matter of rats exposed developmentally to
decebromodiphenyl ether with reference to brain
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EEFBRFHAERMBE (KEBHREY) X7 HEERE)
o HE B RABEF (ER1IFEE)
Fbé 56 7 0 > < ELE BT

FHEFRE BE ¥
HRBIRFRZER HAERNZEWMHAR BHEMBERM HHER

HRES : MR ERETMAOR Y 2 0HME L LT, FRBEAERTIC X 5 M EREE 2 B R
L LT, REEARBFR)ZHE LT v b2AWERERGHEO ERFTEM 2 EME L -, 19 FHE11 18
HERECFEM L7 1,2,5,6,9,10-hexabromocyclododecane (HBCD; 0, 100, 1000, 10,000 ppm JR£5) & O
tetrabromobisphenol A (TBBPA; 0, 100, 1000, 10,000 ppm {&EH) > 88 £k - 357 2 BTl L O
BTHO=a2—a  r~ORAAHFHE{L HEH CAl BEIKIZHIT 5 =2 —1 O migration BF) OBREE K
T L7-.HBCD TIIBEICA# 21 B B(BEFLR) & B Z(1 B E) TIREEOFRREEET L 11 8B T
HEEEXELZHBELTVIY, 9FEORET, BEILRICHMRERZERE, 1188 [CBERIEDER
FEIBEEDEREMERBDT=OAT, E CAl fifl=2— 0 ONMICITREEERO LRI,
TBBPA Tif, BEicA#% 21 B AOREATHEEKEFEHOLZVITE T3 OB WEEEZBEDHZLOO, BERE
EICIIEEEEDT, DEEORRIZBVWTH, BECAl BEi=—a—nroofbaoBl o ER
ERDRhoTc, £, MNTORENMEEEZEOERLZENL LT, BEEETICvA 727 LA
AT I X 0 HUE R RA 72 W L decabromodiphenyl ether (DBDE) R ZE & O BB TH(EH# 21 HE)TOA
B2\ LS CAl i COMMBENLRRALTHZ AW LERROZBEFIZOWVT, real-time
RT-PCR {Z £ ¥ mRNA BHREZMRAE - #EB L7-. Bio, BRISN-BE2WLIERS CAl I TOEMNE
#i4yF (B :vimentin, ret, DCC, OSP, heregulin, Crk, Samd 1/2/3, & CAl #&J% : reelin, EphA5)
WZ2WT, FLHRBRAIZ2 ) L BFR D& ZBH| T O REHE TROMIZB T 2 o E M@ L FRORBRB[ED
EEZBRE L. £ O R, B0 ERARNT ATRE/2 40+ & L T, B® T vimentin, ret, #58 T reelin,
EphAS DR EN, FNOORBR/EOCEEI 11 BEMFOEEHARBRLRASEMENLLVEVHELS
BHLN-, AEFEIZE LTI, BFR® 5%, DBDE Tidret N KR & LS 2R L, HBCD
TiZ vimentin AP AENSEBZ R L, BHEICHBV T, reelin (I#IREITHRAE L, DBDE TiiEd
& T, HBCD TiX¥FH A&, TBBPA THHH - EARCHitE==—n OB v bR@MLE, .
11 8 B OUrRE T OB MBAAE S ORM == — o ORIED CAl B TOHRA L WV EEOBmWZ &
NEM Ehi-, DBDE TORMEEEFRET SMEIEICH DM, AHAETHBCD & & LIZ TBBPA TR
HENTREBIISETICHREN <. BMBLFRBREEETERAZMLE, 20 L, DEHOEEES
2 & A ERE OFEEEZ T SRR & 42 72, vimentin, ret, reelin, EphAS |14 38 R E © R H I
HLE2SFTHDHARESTRENT,

A. BFEE® FNOLOREMBEHICEALZY T, BERLEY
LEHEOEBREHNICEEL T, FRetEIcxy HREREESTHROEREHOELICETS 2
ETEBEEHEOFMFEOEELBEEN LEBEMETD, FOEDICIT. AERBLHE
TEY, TO—2 ¢ LTHNRHEZELRENR HELIAFA—FORB-@AIZLY, Fh b0
BILLAAMBOWIBZTOND, TOPTYL  ERNOLEFZITOMLERD D, FOEFLI—
BICREECHRESRE, BRAMIETIEE RLLT, BEEO—BREESCEEEHRBR TS
RER - EEMFMEROBIIBHETH D, DEBRHVEVPBRHEARWLOD, BRKT
AHHEIL, REEECBESNIESM -/  OAFEREFELE F~OREVLHALNERY | H
T E L HREERDE S L THERY i, A MRZWPEHE L L TREHERICLS

20—




BEVPBIIBEIN TV S RFE(LEAAI(BFRS)
ICEBTA2E8EMMREVWEEEZONG, BIFE
TRAHTECERAIATWD
decabromodiphenyl ether (DBDE),
1,2,5,6.9,10-hexabromocyclododecane (HBCD),
tetrabromobisphenol A (TBBPA)Z it xf& & 475,
BFRs (= X 5 REM AR X, PCB B & R
ICRRIREREREE O SR TR I TV D, R
BRAFVE IS OBERECEETSH), BiE
HTORRKBEEETICE Y, A% ORI EICK
T HARAHASEEN BN TR eI
BERIEITZEBARLONTWS, £/, AOUWTF
HoOEFICERTEEEOEICLY . BEIC
T HMEMNETHAREELERINLS, [
fRiC, MlaAERELEELZT S0, BE%
WXt AL B IND, TOROHF KRR
FlZ RV R R FIRRSEETEE T L2 1
WXL LT, ZhBDARICOVWTHRNT X
BEMYRDH DS, TNICLY, BFRICK ZEEER L
FRREEETICERT 2EBEFATE, B
RRISREIE T2 8 & L7-2.20 BA EREFMIC
B4 2. K0aENRs AT AOMENR TR & 2
5, Eio. FHBROBESLIZEEV, (EEOEF MO
MELFEL LTH/EEIRL TS, bxvady
TR, QSAR, ATV —= FFu—FHITH
A7 ERRERTEE 225,

FOBBE TR, BEMTOLFHERBICL
S>THLIMEE~OEEIZOWVWT, ER - EH
MR OMIERZ Z L ZBMELTWS, £
DTeHITit, RELBEEL THRRBEBSRIZEL
HAFWREBOEBR AT A -4 —%2RE,. &
HWVNIEATHULENRD D, REHICREI N
EEMHE T XD PR R~ O R AW AR,
MO EBARICA L HRE (programmed
cell death, migration, FHAQHEAE - 531L%) ZxfL
TAEL., B EE TOEMNMRS LI WEZENLLOD
MO T 2HEHRESE (HE, @B, —=2—no
ENVE) OBPLHMOEL, FRREHEOH
BeLTERBRENG, LLEL Y, RGHEFETIE,
FTHRREEETEICL VFER IS PHEMH
RIEE O ERRHRZ ., PR O S BE) 218

o

BRERTCHD=a—prtF)IF - Fatda

MIES LTHM L, IRWTBFRs IZX 58D
MBCHEORELBELBRMNT S, TOHEE
LTit, REBRTHTO=a2—a b3 itV
7 FatA NERMR~A 70T LA G

WL 2 REBEFORE L T OFMR~DTEH.
BB TOSBRYOBEFRN 25, -,
REHOFRBBREREICL Y, ASRRESHE
BHE~OKGER 2 EERBIEE SN, TBBPA TE
STV DR LR EOBR Sh 5 "5

B D, BEICHY L THAHEBHSIEE
WOWTHRMEMZ 5, BEMICIE., KB
TEBLTWHROSHERETHS (EHEEME
EORBRIGHEFECBITIAMERSEORE

BT AREME) ORFREEIHIND, GBM
OBWEEETAMCERL T, RENRABKED
URZ 28, #7575,

19 BT, 18 £ E i L /- HBCD K& U TBBPA
DRBEBICIIEMHRUMBEZBICNT S
A ER - T L, £/, MEEEKL R
K R4 %85 6] (PTU: 3, 12 ppm; MMI: 200 ppm £
K) 3 X U DBDE £ (10, 100, 1000 ppm JE£H)
DR BE T REMT OB RS, RO 2HE
RS2 2V T, real-time RT-PCR 12 &
% mRNA FEBEORGEZ EM L7, Hio, G
AL FHIRRAT O FTRE AR R 3 Tl D T
PTU,MMI 72\ L% BFR B HORBH TH (4
%21 HEB) ORHEN TORERBELSE O YT
{T-7,

B. FRE S

<BFRs & FV 7= 38 3 51 5 BR 7FAfh 72 O 52 >
REMIELFEYERBEET L E LT, iR E %
FEHZE L CHBMICEBRIESIZ LICL Y, i
ik 10 H B 2 CREFLRR(AE 21 B B)E TR -
RN EEMICREL, REKTHEHL 11EE
R EIT 7=, EH L83tk SDIGS 5
v h& L, BFR OKXERITAKI10ELT. 3 AR
ARE L, BlbL, FiEABER L2 EIC, HBCD
{348 10 [T, TBBPA (X148 8 [CO 8 E BV



T 100, 1000, 10,000 ppm @ ARG E TAER
1T-71= (Fig. 1, 2), EBEFENL, KEdhko
phytoestrogen % i\ 7= SF (NIH-07 ZH!) fia#}%
Az, BERLERICIZ, BEWICxT 5B ER
BAHRTL., ReiL@EOR#FERETHS
CRF-1 IZY) W FH X THE Lz, HizBWTIE, &
HREm o3 BATL VER A 7 OBEIC X AEER
Ef OBETZITV, BIEWRIEE 273 B IR %
TFailt,
ZLEHOARERICAWT, £% 21 BB OMK
HEFIZX, B, B, B, FRIR. TEE. BIF.
FEE, R Lk, AR, W (HEER) . 5P
BO7E, ILIRAEM L, AR, RIRR, TEE,
AINZAR, HEEE (+EEER) LA ORI L ThE
RERZAE L. BRE—HBOMIT7 A EE
2TV, oSBT RL~ Y VEEET-T, £
7=, &8 S ICOBEERBHICHONT, BIETFRR
TR K E A X —BE - "7 7 4 al
LTz, 11 B EICIEFEIC,ATIAR., ¥ (+BEE MR .
B, TEAOSERZ AL~ CEE®ICH
F L, BicoWTikadr<) VEEZIT- .
IhoORBIELT, ~bF Ve xFY
> (HE) §iEa s ER L OREMAMRFRIRE
1T~ 7=, 21 A B OfFHE, BE8HIZOVWTITH
RIRZ R L CEENE., REARFORELE
8 LT

e, A% 11 BBEOREZ AV, KAHO Bregma
D% FHI-3.5mm D 1 AFTCRERTIEE2(ER L T,
FoRi%oXNFHE 2 YE) PMOEmE LD LD
7T 4 AL, 3pm EOERGY R & ER
L7, 1A% HE ¥f8 L & $ 1T, postmitotic neuron
O (FNICHIRED) 2FEANICE#RT I~
7 2 NeuN Hifk (MAB377. IgGl, x1000 £,
Chemicon) % iV T . DAB E (2 T ABC ¥ ( Vector
Lab. Elite kit) IZ & B afE g 21T > 7. #E/E CAl
R TO=a—o ORI, EFEE L Rk
(2. NeuN 240/ % FVT 200 & DO BRMBIEE
THEA | GO CAl ik (KA OIA) 2 BE
xl L, #EMBBEMCHFET S=a2—2 ¥
BROFOEES, £=a—0rO#EHKEETE
b DOFHEREEY RO,

299

< 1 O RN E T FEAR IR R >

18 EEICRIE L7, fLHRIRFIRES D IC BT
5% CAl K (=a—nY) LAE () ITF
v RFodd b)) ORMEHRETFICOWVWT, BE
4 h % real-time RT-PCR IZ L VB L7, =4 7
o7 LA EATRICER L. MessageAmp'™ I
aRNA kit (Ambion)tZ & ¥ 1 [E4i#8 L 7= RNA 725
High Capacity RNA-to-cDNA  Kit (Applied
Biosystems) {Z & ¥ ¢cDNA # {E#4 L, TagMan” Gene
Expression Master Mix (Applied Biosystems) 5 L TF
TagMan® Gene Expression Assays ( Applied
Biosystems) * HWVTHREI L7, #HHBRE LIS T
ITEE R4 & LT, vimentin, ret, v-maf,
tektind, cld11, zfhx1b %, #Ef% CAl BRI HF
& LT tacr, slit2, mobp, edg8 #EIk L7, #HW
T, FIRBRBERE(E T 72V L DBDE R {7 TR =
NEEMTTO 5 b, RERMRILENLRRERBE
RRAT S ETREZR 3 FIT DWW T, BEKE TR TORMA
TORBFHORE ZHE L, PTU, MMI,
DBDE &#&E®#I0 21 B BEORE 7T S EERIC,
Bregma M 5 §9-3.4 mm @ | 7 By Ttk #Flm % {E
WL, coRiEONFESYEE RDOERITNST T
1 A LT 3 p mEOEGEI R 2 ER L 72,
A7 a7 LA BT THRRRBRAICREIGEE R L
EEOAY IF s Fad A P RUHE CAl #
= o — o ORMEMS IO LT, REMRR
{LERRBELRERPUAEL LT, BE TR~V
A vimentin H1{E£ (x200 {%. Millipore Corporation),
L7 B F ret HLIK (x50 f&, Santa Cruz Biotechnology,
Inc.), Hi~ 7 A deleted in colorectal cancer protein
Hiik (DCC; x40 &%, Vision Systems), i 7 ¥ OSP
Fiik (Cldll BEFIZHE ; x200 {%. Novus
Biologicals, Inc., Co.)% | # /6 CAl fHIK Tlihi~ v
Z reelin Fiff (x1000 f%. Novus Biologicals, Inc.,
Co.) K UM = Eph receptor AS Hif& (EphAS,
x50 f%, Abcam) ZBEIRL7-, F#kIZ, DBDE %
BRI TOA 70T VABITICLVELNRTEm
BEOA ) I7 > Fath4 FROME CAl fHEik
ThO=z2—u OENE#MIFLLT, BETIX
Pi< 7 A vimentin Fu{&, L7V ret ik, LY



2 OSP Hifk. Hi< 7 X heregulin Hiik (x40 &,
Exalpha Biologicals, Inc.), fi = 7 2 Crk Hi{k
(x2000 . BD Biosciences), Hl~ 7 A Smad 1/2/3
R (x50 {%. Santa Cruz Biotechnology, Inc.)% .
B CAl I TliIHi~ 7 R reelin AR U7 V¥
EphAS $Hifk#% A\ T, ABC i (Vector Lab. Elite
kit)iZ C DAB BRI L HRBRAEEZITo/. T,
PTU. MMI BEFIIC >\ TIE, WY ¥ glial
fibrillary acidic protein Hi{& (GFAP, x500 f%.

DakoCytomation) % AW\ 7= 7 A b a4 DR
Yufa t, EhE L 7=, Vimentin, reelin, EphA5 (ZRJ L T
{3, HBCD, TBBPA (W T L REBREZ KR L
7=, FiRIE/L & LT, vimentin, DCC, heregulin,

Smad 1/2/3 {Z2WTIX, B F 7 4 LIz8IRIC
24T 0.01M citrate buffer (pH6.0)F T~ A 7 1 7
T—7 4B (90°C, 10 min)Z 1TV, FILA DS
FAZ DWW TR TIT o 72, PTU, MMI 2R {5
DOAECEBIT S vimentin BIEMIRIL, cingulum [E
TIREHLTHEEL TEY . GFAP BEHAR b IR
BRICEIEBALIZEFE A R LT, Ret [ZEEICHMEM
RAVEAEDSME R LT, £ Z T, vimentin,

ret, GFAP BEAIIEIZ >V Tk, ML X T 10
{FOBRFIZEB T B cingulum FTEOFEBIZ SV T2
BEOLELE ORI (mm®) %47- 0 OEHEE
ki, FOMOTEIZO>VWTIZ, AEBEERICE
TARGEHRES 2 FlEIcOWTHIE L, 8BS
CAl fEIIZEITD reelin BB E) iz 2V T,

CAl HEOERVPEARLICRD NNV H DA
EhofzZ LM b, PTU, MMI #FE T reelin 5
MHoz—nrBEAINEER | @BRTOBKER
EIZ@ExR e L, REOBER#MEES (%
) (ZHEELTWAHMEmIEYE Y @ reelin BHtE
HRR A R 1o, E 7. FiNeuN HifE% iV T ABC
12T DAB B A% 1T - o RERBERIZOWVT,
EA 1 domEikEloBERmaEs EERN)

ICIFET A ALY 7=V O reelin M MAQ % [F
RIZR B =, EphAS BREEAKIZOVWTIE, EA 1
BT OMWEE CAl Ik B g L L, kM iakE
DR—R T A BRI, SEEMREMITFEL
TWABEHREE R,

23

C. FRER
<BFRs % A\ 72 58 1 S BB 3 (il R OB L >
HBCD 38 :

HBCD B DA% 11 W E ORE V>, 18
£t L - R EHFRRERERETICERT 2858
X 5 AR HREBORBICHEE, —a—a ¥
O migration |25 2 5B EZEEMIIRIT S
& 1BE CAl HIRIC BT 2 kMR
Atk sz oEERUH#ERRORETEN O
O FH)PERE A FSREEHRI L 7= 23, HBCD & IZiL K
TAHEIED Shieh o7z (Table 1),

72, A% 21 BE, 11 B ICRE L -&#EEE
EOWTHREBHBFNRELTo LA, £#
21 BETiX, FTOAFMA RO LN, BEA
4 B 28 R 28 1 D 38 AE A3 ERE SR (2 10,000 ppm
THEICHEML, FOREIIETRE, TP
BRETH-T-, TBIZBTA5ZOMOFRELT
. BEDOUE A NTHIRRLTBRIEE L, BTE
£ D T e B R 88 5E A3 10,000 ppm D HES 1 7] TR
o, A% 11 BB TIX, £% 21 BRICED
L iFiic -+ 2 BICEEERRBD Hh i,
BIE CIIRERREOEREEORENHED
10,000 ppm TH B (M U7, BT+
EHTEBEBECRENEDONIN, FORE
BB TREH TAEICA =, 2B,
A% 21 BE. 11 BEETERBICITELZ2E
BRIBOLNAL -7 (Table2), £7-, FEH~
DR P AT R AR IR E B O 023 10,000
ppm TH bifeds, HEMMFENITIZ, UEAM
Eha bR R T Rl A RIKFEECRD 6
AL, 10,000 ppm TIEZAEICHEM L7 (Table 3).

TBBPA 3R5

TBBPA iZ2W\WT$H 11 HE DR TOMES CAl
FERIC BT H#AHREN DMK L EDOBE
RUSEMROSHT 2R TE? D OFLEERE
#REFHAI L/~ 43, HBCD % & F#RIZ, TBBPA
RBECERT 2EHIIRD oM o7 (Table
4)o

Fr-, £%21 BH, 11 @B ICERL-&#E



WOWTHRBEBENREEZITo L EZ A, £
20 HE, NBBXIZABEODH AL REL
RN, B, BB ~DREBKT
BFIZ 81T 5 BURAR TiL, 1000 ppm BL ETOYE AME
A b R BT AR O R A SRR (@M A3 4 B
7=, ABEFIREDLNL o7z (Table 5),

< 3 E bR AR R R >
Real-time RT-PCR :

PTU, MMI &EZ#liZ BT 5% CAl IR & K
il BB RIRIZ BV TE K S h - F R EARE
FiZ2WW T, real-time RT-PCR #FEE L7 & Z A,
—H TRREBOREN M AHFEEI
OPZEVHEDOD, B LEWVWTROZFIZTONT
LA 7T b, LREROEHEZRL, w1718
T LA T ORSENRERE S (Fig. 3, 4).

o i L filk S B AR A q)

Real-time RT-PCR (Z L W HE T~/ 27 a7 LA
ERLFAROBRREHZ2HBLISTFDI B,
vimentin (Z-2\ T, PTU, MMI % #, DBDE %#
TFloLE% 3 BB TORE AV, REHERLFR
BEITV., B0 EROMTEZ ER LIz Z
%, 12ppm PTU 8. 200 ppm MMI 2FE(Z L D
AHEIZ vimentin BB E A MG L (Table 6).
PTU @ 3 ppm (2B W T b EIMER 258D 7,
DBDE £&Z#lcB\TH, 100 ppm YL EOH&ET
AEICHMEERESEMmL, RERARETHHEME
MA3E8 & HiLT- (Table 7). £ Dfthd> BFRs % & {7
IZoWTHRBRICRE L7 & 2 A, HBCD REH|
T1E 1000 ppm LA £ THEICHMEMABI SR BN L
7=#3. TBBPA £ {5 TiZ vimentin B4HIfa %=
EBIIRH LN (Table 8,9), F\V\ T, [
¥E1Z real-time RT-PCR THEBRZEB) 2 /R L 7= ret
IZOWNWT L REBBFIFIEC X 0 ERAT
FEM L E - S PTUMMI R F Tl vimentin
L [E#EIZ 12 ppm PTU £ . 200 ppm MMI 2§12
F 0 HEEICHBEMRESHEML, PTU @ 3 ppm (2
BT HmEm %38 H 7, DBDE EF TLH
BEFHICEE CHEEICH MM ML
(Table 6, 7).

Vimentin BB #iBA OB W T L 0 MR
B, TAMod A bOw—HI—ThH5D
GFAP OREMMFMBRFEEZ, PTU, MMI R H
ICOWTER L, FOKE. vimentin BB AR
Bz W THRHT L72BE & FHRIZ. 12 ppm PTU 8% .
200 ppm MMI 2% - LV FE MRS A 18
JmL7= (Table6),

BT, =4 2787 LA #ITIZL Y PTU, MMI
##F. DBDE REH| CRALHVBO Gl
FnH L, WERE~OEENFREINDIHTIC
SNT ., FRFROHIZ OV TRERRFERTE
ZEM LUz, TO/KER, PTU, MMI 8 F T,
CId11 73 200 ppm MMI 2 E 7l TH 2 iR
WBT5L0W)H, =/ 20T LAIIERLEYD
RERLIzo=88, DCCIZ2W T, 12 ppm PTU
8%, 200 ppm MMI BFE(C L W HEICHRERE D
WL, v/ 707 LA T RROEBZRL
7= (Table 10), [Fl#%i=, DBDE BEHiz>\TH
Cld11, Heregulin, Crk, Smadl/2/3 (Z D\ THH
AR OEBE B LR, Cld11 Tid 10 ppm T
A Ye s & A3, Heregulin, Crk Tid 1000
ppm CHBEIZYeAME I M, Smad Tl 1000
ppm CHEICRERENBI L, ~1 2727 LA
fRMT & RERD B2~ L7- (Table 11),

G KRR SRR (RS

HEE CAl fEI D<A 707 LA fiffilcBunT
REEBMEBE L= F D I breelin 22V T,
PTU, MMI, DBDE, HBCD } Uf TBBPA D% %%
FoA% 21 BB TORME AV, REHERFEHF
HIZX Y B ERPT AR L& =
A, EREEWIREIOTKEREN BEM) (2
F1ET 5 reelin IBIEMAREIT. 12 ppm PTU #8E
200 ppm MMI £ &E (2 L 0 FEICHIM L7 (Table
12), & 512, DBDE £ H| TiXAMEMIQ S0 A&
RAEMEICEE L, 1000 ppm TH B/ BMAEH 5
iz (Table 13), HBCD REHI TIXFMAED
1000 ppm @4 T, TBBPA TiZ 1000 ppm LA =D A
BRTHBEICHMEMARHEM L7 (Table 14, 15), &
7=, EREEWREOBRMEREN (EHEM) (2
4343 % NeuN FBtE#BlaE X, 3 ppm EL LD PTU




#1%. 200 ppm MMI £§, 1000 ppm DBDE ##% .
10,000 ppm HBCD £, 1000 ppm LL L@ TBBPA
REBIZIVAEBELRBNAED LN, i reclin HiiE
IC kB RERE L RROERSBE SN (Table
16-19), — 77, §i EphAS Hifliz X DR BEYE T,
PTU £Z&%® 3 ppm LI ETELWEE CAl fHIK
O #ERFIRARE S - AT A B tE R R EC A R K
O H AEEREMAFED S (Table 20),
7=, MMI 2B 8% Ti3, BIERERR ST B0 E )
Wzt~ THIM L, DBDE SE&Eh# CI3A KRG
HOHHEMMBBDH RN, WTRALAEERIR
B bR Hr 7= (Table 20,21), HBCD R T*
TBBPA #%&E S % Tid, EphAS BitHElatkic A&
EiIBH 5N h o7 (Table 22, 23),

D. 8
< BFRs % A\ 7= 35 i3 1] 5 % 5F (il R DR 3L >

18 FEFEIF| & HEx ., 19 BT HBCD R V*
TBBPA REBEROFBHBFMIRER V=2 —
o @ migration (2T HEEREL El L7, X
7=, MEGEEE b L 7 HU R KR A & U DBDE % & 51
KBB4 707 LI L5BROBETR
WAHT ORER G, AER X UVEE CAl fHIK TR
BMEB DL LN EREFE S TIC oW TREM
BER R BB A OB 21T - 7=,

%79, BFRs # /-3 Rl MR O
2B L Tk, MEEBEEM L/~ HBCD BB Ti3, 21
A liFF T HBCD RABORBEMBEFOREBICL
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No.of | | | | |

Group I | I I

|
dams  :h3 GD10  PND1 PND2 PND21 11W
Culling (Weaning)
(8 pupsllitter)
Control 1-10 (10) SF diet CRF-1
HBCD-L 11-20 (10) |SF diet CRF-1
HBCD-M 21-30 (10) |SF diet CRE
HBCD-H 31-40 (10) |SF diet CRF-1
Y Sacrifice

Abbreviations: HBCD, 1,2,5,6,9,10-hexabromocyclododecane; SF, soy-free.

Parameters examined during the year of 2007
- Histology and immunohistochemistry (PND21 & PNW11)

- Morphometric analysis (PNW11: white matter, hippocampal CA1 region)

Fig. 1.
Developmental exposure study of 1,2,5,6,9,10-

hexabromocyclododecane (HBCD) using rats to establish an evaluation

system of the brain retardation related to hypothyroidism.



No.of | I | | |

Group | ik I 1
dams  5p3 GD10  PND1 PND2 PND21 11W
Culling (Weaning)
(8 pupsllitter) v
Control 1-8 (8) SF diet CRF-1
TBBPA-L 9-16 (8) |SF diet|. CRF-1
TBBPA-M 17-24 (8) |SF diet CRF-1
TBBPA-H 25-32 (8) |SF diet[:> CRF-1
Y Sacrifice

Abbreviations: TBBPA, tetrabromobisphenol A; SF, soy-free.

Parameters examined during the year of 2007
- Histology and immunohistochemistry (PND21 & PNW11)

- Morphometric analysis (PNW11: white matter, hippocampal CA1 region)

Fig. 2.

Developmental exposure study of tetrabromobisphenol A (TBBPA)

using rats to establish an evaluation system of the brain retardation

related to hypothyroidism.



Table 1.

Morphometry of the hippocampal CA1 region in male offspring exposed to
1,2,5,6,9,10-hexabromocyclododecane (HBCD) during the period from the mid-gestation to the end of
lactation. Analysis at PNWI11.

HBCD in diet (ppm)
0 100 1000 10,000
No. of offspring examined 10 10 10 10

Mean distance of the location of neurons from the
innermost margin of the pyramidal cell layer 509+11.8° 493491 472+119 48223
(um)*

No. of neurons located outside of the pyramidal cell

. 45+1.3 49+09 33£11 3.5+1.1
layer (/mm baseline)

Ratio of abnormally migrated neurons

/total neurons (%)

29+1.0 3.1£0.6 2.3+0.9 2.3+0.7

“NeuN (+) neurons were subjected to analysis.
* Mean = SD.
Abbreviations: HBCD, 1,2,5,6,9,10-hexabromocyclododecane; PN'W, postnatal week.

Table 2.
Histopathologic findings of male and female offspring exposed to 1,2,5,6,9,10-hexabromocyclododecane
(HBCD) during the period from the mid-gestation to the end of lactation.

HBCD in diet (ppm)

0 100 1000 10,000
PND 21
Males
No. of animals examined 10 10 10 10
Liver
Vacuolar degeneration, hepatocytes, diffuse (+/++)° 0 0 0 6" *(6/0) ¢
Increased eosinophilia, hepatocytes, diffuse (+) 0 ] 0 1
Focal necrosis, hepatocytes 0 0 0 1
Females
No. of animals examined 10 10 10 10
Liver
Vacuolar degeneration, hepatocytes, diffuse (+/++) 0 0 0 6*(0/6)
PNW 11
Males
No. of animals examined 10 10 10 10
Adrenals
Vacuolar degeneration, fasciculate zone, cortex (=/+) 0 0 0 4*(2/2)
Kidneys
Chronic nephropathy (+/++) 9 (9/0) 10 (5/5) " 1037 ™ 10 (5/5) *

*'Grade of change: (), minimal, (+), slight; (++), moderate.

® Total No. of animals with each finding.

“No. of animals with each grade.

* %% Sionificantly different from the O ppm control by Fisher’s exact probability test (*p < 0.05, **p < 0.01).
™ Significantly different from the 0 ppm control by Mann-Whitney’s U-test (*p<0.05, "p<0.01).
Abbreviations: HBCD, 1,2,5,6,9,10-hexabromocyclododecane; PND, postnatal day: PN W, postnatal week.



Table 3.

Histopathologic findings of the thyroid of dams exposed to 1,2,5,6,9,10-hexabromocyclododecane (HBCD)
during the period from the mid-gestation to the end of lactation.

HBCD in diet (ppm)

0 100 1000 10,000
PND 21
No. of dams examined 10 10 10 10
Thyroid

Diffuse follicular cell hypertrophy (&/+/++/+++)° 3 " (0/3/0/0)° 5 (2/3/0/0) 6 (1/3/2/0) 9*(0/3/4/2)

* Grade of change: (+), minimal, (+), slight; (++), moderate, (+++), severe.

” Total No. of animals with each finding.

“ No. of animals with each grade.

* Significantly different from the 0 ppm control by Fisher’s exact probability test (p < 0.05).
Abbreviations: HBCD, 1.2,5.6.9,10-hexabromocyclododecane; PND, postnatal day.

Table 4.
Morphometry of the hippocampal CAl region in male offspring exposed to tetrabromobisphenol A
(TBBPA) during the period from the mid-gestation to the end of lactation. Analysis at PNW11.
TBBPA in diet (ppm)
0 100 1000 10,000
No. of offspring examined 10 10 10 10

Hippocampal CAl neurons

Mean distance of the location of neurons from
the innermost margin of the pyramidal 30.9+3.0° 29.8+2.0 31.5+£1.8 292+1.6
cell layer (um)”

No. of neurons located outside of the

] : 5.1+14 47+1.5 40+1.6 46+1.7

pyramidal cell layer (/mm baseline)

Ratio of abnormally migrated neurons

23+0.6 1.9+0.5 1.7+ 0.6 1.9%0.79
/total neurons (%)

“NeuN (+) neurons were subjected to analysis.
® Mean = SD.
Abbreviations: TBBPA, tetrabromobisphenol A; PN'W, postnatal week.

Table 5.

Histopathologic findings of the thyroid of dams exposed to tetrabromobisphenol A (TBBPA) during the
period from the mid-gestation to the end of lactation.

TBBPA in diet (ppm)
0 100 1000 10,000
PND 21
No. of dams examined 10 10 10 10
Thyroid
Diffuse follicular cell hypertrophy (+/+/++) 3P (/e 3(1/2/0) 7 (3/4/0) 7 (5/2/0)

? Grade of change: (&), minimal, (+), slight; (++), moderate.

® Total No. of animals with each finding.

¢ No. of animals with each grade.

Abbreviations: TBBPA, tetrabromobisplienol A; PND, postnatal day.
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Fig. 3.
Validation analysis of mRNA expression changes in the white matter

of rat offspring exposed perinatally to anti-thyroid agents by real-
time RT-PCR.
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Table 6.
Quantitative analysis of vimentin-, ret-, or GFAP-immunoreactive cells in the cerebral white matter of the

offspring exposed to antithyroid agents during the period from the mid-gestation to the end of lactation.
Analysis at PND 21.

Control MMI (ppm) PTU (ppm)
200 3 12
No. of offspring examined 6 10 10 10
Vimentin (+) cell count (/mmz) 6.2+3.8° 149.1£32.7%* 62.0+36.7 118.7+34.6**
Ret (+) cell count (/mm?) 15.3+2.1 48.7+£13.4** 264+8.4 33.9+9.1*
GFAP (+) cell count (/mm?) 92.8+4.7 203.2+59.7** 126.1+174 152.5+£19,7*

“Mean + SD.
* #* Significantly different from the control by Dunnett’s test or Dunnett-type rank-sum test (*p<0.05, **p <0.01).
Abbreviations: MMI, methimazole; PTU, propylthiouracil; PND, postnatal day; GFAP, glial fibrillary acidic protein.

Table 7.

Quantitative analysis of vimentin- or ret-immunoreactive cells in the cerebral white matter of the
offspring exposed to decabromodiphenyl ether (DBDE) during the period from the mid-gestation to the
end of lactation. Analysis at PND 21.

DBDE in diet (ppm)

0 10 100 1000
No. of offspring examined 5 3 5 5
Vimentin (+) cell count (/mmz) 12.7+89° 38.1:£18.1 550L22.3%F 853+ 18.5%=*
Ret (+) cell count (/mm’) 6.6=2.5 20.1£2.2%* 29.3+5.1%* 34.24+ 53%*

“ Mean = SD.
** Significantly different from the 0 ppm control by Dunnett’s test or Dunnett-type rank-sum test (p<0.01).
Abbreviations: DBDE, decabromodiphenyl ether; PND, postnatal day.



Table 8.

Quantitative analysis of vimentin-immunoreactive cells in the cerebral white matter of the offspring
exposed to 1,2,5,6,9,10-hexabromocyclododecane (HBCD) during the period from the mid-gestation to the
end of lactation. Analysis at PND 21.

HBCD in diet (ppm)

0 100 1000 10,000
No. of offspring examined 10 10 10 10
Vimentin (+) cell count (/mm”) 209+83"° 33.3+10.2 54.9+ 24 7** 40.0+ 11.8**

“Mean + SD.
** Significantly different from the 0 ppm control by Dunnett’s test or Dunnett-type rank-sum test (p<0.01).
Abbreviations: HBCD, 1,2,5,6,9,10-hexabromocyclododecane; PND, postnatal day.

Table 9.

Quantitative analysis of vimentin-immunoreactive cells in the cerebral white matter of the offspring
exposed to tetrabromobisphenol A (TBBPA) during the period from the mid-gestation to the end of
lactation. Analysis at PND 21.

TBBPA in diet (ppm)

0 100 1000 10,000
No. of offspring examined 8 8 8 8
Vimentin (+) cell count (/mm’) 151£5.1° 19.0+5.8 19.6 + 4.7 21.0+ 8.6

“Mean = SD.
Abbreviations: TBBPA, tetrabromobisphenol A; PND, postnatal day.

Table 10.

Immunoexpression intensity of candidate molecules selected from microarray profiling in the white
matter of the offspring exposed to antithyroid agents during the period from the mid-gestation to the end
of lactation. Analysis at PND 21.

Control MMI (ppm) PTU (ppm)
200 3 12
No. of offspring examined 6 10 9 9
DCC 1.7+0.57 3.0£0.3% 2106 3.0£0.72*
Cld11 1.5+0.5 3.1+0.6** 1.7+0.8 23+09

“ Intensity scores of immunoreactivity: 0, none; 1, minimal; 2, slight; 3, moderate; and 4, prominent. Values were
expressed as mean + SD.

** Sjgnificantly different from the control by Mann-Whitney’s U-test (p<0.01).

Abbreviations: MMI, methimazole; PTU, propylthiouracil; PND, postnatal day; DCC, deleted in colorectal cancer

protein.



Table 11.
Immunoexpression intensity of candidate molecules selected from microarray profiling in the white
matter of the offspring exposed to decabromodiphenyl ether (DBDE) during the period from the
mid-gestation to the end of lactation. Analysis at PND 21.

DBDE in diet (ppm)

0 10 100 1000
No. of offspring examined 5 5 5 5
Cld11 24+0.5 1.4+0.5*% 1.6+0.5 1.6+ 0.5
Heregulin 1.6+0.5 2.0+0.7 24+09 3.0+ 0.7*
Crk 1.4+£09 22+04 24x1.1 3.4 £0.5%*
Smad1/2/3 2.8+0.4 24405 20+1.0 1.4+0.5%

“ Intensity scores of immunoreactivity: 0, none; 1, minimal; 2, slight; 3, moderate; and 4, prominent. Values
were expressed as mean = SD.

*** Significantly different from the 0 ppm control by Mann-Whitney’s U-test (*p <0.05, **p <0.01).
Abbreviations: DBDE, decabromodipheny| ether; PND, postnatal day.

Table 12.

Quantitative analysis of reelin-immunoreactive cells outside of the granule cell layer in the
hippocampal dentate gyrus of the offspring exposed to antithyroid agents during the period from
the mid-gestation to the end of lactation. Analysis at PND 21.

Control MMI (ppm) PTU (ppm)
200 12
No. of offspring examined 6 5 9
Reelin (+) cell count (/mmz) 388+142° 73.8+ 16.7* 70.4 £ 26.3*

“ Mean =+ SD.
* Significantly different from the control by Dunnett’s test (p<0.05).
Abbreviations: MMI, methimazole; PTU, propylthiouracil; PND, postnatal day.

Table 13.

Quantitative analysis of reelin-immunoreactive cells outside of the granule cell layer in the
hippocampal dentate gyrus of the offspring exposed to decabromodiphenyl ether (DBDE) during
the period from the mid-gestation to the end of lactation. Analysis at PND 21.

DBDE in diet (ppm)

10 100 1000
No. of offspring examined 6 5 5 3
Reelin (+) cell count (/mm?) 38.8+142° 46.1 £ 7.2 56.4 + 13.5 68.3 + 15.3*

“ Mean = SD.
* Significantly different from the control by Dunnett’s test (p <0.05).
Abbreviations: DBDE, decabromodipheny! ether; PND, postnatal day.



Table 14.

Quantitative analysis of reelin-immunoreactive cells outside of the granule cell layer in the

hippocampal dentate gyrus of the offspring exposed to 1,2,5,6,9,10-hexabromocyclododecane

(HBCD) during the period from the mid-gestation to the end of lactation. Analysis at PND 21.
HBCD in diet (ppm)

0 100 1000 10,000
No. of offspring examined 10 10 10 10
Reelin (+) cell count (/mm”’) 84.4+26.6" 97.5+£26.6 130.3+37.8** 102.5+15.7

“ Mean £ SD.
** Significantly different from the control by Dunnett’s test (p<0.01).
Abbreviations: HBCD, 1,2,5.6.9,10-hexabromocyclododecane; PND, postnatal day.

Table 15.
Quantitative analysis of reelin-immunoreactive cells outside of the granule cell layer in the
hippocampal dentate gyrus of the offspring exposed to tetrabromobisphenol A (TBBPA) dunng the
period from the mid-gestation to the end of lactation. Analysis at PND 21.

TBBPA in diet (ppm)

0 100 1000 10,000
No. of offspring examined 8 8 T 7
Reelin (+) cell count (/mm°) 985+ 18.1° 1209+ 19.6 144.8 +24.3%* 143.4 +£32.2%*

? Mean + SD.
** Qignificantly different from the controls by Dunnett’s test (p<0.01).
Abbreviations: TBBPA, tetrabromobisphenol A; PND, postnatal day.

Table 16.

Quantitative analysis of NeuN-immunoreactive cells outside of the granule cell layer in the
hippocampal dentate gyrus of the offspring exposed to antithyroid agents during the period from
the mid-gestation to the end of lactation. Analysis at PND 21.

Control MMI (ppm) PTU (ppm)
200 3 12
No. of offspring examined 10 10 10 6

NeuN (+) cell count (/mm?) 73.7+174" 174.0+ 29.8*%*  104.7£13.6**  126.2+ 13.0**
“ Mean + SD.
** Significantly different from the control by Dunnett’s test (p<0.01).
Abbreviations: MMI, methimazole; PTU, propylthiouracil; PND, postnatal day.




