PRk 4 — 1

JEAE T BATEAHEE R A F R I (LW ) 2 7 F5ed3E)
LB K DHRIRIRER 3 X OVRES O FIRIRBERRIE T2 fE S
WA BOFEIZEE T 5 AHFE (24KD2003)

TN 6 AR ST RAT R
SYHERTIERRAE - (LRI X DU RBRMER OFFAEIZ B D A58

WrgesrE SRt (ESZERS &AL Lt BBttt v 7 — SR 5EK)

WHgEm s ANIAES (ESLESEG R ENIIERT LMttt v % — JREE EENFEE)

WHIEoRE Ao (ESZEESE S & AN ERT Lt ARttt o 2 — JREE ERK)

WHoEo s ARRGME (ENZER R AT RV EYRBRigE o & — B BAEEE)
MAEEE

ATl PRI E O d KOS HEEICHE 7287 A — X B FE L, 230972 in vivo FEANE %
LT HZEHENET D, D6 FEE TOMITRERND, 7 v b 28 HIERER D #5538k Z H W i=OF
Whp~v A% o 4 —EHE, @3 URBUAAME, ONa vHEERRE, OF RS E ARG EED B H
BV, HIR RO B PR 2. R LT MERIE LD b EEAEE L R0 ES 2 LIRS
72 HURARIZI T 5 NQO1 « GPX2 OfEetaid, N O OFHFTR 2 XK+ 2 FEE L CEHATHS, £
7o SafE YL K 5 FRRIR T3 » T4 - NIS B X OWTF UGT1A6 R EH DM 72 b N AT ERIT, O~@DREFHETE
WCRIH LD, S50, FTEIKICKIT S TSH fEdetlt, BITTED A7 53T GTSH FEAEORHIZ HF)
HrRETCH D, LEDOERICHKSE, 7 v b 28 HMEE G HEERBRICHKIT 5,
HEDTZODT7 v —F v — MAE LTz, AFEIL BEfED OECD A 74 ikl (TG407) ([ZHBWTHE
FMERTRETH D . FLH KA E O E > D% =09 72 in vivo FEMIE & L TR LG5,

EBAIZ 1%, EU-NETVAL Z .0 & L7= OECD B X O EPA A9 25 ICCVAM DO BEMHFEFHEIZBNT, H
RNIREREIR TIZBAT 5 invitro Sl R DOBIR BT S TWD, EITHONRY T —v a2k - T, ZnbiE
D in vitro FHHRIZOWTENZE @) 2R H#ETHRE L OSBT _REFENRH S MR D E WIS, ke

HIZRIERINEEN BB L B 2 b,

PLHNR IR E O - B

A. FEEMW

(LB X D AR O FOR IR REIR T ik, F M
REME (DNT) OB LFRT 5 2 L NRES
TN D, 2018 FEIZHE S 4172 OECD R T A R 1
(TG407, 408 33 X TN 414) TiE, FRMIREFA VT4 B
HRIEORBNMED D WVITHESEEE & 7e o 7=, Lo
U H ARV P B/ I E R D SR 1 L S 25 8)
SHOMBEND D Z EITMA, SrHRIRYE 2 2h =112
BT A0 0EEITWEZH L TIER < R
EEOREEF B XL OEUICT T 57200 KR
AN ARATH D,

Fox X, BAEFBR A EMEIS L E ) XY
g (B 3~5 ) 12\ T, TR E %
Z v MC 28 B O#E UZBS. IREHLRR A AT A3
ORI & 70 5 2 & IRERE B L OV LRk
EFRIRATIC LD E O 2 HE L1552 L adliE L
7= (Akane et al., J Appl Toxicol, 2024),

ARFFE T, JefTifged & I B S, BEFEV A R
T A RBRATER LB RUIRIRE O 1y 7e kit 4
FOMFHEE A WRE L T 5 in vivo REBRIEDHEL & H
Wed 5,

B. M 5E
. v &AW 28 AMKEROZS R (B -
JRAR)
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6 WD SD 7w b (V¥ TV TRT N — ¥
¥oNv) (HES PL/RE) 1T L. LLTFO 6 FoRFIcH
SLH 12 HOPTHRIRYE %2 28 HMEROEE L
770
O RPE 2L A% > X —FHZE : Propylthiouracil

(PTU) 3 . (M Methimazole (MMI)

@3 7 FEBOAAPHE : Ammonium perchlorate (APC) 5

J. W Potassium thiocyanate (PTC)

@i 3 7 FEEFH L : Topanoic acid (I0P) B L

Erythrosine
OFF & 12 B 17 2 H AR B A v £ o AR E

Phenobarbital sodium salt (NaPB) & £ O

Nicardipine hydrochloride (NCD)

BTSH PEAEPHEE : Bexarotene (BEX) R J OYLG100268
@®TSH Z RS « VA-K-14 35 J OV LM224

SN 6 AEFE T /21T TSH EEAEPRERI T 5 16100268
BEOTSH ZFIEFEFAITH D IM224 D556k % 5
itE L7z,

F A5 EE E TOMFHIIBVT,@IO0P 30,100,
300 mg/kg ¥ 58 CTILMIE T4 - TSHAEESMN, HARARDHF
PRARAR AT R O R BN X OHRAR NIS FE B 23,
®BEX 1, 3, 10 mg/kg F58ECILMIE T4 K FB LT
R TSH BEUL T2, Wb IEHERE LA EICH
Do, PTHFRBSERICEB TS 2 b0



T A= DORJE % T 572012 IR EREE B
g ELT&%%%%%MLK&WAKPUIE@B
14BH@mk;Uﬁﬁﬁ%%m@ﬁzﬁrm%m%m
ENTICB W CABREENRD LN 1220, &
FEFEZBINERE L TG4 e L7z, VA-K-14 ©
BN ERR T, 28 HIMISMAZ T 7 HRERKEREH
FICHEE 24T 5 AR, iR LVE EEESE DR
B ZE b 2 Wit LT, F DM OWE of 5325013450 5
FEEFE TICEMEATHY . 5 6 FEEITH- 7234
T~ — T —{GEAH D SRR R R A S L T

BEWEOHRGHAEIILLTO@EY Thd (FHRITSF6
IR ER 2 FEE L7 A &R, APC, PIC,
Erythrosine EAZMX5&EHFE O 5-)

DPTU: 0.03, 0.1, 0.3, 1, 3 mg/kg

MMI: 0.3, 1, 3, 10 mg/kg
@APC: 1, 10, 100, 1000 ppm (fk7K)

PTC: 10, 100, 1000, 2000, 5000 ppm (fX/K)
@1I0P: 3, 10, 30, 100, 300 mg/kg

Erythrosine: 0.06, 0.25, 1, 4% (JRfH)

@NaPB: 10, 30, 100 mg/kg

NCD: 15, 50, 150 mg/kg
B®BEX: 0.1, 0.3, 1, 3, 10 mg/kg

LG100268 : 0.016, 0.8, 0.4, 2 mg/kg
®VA-K-14: 1, 3, 10, 30, 100 mg/kg

(7 HIE#& 5 10, 30, 100 mg/kg)

LM224 : 1, 3, 10 mg/kg

FEBRIZEB W T, &5 E BB X O &
EhE L, BURAR - TR - RSO EERIE R 5 NI
PRAR AR ROMRAT 2 FEhE U 72, F 72, 13 o oo B AR RS E
ARILEL (T3« T4« TSH) OREZEIT -7, é%c:\ Eﬁ
RIS I T D T3+ T4 - Ki67T (GIlEii~ —H—) -
U/ 3 ELEgEA (sodium—iodide symporter
NIS) - bife b ¥ % T & 5 NAD(P)H quinone
dehydrogenase 1 ( NQO1 ) ¥ L O glutathione
peroxidase 2 (GPX2), TNHEIKHTZEIZISIT D TSH,

BT OHRBEALVECRENCEGT 707 v g
ﬁ-ﬁ@@%#\‘ (UGT1A6) >4 S L S HOfEAT % FhE L 7=,
Ki67 {22\ TIZ RIS I BT 81T B BB PEMI =R
NIS «NQOI « GPX2 (FF:LRER) . TSH (FHAA) 35 L TN UGT1A6

i) e >\ TIEZE N E NG EmAER 2 HE LT,

2. 7 v MHURIRE L OVF HEAKIC
FEUENT (A IE)

ORI REIL E E R 5D 7 » PR LOVF
WERICB T 2 BETRBILEBZRET S0, @3V
FHOALPHLERITH 5 APC I8 L VPTC O 28 H MR
A E2 %M L7-, 6 BED SD T v b (FEEHET L ;
Tx Ve TRT R — Ty sR) |2, APC iE 1000
ppm, PTC 1% 5000 ppm DEEE CTHROKIZEEM L. H B
SHTo, TR IXRTHEO S H AR/ E 5 ORI
LRI ER DGR DN RE AR E LTz, &8 7 f
D H Y 3 BB AT & L. 10%-H PEfRE AR
=) SRICTHEER, FUIRIRES L OV BRE &2
E LT, #5254 BN RNA A & L. B8 L7 BOR R

BT 5 EEN LT

BT,

41

BLOTFEMAITESIZ ISOGEN (= v Ry P—
EVFA R LTtk -80°C CTHFERIE LT,

HAEHLRR 2 S total RNA ZfHH . RNA JRE %
NanoDrop ND-1000 (Thermo Fisher Scientific) Tl
& L. RIN OFAfiZ RNA6000 Nano kit 33 J TN Agilent
2100 A FTF T A4V (Agilent) IZXVPE LT,
200 ng @ total RNA 7>5 B4 F L AE3 cRNA A% L.
1.65 ug @ cRNA {ZT Whole Rat Genome Microarray
Ver3. 0 4x44K (G2519F#28282, Aglent) {2/~ 7 U # A
AL TbADAFY ., Agilent Microarray
Scanner CHIAT L7z BBy S A X ) v 7T 1A
T —H <A = TRENTIZIX GeneSpring GX ver. 14.9 %
vy, BB (FDR; False discovery rate) % 0.05
VIF. 2»> Cut off fHZEBIEL (FC; fold change)
>2.0 CHREEMT-TIHEEENZ~ A 70T LA T —
2B LT,

) T

3. FEBRAE B 36 K OGE M E 2 81T D R AR AR BT A
(ZBAT 2 EHIUE (NI
G646 H 18 HIBXU9 H30H-10H 1 HIZH
e X#17= OECD Thyroid Disruption Methods Expert
Group ® Web &FBRIZSM L, KAEMFEHESINEIRIC
T 5 ORI RE R E T E DR B EM 2R/ E L1, £

7. SF6 4 11 A 12 BICBRME S Kk EEMW FZER K

B mGEA T M & L B2 (Interagency
Coordinating Committee on the Validation of
Alternative Methods; ICCVAM) DEEZEIZ K 4 . BRI

BEREMiE DN Y 5 —3 g » (Validation Management
Team; VMT) (ZBH9 2 BPIFIEEE =D Web SIS
L. XEEEMR#ET (Environmental Protection
Agency;EPA) 2342429 % 3D Human Thyroid Microtissue
Assay D/NY T — 3  OHEPIRPLUZ DWW T IFHRIE
iToT2, &5, RN BEEFEER OCKEFREFERIZE

(F % HURRR A V£ > BEE MR B9 2 OF e Bl A 2 R A
TETHD,

(fii BE i ~ D BLFE)

W) KBRITE L K ah B S AR ZERT 2B 1 2 B

FEERITAR DI E S AR =2/ LT, FHT 58
W7 5 NCEINZ T D5 e R/ NRET 5 X 9B
L TiTo7=,

C. WFEkER
1. v baHWE 28 ARBRER D &5

-1, M{EH o FRAREEE R VE ME

Mg T3 « T4 « TSHAEDREFERZ Figure 112737,
A0 6 43N L 7= 10P, BEX, LG100268, VA-K-14 3
FOVIM224 Z W2 EBRIZBW T, LR OEE A RET
FHEBEE L > TRD LT,

TOP : T3 #4941 ; 300 mg/kg. T4 HIMN ; 3 mg/kg VL k.
TSH ¥4I ; 30 mg/kg VA I

BEX : T3IKT ; 3 mg/kg L E, T41KF ; 0.3 mg/kg LA
=

LG100268 : T3 KT ; 2 mg/kg., T4 {KT ; 0.4 mg/kg LA
E

VA-K-14: 7 HRE#% 5 : T4 {KF ; 100 mg/kg, TSH ¥EAN ;



100 mg/kg (Table 1-4), 28 AR5 : T4 fKF ; 100
mg/kg (10 mg/kg DEALITHEEKGFMEEZ RS ZENHME
B bDLtEZHNT)

LM224 : iy T3 - T4 EDOH B 72258
-7z

7o BN 3~5 AT i L 7o 5 BRI
FURBRA~LV A o & — B L&A (PTU - MMI), 3 73R H
IAAPAFEA] (APC « PTC) . AFI&IZ I 2 FRIRA £ v
REHEHER] (NaPB « NCD) 1%, HEAKAFA 72 My T3 « T4
TR L TSH MAE I EEZ Lz, B3 v REEEIH
ZA| (Erythrosine) TiX. Iy T3 « T4 O I H &
o T=3, TSH OFBERBEIMB A LT, 2D
5% PTU, APC 332 0% NaPB O I T3 » T4 - TSH fE D M
EfE R % Figure 112”9,

SRRSO B

BT,

1-2. fgsEE

TOP, BEX. LG100268, VA-K-14 35 L OV LM224 D 5.5
BRIZOW T, fifd AR L OWEesEE (FRR - T
- B - PN OBIEREF % Table 1 1283, LT O
EEINHEIFOAEEZ L > TIRO LI,

T0P : 100 mg/kg LA_ECHURERAEXI B &, 300 mg/kg C
BRI et B B, PR R L OVFAEX EE O
A0 (Table 1-1),

BEX : 10 mg/kg CHF#axt/FExt EHEDHM (Table 1-
2),

1.G100268 : 2 mg/kg THFHx/FA%f EHE DA (Table
1-3),

VA-K-14 : 7 HH#5-H£D 100 mg/kg THURBRAR X
&, 30 mg/kg LA L CHFAEXFEE, 100 mg/kg FE CHFHE
KTEEOMN (Table 1-4), 28 A& 5HED 30 mg/kg
DL CHOR PR /FA kT B &, 10 mg/kg LA CHFAEXI &
. 30 mg/kg LA ECHFHXfE R, 100 mg/kg THIBHH
SFEEOMIM (Table 1-5),

IM224 : 1 mg/kg C FIE{RFEXIEEOMMMA A LT
N, HEEEEEZ RS 2 EDLEBRIRENEEZD
7= (Table 1-6),

1-3. SR FRLAR S2AO iRt

TOP, BEX 3 X OV VA-K-14 #% 580 RURAR « R4 -
B - IR 35 1) 2 9 BEALAR 2 A0FT % Table 2 127
7T

TOP : LR8I b Bz M oo iR K /@8 T AL O A 5 72 1
R ZFIZF4 3 mg/kg LA EB LN 10 mg/kg YA ETH S
iz (Table 2-1), TEEMARIETIX, BEXR/ZEl{bL3 %
LI 100 mg/kg PLEF LN 300 mg/kg THEIZHEN
L7ze 720 AT/ NESROPERFHIIAE K 2Y 300 mg/kg
THEBERFEHEENZ R LT,

BEX : HURIRTlE, MEFEMAEBEEF VOO, =
1:74 RIBHEAHE 0. 1 mg/kg L EICHiH & 7= (Table 2-

o FIERICHEFRR S ZLITR D b n o7z,

VA K-14 : 7 HR#EIZRB W T, AR T2 e A K&
FEAN 10 mg/kg DL ECHUL Sz (Table 2-3), F7-.
FROR AR TE N B R o iR K 38 KX @AY 100 mg/ke
D 2B THIEE I Te, FEARTHE CIL, AERD 100 mg/kg
D 1HITH ST, AFIED /NEFOPERFRRAR 2 30
mg/kg VL TR B AL, 100 mg/kg TH 7056 A A 1
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MzER LT, 28 AMHEG#ZICIE, FRRO a2 A R
MEORAMEN 1 mg/keg LA ETHERFAIZEEML,
100 mg/kg THEREMEZ/R LT (Table 2-4), Fiz,
IR RIS A b Rz A oo IR K /B A3 1 meg/kg LA LTt
FLEA, 100 mg/kg CHERFEAMEHME R L, T
ERATIE T, B/ ZERERZENZEI 10 mg/kg UL E
TH LI, BROAFERFAMHEEMA 100 mg/kg T
PR BT, &/ EROIEFFRIZIER 2 10 mg/kg
PLETCHIZ S, 30 mg/kg LLETHEIZHMLT,

7eB. AR 3~5 I 55 A e L 7o IR AR
NF XX —FHEK] (PTU - MWT) ., FRERR LT Y
BHEAHEA] (NaPB+NCD) | = 7 32 BUA A BHEEH] (APC-PTC) |
i3 v FEEHELEA (Erythrosine) . IFlgIZ 315 2 HUR
MR LT ACHHERES] (NaPB « NCDI OB MEIZBWT
1. R EAEAR SRR A S I 1T B BRI BRI b Rz A o
JERAS, IfLiE T3 « T4 « TSHAE DA FE 7 BB A H 5 7= A
BEIDHEHAENS L LIIRAET, Hi2NaE
EZxH o TEO LI, F£72. NaPB « NCD #% 5.8 Tt
Rl /N rpU D PE PR AR R 23 L3/ T3 « T4 - TSH fED

BREHNALNTZHELY LIEHAEN DA B
MZER LT, ZHbd 55 PTU, NaPB, APC @ BURRES
K OFIR O Jo BRIt R & Table 2-5~2-7 |Z/R
R

1-4. SRR 2RO FRAT - FRAR T4 - T3

S0 6 FEFE X VA-K-14 5 8E0D T4 B L OVT3, 10P k5
L OVBEX B 5 HED T3 12O\ T, FRIRIC I 1T D 5B A
YA L VR L, T OfER, 10P « BEX « VA-K-
4 (TELIC28 Al OWTFhoHERE, T4+ T30
BB TR & 7o 7= (Figure 2~3, Table 2-
1~4),

7eB. BN 3~5 FREIZHEM L FRRIZEB T D T4
BLOTS omBIZBWT, HRIE~L A4 % —E8
| (PTU-MMI) 38 L OV a 7 FBHGAZHEH (APC « PTC)
TliE, AEEGFENZ T4 T3 OFERIETNRD i,
PTU « MMI “Cl3mBLARAR RO MEHT 12 W) CIEIE B Bz i
JERNRBO SNT-HEE —FH LT\, —F i3 v#HE
f#EFHLEH] (Erythrosine) 38 X OVHRARA LT R
g7 (NaPB + NCD) Tlx, WO EHICB N TH,
T4 - T3 O LK TFIEERD HbenoTz, b D
55 PTU, APC 38 X TN NaPB DM #5 -4 Figure 2~3,
Table 2-5~2-7 |Z/RT,

1-5. SRR L RO fRAT « FRIRJER NIS
BRI 3~5 FEEICESE L7 BRI E Wi~ 2 a7
LA fEHTIZB W T, BEEOEEFDFFHIRKE WELET
DOHFHNE PTU « W B 58 CHR BN A, 10P B H5EET
FRER T 2R L7z NIS #i8IR L, S deta s v 728t
H~—D—& LToOmREEZBE LT,
SR 6 AT TOP (2 OV CENT 2 3206 L 7= (Figure
4), ZORER, 3 mg/kg UL ET, HRIRIZIS T 5D NIS B3
MEHEROAE ML T AR 5T,
72F5. A 3~5 I FEfE L7 FUIRR NIS FE B AT
TliZ. PTU « MMI « APC « PTC 5 BE IRV THE 28N
. Erythrosine ¥ 5-FE CIIXAICHE R TN D
54U, NaPB « NCD * BEX OB G-HETITHE B2 biTm




HENnghrot-, 2B D 9 B Erythrosine - PTU-APC-
NaPB * BEX DA % Figure 4 127,

1-6. SRR L 2RO - FRRR NQOT 338 1L UF GPX2

HARIRD~ A 7 a7 LA i OFE SR, PTU - MMT - TOP
B G ERCHm U CR B A R L= NQO1 35 L O GPX2
ZEIRL, FURIRICEB T 2B A2 R Yl X 0 iR
L7-. PTU « MMI « APC + PTC » TIOP * Erythrosine * NaPB +
NCD « BEX D&} 9 MVEIC W T 2 FE i L7- (Figure
5~6),

OHR AR~ F 2 o & — P FHEH]

NOQL » GPX2 DWF 4L, Bo e i F 2 1 3 B 7210
FERNTIZ BV T R IE KR 23Z8 D b= HE L —
B L7-#EMEm A=< L, PTU @ 0.3 mg/kg VL EB LN
MWMI @ 3 mg/kg LA L CHEZRBINEZ R LT,

@3 7 EBGAABLEA

NQO1 P AR DN A APC @ 100 ppm LA [, PTC
® 1000 3 LT 5000 ppm THEHFIIAEXEZ S > T
H &7z, GPX2 25\ Tk, PTC @ 1000 ppm CTHE 72
A A 5 T2 M3 APC CTIE A GRECA B2 LB EILFE
OB T,
®ERVES ==

I0P $¢5-8ETIE. 30 mg/kg LA T NQO1 35 L T8 GPX2
DR RNA B ICHN L7z, Erythrosine & 58T
1% 4% T GPX2 OF B R BEINN I ST,

OIFfiEl 3617 2 FAR R A VT ARG EER]

NQO1 38 L TV GPX2 DWW 4L, . NaPB « NCD ¥ 5-#E1CH
B LT onpholz,
®TSH PEA: FHEHA

NQO1 B L OVGPX2 DWW h , BEX B GREICH B A
IR D Lo T,

1-7. SePE R 2RO fRYT © F R TSH

AF0 6 4EEE 1L TOP, BEX 38 L TV VA-K-14 D 3 %’f’f )
W, FIERRIEEICBIT D TSH BB & el
W L7~ (Figure 7).

T0P : 1 30 mg/kg VA T TSH B iR DA & 721
NI B 37z,

BEX : % 1 mg/kg LA T TSH B4R OAERIET
PR ST,

VA-K-14 : 28 HMHEH5H#ED 100 mg/kg T TSH F5 1 ifH
FNAEITHEM U, 7 BRSSO TR0
WCHBREILITRD b o Tz,

7ok, RN 3~5 IS e L7 FERARTIEIZRIT S
TSH F&EUfZHT Tl%, PTU - MMI « APC - PTC + NCD ¢ 5-8£ T
TSH Bt mBEEROFBERENINABD N,
Erythrosine 3 K O NaPB & G- #E Tl SR EGRICEE
REEFIRD SN o1, Zhbd5H, PTU - APC »
NaPB D4k 84 Figure 7 IR,

1-8. SRRk I fRAT - FRAR Ki67
5F 6 AFEIL TOP IO\ T, FRRARICI T 5 Ki6T %8
HAamEd LB Lz, TORE, 30 mg/kg LA
FTKi6eT RO FE MBS ST (Figure 8),
7ok, AN 3~5 HEICFEhE L7 FURIRIZ IS 1T D Ki6T
FEEfEHT TIE, PTU « MMI + APC « NaPB « NCD &%—‘Lﬁif Ki67
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Bor It e b B2 M A B AR N 3 B it S e, PTC -
Erythrosine « BEX O& & G5 CiX, AERZEILHE
b notz, ZhHdH 5, PTU - « APCNaPB « BEX @
MR R % Figure 8 IT/RT,

1-9. SRR fENT - B UGT1A6

A6 4R 1T VA-K-14 122 T FligIC 3817 5 UGT1A6
DFEBLZ RPE YA L VR Lo, ZORER. 7 B

H#ED 10 mg/kg UL L, 28 HE5HED 3 mg/kg VA E
T UGTIAG B MEEMEE oA ERBENNRE D S
(Figure 9),

70k, AN 3~5 ARE\Z 56 L 72 fi#HT Cl. NaPB -« NCD
BeHRET UGT1A6 Btk mfE = O A B /2 MR i,
Jp3 ERAEL AR 2 ROMRAT TR DT IF AR IE Kic—2 L C
W2, FOfh, PTU « MMI + T0P $ 5.8 T UGT1A6 B 4im
FEROA B2 HEINH MIE R VT MEZEE L OFR R
IR AR BARR AT AR A &L Y b e
BTROOLNTZ, THLHD 95 5, NaPB - NCD « PTU » 10P
DR R % Figure 9 IT/RT,

2. 7 v FAMRERE X O T EREIZE T D #EEN SR T
%E‘Eﬁ’q?*
. ARHE - Jigen B A - N PR S A AT

APC B EREOMREII B & R%TH - 7228, PTC &
HRECIIR G A8 U CRERIME 28 4 5 iz,
THERAEREIIHRGIZEDEITRO b holo—T,
FRR R OO #ash « FE6TEE &1 APC » PTC B G5-BETENEN
HEINES K OMEIME M 2358 BTz,

Jp5 BRSO fRAT Tl APC « PTC % 5-BED 25 TH
%&%{Fﬂ@k&fﬁﬂ@ﬂﬁkﬁx LD BV APC R EGRETIZ S B

WCHRRIRIE I B Ol KOV a v 4 RiBRE N5
-, FIEAFTETIT. APC - PTC 58L& BT /22
oAb 38 bz (Figure 10),

2-2. A7 a7 VAN

FORIRE KOV FERIKICE T 286 3, xF
MEEEL APC » PTC B GRENEN TN R DV T A X — L

LT ENT (Figure 10), FURARCIE, J8ERMMNL
7-3815F 73 APC T 860, PTC T 111 fzRH HAL, 95 86
B AEEL CWeE, £72, REKFLEEEFIT
APC T 709, PTC T208 flidp V., 9 H 142 &fn 123kl
LCWe, FEATIE, BEEINLIZ&EF2 APC T
18, PIC T17T RO L, 9 b 3 BB FNLEL TV
7=o FElz, BBUKT L7&E 71X APC T 10, PTC T 31
Ho, 2566 E Mm@l Tz,

3. [EIFBERT IS & OREAME I 1T £ FR A RERT fiff

W B IR
\Z B X #1177 OECD @ Thyroid Disruption Method

Expert Group @ Web &=&&IZ1%. OECD HEHBIZMZ TH
F % (#E) *EC-JRC+ 7T v A KFH - AT =z —F 1 »
NUH— e Fra e FTrw—T  RAY FTUH B

« AA A+ L7z — « BIAC » ICAPO 7543 44 4
DEIMERH > 7=,

UTOER in vitro ehEkOHEREIZOWT, #HiE
LERNM TN,



1) TSH receptor assay
T A=A R OBRBIHE S, & TOEWE TR
PER L, BERMERZ Loz, T2 =Z b
OB EEN D), EU-NETVAL TIIBRR SN T
W2, XD 2L DILEW TORFIDLE L SH
77
T-SCREEN and TR assays
AL EMNIBRERI TH DM, 7 T =& MEPEIZ
DWW TIEFHl T & TR HHME S i BT
Hode, T T=A MEMEIZOW T TIX
o, LV OFRPME LRI,
TPO-AUR assay BHIIE R
EU-NETVAL T3 2023 EN LM SN TEY
FEMOEBOMBEN RSN, S 5R D2
Tl X,
MCT-8 assay
2017 AFETIZ 10 FEOBMHLFME L 7
HOBRMEALEWE IO W THERERAFE INTE
D.ZDOT v ANTTICHMOFIERIIEBITS N
TWBZEERLTWD, —F T, AR
JRAENEL DD I UFEEFUWT HIBFRIZDONT
SERNH STz,
NIS assay
L 7R— b I% EURL-ECVAM (2Pl ABR & B TET
D, 212U RSB DAFEN IR &
7o TE Y AT A[REZR UL COMERRN &
Bl X,
PEPPER platform DI
TTR-FITC T4 3L DIOL 7 vt A OMEEICE T
L84 LT A DOEHIERPEME I 72, DIOL
IZOWTIE, 7=2—X 113 3 fEEO({b S wE IC
ONWTHEITHTHY . 7= —X21% 15 FEDL
FWVE Z 3 RO LIZBEHT K 5 ERG R0
TARNEEMLTEY, 2024 FRIZFE T TEE
=i,
DIO1, 2,3, NIS and TPO assay from Kaly—Cell
(BAFAZE)
5 OOT vEAIZHOWNWT, BAREETHS Kaly
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Table 1-1. Organ weight data for male SD rats treated with IOP for 28 days

Dose (mg/kg) 0 3 10 30 0 30 100 300
No. of animals examined 5 5 5 5 5 5 5 5
Males
Body weight (g) 385 + 16 386 + 27 384 + 29 371 + 25 418 + 26 397 + 34 394 + 15 406 + 34
Thyroids (mg) 214 + 3.0 207 £ 2.0 224 + 2.7 241 + 29 208 + 2.2 240 = 4.1 259 * 43 282 + 3.7*
(mg%) 56 * 0.9 54 + 04 59 + 09 6.5 + 0.7 50 + 04 6.1 + 0.8 6.6 + 1.3* 7.0 + 1.0*%
Pituitary (mg) 134 + 0.6 151 + 15 150 + 1.8 142 + 1.1 126 + 1.0 13.7 + 0.6 13.7 £ 05 143 + 2.1
(mg%) 35 + 0.1 39 + 02 39 + 06 38 + 03 30 + 03 35 + 03 35 + 0.1 35 & 0.4*
Adrenals (mg) 496 + 8.2 49.0 + 5.7 51.8 + 6.1 489 + 2.7 51.8 + 7.9 513 + 41 444 + 103 47.7 + 58
(mg%) 129 = 1.7 127 + 16 135 + 1.8 132 = 1.2 124 + 19 129 + 0.7 113 + 29 11.8 = 1.7
Liver (g) 11.07 + 0.94 11.88 + 1.63 1139 + 1.22 11.24 + 0.54 12.73 + 0.64 11.76 = 1.10 12.37 + 1.13 1454 = 1.52
(8%) 2.87 + 0.16 3.07 £ 0.22 296 + 0.11 3.04 £ 0.12 3.05 + 0.11 296 * 0.13 314 = 0.22 3.58 + 0.14**
Each value represents the mean + SD.
*, **: Significantly different from the control group at P < 0.05 and P < 0.01, respectively.
Table 1-2. Organ weight data for male SD rats treated with BEX for 28 days
Dose (mg/kg) 0 0.1 0.3 1 0 1 3 10
No. of animals examined 5 5 5 5 5 5 5 5
Males
Body weight (g) 385 + 16 393 + 17 387 + 22 393 + 28 418 + 26 416 + 28 452 + 40 435 + 29
Thyroids (mg) 214 + 30 231 + 6.6 232 + 34 219 = 3.0 208 + 2.2 228 + 39 209 * 3.2 181 + 2.7
(mg%) 56 * 09 59 + 1.8 6.0 + 0.7 56 * 05 50 =+ 04 55 = 1.2 47 = 0.9 42 = 0.6
Pituitary (mg) 134 = 06 142 + 0.6 143 £+ 21 135 + 20 126 + 1.0 14.0 = 0.7 135 = 15 126 = 1.1
(mg%) 35 + 01 36 + 02 37 + 04 34 + 05 3.0 + 03 34 + 03 3.0 + 06 29 + 03
Adrenals (mg) 496 + 8.2 548 + 2.0 53.6 + 10.2 61.0 + 7.8 518 + 79 546 * 12.6 60.4 + 131 626 +* 35
(mg%) 129 = 1.7 140 *+ 0.6 139 + 3.1 156 + 2.0 124 + 19 13.2 + 29 133 + 1.8 144 + 13
Liver (g) 11.07 = 0.94 11.71 + 0.84 11.24 + 0.69 11.85 + 1.35 12.73 = 0.64 12.20 + 1.22 1498 + 3.04 16.67 + 2.15*
(8%) 287 + 0.16 298 + 0.11 290 = 0.15 3.01 + 0.22 3.05 + 0.11 293 + 0.17 3.29 + 042 3.82 + 0.29**

Each value represents the mean + SD.

*, **: Significantly different from the control group at P < 0.05 and P < 0.01, respectively.

Table 1-3. Organ weight data for male SD rats treated with L.G100268 for 28 days

Dose (mg/kg) 0 0.016 0.08 0.4 2
No. of animals examined 5 5 5 5 5
Males
Body weight (g) 385 + 38 395 + 28 388 + 26 381 + 29 415 + 21
Thyroids (mg) 219 + 24 210 + 1.7 196 + 25 214 + 3.0 232 + 26
(mg%) 57 = 04 54 = 0.6 5.0 = 0.6 56 = 0.8 56 = 05
Pituitary (mg) 13.2 + 11 145 + 1.1 140 + 1.8 135 + 20 15.0 + 15
(mg%) 34 = 0.2 3.7 £ 03 36 = 03 3.6 = 0.6 3.6 + 03
Adrenals (mg) 55.9 + 11.3 51.0 £+ 5.5 521 + 7.6 52.8 + 7.5 61.5 t 6.0
(mg%) 146 + 2.8 13.0 + 19 134 = 19 139 + 16 148 + 1.1
Liver (g) 11.14 + 1.81 11.02 + 0.99 1099 + 0.76 10.57 + 0.95 13.57 + 1.10*
(8%) 288 + 0.23 279 + 0.10 2.83 + 0.16 278 + 0.15 3.27 £ 0.13**

Each value represents the mean + SD.

*, **: Significantly different from the control group at P < 0.05 and P < 0.01, respectively.
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Table 1-4. Organ weight data for male SD rats treated with VA-K-14 for 7 days

Dose (mg/kg) 0 10 30 100
No. of animals examined 5 5 5 5
Males
Body weight (g) 255 + 6 251 + 10 244 + 6 239 + 13
Thyroid (mg) 17.0 + 15 183 + 33 18.0 + 34 211 + 3.1
(mg%) 6.7 + 05 73 = 1.2 74 = 14 8.9 + 1.5*
Pituitary  (mg) 120 + 13 120 + 09 118 + 0.4 115 + 09
(mg%) 47 + 06 48 + 04 48 + 0.1 48 + 04
Adrenals (mg) 445 + 69 433 + 20 469 + 7.1 46.6 + 3.2
(mg%) 175 + 26 173 + 14 192 + 2.8 194 + 1.2
Liver (g) 8.02 + 0.53 8.43 + 0.62 8.89 + 0.72 11.59 + 0.79**
(g%) 3.15 + 0.20 336 £+ 021 3.65 * 0.28** 4.85 + 0.11**

Each value represents the mean * SD.

*, **: Significantly different from the control group at P < 0.05 and P < 0.01, respectively.

Table 1-5. Organ weight data for male SD rats treated with VA-K-14 for 28 days

Dose (mg/kg) 0 1 3 10 0 10 30 100
No. of animals examined 5 5 5 5 5 5 5 5
Males
Body weight (g) 391 + 30 372 + 13 360 + 25 378 + 18 404 + 26 405 + 32 404 + 35 366 + 14
Thyroids (mg) 201 + 29 19.7 + 21 200 + 2.2 203 + 23 214 + 27 229 + 1.7 31.8 + 5.0*%* 29.6 + 3.8%*
(mg%) 51 £ 04 53 + 0.6 56 £ 0.5 54 £ 07 53 £ 0.6 57 £ 04 7.9 + 1.2%* 8.1 + 0.9**
Pituitary (mg) 13.2 + 1.2 13.2 £ 04 135 + 23 139 + 1.0 13.7 + 0.9 154 + 1.0 141 + 15 13.8 + 1.7
(mg%) 34 = 0.2 35 = 0.2 3.8 + 0.6 3.7 £ 04 34 + 0.2 38 + 03 35 * 0.2 38 = 04
Adrenals (mg) 514 + 6.7 539 + 5.2 51.2 + 115 58.0 + 119 573 + 7.7 564 + 5.8 542 + 7.3 669 + 4.8
(mg%) 132 + 16 145 + 19 143 + 3.2 154 + 3.6 142 + 15 139 + 1.0 134 + 14 183 + 1.2%*
Liver (g) 11.06 + 1.53 10.44 + 0.52 9.95 = 1.19 1193 + 1.18 11.01 + 0.86 13.06 + 1.54 15.40 + 2.37** 18.61 * 1.14**
(g%) 2.82 + 0.25 2.80 + 0.08 2.76 + 0.16 3.15 + 0.20*%* 272 + 0.10 3.22 + 0.18** 379 + 0.27** 5.09 + 0.15%*

Each value represents the mean + SD.

**: Significantly different from the control group at P < 0.01.

Table 1-6. Organ weight data for male SD rats treated with LM224 for 28 days

Dose (mg/kg) 0 1 3 10
No. of animals examined 5 5 5
Males
Body weight (g) 385 + 38 364 + 13 376 + 31 366 + 31
Thyroids  (mg) 219 + 24 238 + 35 206 + 2.7 207 + 2.9
(mg%) 57 + 04 6.5 + 0.8 55 + 0.4 56 * 0.6
Pituitary  (mg) 132 + 1.1 145 + 1.2 144 + 1.0 135 + 1.9
(mg%) 34 = 0.2 40 = 0.2* 39 + 04 3.7 = 04
Adrenals (mg) 55.9 + 11.3 499 + 59 495 + 53 483 + 5.8
(mg%) 146 + 28 13.7 + 1.8 13.2 + 0.8 132 + 1.1
Liver (g) 11.14 + 1.81 10.15 + 0.59 10.88 + 1.41 9.95 * 1.67
(8%) 2.88 + 0.23 2.79 + 0.09 2.89 + 0.16 270 + 0.23

Each value represents the mean + SD.

*: Significantly different from the control group at P < 0.05.
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Table 2-1. Histopathological findings in male SD rats treated with IOP for 28 days

Sex Organs and findings Dose (mg/kg) 0 3 10 30 0 30 100 300
No. of animals examined 5 5 5 5 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (%, +) 0 4(4, 0)* 5(4, 1)** 5(4, 1)** 0 5(4, 1)** 5(2, 3)** 5(1, 4)**
Hyperplasia, follicular cell (, +) 0 3(3,0) 5(4, 1)** 5(5, 0)** 0 4(4, 0)* 4(4, 0)* 5(4, 1)**
Colloid depletion () 0 2 1 0 0 0 0 1
Colloid alteration (%, +) 4(4, 0)* 4(3,1)* 5(5, 0)** 0 5(4,1,0)**% 5(2,2,1)*¥* 5(1,2,2)**
Decrease in T4 level *! - - - - 0 0 0 0
Decrease in T3 level ® 0 0 0 0 0 0 0 0
Pituitary Vacuolation, pars distalis (, +) 0 1(1,0) 0 2(2,0) 1(1, 0) 3(3,0) 4(4,0) 5(2, 3)*
Hypertrophy, pars distalis (&, +) 0 1(1,0) 0 3(3,0) 1(1, 0) 4(4,0) 5(4, 1)* 5(2, 3)*
Adrenal 0 0 0 0 0 0 0 0
e e I R R R R
+, minimal; +, mild; ++, moderate; +++, severe
2), Immunohistochemistry for T4
o), Immunohistochemistry for T3
-: not examined
*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 2-2. Histopathological findings in male SD rats treated with BEX for 28 days
sex  Organs and findings Dose (mg/kg) 0 0.1 0.3 1 0 1 3 10
No. of animals examined 5 5 5 5 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell 0 0 0 0 0 0 0 0
Hyperplasia, follicular cell 0 0 0 0 0 0 0 0
Colloid depletion () 0 1 1 1 0 0 1 3
Decrease in T4 level *! - - - - 0 0 0 0
Decrease in T3 level ® 0 0 0 0 0 0 0 0
Pituitary Vacuolation, pars distalis 0 0 0 0 0 0 0 0
Hypertrophy, pars distalis 0 0 0 0 0 0 0 0
Adrenal 0 0 0 0 0 0 0 0
Liver Glycogen accumulation (%, +) 0 0 0 0 0 0 2(2,0) 3(1, 2)

+, minimal; +, mild; ++, moderate; +++, severe
2), Immunohistochemistry for T4

o), Immunohistochemistry for T3

-: not examined

No significant difference was detected from the control group.

Table 2-3. Histopathological findings in male SD rats treated with VA-K-14 for 7 days

e Dose (mg/kg) 0 10 30 100
Sex Organs and findings
No. of animals examined 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (+) 0 0 0 2
Hyperplasia, follicular cell () 0 0 0 2
Colloid depletion (%) 0 1 3 1
Colloid alteration 0 0 0 0
Decrease in T4 level 0 0 0 0
Decrease in T3 level ® 0 0 0 0
Pituitary Vacuolation, pars distalis (&) 0 0 0 0
Hypertrophy, pars distalis () 0 0 0 1
Adrenal  Vacuolation, cortical, increased () 0 0 0 2
i H rtrophy, h tocyt:
Liver ypertrophy, hepatocyte, 0 0 202,0,00)  5(0,2,3,0)**

centrilobular (&, +,++, +++)

+, minimal; +, mild; ++, moderate; +++, severe
2); Immunohistochemistry for T4

o), Immunohistochemistry for T3

No significant difference was detected from the control group.

52



Table 2-4. Histopathological findings in male SD rats treated with VA-K-14 for 28 days

. Dose (mg/kg) 0 1 3 10 0 10 30 100
Sex  Organs and findings
No. of animals examined 5 5 5 5 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (+, +) 0 1(1, 0) 0 1(1, 0) 0 0 3(3,0) 5(0, 5)**
Hyperplasia, follicular cell () 0 0 0 1 0 0 3 4*
Colloid depletion (%) 0 1 2 3 0 3 3 5*
Colloid depletion () 0 0 0 0 0 0 2 2
Decrease in T4 level 0 0 0 0 0 0 0 0
Decrease in T3 level 0 0 0 0 0 0 0 0
Pituitary Vacuolation, pars distalis (+) 0 0 0 1 1 2 2 3
Hypertrophy, pars distalis (t, +) 0 0 0 1(1, 0) 1(1, 0) 2(2,0) 2(2,0) 5(4, 1)*
Adrenal  Vacuolation, cortical, increased (+) 0 0 0 0 0 0 0 S¥*
Liver  Hypertrophy, hepatocyte, 0 0 0 2(2,0,0,0) 0 3(3,0,0,0) 5(2,3,0,0)** 5(0,0,3,2)**

centrilobular (+, +, ++, +++)

+, minimal; +, mild; ++, moderate; +++, severe

2), Immunohistochemistry for T4

o), Immunohistochemistry for T3

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.

Table 2-5. Histopathological findings in male SD rats treated with PTU for 28 days
Dose (mg/kg) 0 0.03 0.1 0.3 1 3
5 5 5 5 5

Sex Organs and findings
No. of animals examined

Males Thyroid  Hypertrophy, follicular cell (£, +, ++, +++) 1(1,0,0,0) 5(4,1,0,0)**5(0,5,0,0)** 5(0,0,3,2)**5(0,0,2,3)**

0 3(2,1,0) 5(2,3,0)** 5(0,0,5)** 5(0, 0, 5)**
1(1,0,0,0) 3(2,1,0,0) 5(2,3,0,0)**5(0,0,3,2)**5(0,0,3,2)**
1(1,0,0,0) 4(4,0,0,0)* 5(1,4,0,0)**5(0,0,4,1)**5(0,0,0,5)**

0  5(50,0,0)**5(0,2,3,0)**5(0,0,0,5)** 5(0,0,0,5)**

Hyperplasia, follicular cell (£, +, ++)
Colloid depletion (&, +, ++, +++)
Decrease in T4 level (1, +, ++, +++)a)

. b
Decrease in T3 level (1, +, ++, +++) )

O O O O o o |wn

Liver 0 0 0 0 0

+, minimal; +, mild; ++, moderate; +++, severe

2, Immunohistochemistry for T4

b), Immunohistochemistry for T3

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.

Table 2-6. Histopathological findings in male SD rats treated with APC for 28 days

L Dose (ppm) 0 1 10 100 1000
Sex Organs and findings
No. of animals examined 10° 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (1, +, ++, +++) 0 1(1,0,0,0) 4(4,0,0,0)* 5(1,4,0,0)**5(0,0,4,1)**
Hyperplasia, follicular cell (%, +, ++) 0 0 2(2,0,0)  4(2,20)* 5(0,1,4)**
Colloid depletion (%, +, ++, +++) 0 0 2(2,0,0,0) 5(1,2,2,0)**5(0,0,1,4)**
Decrease in T4 level (1, +, ++)a) 0 0 1(1,0,0) 2(2,0,0) 5(0,2,3)**
Decrease in T3 level (&, +, ++, +++)° 0 0 0 5(0,4,1,0)** 5(0,0,0,4)**
Liver 0 0 0 0 -

+, minimal; +, mild; ++, moderate; +++, severe

2, Immunohistochemistry for T4

o), Immunohistochemistry for T3

) Total of two experiments

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.

Table 2-7. Histopathological findings in male SD rats treated with NaPB for 28 days

o Dose (mg/kg) 0 10 30 100
Sex Organs and findings
No. of animals examined 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (&, +) 0 2(2,0) 4(3, 1)* 5(3, 2)**

Hyperplasia, follicular cell (+) 0 0 2 Sk*

Colloid depletion () 0 1 3 4*
Decrease in T4 level * 0 0 0 0
Decrease in T3 level ® 0 0 0 0

Liver Hypertrophy, hepatocyte, centrilobular 0 4(4,0,0,00* 5(0,4,1,0)** 5(0,0,3,2)**

(£, +, ++, ++4)

+, minimal; +, mild; ++, moderate; +++, severe

2), Immunohistochemistry for T4

o), Immunohistochemistry for T3

*, *¥*: Significantly different from the control group at p<0.05 and p<0.01, respectively.
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Figure 1. Serum hormone levels in male SD rats.

54



Figure 2. Immunohistochemistry for T4 in the thyroid gland of male SD rats.
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Figure 3. Immunohistochemistry for T3 in the thyroid gland of male SD rats.

56



I0P

(%) IOP (%) IOP (%) Erythrosine
3.0 3.0

15 15 5
*
*% * * * %
*% * Rk gy KX
0.0 0.0 0
0 3 10 30 (mgkg) 0 30 100 300 (mgkg) 0 006 025 1 4 (%
(%) PTU (%) APC (%) NaPB (%) BEX
20 30 5.0 5.0
*% *% *%
*%
10 *% 25 25
== 0.0 0.0
0 00301 03 1 3(mgkg) 0 1 10 100 O 1000 (ppm) 0 10 30 100 (mgikg) 0 1 3 10 (mgikg)

Figure 4. Immunohistochemistry for NIS in the thyroid gland of male SD rats. * and **: significantly different
from the controls at P < 0.05 and 0.01, respectively.
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Figure 5. Immunohistochemistry for NQO1 in the thyroid gland of male SD rats. * and **: significantly different

from the controls at P <0.05 and 0.01, respectively.
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Figure 6. Immunohistochemistry for GPX2 in the thyroid gland of male SD rats. * and **: significantly different
from the controls at P < 0.05 and 0.01, respectively.
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Figure 7. Immunohistochemistry for TSH in the pituitary gland of male SD rats. * and **: significantly different
from the controls at P < 0.05 and 0.01, respectively.
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Figure 8. Immunohistochemistry for Ki67 in the thyroid gland of male SD rats. * and **: significantly different

from the controls at P < 0.05 and 0.01, respectively.
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Figure 9. Immunohistochemistry for UGT1A6 in the liver of male SD rats.

the controls at P < 0.05 and 0.01, respectively.
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Figure 10. Representative histopathological findings in the thyroid gland of male SD rats treated with APC and
PTC for 28 days (upper column). Cluster analysis of microarray data obtained from thyroid gland and pituirary
gland (lower column).
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Figure 11. Flowchart for detection and mechanism estimation of antithyroid chemicals.
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