HAZOFZRBEHEFT (HLRKFET) OFBHOK
HiZ, MEkE L 200 ppm MMI TIIAER 7T BB G,
12 ppm PTU Ti34£% 10 A B GEELRL, 3 ppm
PTU TidMTHE% 21 BBICETOREZ R LT
(Fig. 9).

BERL%1E, PTU, MMI OF# 58 & LEHEOK
&, &5V REEm AR, BT 12 ppm PTU
WBWTAES 6-7 /T, 200 ppm MMI IZRBWTHEHR
10-11 AT, MECHE, WEBFEICBWTAEZ 34 H T,
12 ppm PTU {2 BV VT A7 6-8 3, 200 ppm MMI (256
WA 6-7 BIZIRE AR LT (Fig 10), KEIZH
L i, 12 ppm PTU, 200 ppm MMI O e CRfEFLIF
MO EIRE M E T, 3 ppm PTU OHE T BfEILEF A
B 7 BEREE T, MTIIBARFORMEEEZ L
(Fig. 11),

£1% 21 B B OFEIR, BEIMIX 200 ppm MMI &
12 ppm PTU & 58T, PRMEEOMEX, FHEXIED

BN &Z R L (Tabled), HEMEBFOBRED
FER, LR BN OREDREK, B
@ colloid DF, THEREZEDT,

BEMWOFEERRR, EFFRE 0L, |
ERHFEIWIEE, AGD IKREICL DML EY
B2 T-(Table 4), 21 B BB, AEIZ 200
ppm MMI & 12 ppm PTU BEOMERETIR T 2R L, M
T3 ppm PTU CTHIREERR L7z, MBEEEL, &
BB CHBOMMSERORY oM, Midke LR
FETEEDHMER D,

FEAFEZ 12 ppm PTU BEORERE, 200 ppm MMI

HoOECEBIE LR, HAMOEIERD 21T
(Table 5), 11 ¥ B OfFHIRFTiX, 200 ppm MMI #H D
HET, B, FWRIR, HR, BREAOHEGEREDE
m, FEEOMETIIMN, FEMESERDOZNENHEN,
b 28 7= (Table 6), 12 ppm PTU BEDOHET b i,
FRER, ¥R, HRLEOHESEEOHREMER
BN EEOEMETR LY, MWTIXEEUMNAE
BREBEROMRD 272, 3ppm PTU TiIHETHE
EEOBRERNERDIZOHLTH Tz, FEWOM
B R RIRBE RV B ORER, 21 BB 200
ppm MMI B & 12 ppm PTU BT T3 & T4 fEN LB
B~ T U, TSH fEVIBINZ 7R L7z (Table
7)o TSH DENNL3 ppm PTUBE T LR O, 11#EE
Ti, 200 ppm MMI B & 12 ppm PTU FED T3 fE 28R
Bl L, T4 & TSHEOEBHIAD bz
Motz

WIZ, BB TR TOHRMEFEIMOWEE CAL K
BWip~A 7 a7 VAT BT o TofER (Fig. 12),
3 ppm PTU, 12 ppm PTU, 200 ppm MMI O %8 TH
BICHRED L7 BEF(p<0.05, 21FLE, HDW
105 fFEUTYD 5%, FEUEIMEIET 13 200 ppm
MMI &£ 32 {8, 12 ppm PTU Z£C 38 @A 5E 541,
ZDHH 16 MOBEEFHPHECTHBITHEMEZ L
7= (Table 8), FELHERT & LT 200 ppm MMI
BTI17M8, 12ppmPTURETI7TEZRF LN, TD D
L7 BETFHIBIET 2R Lz, PTU, MMI (3t
BORBBEINBETFDOI H, BEFABPRAESNT
VW5 H DI, Purkinge cell protein 4 (Pcp4); Lysyl
oxidase (Lox); FXYD domain-containing ion transport
regulator 6 (Fxyd6); integrin, beta-like 1; Cytosolic
acyl-CoA thioesterase 1 (Ctel); STRAG;

Degenerin( Acenl)D 7 2 Th o 7o, FEEBDBIET
NHh, BETHPFES LTS H DI,
Wingless-related MMTYV integration site 2 (Wnt2); Basic
helix-loop-helix domain containing, class B3 (Bhihb3);
Protein tyrosine phosphatase, non-receptor type 3
(Ptpn3); Kallikrein 8 (neuropsin/ovasin; Kik8); Histone
deacetylase 11 (Hdac11)®D 5 2 CTH o=, T b D
BIEM - WAOBEBEFIZOWT, MIEEL OBE TO
WEDHEIZOWTIIRAE LI L Z A, 7THIM
MBEEFH6E, 5 EHABOBLEFOETT, BHE
HEDERD LT (Table9), —F, HICMETZHED
C, 12ppm PTU & 3 ppm PTU, FZ 200 ppm MMI
B L TRALH LR L-BEBEFERELEL LD
A, MEMBBZEEF>TEH LI bOEIGE LI
o T,

Iz, PTU, MMI S I REFIO L% 11 BB TO
CA1 IR T OMBIZL O F &% BB 09I RET
L7k ZA, BRELVEISTD CAl IR THE = =
—aURBICE L ELTITELOWTHFET SR
DD bl (Fig. 13), BIfE, Z D CAl TOMIES



FOEEOEH2RETHDIL, ZOEELHEIC

ST C—EEFEYE - Y @ NeuN BiEMMIEE 04 i &
REHAIL T\, —F, F—0OMT, FIRIREE
BTICERT 2 AEREE R LR, CCHEl
L PTU O HEICEFEL T/HEL o TEY, ELE
STRBIZ AT ZDMENMIFETH 7, 200 ppm

MMI T 4 HFEOHE/ DB 5 22T » 72 (Table 10),
F7r, RIKEETEERE G T CNPase B4 Y 35 o
Ned 4 FOBILPTU B CHLNZHDL, 3

ppm CTiIFEE TIIR2WVH OO AEKFORET 25
L7z, 200 ppm MMI T b BR80T A RIS L
76

DBDE MDA EER .

PTU, MMI & R#D 7 1 F =2—/T, DBDEIZ-2W
TIHEZRELCREEELIToI-HR, BEY
s O BBV OB E IR TENTE O b T (Fig.
14), T OABBRBEIM COREDOHBIC L B
TREZRD LRI o7 (Fig. 15), ZOHMTORE)
MOEEEMEIZLHM TOEELRD R Moz
(Table 11), BEJEXRTEETOREY O FRBEET,
Tl ER E Rk, AREFEN T2V LOD,
KEEOEMNA 10 T 1000 ppm TRD b7
(Table 11), HEROHAEFORTZ A—F L LT, &
RS, HAEFK, HOBA, £% 2P B0KEE
AGD IZIIBEB CEEZBRO AR 212, BB THETO
ERIZBWTEHREROE G E R LA, I
JiBAB S BB OB HE T 10 ppm LA LT, METIX
BEHED R TR b%ﬂt(ﬁumnom@WME
EBIZIZHAO O REIIRD bR holz, BERT
%?@W%@%@KoVTM,%@H@%?,mo
ppm #FTIZ LV, BHEYMZE L CELBSRICE
RTHEILBWEZ#S Uiz (Fig. 16), MTH R
UD{EQW%:W&’)K%O)U) 7%“%‘?‘4?*1&1 7o i,

BEFLIZIT, MR e LEFERBORERICRSIZLS
%@%ﬁﬂﬁéfﬁ R/, MRV T H A
DEEFTRIIERD D -7 (Table 12), MEF DH
%%%@$W%V%Wﬁbt%%w%%%7ﬁfﬁ
1000 ppm BEC T3 OFHVMEME, A% 11 BETT4O
FTDEEZE B OO IR TH - 7=(Table 13), TSH 115
BCHLNREBEZ RIS R0, BHAEBHTH
VMEM &R LTz,

A% 11 8 B OREEF]TIIHET 10 & 100 ppm BED
HEIPEEZRL, MTHLHEETIERZWH OO FRER
DRIF % 77 L7z (Table 14), FIIZEEVY, HED 10, 100
ppm, MED 100 ppm THOMBEMEENFEICKMEZ
SR L7= (Table 14), KiZ, “ b0 (HEERR)
T, CCHEBOEHEZRELELEZA, AEEKRTFN
TV b OO 100 ppm LLETHBEZRE MR RO
7= (Table 15), KAHERTEERFZ & T CNPase LAY

IF7 v Fada FoELAERFH TRV L OO
100 ppm EA_ECTHERBIAD R 5z (Table 15),

HBCD, TBBPA Tk :
HBCD, TBBPA & % 1000, 10,000 ppm @ 2 A& TT
ERBREEE LT, BB OREKRTROERE IR
RICTOETRD o720, FRIEOMEREIT
FTHOWE H 10,000 ppm THIHWEMZR LT
(Table 16), HBCD TiIfFIEEE LETHM L, —
¥, R, FEEREOR, HAEFKS IR
HIZ X B B0 RENIRO b7k o 7 (Table
17), £, RBEHMPORFEYMORE, BHEEOH
BB LTHHLMeREICE BT AR
Motz (Fig. 17), REHETEOBEY O BRIROMR
FAB IR B ORE R, HBCD £EHI TIIOE AM
TERL R AE R A 1000 ppm A B3R L (Fig. 18),
TBBPA T1b & 72 10,000 ppm CTBA 5 22 THh - 7= (Fig.
18, Table 18), L L, W oWE &, PTU, MMI
IR BNV ELRFRE LT 6T, AR
TR U C RSN TRV & WO R L e o 7z,
HAEFO AGD, HAROZRBEHHE R OMEEL, B
M COEEFBD M-z (Table 19, Fig. 19),

D. £

PTU, MMI O3 ZERIBEIZ LD, (FEMHICXT LT
ORISR IR TIREENFE R S, A% ToME
BCAl =a—u v, AEBRSICEEOHRTEZ
ERHAGIE IR oT, HH{LIEAEBIE TIE 12 ppm
PTU BEDOMERE, 200 ppm MMI B O 1 CHRHAZEE L
BIEL, ML EICL2BEVWRARHESh, T
DEFEIZE L Tid, PTUZD S DIT L BRENRE
ENhiz, 2L, BETIEHERABFATHLLOOD,
RO ARMS AR IR T I BIE U 72 ME AR BB AE 238 7RI & iz
B, FOMOMESLIBEIIZIEE 2RO o2
em% BERMESEBEOA LTV 5 ATREM LK
WwWeEz oz,

PTU, MMI TR &N CAl == —1u  O%EIC
LTI, BEEALCBBELERLTWA=a
—o CEFOHIASTHDIE L X L LTRESH,
Ty hEAWTEICRED H A EEHMFDa —F
RZIZLDRRIBERTICE VAL =2 —0a Y
@ migration DEE LFZEOETHLEEZ BN
Tro ASHEFE T, MIIASMOIE G- B L CIEREE
B & B EBLIZRETH D P, NeuN FiEika
IBWT CAl gz BRICW S 20D 7 A b
WEE e EOFHIIRIAT D=2 —a 8, &
B0, CALMMED R—ATA o NnbDF=a—
2 DOAE (BEOEAR) ZROLTFETHD, ¥
7o, RBK TR TO CAl EF RN BRENE R T
RO R, PTU, MMI IZIBEDFKRLE 2R



LEEBBEFR R s, BEENRETFDD b,
BRREBEEN DB RF1X, sodium channel protein T 5
Purkinge cell protein 4 (Pcp4); filast~ -~V v o7 X &
g % 52484 5 Lysyl oxidase (Lox); - A > fik &S
#|{5F TH 5 FXYD domain-containing ion transport
regulator 6 (Fxyd6); Hifast~ ~Y v 7 ZERETH
% integrin, beta-like 1; AEFABRERILICBEET 5
Cytosolic acyl-CoA thioesterase 1 (Ctel); Wnt DA%
BN LICVT /A CBRRIGHEREF T, Mkl
FIZHSRET 2 Z L B EN B TV 5 STRAS;
amiloride-sensitive epithelial Na channel T 2
Degenerin( Acen)®D 7 > Th -7, ZDOHD Fxydé
LA DBAR-FIIMOFEE & OB TOMENRE S
nNTnd, BRBOBLEFDI S, BEEMO LD
IX Wingless-related MMTYV integration site 2 (Wnt2);
PR LICBRE T S EEE R F T d 5 Basic
helix-loop-helix domain containing, class B3 (Bhihb3);
FfatEsE > 7 F VEF T B Protein tyrosine
phosphatase, non-receptor type 3 (Ptpn3); Extracellular
serine protease C neurite outgrowth < fasciculation {Z
BE 5.4 % Kallikrein 8 (neuropsin/ovasin; Kik8); #r4 1+
BT HRIB AR NE AT X o THBERRE S 1D
corepressor Hairless T3 % Histone deacetylase 11
(HdaclD)D 5 > THY, ThbOETIIMOREL
DOBEETOMENRESh TS, %%, AR
72 % DI % real-time RT-PCR (2 & 2 FH L~ 10
WAL & FiT, Y aIl K DR R RIRER b DIZo
W, BRRIREEREIR T K o Mian T 0 E B OF
EIZ OV THREZ M A D, RV T1T 9 DBDE #EHI
TOMBIRNBRETREOBR LML T, BRE
& 5 E mRNA FEHOWT AT BFR & AV
BEEOCMERDHLEHD FETH D,

FRIEHEEIER T I & 2 BEICH T 2 R ERhR &
LT, HBETETO CCIZRIT HIEMRIEF DR
RINBEHZRETOTFTETH o7, #ELZRNA &
PBYLERIZRYT, BE, BWRBENrLPLVET D
& Lipotz, F£iz, PTU, MMI HEFTOBERRK
P BB LT, AR (11 ) T CC DFRIRAIE,
REZ 53709 D CNPase IBPEA4 U 7 Fry A b
DEEREPENTHD Z ENHHA LI,

DBDE O &EFTEERTIX, THERICKT 2889
O FRBR O BAR B SEROARITC, BEEMDICHK LTI
FRBHEEBIETOFERLFALNTH oz, AERIC
RAWTY, 10ppm AENOCRBEMO FRIZEEDHE
MBHHNT=H, FRER & FARICH L HEK
RS bive ol (FEMICIIT 2IiEH D
R IRBEE R T 0, 5K TR, 118 B O
BT, BEBAERIIBVW ORI BERTLERL
72o LAEX D, DBDEIZ L5 FARIEABIK T SRR
BRIV, EORETHLREELZRIEFL TS

B S D, EEE, 11 8B CHRRIREEEIET & BE
L= RAT M2 KIMEE 2L (CC mfED R,
CNPase (A4 ) 25 Fad A bOBEORD) H,
100 ppm L ETR LA TIEY, E7- 10ppm THHE
HAOABZER LWL OOREOEFAR STV,
—77, 1000 ppm THHBICE/L L H O, 100 ppm
TORM I LT, AEEFNREREZFRD T
72\, TBBPA, HBCD ORI TH, #FHRS
N2 BERBFEDOHMIICHREHEBIZE C-AERG
MEMERH LTV, DBDE i3fh> B b7
WERFENT A T —F LT, SIEL
OFLEBLIIKVWHETHDIN, BRENLEL
HRAEBERTFMEOZ DD, B - mEEME
DHT Y —IZ ANBLB Y OEEIERORMED b
72y, —J5, PTU, MMI IZtbi LT DBDE TitH
WA EED L~V R 5 PR AP IR I D2 BE A3 78
< HBR Ui, FRRARSAEIE T RN LT, ¥4,
FEEMMM O HENERRBER & 2555, 3 ppm
PTUZ & VRO R IBEEER TIEZ R Lo R
Tid, DBDE L RIEOMENERO R STZ &M
%, DBDE B &2 U CRIRIREEAEIK TIE & [F
LOEBERTLDEEZLNE, TOEZO—D
& LT, DBDE 2 FURIREEREIE T 2 /1 & T EHERIC
FARIR RO T DRIV SH/ET 7
T=A RELTERTATMRERDHD, 5%, Zh
b ERRRT 5 BT, £RFEOE TID
HEEE OB EME, FEMDIZIBT D HBRWE DI
REOMBLMAERET S TETHD,

A1%1%, PTU, MMI O ERICZBIL Ti, CC TOiE
BFRR I 7rA Ve~ 70 ATV a ik
ERALTRD, HEHRRBEEETICE DM
HEICEETAHE COENBETORELED D,
¥/, CAl==a—urTELhERRE®E, 20
VRIS B % real-time PCRE TIRFET 5, BT,
DBDE &FZIC L MO EICHE G T 3REFH L L
SEOFETHENT L, PRBEEETICE MO
B ST A BE TR LR TE, TO/ERNLED
N RN E R TFHE2 MORF(LERA] (HBCD,
TBBPAWZ AT CHEM L, BRI - B R EEFY
BRBIZEDHT- AR YR EOFMRDOME %
X5, iz, "AJEECHIIEHMIARER & O 217
VY, BFR 2 & % 58 1 M S O FEM F1E % mRNA
LUV TIREIT 200, EHERETED L2 ONE
RET 5,
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ARG REIR TREZ B & LR ZEOM ELE
BELAE T L 2EI L, PTU, MMI IZ X B aE#pi%
~OFRFYEIHBE LT, FR=2—1 D
migration D &, ABEHBRIOBOEHEIB LI, F



7o, REHFRBEEETECOFR=2—a D
EAEMEEFERELE, UEDBONET—#
PRI, BETRIAENT REL V- REENR
Th, EOEDT OBEER IS OFE R ~ D AA
F, B REAN SR CrE, migration OELNLGAE LT
CAl = =a—u N H0E 5> & DEETMI, KE
EORSBEL LTE-TWAY, EEFHMOLES
A~DART B L RETED I L NHETET,
A, PLRRIRIER O35V DBDE O LBAIEIR B 12
BT, Mioxt 4 2 R ELMETsZ &R
TE, ZOWEIZ XD FRBHEEIRT & MEEOK
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Fig. 1.

Preliminary dose finding study of methimazole (ViMl),
propylthiouracil (PTU), and decabromodiphenyl ether (DBDE) by
a perinatal developmental exposure protocol using rats



Group No. of { f f f f

d

4MS D3 GD10  PND1 PND21 PNW11

(Weaning)
Y
Control  1-8 (8) SF diet CRF-1
MMI 9-16(8) |SF diet| MM CRF-1
PTU (H) 17-24(8) |SF diet CRF-1
PTU(L) 25-32(8) |SF diet CRF-1
¥ Sacrifice

Abbreviations:
MMiI: Methimazole
PTU: Propylthiouracil

Parameters to be examined

- Implantation (PND21)

- Body and organs weights (Dams and offspring) (PND2)

- Offspring count (PND2)

- Feed and water consumption (throughout the experiment)

- Puberty, vaginal opening, and estrous cycle

- Histology and immunohistochemistry (PND21 & PNW11)

- Serology (T3, T4, TSH) (PND21)

- Gene expression profiling in hippocampus and corpus
callosum by microarray and real-time RT-PCR (PND21)

Fig. 2.

Developmental exposure study of anti-thyroid agents using rats to
establish an evaluation system of the brain retardation due to
hypothyroidism



Group No. of | I ( ( [ i
dams I l I | I

GD3 GD10  PND1 PND2 PND21 11W
Culling (Weaning)
(8 pupsllitter)
Y
Control 1-8 (8) SF diet CRF-1
DBDE-L  9-16 (8) CRF-1
DBDE-M 17-24(8) |SF diet| CRF-1
DBDE-H 25-32(8) |SF diet CRF-1
Y Sacrifice

Abbreviations: DBDE, decabromodiphenyl ether; SF, soy-free.

Parameters to be examined
- Implantation (PND21)
- Body and organs weights (Dams and offspring) (PND2)
- Offspring count (PND2)
- Feed and water consumption (throughout the experiment)
- Puberty, vaginal opening, and estrous cycle
- Histology and immunohistochemistry (PND21 & PNW11)
- Serology (T3, T4, TSH) (PND21)
- Gene expression profiling in the hippocampus and corpus

callosum by microarray and real time RT-PCR (PND21, males)

Fig. 3.

Developmental exposure study of decabromodiphenyl ether (DBDE)
using rats to establish an evaluation system of the brain retardation
related to hypothyroidism



Group No. of | |- | .
dams GD3 GD10 PND1 PND21
{(Weaning)

Control 1-3 (3) Soy-free (SF) diet

TBBPA-L 46 (3) |

TBBPA-H  7-9(3)

HBCD-L 10-12 (3)

HBCD-H 13-15 (3)

Parameters to be examined A Sacrifice (All animals)
- Implantation
- Body and organs weights (Dams and offspring)
- Offspring count
- Feed consumption
- Histopathology of liver and thyroid (Dams)

Fig. 4.

Preliminary dose finding study of tetrabromobisphenol A
(TBBPA) and hexabromocyclododecane (HBCD) by a perinatal
developmental exposure protocol using rats



< Area of corpus callosum>

Fig. 5.
Morphometry of white matter components in rats exposed
developmentally to anti-thyroid agents or brominated fire

retardants



Table 1
Toxicity parameters of the preliminary dose finding study of MMil,
PTU, and DBDE

MMI (ppm in diet) PTU (ppm in diet) DBDE (ppm in diet)

Control 200 250 9 12 60 80
No of dams 2 2 2 2 2 2 2
BW at PND21 (g) 335.4441.6 309.84£29.7 301.6141.5 310.1+83.2 332.412.8 332.1+16.9 337.9+26.3
Thyroid (mg) 13.7¢1.1  67.3322.1 76.2+22.6 47.3x156 50.8+7.6 13.3t04 20.3x2.1
Thyroid
(mg/100gBW) 411£0.2  21.5+5.1 25.0%4.1 15.1£1.0 15.3122  4.0+0.3 6.1+1.1
Implantation
trace 1441 16+1 1411 1411 15+0 151 151
No. of offspring
at PND21 12.0¢1.4 15.6¢0.7  9.5¢3.5 12507 14.5x0.7 14.5£0.7 13.5%0.7

Offspring’ BW
at PND2 (M+F) 157¢1.2  10.7¢0.4 128429 14.1+1.0 12.7¢0.1 13.0+1.3 15.2¢0.0

P2 Pr P10 P14 P17 P21 P2 P7 P10 P14 P17 P21

Fig. 6.
Growth curves of offspring perinatally exposed to MMI, PTU, or
DBDE. Changes during the lactation period.



Fig. 7.
Histopathology of the thyroid lesions of dams exposed to MMI, PTU
or DBDE during the period from mid-pregnancy and lactation



Table 2.

Thyroid weight of dams exposed to DBDE during the period from mid-
pregnancy to lactation. The 2nd preliminary dose-finding study.

'DBDE (ppm)
Control 10 100 10,000
No. of dams 3 3 3 3
Body weight (g) 2982+ 256 3082+ 127 3051%181 307.7+27.7
Thyroid weight
Absolute (mg) 187+ 0.5 227+ 2.3 210+ 1.4 21.7 £ 3.4

Relative (mg/100g BW) 6.3 + 0.45 7.38 + 0.89 6.89 £ 0.23 7.09 +1.27

Table 3.

Thyroid histopathology of dams exposed to DBDE during the period from
mid-pregnancy to lactation. The 2nd preliminary dose-finding study.

_ _ _ DBDE (ppm)
Histopathological findin g Control 10 100 10,000
No. of dams 3 3 3 3

Diffuse follicular cell hypertrophy
(£ /1+) 0 1(1/0) 2(2/0) 3(2/1)
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Fig. 8.

Water consumption and food intake of dams during exposure to
anti-thyroid agents
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Fig. 9.

Growth curves of offspring perinatally exposed to anti-thyroid
agents. Changes during the lactation period.
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Fig. 10.
Food consumption of offspring after perinatal exposure to
anti-thyroid agents until weaning



Males

500
450
400
350

2300

£ 250

2 200
150
100

50

Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week Week

10 11
Age (week)

Females
300
250

200

Weight (g)
S o
o (]

(9]
(e

Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week Week
10 11
Age (week)
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Fig. 11.

Growth curves of offspring after perinatal exposure to anti-thyroid
agents until weaning



Table 4.

Effects on dams and offspring until prepubertal necropsy of
exposure to anti-thyroid agents during the period from mid-gestation
to lactation

Anti-thyroid agent in the drinking water

Untreated control 200 ppm MMI 12 ppm PTU 3 ppm PTU
No. of dams examined 8 8 8 8
Maternal parameter
Body weight gain (g/day) .
GD 10-GD 20 1112 £ 1.13* 10.00 t+ 1.66 10.42 + 1.34 11.61 ¢ 1.34
PND 2-PND 10 4.86 + 1.66 427 + 1.59 348 + 1.59 566 + 1.38
PND 10-PND 21 -0.67 + 0.96 0.97 + 0.71 083 = 1.04 021 + 1.42
PND 21
BW (g) 3046 + 19.1 305.0 + 26.3 3022 + 19.0 322.7 + 16.8
Thyroid weight (mg/100 g BW) 6.04 £ 1.17 19.64 + 448 ** 18.01 £ 4.68 ** 8.85 + 1.58
Offspring parameter
No. of implantation sites 130 £ 16 136 + 1.4 13.0 + 16 139 £ 1.7
No. of live offspring 126 + 16 125 + 2.1 123 £ 2.0 129 = 1.4
Male ratio (%) 478 + 9.6 50.8 = 14.9 415 + 85 493 £ 9.1
BW, PND 2 (g)
Males 7.57 + 0.92 6.56 + 0.59 6.95 + 0.83 717 + 0.76
Females 722 + 0.94 6.24 * 0.61 6.63 + 0.83 6.78 + 0.74
AGD, PND 2 (mm)
Males 402 + 0.25 3.95 = 0.15 414 & 0.35 397 + 022
Females 1.91 = 0.10 1.88 £ 0.07 1.96 £ 0.13 1.93 = 0.09
Relative organ weights, PND 21
No. of offspring examined 10 10 10 10
Males
BW (g) 52.2 + 4.4 351 x 25 359 £ 29 * 46.8 + 84
Liver (9/100g BW) 3.62 = 0.22 3.91 £ 0.39 3.50 £ 0.30 3.43 z 0.28
Kidneys (g/100g BW) 1.10 £ 0.09 110 £ 0.09 1.17 £ 0.06 1.06 % 0.07
Brain (g/100g BW) 282 % 017 400 + 0.28 ** 400 = 033 * 320 £ 042 *
Adrenals (mg/100g BW) 20.0 £ 8.7 223 + 65 148 1 95 174 £ 73
Testes (g/100g BW) 041 + 0.63 026 + 002 * 026 + 0.04 ** 029 + 0.04 *
Epididymides (g/100g BW) 0.062 1 0.01 0.0889 + 0.028 * 0.079 £ 0.02 0.0764 £ 0.017
Females
BW (g) 53.1 + 26 341 £ 26 ™ 345 £+ 32 * 458 + 55 **
Liver (g/100g BW) 363 + 0.15 3.85 = 0.29 3.60 = 0.25 3.47 + 0.04
Kidneys (g/100g BW) 1.12 + 0.0 1.12 % 0.09 120 + 0.08 1.11 = 0.07
Brain (g/100g BW) 274 £ 0.14 4.03 + 035 * 403 + 033 ™ 314 + 032 *
Adrenais (mg/100g BW) 148 + 6.7 194 £ 74 166 + 7.1 186 1 12.0
Ovaries (mg/100g BW) 38.2 + 156 342 = 207 242 + 146 359 + 11.8
Uterus (g/100g BW) 0.055 + 0.014 0.064 + 0.017 0.058 = 0.018 0.056 + 0.014
# Mean + SD.

Abbreviations: PTU, propylthiouracil; MMI, methimazole; GD, gestational day; PND, postnatal day; BW, body weight; AGD, anogenital
* =* Significantly different from the controls by Dunnett's test or Dunnett-type rank-sum test (* p<0.05, ** p <0.01).
* Significantly different from the controls by Fisher's exact probability test (o <0.01).



