B 3
JEAE G TECHEETR A A S (kP E Y R 7 iR
bW L A HFHRIRER B X OVEES O FIRBSEEIK T2/ S
WO IR T 2 EHF5E (24KD2003)

BT AR R

EREE - BRR L (ENZER &S EEERT ettt o 2 — R #K)

WMREE

LFWENC K B AR O BRI RRAR N I3k @ E (DNT) FOWREREELZFRT L2 L 08H 6N
TWDHA, HLRIRIEE ORt s X ORI E O B2 @ UICFH T 572D D= R A o MIRTZMENL
STV, AR TIL, ALFE OHFH R ER OfHiids X OMFHEEICA H7e "7 A =2 ZRE L,
hERI7R in vivo FHAEZMENLT 2 & & IS, IR O FURIRBERBIR TIZ X 0 B LT DML - e %
FEE L, W ETHRI B 22— RARA > hORIEZ B ET 5,

BT FEE TOMATRER O, 7 > b 28 HEIRERR D #5302 31 2 FURIR O 95 BEARRR 7 FOMEAT 23,
OF R~V A F X —BIER, @3 7RBCARLER, O3 v REERLEA], @RS T A
TEER ORBHHICB D TR b EBURRIE TH 5 Z L AR ENT, MR R RIMTIC L Vi At &h
72 DPP4 + SNPH % F\\ 7= 5o Yuto L, JWERITAE R A2 AR — F 3 24RE L L CRIHATE 2 a[eEMEnd 5, +
7o, FURER T3 - NIS, FHEA TSH 35 X O UGT1A6 D&k e ta 2 0425 2 & T, HLARIRER O
FFHEENFIRE CTH D Z RS iz, RFEIL, BEFD OECD T4 F7 4 ik (TG407) IZEGITHAIA
HINATRETH Y . ALY OHUHARIRE R H O 72 0 OFE D> 72 in vivo FHHIEE L TR LE S,

~ U A JEPER R BRI T T L & W TS A B e ifAT OFE R dTRIRR I O R B L BERLE O R 8 o
FORARFERE (T4 %) ([ZITRWEIEBIR 2 R L, RHAFIRIR A V8 VBRI O L& S IWEMW 23817 2 FUIR IR RE
ETFORE LA L TENT A Z EWRBINT, ZOMEIT. WEWOF RIS LE L HIE S ST DNT &
B (TG426) OoHLiE— A mEEEMEER (EOGRTS, TG443) &\ - mAm oRBRIC T e, HAERMRA
BERER (TG414) AR AEFBEARA 7 V) —=0 73 Bk (TG421) THUS AIREZR TR AR R B O T4/FT4 5
X OVTSH % “BEMiEak (MU H—) FE” L UCRERA L, BIEER o B W CEE LB AT T & 3 2 TRE
PERT, Fio. invivo A A= JRENT (BLD 2, BEWE X OEEMOFIRIR S VE fEIEE —H LT
B A2 /R T2 & 2R L7z, & 52 BMD fi##Tic & 0 . BLI mean OZE N A U 5 HEWNEELSH, 1TH)
LD R S AR EIRIC I VT NI ER B A M LIS 2 FTREMED R Sz,

bt b iPS fEZ WGt OfE R, FIRIRFALVE VR Ka % /) v 7 XU Lk b iPS flla ok ok %
FREC LT, FIRIRESAEIR TR IS 1T DAL E DI MR T & FEl & B lREME DS R STz, AET
VTR R IR TRE DL P E R BT A TH L 2 B2 6N D,

EBEAYIZIX. OECD * EPA/ICCVAM D REfIZ AR IZHB VT, HURIMEEEIR TIZBI 32 in vitro AT % O B
HKBLONYTF—va URED LN TS, —F, BESN TV DAFHMIEITOT S U R 73l Tt <,
AP — Rl EZ FIRE L TWDRICEETRETHY , AT IBEMEOREMRGE b Bz oMk H
BT D MBLR 72 IC DWW T bk 2R I INEE RN LB LB 2 HivT,

Mo HEE
MIAET BERRT K Bdx
AFRE T ESEEE R S & An AT JERT
Bbrgit v 2 — JREE =R
PRARGAE  [ESZEE S 5L R dn A AT ZE AT
BifgEt > 2 — JRELER EARAFEE
AR AR [N R b R dn e AR AT 22T
BifgEt 7 —  HKEE AR
SRR EE S RN S S SIS Co
ASIPN R R S N S S R 63
AHBELY BRRERRT R KA
HIfE—fl KPR KRR AP FER 2%
FEZF  KRBRRT RFBER AR #eHdR
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A. HFERER

(BT K D AR O FORARBEREIR Tk, FEEMp

M (DNT) ORI EBLFERT 5 2 LGS
NTUWN D, 2018 4RI E S 7z OECD iBR T A KT A v
(TG407, 408 33 LN 414) TliE, FURIRALVE S, 4
HIREE DM RN VLIE D D WITHERIER L 2oz, Lh
L. A vE o JE TR/ B ER O S L D EE)
LOREN DD Z LA, FrHRIRIRYE & 2h =i
BT 2720 OEIXWNELHA S TIE AR . KR
OB X OS5 720Dz RN
A NOEARHATH S,

T2 X, BAE SR E B B4 AL E Y A Y
WF7eEsE (50 3~5 4B ; 21KD1003/1004) (28T,
PRI E 4 T~ M2 28 HREIR O &5 LR, Fik
IR I BEAHLRR Z0OFT A e b BB fRIE L 72 D 2 &
i B B3 X OV MR L 2 IRAT 12 X 0 = DT %



HEELEDZ EaWiE Lz (Akane et al., J Appl
Toxicol, 2024), F7-. ’@ﬁ:ﬂﬂﬁ@ﬁj\ﬂﬁv_ﬁ Tbhbd
Synapsin 1 (Syn) Z L AR —Z—E&fzfFE& Lz T A
Trx=vw 7~ A (Syn-Rep ¥ 7 R) ZAEHRLL  #pEEHN
RO FALREIRRESR in vivo A A—T U 7LD IR
BEANIZ #8122 T % % New Approach Methodologies (NAMs)
ELTHMHTHDZ E xR L7 (Ishida et al.,
Biochem Pharmacol, 2022),

AWFIETIL, AT 2 S DICBESE BEFETA R
T A CRERAIE A L HL IR E O3 e i it B
F O HEE R PREE 95 in vivo RBRIEDMENL % B
&35, F£7-. Syn-Rep ¥ 7 2% T, FIk R
KT BN, FRICHERMNIZ I T 5 B DN %
U C.DNT iBRZEfE D trigger & 725 RARA > b
/RAF~w—T—%RET D &L HIT, Adverse
Outcome Pathway (AOP) OfBHZRA D, X BT, in
vivo EBRCHR LN I-RERZ KT, & b iPS Mfa%E 4 M
V7o in vitro FHMIEOREE A HES T,

B. HFEFE

1. 7 b 28 AFRERR OG-8 GRIE - &)
SMEEEETIC. 6 HWEDOSD T v b (Vv Ve

FHRTZ MU — Dy X)) (BESIL/RE) I LLLTD6

FEOPIZ IS E 12 OB RIRIEYWE 2 28 HIEX

wERRA®RE LT,

OHMRAR A~V F % > F—FPHZE : Propylthiouracil
(PTU) B L WM Methimazole (MMI)

@3 v FEPOAHFAZE : Ammonium perchlorate (APC) 33
J N Potassium thiocyanate (PTC)

@i 2 7 FEEEFHE L : Topanoic acid (I0P) B L
Erythrosine (ER)

OFF i 1z 3 17 2 BRI A v e o (3R
Phenobarbltal sodium salt (NaPB) £ X O}
Nicardipine hydrochloride (NCD)

B®TSH pEAPHZE : Bexarotene (BEX) 38 L Y 16100268
(LG)

@ TSH Z 45T« VA-K-14 35 L OV LM224  (LM)

BFT X, MEEEICEGEREZER LT 2 WE
(LG« LM) &2\ T, JRERMARR R - SeiE s b e n fiR
WraiToTe, £, FHEERME L LT, @FRERF LV
T X R & Al T H D Pregnenolone 16a-
carbonitrile (PCN) O¥HEREERL 7=, S HITT
et LT, AT OF 7 OPTHIRIEME 2. &%
B 1 HEICT 28 FHRERAEE LT,
©@ = UERBUAMAE : Ammonium perrhenate (APR) .
Potassium hexafluorophosphate (PHF)
Oxyfluorfen (OFF) 3 TN Etoxazole (ETX)
@MW = v F B FEME : Fluazinam (FLU) |
Chlorothalonil (PTN) 33 XU Octhilinone (OIT)
ZOMMDOPVEIZHDOWNT, A T RTS8 31 A

~ 0 — A & T T SR LR A L S RO AT 2 SE R LT

EEOBREHEIZLLTO®EY TH 5 (FRIZST T4
FEFEHE4y, APC, PTC, ER LIAMTARMIRE O£ 5,

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

MMI: 0.3, 1, 3, 10 mg/kg
@APC: 1, 10, 100, 1000 ppm (fk/K)
PTC: 10, 100, 1000, 2000, 5000 ppm (fkK7K)

@10pP: 3, 10, 30
ER: 0.06, 0.25
@NaPB: 10, 30, 100 mg/kg
NCD: 15, 50, 150 mg/kg
PCN: 8, 25, 80 mg/kg
®BEX: 0.1, 0.3, 1, 3, 10 mg/kg
LG:0.016, 0.8, 0.4, 2 mg/kg
®VA-K-14: 1, 3, 10, 30, 100 mg/kg
IM: 1, 3, 10 mg/kg

100, 300 mg/kg
1, 4% (R

FlifaatatB (APR, PHF DIAMTHREIRE 05
@APR: 2000 ppm (BR/K)

PHF: 2000 ppm (fX7K)

OFF: 300 mg/kg

ETX: 500 mg/kg
(BFLU: 100 mg/kg

TPN: 300 mg/kg

0IT: 200 mg/kg

BFEBRIZB N T, R 53 B IIC8RilLE X OS] %
Skt L, FURER - TR - IFIRE O mEE&RIE R S ISR
PR A ROMNT 2 520 U 7=, & 7, 13 1 oD AR iR BE s
AREY (T3 +T4 - TSH) OREEIT-T-, SHIZ, B
WWIRICEBIT A T3 T4 -Ki67-F FY o A/3 ‘7—6/\%\3_
N (NIS sodium—iodide symporter) * NAD(P)H quinone
dehydrogenase 1 (NQO1) + glutathione peroxidase 2
(GPX2) . dipeptidylpeptidase 4 (DPP4) & L O
syntaphilin (SNPH), FIE(RAIEEIZISIT B TSH, AFlic

BT HRBRALECRBNCES T 5707 v g
BEE#E (UGT1A6) D Fis sk b I fRAT % F0E L 7=,
Ki67 (DWW T HIR BRI R (23500 2 Bt % |
NIS « NQO1 * GPX2 - DPP4 « SNPH (HURJR) . TSH (FTE/AK)

BIOVUCTIA6 (FFIK) (2 HOWTIZFNZE M mifE R
ZRE LT,

2. 7 v FHURIRE KOV EAC
HUUENT (AE)

FUR IS REIL EME R 5 F D 7 » FFIRIBB L OF
TERIZBIT 2B RBELEIMEZRBET D20 S T74HE
FEIXGTSH pEA L ER] (L6) o 28 ARMKERO#&E %
EfEL7z, 6 AEOSD Ty b (BFEHETIC;, ¥ Y
Ve TWRT MY =T R0) T, a = lICEE LT
LG % 2 mg/kg/day DHETHHIROKE Lz, HE5RE
FEIXAR 6 FEEOMRR - BH O OREHE RIS S X
PLHARAREA NGRSO DN HE L U CRE Lz, FRE T
BlD H B 3 FlTE B FAOMEATH & L. 10%H P55 i
FN= ) ARICTEER., FIRBB IO TREEREY
HIE LIz, 755 4 Bill% RNA HHE A & L, #2664 L 72k

B 5 R ES A

RIS L OV FERAIZE HIZ ISOGEN (v Ry Po—2) T
REIFA X LT, -80°C CHFEMRTE LT,

Fo, BT FEOBIKRFYE L LT, OF KRR
VAR H—FIHEA| 4,4 —0xydianiline (0DA)
L N Sulfamethazine (SMT). @i 3 7 EZEEZFHEH|



Chlorothalonil (TPN) Z M 7=F » b 28 HMMIERR
ARG A S L7-, SREATCORESD 7 v b & A,
BHFEZTRERS L L, iR RIBERAZE O N D
JapEE L LC ODA 1% 400 ppm. SMT i% 3200 ppm. TPN I
6000 ppm Za%E L7z, 728, RFEBRIIFTHORE S D
R L RIRF IR 2 729, JRELAT MR H O BRI
o 7o, BURARE K OVF (KO EEHIE, RNA fhH
IR OBA T, AR O LG &[RRI 305 L 7=,

BAEHLER 2> O total RNA AR f%. RNA J2JE %
NanoDrop ND-1000 (Thermo Fisher Scientific) CiHll
7E L. RIN O RNA6000 Nano kit 35X UV Agilent
2100 RSAFTFFA4 Y (Agilent) ([ZXVHIE LT,
200 ng @ total RNA 75 B4 L83k cRNA 2 2% L.
1.65 pg @ cRNA {ZT Whole Rat Genome Microarray
Ver3. 0 4x44K (G2519F#28282., Aglent) (& A 7 U X A
ALt TLADAFy %, Agilent Microarray
Scanner CHMT L7z BB S A X U L T EDT LA
T <A = TRRITIZIE GeneSpring GX ver. 14.9 %
FH ., #EER (FDR; False discovery rate) % 0.05
VIF. 2»> Cut off fHERBIELL (FC; fold change)
>2.0 CHRMUEWMT-TEHEEENE~A 70T LA T —
BRI LT,

3. [EFREERT IS K ONEAMNE I I 1T & HUK IR BE RE R Al
BT D I (NI

BT T H 9 BICHME S, KIEEM) SRR A
R AEE T M A% & B4 (ICCVAM; Interagency
Coordinating Committee on the Validation of
Alternative Methods) DEFEIZ X 2 FIRIERERTAL 1A
DY 55— 3 (WMT; Validation Management Team)
(BT D BRSO Web 2RBICBIMN L, KEER
BE#T (EPA; Environmental Protection Agency)
P29 5 3D Human Thyroid Microtissue Assay /X
UF—3 g v OEBIRIICHOW T, HHRIE AT 12,

SRMTHEI A2 ABEO 10 A1 RICBESNTZ,
OECD Thyroid Disruption Methods Expert Group ™
Web &FEIZSMN L AHMFESHSIMEIRIZI1T 2 FHR
iR B P R A V2 D B Bh M) 2 A L 7=, S 512, OECD
DOHEMEZHEOFBMOTEL 10D T — X Rt L TN D
EU-NETVAL (European Union Network of Laboratories
for the Validation of Alternative Methods). PEPPER

(Public-Private Platform for the Validation of
Endocrine Disruptors Characterization Method) 35
JL % PARC (The European Partnership for the
Assessment of Risks from Chemicals) ZEDFEMAD
E R R el

4. JAFEM O BRI R TREIC IS 1T 5 IR EE O
et (v - fadu - A, HEE - B
4-1. BB LU E D&% 5

EBRITIL ICR ROILYE~ 7 A 72 6 N HEM: Syn—Rep
<7 AL BRI ICR ~ 7 A5 AT 52 & THB
NI R~ o 2 & T,

W FEERIL OECD BN ED S DNT RERDT A M H A R
A > (TG426) [ZHELU T L7z, PTU F£7/2iZ7 v e’
U7 4 A (CPF) %S 2di%fikto> AIN-93M (ZRER L,

15 Syn—Rep = 7 A2 E6.5 LV B BRI, KEY
O AR b REMWICIREEfAR A HPERR 21 HE (LD21)
F Tkl L CH5 2 7=, PTUBRRIZK W TCIE, A% 13 H
i (P13) ~P21 OHIMIIXIREHEID PTU BE L TN T
HEICEE L, MAERZ, GO BB >V TIE,
RE DAY — M2 HEBR T 5 72912 TG426 IZHEL T, P4
WZBWT 1 IEORHMED A5 8 VL (Hff 4 T - 4 PT)
LB X HICHBI & BT o7, 7eB. HEM Syn—Rep +
U A L B AERIMEME ICR ~ 7 A2 /LTS Z L TELN
TR~ o A % Wiz 2R — MZEBW T, Syn—Rep =
U ADFEBFFNC LY . FERIFFOMSIa A —FE LT
KM ERE CREMEREIEEZRE L, RitE1To 72,

4-2. REMOBEEE L O

BeHHRIFIE3 HIB X ICEBE & & AEZHIE L. LD21
(2% REFRDS B ERIML 24T - 72, MR I EE R A - 35
SYBEAIN O ORI IZ LIRERRF L7z, 30 yffE L
BE[E W 7=, 3,000X g, 4°CT 10 4y E 4B L . i
16 % -80°C CHRAT L 7o, RIEM T T UM BAEZ (2800
WK g e L, EEEHE L,

4-3. in vivo A A — 2 JHENT

BEW D in vivo A A— 0 TEENTIX, in vivo
Imaging System (IVIS, FpH~7 7 —~) #HW\TIT-
7o WNBRIET T 150 mg/kg REE D D-Luciferin ¥
REPENE G LTcth, ~ U AEMED 152 &1 -
FHAIL . MIEEOMMEN M E D 20-30 iz >T
HIE Lz, FHhN7=T —ZIZ2OWT Living Image (fF
P77 —~) ZHWTHEN L, SEMORENEE (BLL;
Bioluminescence  Imaging ) % Total  flux
(photons/second) & L CEEALL 7=,

4-4. WEW O

in vivoA A= TIRNT O T, P21 OB
DR AT > 7o, PEUTHEVEE E 21TV, Kligs a7
7 4 A U, IR B A A (R M T A A
PR L, EEZHE L,

4-5. MyEH~— 0 —DOHIE

WEN O MR, ARSI DR 1 PB4
B/ L JE LT o 7o, MRALT~— 1 —12 20T,
MEBRERIRET DHEICBNTOH, FENOREM
D% 7 —/V L CIEZ T2 72, T3 - T4 OHIEITSH
TR A T 0 VS, MRAELFE~ — T —ORIE X
FV = X VEERRIZIRIE LTz, 72 TSH OHIE I TBEHR

(Minami et al., Regul Toxicol Pharmacol, 2023)
\ZPEVY, MILLIPLEX MAP Mouse Pituitary Magnetic
Bead Panel — Endocrine Multiplex Assay (TSH) (X
N7 LVIRT) ZHWTZ FACS IEIC X W BIEEIT- 72,

4-6.  u CT f##T
R L7 4% 3T AL AT VT b R Tl
EL %Y & 2 T AT UREREIRICE HIRIER . R_mCT2
(VHZ) #HNTCTIREEZIT>T-,

4=7. A A= T MS fi#dr




A A= 7 NS AR, RS AE I VA A T ERE
Uteo BRSHTA A —2 2 27 (USD) 1 iMScope TRIO (£

FERLERT) & IV THEM L 7o, 2300 FHIMEE 2 (i % |

KAUE MALDT (AP-MALDI) A A R Z#54k L, Nd:YAG L
—F— (355 nm, 1 kHz) {ZX v A A MLz, &Y
WrERIEA A T v 7B X ORITHREE R E &0 0T EF
(TOF) TCHERR I, HIEE &&FHIZ m/z 50-3000 & L
7o L=V —ENRRIIFETHY, /N5 um FTRE
ARECTH D, T3 BLO T4 Zfiffrxtge L, EEEH O
A F v & LT [MH]+m/z 651.79 —605.79 ¥ L O°
(M+H]+m/z 777.69—731.68 Z%t5% & Uiz, BILFLE L
T, MR AZG R TE S um T AL L, <~ F VU v 7 AR

W A7 L —1ETHAS U7  MALDI-MST JIE 21T - 7=,

< K~V v 7 A1Z1% a -Cyano—4-hydroxycinnamic acid
(CHCA) # XX Graphene & AV, CHCA : Graphene D

e a e~ M) v 7 A E L TER L, #l

ERMIE, b—P — R EH 100 shots, L —F—5RE

68. 0 ((EEHAL) , MbaRdEE 2. 1 kV, 7 — Z 4L 45
X 45 ym, BEMEIER 125X, HIEE— RIIRYT 47
(IEA AY) & LT,

4-8. MEFERIE R T FE B ARAT

P4 3 X OVP21 D BN A & PNARIFTEERI 2 & (mPFC) |

— ARG S (S1) (P21 D), #EE ZRIL L, total
RNA i1 - K5 L. RNA-seq & 3t L7z, o 7 ik
BREO-10 2T LTo, BONTBETRELT —# (1
DT, BB Y — O RELINEZ R T 5
HH#J T, UMAP (Uniform Manifold Approximation and
Projection) |2 & B RICHIBENT 21T > 72,

4-9. FHRESFHIMEHT

FRORMR, PN, Bise, Mok, i, Mo <2 7 4 )
Jra ek U, #k% % HE Yefa THIZE L7o, IMosiEii
AL FROMEHTIZ, NeuN (RlERAEHIRE) . IBA1 (X7 =
ZUT) BEOGFAP (T A hu¥A ) 1T d Hhed
PIPTIR 2 A o g f R b e el L 0 BlEE LT,

o> oYttt FD Rapid GolgiStain Kit™ (FD
Neuro Technologies) % V>, WARIRETEARTZE (mPFC) |
— AR EF (S1) 38 KOV UIEBNEF (M1) DO 5
72 5 ONTHERE CAL fEIRIC 81T 2 SERARREHIE oD #hIk 22
AL UHE Inage] I CRHER LTz, F72, fifbT Y 7
I Nuerolucida (MBF Bioscience) % FV T, mPFC ®
55 MR D O LSRR SR O REMET I LY
B FH LT,

4-10. 'REM) OITENEENT

WEM OITENENT & LC, 4 - 8 BEIFICA—7 7
o4 —/b RakBR IS L OSBRI RBR 2 5506 L, #r
AEREE NI 5 AR ER) &/ ALREITE e © ONTAE
SMATINE FNENEME L7z, & 512 8 EEEEITIX,
W 2 [RRERABR (2 & 2 B Eh ORI B S OFfE & Y TR
HEERBRIC L EEEEREOFME Nz s L & b
WL HEZ DWW TN 7 A EB O Uik &2 32506 L, 5838
KRAT o N ARATEN B3l L=, F 72, PTU&R G2 LD
BT D HER B O B R ET RO LEICK LT, EHE
KKaZEE (ADHD) {RIEHE THH T MEFETF 2 (ATX,

3 mg/kg) ZEkBR 30 RN L. £ OZRE IR
UY=L D ARER BRI L BET LTz,

4-11. BBDR (Biologically Based Dose—Response) HY
P A Z FES S RV L - 7 7 b B 2B fRNT

bR & L C, ARAFTE CHENM L 7= LR (LD21)
WZHIE U 7= BEEh ) R BRBEE A V£ > (T4, T3, TSH) .
P21 (ZHIE L 7= W) O FORARBSE AR L€ > (T4, T3,
TSH) & MiEAA LS~ —T—, FTA A —2 2 TS
L LT, P4, 7,10, 13, 16 I2HB & 7= BLI Z MW=,
WEW T — % ORINENFEE Z8ET 5 7=, MFHT BALIX
FITIEHAL & U CTMSiME 2R U7z, PERZ 431 7= fif
HrZ oW T b RRICIE BAL TR 21T o 70 E72. 64T
W9 (21KD1004) CTHEft S iz, PTU L5~ 7 2% A
T AR A FERER (T6414) 2B 2 AR H
(GD18.5) O RFENY) FIKARESE# A L€ o (T4, FT4, T3,
TSH) OF —# HEEATIER Uiz, REM O HIRARES
HALE Y E IR ORI L OBRMEEZ . BIEHR
JHET KV EHE LTz, BET MIZOW T, BlefREk
(B). WEFRE R*). p EB XU () %
B L,

4-12. BMD (Benchmark Dose) fRAT

BLI D HENKIGBHRIZOWT, 4T A —F - 1 TR
T4 ITETIN (LL.A) ~DT 4 T 4 v T EITD, N
vF~—7 K (BMR) & LT 10%Z5{k (BMD10) Z Fu»
CTBMD 28 H L7z, BMR, &5 (BEM/ET) BEL O
IR T IET AT B G b CRE LT,

4-13. HREHFRIRET

T — Z I A TN CRENT 21T\, S E = 42 e
ZETELE, MEFH0MEIZIIAEST Y 7 b GraphPad
Prism 10 (GraphPad Software, USA) % fHu\7=, %I
LGSR E 1E Dunnett’ s test F 721X Tukey’ s multiple
comparisons test & AV 7z, KM Syn-Rep v 7 A LB
ARIMEME ICR v~V AZARRT 5 Z & TR LN MR~
7 A% Wz ak— MZBWTIL, FEREFOMIL a7k
— hE LTHEHERECREREIEZREL TWVDHTZD,
THEM A XSO 72 ¢ BRE TR L 7o, AEKIER P L
0.05 & L7, 7235, BBDR fEHTICHS 1T HFEFHIEMNTIZIZ R

(versiond.5.2) Z W= (ER{FER v r—
dplyr, tidyr.purrr, tibble, ggplot2, stringr, emmeans,
drc, patchwork B X W writexl),

5. HURERAVE BB O ZEEN 2 B8 Lo b b
JualRiE gL GRH)
5-1. b b iPS #fifu

bt b iPS FHAEEE 253G1 (Nakagawa et al., Nat
Biotechnol, 2008) 1. TeSR-E8 F:Hi (Stem Cell
Technologies) ICC 7 4 —&—7VU— [~ MU 4L (BD
Biosciences) ==— ] DO TEE LT,

5-2. SMIRFE b

SNRZEE~D 431X Dual smad PHZEPE (Chambers et
al., Nat. Biotechnol., 2009) ZfEvN, BMP > 7 F /L
BHZE7 LDN193189 (Wako) M TN Activin 32 /LEHEAI




SB431542 (Wako) %W Tt b iPS #ifa% 4 HRIEzE
L7,

5-3. shRNAIZK D/ v I X T

shRNA AL L > F 7 A /LA (SIGMA) Z W=, b
kiPS MIMIZ 7 A L A& moi 1 TRPESHT-, EHIC
24 BRI 2 —u~ A 2o 28N LRG0 &
L7 a BTV, b ERRZ BITHER LT,

5-4. NGS fifHT

THRa / v 7 Z0 o LIl (SMETE) KV RNA fifit
%17\, Novogene FEICEFE L TNGS 77— & & uf& L 7=,
F7-. scramble control |ZXf LT THRa / v 7 X7
L7-fifa (OMREE) THRINME T T 286 FOBRET

>77,

(fi B ~DFLIE)

W) SR E LI s R S TR FERT - IR R R
e RERKRZEIC R T 2B 55 S K OB s i 2 52
BRIAR DRI DS A - AR L/ LT ENT
e b BT DR E R NRETDH KD
B L CTiTo72, £72. b b iPS il N> 7 &
DEEANT D5, YN SRR A I LT,

C. MR

1. 7 v b 28 HREER DG ER

1-1. ifn 98 5 o0 HR AR B 7S /L8 Ui

Mg T3 « T4 « TSHAEDRIEFER % Figure 11277,
AN T RN & i L 7RI E ik, LT
OEEBPHFFOERZEEZ > TRO LT,

LG : T4{KF ; 0.4 mg/kg LA B, T3{KF ; 2 mg/kg
IM: AEREE L

PCN : T4 K F ; 25 mg/kg VA k. TSH AN ; 80 mg/kg
TR R

APR « PHF : T4 {fiKF. TSH &0

OFF « FLU : T4 {&F

TPN : TSH #84n

OIT : T4 #§m

ek, BAEE £ TCICER LR ERICBVLWTI. O
FORIR~L A o 2 —BFHEA] (PTU - MMD), @3 7 FH#
BOAZFREA] (APC « PTC) . @HURAR A VE ARG E
7 (NaPB + NCD) 1%, HEAKAFRI/2ME T3 - T4 K N K
N TSH #nZ7| &z Lz, @Bia v HEREHEREH
(TOP - ER) TIL TSH O E 72NN X, T0P TIiE
T3-T4 DA FEIRBEMMN I & 377, ®TSH i AE B E A (BEX)
TIET3 « T4 OFERBL DA LN, TSH OFE 7L
EENIFRD e o Tz,

1-2. fgsE &

LG * LM « PCN O #5526k ¥ KOV 7 %'& (APR + PHF -
OFF « ETX « FLU « TPN + 0IT) @ TfEtRatikBRic >\ T,
SR AR E 7 b N hRas & (FRR - T - BIE -
) ORIEREA Table 112777, LLTFOLEENE
A REEE L > THROL LI,

LG (Table 1-1) : 2 mg/kg THF#aXH/ HH % & OB
IM (Table 1-2) : HEARE#EH 2L (1 mg/kg FED N
R EREOEML, HEETFEEZ KL Z 658
MEEEZ BT

PCN (Table 1-3) : 80 mg/kg "CHUPR MM KT/ FH k) B &
DOEEN, 25 mg/kg LLETHHaH/ MR EEOHEM, 8
mg/kg “CFHE % B £ D> HE N
TRt (Table 1-4, 1-5) :

APR « PHF : HIRBHET /A0 5t 85 & D B8N

OFF « ETX : FFhasch/#H >t 8 & O BN

FLU : AR AR AR o BB O8N, FF et /#8 f 22 & oo H#E 0
TPN : HUR ARG /At B B OK T

OIT : LRI EEOK T, M BEEOEK T, Al
Rt et/ FH T EE B D HE D

1-3. S FAAR R AT

LG« LM« PCN D # 558 L OV 7 W O Pl nlilih
2B DR - TEIK - RO B R PT &
Table 2 27”7,

LG (Table 2-1) : HURIRIZ BT B2 2o RiE#EH 0. 08
mg/kg VL LD 1 BITHEHER ST,

LM (Table 2-2) : FRIRIZEIT B 24 RiEHEA 10
mg/kg O 1 FlICHEZ I N, TEMEFIZETIL, MEHFH
HEZIZZWHEOO, ZEafb/IERDS 1 mg/kg UL ETH
Han,

PCN (Table 2-3) : HURARICIS 1T 28 Na R Hia AR K
[BER (BRECAE) BLOav A NilkfE (25 mg/ke
PLETHE) OZRAEMEN SR CHEREIZHI L
7o FERATEETIX, IBK/ RN 2Rl Sz,
JENg o /N BE v/ JE O VE AT AR AR K 28 2R TR X
AU, HUOMERERIE 80 mg/kg. JEAMEAERIZ 25 mg/kg LA
FeHEICHEmLU,

TitaEtatB (Table 2-4 . 2-5) :

FORAR : 7 WE T R CoORERICB W TIE LR AEKR
SBIERE A BIZE K, B OIEAEBEE DA B 2B
APR « PHF « ETX « FLU « TPN % 5.8 T bz,

FEE{K : APR - PHF « ETX « FLU - TPN % 5- B CRIZED B
K/ZeRafb i3 I &40, APR - PHF $% 5-FE CH & 72 58 4 B
Bz R Lz,

JiFHE : OFF « ETX « FLU $& G- C/NGE O ATl Aok
DBLE SV, FLU B 5RECH B R ERERINZ R LT,

7pk. BIAERE E CITBG- IR % 6 L 7= OHUIR AR~
AT H—PRES (PTU - WI), @I vEFOALA
EH| (APC « PTC) . Ot = ¥ HEEHAEA (T0P - ER) |
@OFRIR AT ACHEMELER] (NaPB « NCD) OXME I
BOTIE, BFRIRIER B a o JE KA, ifn v v
EORBEREHINASNIZHEL Y BIEHAENLS S L
SIEHFHAET, HHFIAEEEZ L TRHRO DL, £
72. NaPB * NCD ¥ 5-#£Tl%, M HNLE S MEOFELE
HARAONTHEL Y GIERHAEN S /NERLMETH
AR RN A BRI E R LTz, 2hboH B PTU - APC -
T0P « NaPB + BEX & HUR RIS K OFFIE o J BEALGR 2 P
., % Table 2-6~2-10 I[Z/R 9,

1-4. S AL 2RO MENT « HIRAR T4 - T3




AFN T AEEE 1L, LG+ LM+ PCN @#&5%%‘0;0“ TWE
D TERFTRERIC OV T, FARIRICEIT 5 T4 - T3 FEA
TRt XD MR LT,

FORER, LG LM« PONEEGHETIIWIN S, T4+ T3

Yua kDI T IR S 203 7= (Figure 2~3, Table
2-1~3). %ﬁﬁd@?% 77D 5, APR « PHF |X T4 -

T3 OFERMEF&g| &z Lz, —J7. OFF «ETX - FLU -
TPN « OIT #% 5. TIL T4 » T3 DR TIL A %nfoczpof_
k. BIEE £ CICEMEL-FRRICRIT 2 T4 - T3
DIRFRIZ kwf\®$ﬁWAWﬁ%/$ £ FEE Al
(PTU - MMI) B L U@ 3 v EBGAAFEZEHA] (APC - PTC)
Tlix., AEEGFEN T4 - T3 OFERIKTRED S,
PTU « MMI "ClI3yp BERAHAR 2 O ARAT (2 5 CUE I L R A
JERPBOONT-HEE KL TW, — 5, Qg v
FIERBAEA] (I0P - ER) . @HVRARA VE AREHEEEA
(NaPB « NCD) X O®TSH pEAEBRLEA] (BEX) Tik, W
THNOFEEFICBNTS T4+ T3 D LR TIXE
LR Tm, ZHHD 9 E PTU» APC » T0P « NaPB « BEX
DRGSR Figure 2~3, Table 2-6~2-10 |27,

1-5. SRR S BOFRAT - FUIRAR NTS

AR E CICEm LR E Wiz~ 27 a7 1L
A FEHTIZIBUN T, PTU « MMT + APC » PTC #¢5-F THREEY
% T0P BEEHECTHIUL T A2 /R L72 NIS IZOWT, 4
Y W CTHIA~— I — L L TORRMEZRET L
77 RN T AT, LG - LM - PON B L VT WE O Tilith
d.ﬁt%ﬁ DUV THURARIZIS 1T D NIS R HL (B A =R)
FRFZE LT (Figure 4),

LG« IM: AEARZE L

PCN : 80 mg/kg THEIZHEIN

TR - APR « PHF » ETX & 5.8 CF =280

7ed3. RIAEFE E CITSEM L7 HUIRAR NIS Z8BUEAT ©
IZ. PTU « MMI + APC « PTC » VA-K-14 £ 5B B VW THE
PREEANZN . TOP « ER #-5-8 CIIXATIRAYICA B 7K T 23R
BT, ©TSH FEARRLERITH 5 BEX & 58 CIIA R
REITRD SN AEIDLC DFER L —E L T\,
ZhBH?H L PTU-APC- 10P - BEX DAL -4 Figure
4T,

1-6. SRR LSO AEAT © HORAR NQO1 35 L TUY GPX2

%Egiﬁmiwbtﬁﬁﬁ®v47m7v4MW
OFEE. PTU - MMI - TOP #5812 I3E Lf%ﬁfﬁi%bu%r
L 7= NQO1 35 T GPX2 12T HFMRIRICIIT DR HL

(BrEmfER) 2 RERaiIc X VmR Lz, 5 7 4
FEI. LG« IM D 2 EIZHOWCIENT 23 LT, FO
AR LG+ LM & 12 NQO1 « GPX2 DA B 72 #1178
oo 7- (Figure 5~6),

728, AN 6 AL L - 3 BURAT Tk, PTU-MMI -
APC « PTC - TOP $¢ 5-F£ T NQO1 FEL DA Z 28840, PTU -
MMI « PTC « IOP - ER &% 5-FEC GPX2 IR DA Z /288
Ry &7z, @TSH BEEAERLERITH 5 BEX & GHETITA
BRI 6T, 4B L6 OfERE —F LT
7o ZHUH® 9 E PTU « APC » TOP - NaPB « BEX Df&sE#E
H.% Figure 5~6 2",

—7. SRR LA - FURJR DPP4 38 1L OY SNPH

AIAEE £ Clo £ Lf:ﬁﬂwp%)v% 7 a7 LA RN
DOFER, PTU « APC « PTC ¢ 5-EI2 Hal U TR BUBE N Z 7R~
L7- DPP4, ¥ JXTOXPTU + MMI + APC « PTC » NaPB « NCD #%
GApc @ U CRBUEINAZ R L7z SNPH IZDW T, £
Z U PTU « MMI « APC « PTC 5D FURIRIZE 1T 2 R

(M mEAER) A2l LV M L7 (Figure 7
~8),

DPP4 : VR~V A% o Z— PP EH] (PTU - MMI)
Tl JEFLHLER I MRAT IS B T A TR R e iRk o
BRI —F U= MEm 2~ L, 3 mg/kg PTU B LY
10 mg/kg WMI THE CTH-7-, @3 v FEBUALHLEH

(APC + PTC) ~TiZ. 100 ppm LA [ APC, 1000 33 X T} 5000
ppm PTC CHEFIHEMAEELZ o THEM LT,

SNPH : i TSH BN —F L= nEmzZ2 o~ L, O
FORBR AL A2 o 2 — B L&A (PTU-MMI) Tl 1 mg/kg
PLEPTUB LTN10 mg/kg MMI, @ 3 7 ZEHUA L FRLEH

(APC - PTC) TlZ 100 ppm LA |- APC THEIZHII LT,

1-8. SRR L 2R fRYT T IE{R TSH

ST AL, LG+ LM - PON B X O P iaRro 7
WOV, TEEFIEEICHT 5 TSH 8L (BBt
FER) Aoyt LK Lz (Figure 9),

LG : 0.4 mg/kg LA ETHREIZIKT

IM: BEREEHL

PCN : &2 TCORGHECTH EIZHIM

T8k ;- APR - PHF - OFF - ETX « FLU « TPN « OIT
B HRECHEICHIM

7ok BIAERES F IO FEM L7- FRERTEEICBIT 5 TSH
FEBUEKNTClL. PTU » MMI « APC » PTC + TOP « NCD » VA-K-
14 F5HET TSHABOA BRI E O bivie, kR
AL, ®TSH FEAEFLERITH D BEX &G CldA E 2K
THRRD S, RO LG DOFER L —H LT\, Zh
H?D 55, PTU - APC » TOP » BEX D # &5k 54 Figure 9
W2,

1-9. S L2 ROfRT - FRIR Ki6T

AT AL LG _ouxf FORIRIZES 1T 5 Ki6T %&fﬁ

(%@fﬂiﬂ’ﬂ#) ORI LV RB LR AR
EENIFRD SR h - 71 (Flgure 10),

i,c:ia\ BT & T2 320 L 7= AR RIS 1T 5 Ki6T %
HUfEHTTI%. PTU - MMI - APC - NaPB - NCD #% 5.8 C Ki67
HELOA BRI STz, @TSH FEAERLERTH
% BEX & GHECIIAERAEITRO bT, 4o L6
DFEFR L —FH LT\, ZhbHd 9 B, PTUAPC - 10P +
NaPB « BEX D& A5 F % Figure 10 (2”77,

1-10. o MRk SR fRMT - AT UGT1A6

ST AL, LG« LM« PON B X O Pk atitiro 7
WV IZ DWW Pl IZ 351 D UGT 1A6 8 51 (51 i F =% )
FREYLEIZ L OV BRR L= (Figure 11),

LG« IM: BEREEL

PON : 2 CORGH CHRICHEIM L, FrIo/NEED K
WCBWTHEZEICHEO LN

gt EtEER - OFF » FLU » 01T ¥ 5-8ECA 32 121




8. BIAERE £ CIlOFEH L 7= f#H Tik. NaPB - NCD #%
HRECHEBEZRBMNTRD Hiv, BT TR
O BT FRIEIERIZ—E L Tuvie, Z Off, PTU-MMI -
10P H 58 CHA B RBINNGED b=, Mg AL E
MEZAEN S I OVHR AR O 95 B E RO P R A D T
ARl bEAETH- 7, ZNHDH 5, NaPB-NCD -
PTU « 10P OfFRAEFR % Figure 11 1237,

2. T v FHRIBE X OVFEREICE T 2 MRS ST
FEHRHT

-1, (KH - B - s R

LG F G HETIX, *FPRRE & il UIEEE B O INA 4 5

. R EII ST REEICH LT %0 EfE4a R LI

(Figure 12A),

ODA, SMT 35 LN TPN & GRETIX, W TN OREIZHBW
TH#EE 2 B CEETEOWD 233 Hiiz, 0DA £ 5-1f
TS 2 3 B LB REREINS] 25580 H i, Fi&
R TITRBEEIC L LT 6. 6% DR 2 < LT-. — 7.
SMT « TPN & 5-HETlX, KRE~OREBITRD LR o
7= (Figure 12B),

2-2. <A 7 a T LA N
FERIRES L OVF BRI CIE, PIREERS L OVLG #5851
%h%ﬂﬂf;é T ALE—L L THEINT (Figure
13), FURARCIE, LG B ERHZ BV THBUEM L 7= 8
FMRT, BBEUTF LB GEAR 21 B 5T, FTHEK
T, LG BB W TSN LS80 5
T, 22 BT CHRIIK TR biL, %éfﬁﬁébzﬁ:
RLUTFEGTFO—E % Table 3-1~3-3 1277,
FRRR Tl HURIR~V A v ¥ — B EMEH 205
F ODA-SMT 5 RED —EITE2 U RO LN H DD,
SHEEE-TPN BEIZZENENE R D 7 T A —L L THHE
Xn7= (Figure 14), FEEMEM LB TE0%. ODA &
H./EC 32, SMT 58 C 42, TPN % 5 8£T 126 TH Y |
DL 4 BIGEFAEEL TV, BEET L&
FHT ODA ¥ 5-7 T 366, SMT & E5-FET 397, TPN &5
BET 1046 THY, ZDH B 164 s 2348 L Tz
(Figure 15), BB L@ %2 R~ LI-EE D —E% Table
3-4~3-9 |Z-T,

3. [EBEBERE IS K OGEAMNE S IZ 31T 2 HUIR IR GERF AT
W2 B9 B i IR

STHETH 9 BICBE SN ICCVAM (2 X 5., KE
EPA @ 3D Human Thyroid Microtissue Assay ®/NV 5
—3v/3 V@ /ﬂ):$|§i ng—é Web 1:;13& &j:\ %i’%}%@
Inotiv, BH¥&F @ EPA 35 X OV NIEHS - CPSC - EC - JRC -
NIHS/JaCVAM 2> 685 9 2 DB ME N - 1=, 4 JaiRIZ
BIFAZNYTFT—va ryOfEREP RS, RREZDOL
DIZ—EOFRMEEZRF LT — 203 5onbd & E 2
iz, —H T, & N OIER BRI 2 F 72 /Et o
723 B 72 BRI O A FIZ oW TIL, BEHR
B2 ER bR D B 2 b,

SMTHE9I A 22 BHBLXW10 A 1 BICBfgEsST-
OECD @ Thyroid Disruption Method Expert Group ™
Web 23121, OECD HHER/ITMAZTHFF GEE) < EC-

JRC* 7T R« KEH s AT z—F v « _LF— .« F
V=T RAY F T UH FEEH AL A )T
A1 /%7 « A « ECHA « EFSA « BIAC « ICAPO 7643t
18 L DBMEN B>, LFORNEFIZHOWT, &
BHEED T,

1) 7 v ABHBE»OARFMARSHEITK L TR
WRIED I~ 7= NIS, TPO I3 L N2 FlEHD DIO 7 v
TANZONT, FHMERNE % JTilikam S vz,

« NIS assay (KalyCell)
44DV E 2T —OFHIMRABTEENTHY | K
T A BMOEL LT NIS 7 vk A LE%T
b5 L ([FEOTEME, BERIR) 2R LT, #
WmELT, K7 v A1EIANY T — g ~BIT
?‘éﬂﬁb: % TF Y. PEPPER ~DHELRH A[HE
ThdeIhie, —FH, 748 A2 L O
KDZ—P =T L o TOZEMICHONTET D
Bef R ST,
« TPO inhibition (guaiacol oxidation, using
of microsomes from multiple species) (CLS)
4DV E 2T —RFHEL, 271 Y — L0
WD E . TN FEROITH D E G
WSz, £, B FEERI v Y —ADOHE,
P BB COMAIZEET 2 B BE S ek S
Nz, AIREZRBRY in vitro MkRDFEl &9
LT EPHEREN, ZhICEY EFE 2 SofE
75‘5515?%6:@’41%%%%) GHI Rk 2 BE 9~ 5 2 oAt
ORI E L TiE, BEE - MR O T2 O &R &
Y E—=~DRE - FIEENDH D), T OMOHIR
HIE 1) fﬁﬂ‘@? /'E4’ BN SRy =)
THRTHHAL LT Ruy 5 2) R E (77’17:
—VERALIZHS <) 1 AUR £ D B DMER W,
DIOD 27 w4 (Kalycell BILTNCLS) @9
H Kalycell @7 & A FAmIZ T/ Jll?@)’%ﬁﬂbf\_
N, bEaT7—HRnTb 2 A &R
oY by N SN 7°/V%7°T°@§¥1ﬁﬂi%%6ﬂf:o

2) PEPPER project ™3V %“w‘/ 3
*DIO 1 7 v A OWRFE : 5 2 BRESHEITH,
RN HE LT — 5'0) hE DA+ T;J@o
720 BIR (RA ) 13 2026 4EI2BINT 2 Mgk 2 %
L. ZOBIFIZBWT 3 ATOMNT L7~ gk D
Ty FEEET D TE,

-FITC-T4 TTR : s Al REMEORRGEILSE T, 27
AT THERRERZ @Y+, VMG 13X 2026
FEoERY) v TRBRBAITE AR T E,

-TYRO-10D 7 » A : ECCAC (EleleﬂﬂﬁiS%?E;E
a Ly a )BT DMk FEFEOREIC
FREEBAAA DN IEAE LT D,

3) RAVICEITE3EDOT v (DIO 1,2, 3-SK,
NIS-SK, TPO-AUR) DFRFEIZRE 9 2 IR 5

- 3 JfiZ% (BASF. BfR. Charite Berlin) IZ351F %

3T v ADNRYF— g VEEIDEN ST,

T oA Y EFEORGEE, WEBWE D EU-

NETVAL & OEMENBP LTINS Z &, BRI



Pepper & 8722 Z L 72 B3 igEm S LT,

4) SK[EEPA IZ X5 3D A 7 cfHRRE ORI
A fEER (NA T TA TRy ho~JLA | EPA,
LT N) BANY F— g CHEML TS,
DELY FH 1% TCCVAM-NTCEATM 23 & 24824 L T
W5, R A T AT 4 AN R —EKO—&
FURARAIE (7 — 72 L) TS D, EBRek
E:47V—F AWE/7v— b)), 6 BB,
T4 FEARIEIT 14 H BIZEMET 5, BtERRE L
T PTU 2/, Mk C—BMENEER I, 28
HEZW - LTV D, HEBITIFIFEE/K L., 76
B FRTE Fro
T4 PEAEEILELISA ZEH L TR Y . MlaEk
BUIAEEL NV EE OB RN H -7,
“b MO AICREE L, MEAACE & — kA
Je oD pE SR T AT REME (S W TR 23 & 0 NS
mIT DT,
T4 JE O HEMERTES R S v, 2k miRE
T4 OFHIZBADL D FHEMEN B D,

5) Fmyxs b 2.64 OAIERBRE~OR R
KARA > FOBIIZOWT
c FREEFR O 4 FEOFHF R = o R A >
kX, T6236 (FET) B X NTG210 (FELS) DOffg
ELLTGBEBNSND TETH D, EERERIRE
(SOP) (XHIfE, $REEMIZERT L Whakh CTH D, KK
M. BAR, KEOF 16 kS Z OIEENI SN L
TW5, 4FEOAEMRENRERR LD,

6) HARMRBEREFEE 2RI % PARC IATA 1ERk 7 m v
=7 FOEHIZHONT
B L in vitrolEE AW BRIR AR VE

VESENTHE S A T TATA OBUR DR R SN,

-ECHA 38 L OVEFSA i L7223 6, S H1I2%<
DI —2AREF 4 (110 FEEOLFWE) % B
BKITDHTETH D,

- OECD FE/% R 1%, PARC O TATA IE B OHERRRIN &
HHNCHIE L TR o2b DD, in vitroiik
BRIEDFHICE SN RIS & TDM EG 2
HEIS SR E IR W TH D ATREMED & 2 H PEic
WTC, R ZRE LT, S5 RIE, TATA TfEH
INDFHENRLT LERABRTA KT/ THDH
VBTN & B BINEITHH Lz,

s =D E LT, in vitro THGREFEH»D I
ERETERT, OECD L~LC IATA # B335 Y
V= ARRFTHDH I END, TIATA OBE3IX
WA BT D ATREME S RIB S iz, E 7=, Hifl
LoRIE (558D H D VITE EMFn ) A& e
T HRERHLEDBRND T,

4. =0 RAJEFE FRIREREIX TE T VIS BT D REE)
¥ - WEN~D AT

4-1. REW OB R, KER X ORE R~ O
SR 5 AR E TICTR A 1L PTU Z W=~ 7 A B EM
FORBRBEREIKR T E T V2 fSL L, HHZAERTE TOREEIC

DN TIL 4 & (2, 10, 50, 250 ppm) DIREEEG D
BEAMH L C& Tz, — i THABROREDOKBRFITHOWN
TUITH RIS T 2355 2 BEHED 10 ppm &,
R 70 BRI REAR N 255575 250 ppm @ 2 &
DIHRTHoT=T2, AFFETIIHAERICBIT KT v
RARA > NORERICIEZ BT 5725, 50 ppm %
BREAZRE L TR Z21T o T2, O % . REi O3
HORBHBICHERMETARBO b, FAEHIC
DNTH LD - DI 1B W TIHAERIE TAED i
7=o —J7. LDI16 - LD19 ([ZB W TITIKRED[RIEMRFRD 5
N7, A EEREOERICHOWV I, S i chHE 7
HAIMFRSD HiTe . HERIGHEITREO biviero T,

4-2. FEWE X ORI OIS R EALE . B
PRARFARS 3 X OMMIR AL S~ — ) —~D

PTU BREEIRFIC 51T 5 B (LD21 B8 L UVP21) D IiE
R FDRARBIE AR LY (T3 + T4 « TSH) L~L7e 5 TNT
MKAELF~— B =IOV TIIRMETH ST,
BT REICEEIT o T2, FOFER, 250 ppm £ 54
O RFENY) TILHAERTORE R (21KD1004 ; MR EAFFEH S 5
W) LRERIZ, T3 - T4 OFERIK 72 5 ONT TSH
OHFBER EARRD - (Figure 17), 50 ppm &5
BT, HARMORETII T - T4 DFERIET2R5D)
(\Z TSH OF B2 EFBFRD L7203 LD21 Tk T4 OF
ERIETNED b (Figure 17), —J5 T, 10 ppm
BEHICB WL, HAERONEYM CHE R EITR
D OIS T2 LD21 TIL T4 DA ERE T 3789
>/~ (Figure 17),

F 72 P21 IREMIZ ST, 250 ppm $5-RE Tk
EHIZT3 T4 ODFEERE T 725N TSH OF E /e E5-
MED B L7~ (Figure 18), 50 ppm £ 5-HEIC IV TlE.
MR L HIC T4 OFBRIKT L, METOHR TSH OFE R
EAPEBEO LN, £72. T3 TiX 10 ppm OIEIRENM &
50 ppm ORFENME L OMEREMIC B W CAEE R LM
RO BT, 10 ppn W EEEICBWTIL, ML HIT T4
DODHBERIET &, METOH TSH OFE R EFRRD 5
NTze F72. T3IZEBWTIL 10 ppm DR EMWHE L 50 ppm
OB L OREMM I BN CTHEE e EARED 5
7= (Figure 17, 18),

HZEH (LD21 B XN P21) @ FAR ARFHAR = AR AT (2
DUNVTIL, 50 ppm HEBEICBWTREM TH 72720,
A EfREAT 21T - 72, 50 ppm GO BN D LD21 12
BT D HURARARR ST, 250 ppm X G-RE & [FEEIC, A
2k, IR OB A IR, v A R o B HE
RRENBE SN (Figure 17), BREMWIZB N TS,
50 ppm FERED P21 IZBWTC, IEIHIIE O RIEE 72 281k
N Sh- (Figure 18),

MEEALF~— I —1T oW T, 10 ppm BEL Y 50
ppm ¥ G RED RN CIIAFICEBITRB D bR o T-
A, 250 ppm R EREO B CTIRFEER, 1) UL, &
B ORBRIKT, FLEENKEREFE (LDH), o= L A
Ta—)L, IDLalvA7a—)L, HDLa L A7 a—,LdO
AR EAPBED N, —FF, WEmMIZONTH, 10
ppm B L TN50 ppm G TIZH SR EEIIRD HN
2o =03, 250 ppm R SRETIIMERE S iR E Y L E
CORBEREMNPED iz, £, MEDHT Ca DFH




BK T2, HEDAT Na, Y OFERIKTE L
WY LRI T AT v PR OAER EAR
w57 (Data not shown),

4-3. BEWE L CIREMMIZE T D IR RBETEE O
HEH U > 7 b

P21 IZIE L 7= Ve sh 9 o HOR IR B AR L€ o (T4 T3+
TSH) #7 v hAase L, BEWOEIRAKEE (GD18.5)
BROFEAIER (LD21) (231 2 HFARARBS E#E A V€ U f5
1 L o B ARG T S L 0 EME LT, AR
TiX, BEEGHORBIZET 2 2R — FOEEENC S
JCEiESN TR, WERMFEZOREBELZIRW T 5 H
BT, WEMW T4 33 L T3 12O\ TIEIE—ME S oo xR
B CIERYE L=kt EE (RelT4_P21, RelT3_P21) IZ
OWNWTH BT L Lz, 2B, #odl (T4_P21.,
T3_P21) Z# AW =T bafie & LT3 L, fibim oo fd
MAMHER Lz, WEW TSH ICH>W Tk, S DERN
RELGHAL—ZAE LT VoD, EfFTCIXAR
SR ZE A U 7= 10gTSH_P21 & A7z, Iz T, xtHaLbis
1 (RelTSH_P21) B XU ZFd%I# (logRelTSH_P21) 2
K BREEMRAT BTV, FEEER DEWIT L > THRIRN
RKELEDLLRWZ L EMER Lz, FABRFTTHW
% GD18.5 OFFEIT — Z 1%, LD21/P21 D kR — b &%
WS L7-ars—bTEONERERD-D, AHEREZ L
OYEHEERE L, FHABRCHST 5 REmT — 4
WAHG U CifdT L7 (HERE L~V O BIEEEA) . &
TIATONWTEYRREL (B). RERE R*), pfA., f#
Mret8e$ (n) 28 LT, 7272 LEEE#) GD18. 5 7= /LE
IR AR — N O &R ESE A RIS E LTS
LTCWA 72, GD18. 5 IZB3 5 [B1F D p I3RS 72 {1
RIS HEE L 133 2T, Mt AE B O
RIITEELET S, LR ->TG6DIS. 5 kT s L
THEKFOMER G R B X OEYFRE O HH)
T HEITHWTW S, Figure 1912, A RIOMENT T
BONTAERN LB X H SN 24 FRIRBEE R LE
DOZEENFARIX (KER; Key Event Relationship) # 7”9,

4-3-1. W& T4 12OV T

IEE P21 @ T4 (25T, REEMY GD18. 5 @ FLRJR
BIEAR/LE L (T4 - FT4 « TSH - T3) & o> B 4 91 Hilm]
JFCTRME L7z, ZORER, REMW) Rel T4 [ IREM) T4 15
FOFT4 L EDOMBE %R L (Dam T4: R*=0.72, B
=0. 0994, p=1.8X 107 ; Dam FT4: R*=0. 72, B=0. 0700,
p=3.9X107%) TSH & (ZHWAEDOFERI %/~ L7z (R*=0. 72,
B=-0.0824, p=4.1X107%), —J5, BE¥ T3 & OFHEE
WEHT 3 HL WL DDOFETH-= (R?=0.47, B
=6. 85, p=3.47X107"7), WENW T4 % HaxHiE CREAm L 7=
BAEbL., HBEOBEIBIOFAMEEIRETH - =

(Table 4),

BE LD21 OFRNLE L L OBEETIE. REM T4 1%
BEN T4 &R\ IEDOAHES 2 7% L7z (R*=0. 67, 8 =0. 0202,
p=9.65X107%), RENM TSH & 13A &= 72 A OFE BN
LN WNANITEECTH -2, BEW T3 1IXIEEY
T4 L DOEEAEZ R E 2o 7= (Table 4),

MEREZZ IS DD TU, MERERIIZ AR I BB )R AT & St
L7oid, EEREREEET D X ) REEREITRD

ot (F—ZITRET ;T3 - TSH b [F4E) .

4-3-2. "R#EM) T3 1225V T

W@ P21 @ T3 1225\, BEW GD18. 5 O HURIR
BIERLE L EOBEEZFHMI L7z & 2 A, RE) Rel T3
IIREM T3 Ll b IRVIEOME AR L. (R?=0. 412,
B=5.47, p=3.24X107'%), F£7=. REM TSH & I ZTEDFH
AR L7 (R*=0.30, B=-0.0459, p=1.7X10"),
) T4 BELOFT4 & OHBIIHAE ThH > =270 1%
e/ N & 7y o 72 (Table 5), YEEM) T3 Z ki CRE
i L7256 b RO 2R LT,

REW) LD21 ORALE Y & ORETIZ, REIW RelT3
VI REENY) TSH & A OFEBE (R?=0. 34, B=-0.0525, p=3.0
X 107'%)  REEh4 T3_LD21 & IEDFERE (R*=0. 31, B=1. 50,
p=2.5X107) &R L7z, —F., HEW) T4 L IREW T3 ©
BAEIIERD b7 o 7= (Table 5),

4-3-3. Va#EhY) TSH {22 T

WHE P21 @ TSH IO DOELEHZE L, LT &
L CHKEERL L 72 1ogTSH (B LN 1logRelTSH) %
HOWTRHEMW AT L OREAFHE L7, REHED
TSH (TSH, RelTSH) “C& M 21T 7223, AT EE L
T log BHAFERICES ML 7= (Table 6),

BEEIY) GD18. 5 AR /LE v & DR TiL, B LlogTSH
ITEEMW T3 BL O TSH 42 BEE L= (T3 : R
=0. 58, =-30.4, p=5. 4X10-%: TSH:R*=0. 56, B =0. 289,
p=3.62X10%), F7=, FEWY T4 BLOFT4 L L HE
B OMEBENED Sz (T4 : R?=0.43, B=-0.302,
p=1.72X107%;FT4:R*=0. 42, B=-0.21, p=5. 1 X 107'%),
logRelTSH T [Al—OHEEEA G & 4L, kAL O A T
WL DRERDEITRD b Lie o i,

BE LD21 A/LEL & OFETIL, WE logTSH
IIREEIY TSH EHWIEDMR %2 R L7z (R’=0.62, B
=0. 266, p=8. 07 X 10°%) , Rr&EH T3 (R*=0. 22, B =-4. 79,
p=1.0X10°°%) . REEIM T4 (R*=0. 171, B=-0. 0339, p=2. 26
X107°) 1 & BICADMBEE R LT, REH TSH THRE
Y TSH & OFRBEE X [FARICHERR S A7z 23, EfEMT
& LTIk Z2 B £ % 1ogTSH 28 H L7,

4-4. u CT Z H\ 7= 12 2L VR B o F AR IR AR AT

P10 ORE S BRIRZ M L 1 CT & v CElg
L& 2 A, 10 ppm BE 250 ppm HERED FIRRT
JERAEEZE 7= (Figure 20A), F7-. 5417 CT #
EGR S FRARZ 3D TS L, RKinfd & R E 4 E &
fbLiz& 2 A MW TIERERE - A5 & H I PTUO
BRI 22BN N8 B iviz, — 5 HEZ B W TIX 10
ppm & 250 ppm ClAlFRE DO FKmAE - AfE A2 /R LTz, Fm
KA ETHEL-E A EIZBWTE PTU D
HERTFR 72888 5z (Figure 20B-C),

4-5. \BEM DIRE R I OMss~D 8

HIAE% O IREMW) OREIZ ST 50 ppm 5Tl
MEHEE HICKTIREE E AR AR ZI A DN oz, £
LD21 (Z351) D REW Dffaxtidas E R 2 Fl L= & 2 A,
SHRREL LR LT PTU B GIC KV ABEICLEFH LTV D
EZR SN ODEET D H DD, Wb HERIGHE




RO LN oTe, —F fAktliEgeEEZFMm L2 &
A, HEZBWTIHOFER EEOE B RMNED 5
Aute, Mg - B - B « il o BRSSO THRARR SR R
WraAT o 723, SFIREE & el U CH o 2 2 bIXiR o
LN oTn (T—HIToRET),

4-6. VEENIM O RRR SR ST

P21 (2331 2 BN O e S LR B AT 21T - 7=
&AM FERO T1/111 JBIl2BUW T, BN ks
FOI 27 a2 0 70T PTU 52X AT D 5
Niphote, —FH, YEHERICBIT AT A et A b
Hx 10, 50 ppm BERE TIIEIZA BN -T2 D
D, 250 ppm 5 5-HETITXFIREE & il U CA B8N A
Tz (Figure 21),

A6 FHEIZ, 10 ppm HHHEO B ORIz I
T, A 8 WHERREIZ mPRC FEIL S 5 J& CHEMAMp ML O
BHIRZERL AR, VBRI TWD Z & 2WE LT,
AT TAERE L, S1 - ML - VS CAL FEBR T OMENT 280
L7eidy, BPIRZEE X 8o VB O ZACITRR S B h
>7=, —J7. 250 ppm HGEEO LB (8 ) DOKT
1%, mPFC FEIIZ AN 2 C S1 fHIk T & | 55 5 S e
TR DR ZEE R /A BB E DI RO Sz, —7.
10 ppm ¢ 5-8F & FARIC, ML 35 X OVEE CAL fEIK CII 4
BIZED LN oTz, 52, 10 ppm BeGHED RE)
Y (8 W) OISV TIL, mPFC fEIELODEE 5 Bt
FRm o FEEJERBHIR ZE L BE & Neurolucida & X Y BT L
T2H, —IREHR R R B L O, bR EE R B X
OV EORIIR 2SI OB HEME I\ T 3P BREE & bhig
LCHERZLITERD b ivieno iz,

4-7. \BEMWOFEER BLT ~D B L IO RRRF R AT

4-7-1. HHRI BLI @ &5
REME A~ DB EZRFTT 5720, 2 E T 10

ppm } LN 250 ppm BGHEICIHBWCIREMWEEIO in
vivo A A — v JHENT & FElii L CE =, T OREE, BLI
IR (P4 A1) CIME T Hm, X0 %# (P10 L)
TIEEAGTMOENERE 2D B EAT —VI
X0 S H N E 2 A REMERNRIE S TV b,
ST AEEX, TEHETH B 50 ppm FEEEEAIEN
LTHELzE Z A, PT-P16 ITRWTHERE L & ITx R
BEL LB U C BLT @V 2 Uiz, REME O kg
TiX, METIL P10 - P16 T, HETIXPL0 - P13 - P16 TH
BETho7- (Figure 22A), 50 ppm HGHED LR — & —
TEMEDORRIGZEIX, 10 ppm 38 L V250 ppm FEEFE (FR
BIFFEE S E ; 21KD1004) OFERIO S Z — L ZoR L,
PTU O i BARTFAY 72 BEER BLT ~D N H iz,

4-7-2. HBIBLI & BEh¥ts K ONE B R i B A
JLE L L OFERY

ARWZED B L PTU O &S Z I+ 25 2 & 5K
Tlix7e<, FIRIMERER TOBEEE 2 £+ HRLE U iF
L. FT U NI LADES)E ORREEZEIT L2 &
Thd, ZOBENL, FIRRALVE CHOESE) (KT
DEREFE) 2SBLIICH 2 5L 6 L, BLT 28 H
PRI REAR T2 &L 2 VB I~ BT I A 72 F5
L7220 D e LT,

10

P4 - P7 - P10 « P13 - P16 |Z{AJZE L 7= BLI (X% H#ivoD

Rex M cf BRBE S35 CIERL L2 fE) oW T, BEw
(GD18.5, LD21) FBL @MW) (P21) @ RURARBIHEE A
JLE FEEE (T4 - FT4 - T3« TSH (V2 TSH 13 B 8Kt BZs #
ZEte)) L OREAMIFREIFIC L VAL, KA
OWER (R?) Ze—h~y 7L LTaf{E LT
(Figure 23), E—hr~ v 7 TIELBILOENR R Gl
Bh) 2R L. HInZ &2 T EDARVE D BLT £
Fa LR BHT D0 g LTz, AR X
BNIATHOTITHRNT L T,

ZORESRBLL & FURIRBEE AR LE o ORI IE H I
TV RELERDZENRRENT, BARIIZIX, P4 D
BLI i%, GD18.5, LD21, P21 O\ Rk AR pE s A L
EURE L S RPMEL . FURIRA VR U028 % X
ML 25 L L COMBANIFREN TH -7z, —FH., PT
DIBETIE ARV E HRIE & OGS E 720 . P10~
P16 12T CRRBA I m WA TR EEM L7,

REEMFRIE & OBAfRTIL, GD18.5 @ T4/FT4 B LW
TSH (JHEREEY) 25, P10~P16 0 BLI & FLisrt e\ i
&R L, IR ORERIRAR S VE RRE & 1%
AW BLT 836 ChmE T2 b3 2 MmN
BT, LD21 OREMFEEEIZ DWW T, BLT & OB
NRDOOLNDIMEERGFHELEZN, &KL LTI
GD18. 5HRIE L 0 & R* MRIFRE & 721300 WA
%< BLI ZENOFIA N ITEIEIC L D ZEn AT,

IREhY) P21 FEAE & ORFRTIEZ, T4 (RelT4) B LV
I TSH (1ogTSH) &, P10~P16 @ BLI O THXIHIIZ
BV R ZRTHAENRBO bz, b ORERIL,
P10~P16 @ BLI 23, BfEFLHA (P21) ICEIZE SN 5 REMW
O R IREEREAS TIRRE (T4 4K F - TSH &) & Hmtk%
WA CEBLEDZ LEERET D, —5H T8 T3 (RelT3)
EOBRIZ, T4 - TSH & HHEL T RPBMEWVHAE NS
<\ BLI ZZEhD EH o3 BI A $ & U CIIAE I 55 M
mNAH LT (Figure 31), £72I 6 O—@#OMEHT
ZMERERNZAT S 72 BRIC . IRIFEREBROE M AR 51
7= F—XFrEd),

PLEX v, BB BLI O T, P4 1T FRRAREDE
ILEL L DOFERTHL . P10~P16 TxHSAHE(LT 5
&V FERIMRIEME S R &7z, Lizdd» T, FURIRA L
E OB A KRS HHEEE & L C BLT ZALET D
YA, TEDBED BLL & HW 50 MRS R G
1) BRELSLELTDZENHMEE -T2,

4-7-3. MFET 7 b AL E LTOBLI & FEE LV
BN BRI B R L o & OFEE
AITEORFHZ XL Y. HEIZ L > T BLI LHEARYT 2 H
WIRBEE AR VT REICZR PR b, £ TR
Bat Tl B b ZE T 57-O, P4+-P7+P10 P13 -
P16 THUfS L7z BLI %45 H s DM REE %) CIEM
{t (Figure 30B) L7= I C.P4-P16 OEHJHE (BLI_mean)
PEH L, MEET T NI A E LTOHBAMEEEHE L
72 BLI_mean & FURARBEE LT 4542 & 0 BRI
TSI AL v A N 2 R B sl

FOFER ., FEM GD18. 5 O HFIRIRESE AR LE Y (H
BREEH)) & BLI _mean OMICIE, #EDFEHE CHAME 72
BIER D ER D BT (Figure 32), BEIZREEN GD18. 5




D T4/FTA PRNW (FE 2R FEAREI W) HEREIZ L

BLI_mean 723\ 7 ORI ARER S H L7~ (T4/FT4;R?
~0.46), £ 7= TSH & b IEDOFARI I @6%&@20%)
PAEX Y, BLI_mean IZ#ERFKH] (GD18.5) 28T HE:
%@%%ﬁw%y%%(mmm%)&¢%ﬁuﬁ@ﬁ
B CxbIs L CEEId 5 2 EAVURES T, 7k, AT
IR D GD18. 5 MAFEIEIL, LD21/P21 & iFBl=ahk— k
THESNTMEEHEH LY E L THELEZLDOTH
L. AFERIIMEKT E o FrtbER~T 5D TIE
R, —H T, HEREL L TOREIZHE W T, RMARIR
PSRRI T K &= WEEIE U BLT _mean O & KE WD
EERLTEY, BRGNS EN R ST,

L.D21 @ FRPREE R )LE DWW T B AR TR
L&A, LD21 @ TSH & FOMHBENRERD ST~
(R*~0.48), 72 T4 & bHREEDADFHENGED i
7= (R*~0.32), —J5C T3 % BLI_mean & DORHEAH%F
28V (R*~0.18) 72 & FREEIC K VAT e -
7= JREM P21 OHRARESE A LE L & ORI TR
T4 (F 7213 RelT4) TEEMAIERVVE OFERE 23R &5€>%L7;
(R*~0.39), £72 T3 BLUTSH TH FFEEDFHBENE
B (T3 :R?~0. 26, TSH: R?~0.23), HmtEe LT
IR, JREN P21 @ T4/T3 IR FEB LN TSH EF-2 K
X UNVEAFIF & BLI mean 23 VW ME A AR LT,

& 51T, BLI_mean & F&EDEEFRIZ-DUNT BMD T %
fTo7=& Z A, BLI_mean [ZHEMKGFEH 2 LR AR LT
(Figure 33A), BMR % [xfHELE2>H+10%Z1k (51.1) )
ELTHEMH L BMD (BMD10 FH24) 1349 12.8 ppm T
V. HEEOAHEEMEIT B RE W DD (SE~22.8
ppm) . PTU 10-50 ppm O#PH T LA R4 CHS 2 &R
X7~ (Figure 33B—C),

1-8, A A— U 7 MS & AV IREMIAN D TH 4345 O fiF

T

A A= MS ZRWT, P21 JREMN T O
Fr B T3/T4 534 OFHAM % A7z, ISR IZ BV T
B TR 0.1-1p g/ul THo7zdd, =~ U w7 A
DORMRFTORER, B TFIR%Z 10 ng/mL & TET 5
TLENTE, LMLARL RELE~ MY v A%
A2 HWT, Mk A ET T3/T4 ot aRkAalz s =
A, T3/T4 OE— 7 OBBICIEESL 72~ 7= (Figure
26), WHEARE) A T T3/T4 M3 % 72 012 I3 Hgk
EOXLebmENNETHL EEL LN,

VR BN I D 8 FE B - S BT

0, 10, 250 ppm @ PTU Z#¢5- L 7-HEED %%
T, P4 - P21 D& AEE (mPFC « S1 - ¥EE) | 7‘5
a3 Bl E % RNA-seq | ;@@mbtoﬁ%MKE
fGARELT —ZIZo20W T, BET w7 7 A4 VEKRDIH
PPER L ORM MO BRI 2 al kT 2729, ERYL
%7 — & % W CIRICHI ATV, UMAP (2 X 5 ATk
AT o7, FOREE, —HoY o 7L TEEZEICE R
HEEZLNDADANENRRBROLENT-bDD, ik L

TIINEE B L O RE Z S IR 28R T e >
7 ANV ERTHEANED Hiviz (Figure 27A,C), E7-.
PTU OHEIZHEB T % & P21 123U T mPFC -+ S1 - 5%
O 3 HECTHMREEZ I Tey "BR—EDFELED

11

oA BE S, HEID LIC R BB T53%E
a7 7 A NVERT A REMENRIE I (Figure 27B),
BRIC P21 EDUWEBIZBWTIZ0 & 10 ppm DT 1y R &
%< arﬁﬁ‘w—j’& 10250 ppm D7y FEELE
T N— _/\ﬁ)hé{tﬁl‘]# WO oz, PAIZE LT
L. VRS IR & WCE L Eo-7 Yy MO
ﬁ%;éhﬁo—ﬁPﬂ®mei%mg®7D/F
N —IZOM L TR, ZORETIZHEIC X DA
R EETRO b o7z (Figure 27B),

4-10. ﬁ%wﬁ@A®wE

;ﬂif@@d . 10 BX 250 ppm HGHED

HeME VBN Tl ﬁ~7/74~wkﬁ% BT
BEEBE S AR L, ARESENLHET D2 &
DTSN TWD (Figure 28) ., Z 0% @)
(hyperactivity-like) (2% L. ADHD V&% &L L CH
WHILTWD ATX & 7= REL R AR AR 2 £ L 7=,
FORERATX 1T BB O IR BN & 2R 72 2 b2 IF &
T, 10 ppm HFGHE TR SN IEBEO I Z A&
E U7z (Figure 29),

F IS VEFR B EARBR T, 10 ppn &5-FEOHEME
IREMIZ BT 4 BRI IR SRR A BN 5
ZEHEINETIIRLTE ], —F, Sl I #Y

WL, BEEHFRINC S ) 2T TR RICIEE S
Rinot, =2 TAﬁ7$fi\mﬁ%ﬁmLT&d
BATo T2, ZORER, 8 MEnFEFORENEREM 72 5 ONT
WisE L O 8 Wl oMErE R IZ BT ﬁi%
EELRWG OO X233 5 27 o 72

(Figure 30), & 512, 8 AERRFOREN:EEM) 2 XF 5212
BT AEBNE URERZ E L7=23, 10 ppm &5 &
SBEHEOB TEWVWRB LA 7 AERICHEZITRD S
nigmotz (F—21IREd),

4-11. JHPEX o CPF BRFEIZ & 2 2B IE

JEPEWIRTE I L WEW I ITEN R N FE I NS 2
ERHREINTNS, wkiwa)mm@zﬁﬁfﬁ
ﬂ%ﬁotoﬁﬁﬁﬁ¢®l%%kio%%%®mé
EE@HE CPF B 5IC KD EITTED N T,

BB O in Vme /Vfﬁﬁﬁ%%ﬁ@ Lz

L :5\ HETIX 10 ppm & 5E£:D P10 &, 50 ppm &% 5-F

D P13 2B\ T, WFPREEL i L CAHE R BLI 0K T

NRO LT (Figure 31), METIL CPF 512K A8
H BLLI ~DO T D N o T2,

BN O SRR E R 2 AT o T2 & 2 A,

JICEA

g, 2 7r 7 U7 RBIOT R brd A PO
FrBt O BITFR O b g oz, ARG ~ D%

ﬂ%&%bt& A, LD21 Of#E ks L O P21 D E)
T IBNTHRIFREE & boie U C CPF & 58 T 527l
R ELITERD bR o T,

CPF 25 L7-IREM D P21 1281F 5 kL F~
—H—%RELE A, MlfEE HIZWTIOHERIS
BWTHHMBEEL LB LT v AT 7 —EiEMH
(ChE) OFEERMK TR bz (Figure 32),

5. MKW /VE CBEIEEO LB ZEE L2 b bl
R R BRIE D EE




5-1. NATagEE L P EROT Yy MIZBITASH
SRRV B B

b MZBI DEEFEBEEIT. OECD TG426 AFEH 7z
2006 FELLFE O SCERIZ % L TYTVY, Google 72 ¥ TH—1U
— K valproic acid, human, T3, T4, thyroid 72 & ®
FAAEDLEICLD ey M LD, FURIRE LT
VOEREIToO 2 MAERE L, b MO LR
BT S0k (Figure 33) i, Alhyan (2023) &%
B MZ 10~20 mg/kg T6 » AR OHEE L, ELISA A
W2 T EH O BURBR AR VE > 0 T3 13880 L. T4 1380
TAZLAERE L, T41E T3 ORIBAETH » K% 5
W AHEEMRBRIOFRPEARLE L L LTHLHN TS,
—JF. T3IHEHEITE VR ALZETH Y T HEIC L)
TFE LRV, - TARRERITR U CTHRIRIRALVE D
W 2 oRrMe4 %, Gungsr (2024) Bt M2 10~40
mg/kg T 12 » AFR O S L, ELISA {EIZ Ty +H o
FURIRSR VT Y (T4) BB LW EE2®E Lz, W
THOFHIL Y Cmax ZFed L TV dro 7,

W2, BEOT7 7 e —F T, 7 v hOXMIZHOWVTH
2 AEE L. (Figure 34), L2>L. TG426 ~D¥EHL
IV b it STV edr o 72, El-Bermawy (2015)
H1XT v M2 200 mg/kg T 5 HME &S L, ELISA IE
(CCTIEF OFARIRA VT (T3, T4) BEDT5 2
& A LT, Mahmoud (2020) 1%~ v KT 200 mg/kg
T 8 AR O #e5- L ELISA {312 Ty o oo BUfR i as v
EY (T3, T4) ML THZLEZHELE (W
Cmax OFCHE L),

UEOXEFAEIC LY, ST afae REROT v
MZEE L7256, g o RS VE 'R D
THHENL N LEDRIBE N,

2. THRa / w27 X7 L=t b iPS #fR D NGS f#AT
THRa / v 7 Z7 Lizb b iPSHIM Zshik (SR IREE)
SAEFHEE L= & 2 A, negative control @ scramble
shRNA 38 A U772/ & e TRk~ — 2 —CTdh
D PAX6 DREMNADTHZEERELTWADZ &b,
THR o 13 (OMIEEE) SMbicB BT 58 E X 6D,
F ZCAAEREEE, NGS fi#HT 217V, THR @ O R TH
B (FMIREE) 73 bz B B B A5 1 DM RRE 2 A 7
NGS T —H L NRATTAFENTIZE Y THRa / v 7 X'
VTCREANBKT T 28 2B LI2HER., NRG2,
NRG4 72 & OAFRED 43 L0 I B 59 5 K- 2308 E S
7z (Figure 35), 72 S1it2, PAK 72 & O#FSHI D
Bk g ICB ST AR b E S (Figure
36), & 512 SNAP25, Complexin 72 ¥ D F 7 22 fHTE
L CTHREMECHRAICE ST 2R FbRESINT
(Figure 37),

D. Z%&

1. 7 v b 28 HEER D55

OECD A KT A > (T6G407) 3 L UYL WE DA
OGSO BN T 2EBICHE SN EHRE 2 H
UMz 28 HIBIRCIE R O353R BRICHE U T, KR x 2RI
S HFRIEME %27 v MCEERHETHRS L, IE
SREERAIE | R ERAE AR 00 - S A L RO R % S
L. MiEHR/LEAMEE DB ZIT - 7=,

12

A6 FREE TIZ, OFRIRRILE B RRIZHED

BECTH D HRIE~ VAR X —¥DMHEHR (PTU -
MMI) . @QFRIEARNLE L OBEELHERKS Th DI 7
FOYENE _ERIRN~OBGAABAEA] (APC » PTC), @
KIIZRIT D T4—T3 a5 Bl = v EfEESE (DI0)
DFAFEA] (T0P « ER) . @O HEW 33 O3 BLFEE %
L7 HUR AR A V€ > OREHMEE IS X D LRI E
(NaPB * NCD), ® FIHEMRI(ZEIT D TSH EEAIHNIC L 2
FR IS BRI T (BEX - LG). ®in vitrolld
WC TSH Z B RS ER NS ST a8 (VA-K-
14 LM ZHW=, v b 28 HMRERDFRERR%Z
Ehi LT X7,

ST AEEIL, B0 9B L6 - LM OFEMA IR, B
To BRI E & L C@ORMRIRA VT AREHIEEEA] PCN,
BIOEWE | AEZHWEPHEABRE LTR®avE
BOAZA A 4 FE (APR « PHF - OFF - ETX) & @i =3 v 3
feEPH 2] 3 FE (FLU « TPN « OIT) OfEt% 5 L7,

@PCN $ 58Tl 1y T4 Wb A3 &2 6, TSH #
A E AR TR SN —J7, IREHRR AT IC R
V5 FR R R R IR R MR & B IR AR
KNP HEN BRI, £/, WFEEB X O
UGT1A6 HELOF BN EHENS, FRIBEER
FJOHIRIR NIS B OB MAmHE TR b,

OLG 5Tk, HERAE R M T3 - T4 DK T2
B S = —J7, My TSH, HARIR - FTRAEROLH)
WERR 8 B X7 o T, R BRSO fEAT T, BRRAR D
oA NIBFESEOL S, i deflc L FRIKICE
% TSHREBLOA BB B ElEZ I,

®LM F 5B Tl Mg T3 - T4 - TSHAB IS L OV IR -
TERAEZEOARBRREHIBO LR hoTlz, B
RSB EHT TIE N EBARATEE O IR/ ZE b3 E A &
., HEREICIWCHRAR T3 - T4 FEA, NIS -
NQOI + GPX2 HHiI L OV F AR TSH BB OEHE T T h
HRD LR T,

SR 6 FEEFTICEONEROEERERLE LT,
O~@DREFF DEWE 3B TR B A AT I B
A FUIR IR R R O RN, fLTE AR L B D
EEhnAsonlzHAEERES LAXMEHEN S, HFt
FHEEEEZ L CGRO LNz, & 7 FEEICE N L
72@PCN B HBEIZB W T H RO RN B b, O~@
OPLHF AR E OBHICES L. IR O 95 B R 2
RN I b ERE R IR L R 05D Z L RS T,
—J7. OLG $5-#ETIE, BEX & [RAEEICIEN bR M e
KIZZBO LN Do T=m, avuA RBHEIFER I,
TSH PEAEFREIC L 8% Kk L7=Z{bTh % nlRElE
N5, £l-, O FGFETIE, ® L RERICER ER
AR RIZED 52> OO, FTEKFTHED D
K/ ZERAE 3 FHTE S, TSH ZRARFEHUEMIC L % 5
ML LT CH B ATREME N B 2 b T,

GaE YL A FRRIR T3 - T4 Yea (R T 23O Fk
R F v F —BIHERB L OO 3 U EBGAAE
X vFERSNT-—FH T, o 7 FERFS (G-
LM+ PCN) Z&de, OBEFIZ XL AP E ClLF
DR TIIRD SN oz, LIz - T, Bk IRICE



5 T3-T4 PEAEZEENIZIHET Z2WE (D-@) &

OB 2 U 72 [ B84 72 L IR %E%?ét

DI, T3 - T4 EEENEHEHTHD Z LBRENT,

GayE e T 1 5 ORI NIS O Tld., @3 v #EH
IAFBAFER] (APC « PTC) (2 K 2R BHEMA, 1L if A€
EEE), R ERORT R, HFARR T3 - T4 Yeth & tb
L CRVIRWAHEN SR Sz, SR, Ol =
v FEEFE LA (I0P « ER) Ti. Mg R/LE AEZEH) -
ARSI A RAEE I X VIEHAELS NIS
FKEOKRTRBIEI N, B 7T HEERGFSOGLG B
K@M Tix NIS BEHEENIZED i1, @PCN TiX

BN L7 b 00, g T4 KT O N ERETH
o7, LLEDORERN S | NIS BB 3Q8 L U@ D

Fr e BRI TRE R FRRE T o Z LR E T,

HERE R BB T FEBURNT DFE R B R, A~ — T — &
e LTRSS NQOL 38 X GPX2 1o T, O
R~ AF o —EHER, @3 U RECARBREA,
@Ml = v FEiEHEILEANC OV TR0 & FEhi L 7=
B, MiEFRVE MEES) & R R CHRE R REBEMA
i Ehiz, 2o ORITIO~OD¥F+=H T 58
HARIEE OMBICRIAMRETH D Z L ZR LTV,
T, BEMFEMEEEITR VDD, @ (NaPB - NCD)
TIIE AR /VE 288 « FURIRIERIZAE S NQO1 - GPX2 3§
Bl ME R, *THRAYIZE® (BEX - LG) B X UV® (LM)
TNQO 1 F721% GPX2 BELOWMEM A BT &
o, TSH PEANHSE, O~O© OB T~ F| H Al aett
LRI S T,

HERERBAS TR BUNT OFE RN S . BFn 7 FJEI2Hr
T2 7231 F~— T —1fEAifi & LC DPP4 « SNPH A RLH & h
72. DPP4 (2@ 3 7 FBUAARER B GRED HIKARIZES
W, MiEFRLVE AELE) & FIHE (APC) F7213 LY
KHE (PTC) MoREMNERICEMLEZ ENnD, F
a2 BT 2RI E ORI ERZREETH D
ZEWBRENTZ, MATORRB~ LA F v 7 —FH
EHITIE, BN R R IE K O FEEE I RE o T 3 HLE N
A2 LTz, E£72 SNPHIZ, @O « QD FEGFED FR
BRIZIBW T, MG R /LE 288 & R & TR BN
Mz Uiz, BLEDOFRERNG WO b S B 22 r fF
MaEYAR—r4T 2R E L THEATH D AIHEM I RIE
S,

FORAREE R, et 2 X 5 FIE(K TSH EHB L O
FURIR Ki67 FBLOEMA, O - @ - @OEWEIZE
Ty T4 F 7215 TSH OZ8 8 & [RIFREE OJSE TR &
oD, 2D ORENTIX R X B PrE IR E
RHICE R & & 2 bivie, —J7, ©TSH FEAE R E A (LG)
1%, BEX & [AIREIC PR TSH 3 HUR F 2 35% L7, L6 &
HEZB T 2B BUR T i3y T4 EOF E el & FA
BN FIAEEZ L - TRDLNZI b,
TSH feEYeta |3 TSH BB LHED A7 53, TSH FEABHEE
O¥FOHEEICH H TH B FIHetEd m ST,

U CIIATFIRIC 31T 5 UGT OFRHLITHEIC L » Tl
W T4 O - PEIEDMIEHE S, A 72 BT LR IRAE A
DFHELEINDZ ENMONTWD, 5F1 7 FEREDMNT
ZEw . @ (NaPB - NCD + PCN) 12 & 5 UGT1A6 F&EL D
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IE, fyE A VT AEOZEE) 72 6 ON IR PR 7 T
REFHEFELITLIVEAENGRD LU, MiERLV
FTUEOEBN L VPGB TH-7-0 - QDHFEWE &I
KRB TH o7z, LLEORERI G | RO HE&HE - 5
PRRRAE & UGT1A6 Sl Yetald. @HIRIRA LT U AREHIE
EAOBRMCHEHATH D EE 2 Bz,

%ﬁ?ﬁf’%ﬁ@ﬁ%%%%%bt?@@#%ﬁ
MEVE L, in vitrolZBIFT 53 VERGAAEE /-
IZ@ML = Wfﬁ%fﬁﬂﬁ1ﬁﬁﬁb>%ﬂ LB —F, in vivo T
DI RNV E ME~OEBIZET D HFRITZ L, 4
mDZ v &AW 28 HRERGHERIZIB VT, BL
TofENMELNT,

@3 v FEBOARPHLERTIZ. APR - PFH & 5-EE2 B0
TG T4 I8 3 X O TSH #9256 H S v, S ERAE AL
FISEAT (2331 2 FOR RIS A B R AR AR K, g defalc

76@%%% T4 W 3 JLOVNIS FBEEM, THEAE
TSH FELHENMNNFRD B, R OBREHAYE (APC -
PTC) DfEH & —% L7-, OFF 58 TlIimig T4 Wb ¥
L OVF IR TSH FEEBEI A FEE ISR S =28, T8
ERAABAE R OF B R HEINEERD SR> 72 ETX &
HRECIXHR ARSI AR R R, FEAR TSH B8 LW
FURAR NIS ZEBUEMAFARICHESR Sz, gk X
OHRIRD T3 « T4 K FIZA Lo T2,

O = 7 FEEEEPLER Tl TPN 5 R BV T
TSH H#EA0, F AR TSH FEELHEANTS I OVELIR RIS A 5z
FRARR A FHEHE S du, NIS BBUIBAEMZ R L, Zh b
DFERIXFEE T ORRFHEWE (I0P - ER) & —F L7,
FLU B¢ 58 ClImyg T4 o 23 Sz 23, @G
HEW'E (NaPB) & [AlEE D /INEH LR AT AR AR K 36 X O
275 UGTIAG I MMAR O SN2 &b, in vivo

TIE@IFIREZ T LIt R ER O BB K E W &
DR ST, OIT #E5RETIX T0P & [FIERIC ML T4 1Y
IR I BAVTZ A3, TERE b Bz R AR AR R o A5 72 HE NI 58
OB T,

LEDOREREZZE L, S 8 FREIZF 3 55
BARE L 28 HRKEEGEROWRME & LT,
@3 v FHECAZFHZEFA] : APR - PHF 3 L @M 3 w7 %
FAEH] : TPN O 3WEZEIR LTz, £/-, FMliiEE L
TOEFEENER LoD, OFRIE~VAF v 7 —EH
EHNZOWNWT ., FHEIGBINOERYE S LT DA B
FOVSMT 2 W= B &2 FEiiT 5,

2. 7 v FHRRE IO TEREICE T 2 #EMERN S A

BT
A6 FEFETIZ, OFRBEAVAF X —FRHE
Al (PTU - MMT) . @ = 7 FEUAAFHEA] (APC « PTC), @

it = 7 SERESR LA (T0P) | @H R MR A V£ ARG
Y& (NaPB « NCD) 3 X O®TSH FEAPHEA| (BEX) D
SWEIZOWT, 7 v MRS L OTFTIIKRIZK I 518
FRIEE T RBIT 21T > CX 7=, A 7 1387~
(2. ORI~V A2 ' —PBHEA] (0DA -« SMT), @
Wi =1 7 SR BHEA (TPN) 36 L O®TSH EEAERR A (1LG)
D AYWEEWHRWE L L CGRE L, LG IXHRAR - TH&
KO~ A 7 a7 LA fEHT% . ODA » SMT « TPN | F IR R D
~A a7 LA N EE LT,



LG Fe G- HETIE, *FIREE & b U CRE o s MM H] 23
Ao, BRBB IO TERAEERICEITRD S
e o e, RBROM/EIE, SHEEIZ AT LTI E S L
TERRODOFERLE L —H L TRY ., ARBROFHEMEN

mInrz,

~A 7 a7 VAT ORER, L6 &5 CIXH RIS
JOTERIKICB T 2 BB REALEHITDOTNTHY
BN HE N L 7=GTSH PEARLEH] BEX & Rk O %
~L72, ODA -« SMT 5 5-RHED HURHR T, mEITHEL
7~ ORI~V F 3 o & — PRHLEA] PTU « MMI 12 BRI L
THEEFREALIHIRE TH o722, ZTH IR
TEROREEZKMLIZbD EEZ bz, 7=, TPN#
HREORIRIRCIX, @Bt v REEELEA] 10P & FEfE
JE DI BINEAR T 3280 iz, S %1% (ERTE =
LT — X OB EATV, PR RN EE 2
WCOWTHRT LA TETHD, £, ~A 77T LA i
MrOFE 77 — 2 138 - FRIR S IZ8EE L, #Fiie /e o
F=—J— & L COIERITI A, BrH IR E AT O
FE~DISHE BT,

3. [EFHERE IS L OB 12 36 2 HIR AR B RE &Y Al

2B B IR

OECD MEFIFEAFHICBTIL, HUIRIREERESEE 2 55
Y D2 OWFIZTEDS HEED in vitro FHEN B
FEINhOooHY, —EHTIEIHLLODEFEREIINY T —
va VEHEAEED BT\, F 7=, EU-NETVAL LISt
#Hf%& (PEPPER, PARC %) & i /1oma % v 7= 3
B ESRE L T "IREME L A BT,

EPA @t b HURIEAAD 2 AW 2RISR 2O W TIE, 4
MRRIZBIT AN F = a UERN—EOREL S -
TR E, TORNENmXIbEINT- (Toxicol Sci.
2024; 199: 89-107; Toxicol Sci. 2025; 207: 415-
34; Toxicol Sci. 2025; kfaf166.), —J . EPA TD
FHY TH - EE ORERFEINTEY , 5
ORI DWW TIIAREI 22 0 AR Sz,

—F. IS OFMEITWTIRE U X 7 Bl Tl A
<o A= FiHliZ2 FRE L TWAAITEENNE L
Bz o, £l2. 7 v A BRI O E )
A B LUl s Sle e YTV E AW

AR O fi B 2 IS T 2 B R bIRE SN TR Y |

MR 2 IR S L & B 2 b T,

4.~ A5 pES R EE IR € 712610 B RES)

W R~ W
L BB L REY o BRI EOEB I oL

4_
<
HxIZZFETIC, 6DI8. 5 2T B REMW OMEH
b, YU ASO PTU IR 51235 T 250 ppm [T MR
A7 FUR RSB T 2358 L, 10 ppm (3 ETH
HAREMEZE R LT X 7= (21KD1004 : M-S WFZea &3 .
A [E], LD21 OREMWFS L O P21 o EENY (MERE) o T3 -
T4« TSH ZWE L7 & T A, 10 ppm FEHIZ XD HEWY) -
B8 & HIZ TA K T RRD b —J7 . T3 K T IX B
TiE7 o 7=, TSHIZDOWTIX, 10 B XL T50 ppm &5
MO RS CHE R ERRRD SN, 0 B
ME1E 250 ppm FEHREE R LTI 1/10 REECThH - 72,

14

X512, 10 BEL W50 ppm B G-REDO REEY & REMWIRET
% TSH O ERITRD DN hoTo 2 L &BE 2
HE, BHT10 ppm PTU IZHIRIGHEREIR T2 B E LTS
2 BMER O H & TH 5 AlHEtED RIE S,

F 72, 10 ppm B 5HEO T EMMIER KX OV50 ppm 55
OREENY) - RENMME CRRO Lz T3 OFER EFIT.
MIESROHECTHAINARKIGTH Y . FUIRIRA LVE
VEHDBED T 4 — RN 7 SoRAEHEAE GRS, 73U
FRE, 7 VT T U ADOEAIR ) ITFE D BIGTH D Al HE
WRH 5, Thbb, T3 IXRIRIEEEI T O “higdR
L) K0 T4 RIS U CAEROME MR 2
A D CTEE LGS CBIRES LTHRT 50
NEYBLEZOEND, 20T, W & IRz
NOFEED[ERAEAT (BBDR fi##T) 72515 S 7-FT A &
HLIEAT D (Table 3), WEMMREI O FARIREREIC T 2
FTIEME L LTI, P21 @ T4, &V DI xRE TIES
L L7= RelTd 2 bR E < . BEMWIERLE VB
BoZbE o%iat —8 LT\, —J, TSHIZH D
EBANPRKEINT D AR (1ogTSH) 12X 0 B
TRPEDNLEE L. REEM A VE v B g D28 b & S
FL—2AFT2EETCHSTZN, ADT7 4 — KXy 7D
FERE L TRE LT D INEEE OMER TR,
Lo T ISHITEEE~——L L THEHTH S —
J7. FRIEERBIKR T OHREFREE L WS LD | T4/FT4 (K
TIZAE D IR L E L TALIED T 5 O EEI Th 5,

REEMITIE, GD18.5 @ T4/FT4/TSH/T3 (FH&EREF
%)) & HEM) P21 OFEEO RN OWEIERR (FVvR?
THil) 23388 b, FrICIREM T4 (B L URelT4) (2
K HEFBNLE Do T2, KN TR B AV 5 EES
1. TEUREH (GD18.5) DEHA T4/FT4 DK TARKE W
JOBRIZE Y BEYL (P2) o REM T T4 K FX° TSH
EAEBRKE V] 0B LEHEKEEZ T HO
Thbd, Tobb, WEWOFRRSALVE HEE &
DNT (TG426) CHEaR— tHAR Al 2430k (EOGRTS ; TG443)
EVO TEAMOREWVRBRICHETRTOERM TH, HAE
AR AR (16414) AR EFMEAZ Y —=
7Bk (T6421) “ECHOLNDITIERRM O REMY T4 %
CEREIEGRAEEE” L LT, WORRIREEY R T 2
E L iBHNERER (DNT/EOGRTS) @ FEhHkrd b U A — CH
Wik & U IR C& 2 alaelt 2 8 L7z 8T, iRk
W% (tiered testing) EOEFITKZ\, — 7 CARMENT
IZ. GD18.5 R&Ei & P21 IREMW DT — X 3Bl 2R — b
THELNZLDOTHDHD, Z 2 TORINZEBRITTHE
— T OfERE] ZEERT O TR HER
LV COBEEEZ R LTZERTH DI RICHBENLE
ThHDH, 5%, El—=3dk— FhTGDIS. 5 & P21 % [Alks
WCHIE L CHMERT D & & HIT, PTU LIS o BUIR IR EL
WECTHRBICHKST D20 ERIEL . S HICRHE
T4/FT4 78 & OFEEEIR T LS TIREM IS ) X 4h
DD (B 10-20K F72 ) &2 bV A—fE (BEfE) &
U CHELT 5 Z & T, {TECHIBNCER T DS L
TORENEZZD L Z RIS,

—J5. LD21 H#Eh & P21 RE T —Z 13[F— 2k
— K~ THY . DamID 2SS < HIEF SN T D, ZD
ZAEF ik, BB LD21 0 T4 3 L O TSH (22 @hi P21
DO T4 RBEDN logTSH EAEICEEL., &V bITREW




LD21 @ T4 1Z2EMW) T4/RelTd TR I LT=e L7722
ST, HEMWFREE L LT, (1) 4E4RRE (6D18.5) 12
B 5 T4/FT4 23 “BHARURERF VE VEREE” ORESE
FEE LUCRENELS, (1) #3RM (Lb21) @ T4/TSH
VERE TR OB 2 SEHFEAE & L C B o UK R
BRI TREZ L KMT S, &0 ) ZEOMESIT R
AREE E X LD, AT D L. KWEW O IR IS EEIK
TAE BRI DIE P21 @ T4 (RelT4) TH Y . TSH

(1ogTSH) 1ZZFNICHERET D7 4 — R w ZIn& L L
TETHEEE~—h—, T3 1IME - R0 Es
ZFRTVWIEBAIEE L L CIRT 2 0 EE Th 5,

10 ppm ¥ GHEOREE . 8 WEAIFIZIX P21 THH
ST R OB AOPT AL (21KD1004 : fa A Ze i s
) LMmH T4 LV OKRTIEERD bivZes-7-, 250
ppm WG FED MBI T ., 8 EEFHIZHRAR T
TEN_ERGHEIE RN DO F RSN DRETHY |
P21 THE® b 7= A 72 FUR RS RE IR T OPT AL (2 e
A RS 3B SN o7, ZHUT P21 BRI
PTUREF R/ Dl BICHI D B2 7272 Th Y | PTU $
A2 X B BRI REIR T I T CH 5 2 & AVRIB &
N7 LW LEFDO—JT, 10 ppm HEGFED 8 B2
WTH ATV N EHi L T\ 22 Ens, JAES O H
AR REAS T I R B ORI IS AR A i 7o e % .
ZTCWB EEZ BN,

S BIZARMFZEIZIB T, w CT FEHTIZ L 0 P10 HEN
WZHB1T D HURIRO RS - REnfEO PTU H &R AEHY 721
MERHTE D ZERHALNE -T2, BiEH~T A
OHRIT/ NS < JERIRRE D S O BB 1 m WO E
DB THDZ L6, uCT #R - 3D LI X AR
- REMOER(LITRRBERZMTET HHELE L
TOFERBMFEEEN D, £EW LMk E AW T
W IE DZEAIZ DN T HIRT L, B2 7237 A—X
ERETDHI L TEBIFMEN TE D AREMERH 5,
ZO &) IefEHTRE R, BEAF O IR B R TR ARAT A 4l
SET D DI 5T, BBDR fENT~DIFH LS5 &
IATHD, SHITELICEHEVEERICBO T LR
DHTETHD,

4-2. JEPEAHUIRIRHREEAR T S ATEN R E 2DV T
AR 6~T FPEIZ/T CHRER &, NLRITE),
i - REEVEITE), ALY TED, (R K2R
T 5 EHOITERER 2 B3 CEM L TE 7, TR
R, BECEEMEOFRRFLVE S RENEE S
55 (PTU 10 ppm 2 5-8f) 2B\ T, 4 kI L8
B O T ERE FA—7 v 7 4 —/ RRB CREBEE
BE DS TRD BTz, AT RIT IR R D221k
EEDRNS T2 D BB RS DL XD
b, FERE TSR 2BIEEEEITE (novelty-
induced hyperactivity) & UL CERT 20N ZYTH
%o £7-. S HERIRICA—TF 7 ¢ — /L FakBh & FHi L
TR 2 b BT, 9 Il THIAT BRI N ORI o —
ABRZ I L, ATX &5 OREBLFHME L7 2 A, ATX
I REEOIEE) & 4 BRI 2 S8 3712 PTU BEDIES)
SN Z3E] U 72, ZAuE, PTU BREE CHAER S - f 4
B T OWIEERRATEN Y, Dl &b~ X/ VT R
LU R TEM SN ITEIN 1 CTH D 2 & 23k
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LTW5, £7- 8 Bl CERmLI-T T A EBNEL
HBRCIHBHHEZENRO N2 D, [TEIE
LR RERB VR LITEO—FRRTTELE L TEND D
JCIEAR < T2 HRBN DIHarBRE T COEH) G H)
TLEE ] 12> TV D AREMENE W, Tb b, [TEi ' m
77 ANDOELIIAEITEOILEHAREME NS K0 b
Frar Ik 5 RS O R (BIEIEFR D FRIE) o5 HE
- EEESOBIICH D EEXLLND, —FH., MR
AR BAERER TR O LI AW XM o,
FEEMRB DR & UTHEIR LS 525, [RIIRFIC AT~
DI LI D2 b % K3 5 "lREME S & 5,
PTU 10 ppm #5813, REME I OCEREMONT
IZBWTH T4 (FT4) (K F oA Z 7R L TSH ITZ (L L7
LW NG FMR S EZ R L TRBY, & MEFEMET
LIZLITHWL N A EIRYE hypothyroxinemia/
hypothyroxinaemia (FT4 {EAE - TSH FEYESFLFH) (20 V VR
e LT@ESIT bND, EEE AT 7 Tirbhic
3,800 MO AHXG L Licaim & AR — b
( Generation R ) T IX . # Ik # # o %
hypothyroxinemia (TSH FEYESEFHND FT4 255040 TAL
5%) D3, 8 3kMEFD ADHD JENR (Conners KR ADHD index)
OEFEBEL, 1Q THRET D L®REICHFE T LD
D, TPO PURIGMES # R E-IX B BER TIRE L TH
WlEkRE T o7~ Modesto et al., JAMA Pediatrics,
2015), = bz, NEIEE)VEE O BEIRIUKF (F
JE XD HAMER O @) ICBEEL LD &)
BT, ZEMEEICB T 2 FIRAEN B 5, AR
X, FESNO XS LN 5mE (F - F1K) ToIT
Bl 2 e L3 < RS EN DRI D HrAF
P/ BERAKAE” \TKTE L CRET 205 - FEE%
BRI T WS S, 47 X T 2000 a5l L
TAThH 7z ABCD = A— b Tik, fEEY O BE
hypothyroxinaemia /N G T " S 7))
hyperactivity/inattention & BHiE# (GH## OR 1.70)
L7z—0 ., BlRE CIEB#ER A BT, - MoORETT
(R, BI72E) CoB#Eb P TIXroT
(Oostenbroek et al., Psychoneuroendocrinology,
2017), [FAIERIC, 7o ~—27 A=k — bk (DNBC) WD
5 BEMFSE T . RHARFUIRIRIERE & VO FEATHERE - 1T
BRI O B X HEN RS TOARED L, £ ORE I
QIETFTE bir LA “isolated fT4 £k (=
hypothyroxinemia)” BMEM.TH D Z EAVREINL TV D
(Andersen et al., J Clin Endocrinol Metab, 2018),
INGEEEZD L AR CBIE SN HFRET
TOEENEETUE | X, FEN L AR ZR &R
PUCBATEAL LoV SRS, VER - fTEhH A (G217
HE)” OFEE LTIA LN AEFEMA & R FME
EWVOBURTHAMENESLTEBY, & MIAMET S
RSB L R BARBMEEZ I HND,
FO—J T, FIRDIEY Generation R IZBWTHEE
& hypothyroxinemia & ADHD JER D BH#E L 1Q CThlEk4-
DE—ERERTE LED ZERREINTEY, FiIRIE
FEREAR T O RN e — ORI 12 FRE S AL 72 VW AT REME DS
REBE XD, o T, AFIEOENOIL NN, E5HE)
BRATED & Of7 L1525 TR - RNk oZ& ks LT
fEESIT., 220 O DD, Kot/ Bl i



OEAE LB OMNT CERE, KER R, BlE 1 [FE
W= BE ORI ) THRBUE T A 0LERH D,
fh 5. FEEREW) & 72 BRI BRI T RO DNT (1
BT 2SI N E CTHFEET D28, Hy 2 (LY &
FED) HURAMEREIS TR I2IR - TV D54, ITEifE
ORIz E EED, FIRIMEERTORE L AESF
4 (00) & ORRE EEMICEHE TE T RWEANRE
VHEHRIIWR I TH -T2, UK UAREZE Tld, 8%
5 CRE ATV O R AR R VE o R EDNEE Sh b &
TH. B FoOBEEERITE A2 PO & 3 HITENES
EBBRHENBEL 2~ T AET LV TYD TR L
7o ARENFIE, FIRAREREIR T2 0 L CTER 3 216 %)
BIZHOWT, KA EROFEETMC U X 7 A et
THBEDOERICET HIERICRD EBEZL TN,

4-3. Syn—Rep ¥ W AFHF BLL D NA A~w—H—L LT
DAERMEIZSNT

Fex X FETIZ, PTU 10 ppm B LR 250 ppm % 5-
HEZRUW T, Syn—Rep = 7 R IREW OFEHR BLT 235t AL
e U AR BINEE, 2 ORICEE~ET S 2
L. F 7210 ppm FEHEET 250 ppm BEHRE L bl LT
{ERNEETHDH Z & & LT X7 (21KD1004 : B HFFE
WEE), A CITHEERFEOMRE B E LT,
HRIHETH S 50 ppm EE5RED BLL #5HE L7=, =D
FEEL 10 ppm 35 KON 250 ppm & 5-8F & RO HEME (B
MR T ~%M LA 27 L 2 EORE S mEOHH T
bole, TNHDORERNG, BLT Z{kizB LT PTU O H
EARAFPED SR A, JEPEESI O UK IS REAR T OFR
& BLT B DS kHER LTG5 ATREMEDS R S Hu7e,

ZOXISEMRE LV AMEICT A 720, BREWMB L O
1B O BRI E R LT 4548 L BLT ORRIZ oW
T BBDR O3 2 12 HD < fifhr (FERIREIE D) 24T
ST BLL IZEB BN OO N A A — 0 TR
ThrHd, HimzEs R 7z BT, BLl_mean & L CHA
L7 iEmA2ERR Ui-, = OfEE . BLI mean (ZRFENY)
GD18.5 @ T4/FT4 &L FHR L O TSH L& & BRI L
TEB L, HIREIICER S D BIRIR A VT R EE
(HEREL~V) LBETHT U NI A THDARENE
PR ENT-, F£72 LD21 REME KOV P21 REMW O
ELHFREREOHBNED b, FEMOERIESR LT
VEROEE E BLI BB —EREWITT D 2 & N
SNz, —F5 T, GDI8.5 FBIEIFR =2 A — b DO HERET
BITH DI, AREERILE—FXT OFEEE L HE
ARTHOTEHARL, THERE LT, RHMAHRIREREIR
TARZWEEIZE Y BLI _mean OEIHH KXV &V H K
AMERTHERL L THRT X TH 5D,

TSHIZ T4 KT T 28D T 4 — KNy 7 Z ik
% RHIEERE L U CALE ST AL D AN AHIFSE TIL BLI
73 GD18.5 @ TSH & Lbigry@m W MBI 2R L7, Zauid,
BLT ZE@h 23 R AR A VB il 284k (RriZ T4 IR RISk
IEINE) EBAELTWNDE LWV M THFELRY, &
52 HEROREHTIZIBNT P16 @ BLT & P21 W& TSH
THIRHNIZEWAEBENRED b2 L ik, B
BLT 23BEFLINICHERE S 2 HURARFEREAS TR BB & 1)
MaHiz CEB LSS Z 2RI EEZLND,

723 BLI_mean D1 V) 12 P4 D ekt B CIE
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HUb U7 Fais 2 O 72 [RIER O fd Cid, HOIRIR BEE 7R
IV HREE & OFEBE O ST MESS, FHBE 2SR EEE O FE
AL Tz, — 5T, BBl cR L7z
Y BLI OEEL P10 LI CL VA CTH D72, P4
FEMECTIES LT D &, KR (P4) DXL & BLED

HEROMRHMEIC DB LT <20, MRS LT
77 (R?) 73 BLI_mean X VKT 9 AMHMBIFRD HILT,
PLEX Y, KBFED B (P4-16 DM EEELZHA L
TRHlid %) [ OH3 & LAREOMFENT Tl BLI _mean %
TATHRRE L L CHWD Z & 2352 Ll L7,

BMD fi##7 TiZ. BLI_mean ¢ BMD10 (kFREEL+10%) 13
$912.8 ppm TH T2 HETIZIIAFEREMEZ S O D,
FEARILE FEEE (B : GD18.5 @ T4/FT4) MHEHE
FU72 BUD10 (GRFPELE-10%, #J 14.5 ppm) & 3TV B
\NALE L7 2 & 0d . BLT 28 & FEH o R RS REIR T O R
LR LU CEB LIS DMMIEET U NI LA TH D AHE
MEEfmT TR EEZBILD, X HIT, BLI_mean 73
ZE) LA 5 BN, 2 E TOMB TITEIZ N
RIS AR (B 0 10 ppm f1UT) EUTEEL TS
Z & D BLI A TENRABR IS HET o R BRI TR ER B D
ATREME AT BN RO N Y T — R (A 7
ELTEHTE 2 alREEN H 5, A %I IMOMEEM
FENTIS KL O RNA-seq FEAT & OXRHEEIRE T2 2 &
T.BLI OEEAFHER & LToORN M2 S 525k L
720,

4-4.  VAEhW N OO KA B REAT 35 I ONHE 10 B AR -
BRATIZ OV T

P21 WEMWZ B W TiE IO ERE O MNFRO 5
AUT=23, 250 ppm £ 5-HE CIXAEEMMHNER L7z b
DTHHEEZ SN, LHL 50 ppm BETITHE B2 K
BRI E X THRWICH D S TN OfEx B &
DOFZIREMMBRD Sl Z LD PTU K52 X 5 M
OFx EEEIMILT L HIREOLE O LTI T
TRWAREME R E 2 BTz,

WORERAIED 9 BT A b a YA hdifn T4 2 B Y
AT, FRIN THEHAL O T3 12254 L 7= 1% 1SRl
eI 2% E 2 > T D (Bernal, Endotext, 2025),
250 ppm FEE5-FED P21 WEEM) CII RN E M1 fElk D 7
A Fat A NOEREML TW=23, 2NN o H
RIRBLEUBNED L TWETZD, LDELDT415
T3 ~DEHEITH Z & & HRICFEEDEML TV D
TREMENE 2 B =, LA L 10 ppm FE5FED P21 1R E)
MTIET A hat A FOBITEEIRD LRl
HARTIE PTIU B 5~ 2OLEOREKREZ T A oA
F OB THBEAT S Z L IXTE RV, A EREM
EaBE LI 2 ED 5 2 L Ciiima g
HL7ZWEEZ TV,

—J7C, 8O BRIV T, 10 ppm £ 5
HTI7u 7V 7 OBIMER RS Hiv, mPFC 55 5 8
D SEAHII O BHIRZEE A S, R FEIZ DWW TH A
FBHiT=, mPFC T/RIBEN TN D v 7 AR &
FApREB L OBEZE 2 A5 & mPFC TOREIE
REZIZEAY 10 ppm & G5REOFEIfTENZR L Z 725 L
TbDEHEEREIND, I EDZ & X0 FEEL O TR R
FEREAS T 23, R DRI B T IR B % NI L, a7 B




BRFICBIT2@ES A5 &EZ LRSI RIE SN
~o A RIT mPFC & SIBF 2z T, A7a< & b iEShE
B L ORI FEIK & BTN 2 CREAD 72 IR == O T
BEETDMLEND D,

A A= 7 MS & AW TR B T Lo T3/T4 75347
O 2R A2, BUROBPESRME IR cEZan
o7, T v MO T3/T4 #EEIL 1—3 ng/g THDH L
HMEZINLTWD Z LD (Kunisue et al., Anal Chem,
2011), ¥ RIZBWTHEEORMR TR (10 ng/mL)
MNH 10 [FLLEERELY BP0 ERH DL EEZEXLND,
AL, Bl EHEMERMORFE2ITO Z & T, M
T3/T4 REFHAERAD E L HIT, A A=V T NS %
W TR E OFHME L RRFTT 2 TETH 5,

RNA-seq fAT T LN BB FHBLT — X 122501,
UMAP T CRILT v 7 7 A VO LR EE AL LT &
Z A, P21 ® mPFC - S1 - MBEHIZINZ T, P4 DIEHETH
WERH B Z LB 5 0040 R I 2388 S 4L, PTU
BEICEVBEFRRATe 7 7 A ARELTWDEA]
REMES R STz, BRI P21 HEDOVEBIZHBWTIZ 0 &
10 ppm D7 vy &L ETe 7 —7L 10 & 250 ppm
DTy hEEL G T IN—TD 2 DITH DI DA
MWD BN, SHITZD 2 VA — T CREEICE
NRD LN DI T2 M L, ¥E TOKE DIRZE K
LW eEEZTWS, —F., P4 @ nPFC T PTU &5
WX DB SEEIRO DNzl b, T
I CIT Y IR IC 35 T PTU B 512 & 5 8 s T- 3651
7a 7 7 A NVOECITBEL L TR W ATEEMEN S 2
BTz, mPFC 2R LTl PA~P21 12T T PTU #5412
KXW TRETa 7 7 ANVDNEILT D EEZLND,
SBITER TR E 5K T & TRFFRYICHE 2 T
< Z & T AP DIEEIZSTen D a5, Slalo
UMAP fEMT IXE - F BT — % O A e e 38
THAMTEBLIZ-bDTHD, SHRITMHT T A —
MR E T HREORFHNIIN A, KEx 72 FIEZED A
TR AN ORI 2D D TETH D,
5T, B POMRIEEIE CIIRIEICHERSH D Z L
LIMESINTWD, Lo T, 5%I1% PTU BRET
ITENVRBLOMEZEIZ OV T G FLRRFE AT & &b TR
BHINIHEFZIT ) TETH D,

4-5. FHABIRPESREIC T2 X 2 BB o FUR IR - BMLL
S~ DIz ST
FrizohETlo, EEMICE T 5 PTU #4504,
TR 70 RIS REIR T 27~k 9° 250 ppm K ERETH - T
HIE IR DOIFER B RIER ST A S BB L2 5 2 720
ZEHEBLMNTLTVD (21KD1004 : A IR E)
ARFZE T, AR (P21) ORBOIRE LR ~DRE
BIZONWTHINT 2T o T, TORER, WEMW ORN & H
RIRLAA Ol (2 B U Clid, B & B S 09 fRHT O
FESR PTU @O H EARAFRI 72 P BITER D D72 o 72, P21
REM O Mk A b~ —F—IZB L TH 250 ppm &5
HETWL ONDOEE TEERRD LN L OD, FFiE
Dlifas ~DFEE PIW T X DR IIE SN T,
YL EOFERZRARNER L, BEMO PTU #5137
B O HFARARC ML DR 2 L TIRIE & A E %
G Z R WATREMEDS RIR ST,
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4-6. JEPEXA D CPF BRFEIZ L 5 5225 Al

AWFFE T, DNT BEt skt BRER'E T & 5 CPF % v
T.Syn-Rep ¥ 7 A DJSEM & MIEE~DFEDOFHR %
WEE L7~ & FEIHVZ 50 ppm i, 5 mg/kg/day I2FHY
THHETH DA, ZHIT—KAEYIT CPF 28 DNT %375
THEINTWEIHETH D, £z, i+ ChE IZ CPF
BEMCTHERETITRRO N2 &b, FZRAl L
LCOERATHD ChE BLEMERAEZ, ~7 AR LT
FETHEMTHDZ E BRI, in vivoA{ A —
VT ORI CPFREIZX Y ETCORFEED—
O RIZEB W T LR —F —JEHICH B2 TR
SNT=H DO, METITREIIFRD b/~ 7=, CPF X
DNT B et HR AT & S LTV D A3, Syn—Rep = 7 &
DUR—F —JEMAIEE L LB A IS R L
LTCIZDZ T LW AR R SNz, £7-. %
FEAMAR Rl R~ — B — DY a2\ T CPF B 512
LBHONREEITED N o T2, BNEEER
SOFFMEBEICEB N THL AMEREE LRI, 5
mg/kg/day D#H-ZAEIZ 3\ T IR BN OO 4 R8s FLAR
BAMRE CRFIIRO O - LT b h
TH Y, CPFIZ X% DNT Z ARk IC L it 2 5 2
CITEE LW RTEEERE 2 b D,

CPF @ FUIRBRFERE ~ DI DWW, DNT IZEH L
T2WFFE Tl e Nt DD, < 7 A% L THYRIEMSEE I
R G 2 D AREMEDSSRE STV D (De Angelis et
al., Toxicol Sci, 2009), F7-. CPFHEZILAW TH
% chlorpyrifos—methyl 122\ Tlx, v MIBITS
FURAR A VT BB L OVHAR IR S LS S
TW5 (Jeong et al., Toxicology, 2006), ZiLbHdD
BEHR T CPF B 5 AR EEIZE D= AR A
MRARMFFETHW &M EFR 2D 00, bl &
ARV RERSEETICB W CliE, FR IR 5~
DA SR 5 5 2 7 WA REMEDS IRIR X 372,

5. HURBRANVE VELEIEIEOE#B ZEE Lz
JaFERIE DREEL

AL TR E T LRRAE 21TV, B FETT v b
DT a BT, IE O FIRR AR LE &
WA oMENLN EEMR LTz, 29 L7 SCEkE
HiL, BEICRT 307 v B E MRS IR R
IWEVDIRTEZ 06T 2 EEREBL, BRCKO KR
PR K o THRER O FRAR AR L AR T & AR
DHREIRT & ORI & 2B TR O 5N D3R E
YR —FTBHLDTHD (Gilbert et al,
Neurotoxicology, 2012), F7-. Mk I BIEED 44 5%
MRV T, 7 7 [ 545 12 TR M IR Sl e
1K IE 2 I U7 IERI NS & 7z (Kanamori et al.,
Ann. Gen. Psychiatry, 19:49, 2020), HBEZ LT
v i DOREEBHAAZ ICBER IS E L2 —, 1 A
BBV TR Z R AT, MEMRAE T free T4 %
L free T3 DR FAFRD HALZ23, TSHIXERH#FHN
Th v PHAMEFRIRES IR TIEDN bz, 72, A
L7 O IR IR TR IS L ONHRRIR AR L E
BTV TFhblFE LD LD, LT aBERED
AR RIS TRE & B 2 bivic, A ED AT,




FOR IR AR L8 R E O iR F R IS B 57 5 AT RE M
NEWN T EAIRIE XL, 2NV 7 B figld golden standard
WZibeEZBND,

FORIR AR LE VS 5K THR 1Tl a & B 2 B DT
AV T =B FETD, /v 7T~ R EHND
ToMFZEIZ 20 THR o 1 3ARREIE AT BEER T2 25, THR B 1
Tx ) ZATRBO LI TR (Krieger et al.,
Proc. Natl. Acad. Sci. USA., 2019)., £7-. 2t
B THR o OFBLRINIZTLHE L2 Z & n 5
[Bl1X THR o Z B SECREE L7z, L L7235, THRa

L BOATBREEEICOWTIIALNIENTE BT,

RIS TIC LA ELORELEET L ETL
HHNEYEETHDONIEEICHRFT 5 LENH
%o IBLIZTHRa / w7 X LIzt b iPS flifdd NGS
fRATIZ X 0 ARSI THR o O T T < ATHEME D
b DR T ZERE LT AER, ok - I 5T 28
RO OB OR R - BhRAREICE ST 58
BT BN DEE LTz, NRG2, NRG4 (LT 7 A
Ak FIYEMEICEEE T D ErbB ZA/IKDY H RE LT

HLHOLNTEY AT CRIE L 7- %758 N 1 S1it2,

PAK 203 ) 7 A% EAK - SNAP25, Complexin & »o7-
KFEr7aRA b= LTWAAEHLEZEZ NS, UL
LoBEEL L2, BELZRET & FRBEREIRT O
BRI DWW T T A B Y > 7 E DR MR O Fa ikt
BALEME AN T IO RARFEEIT O LERD D,
VT OB O TERME A I = XA LT, i,
b MEgEE T ex vivo BRIETEN RO IR B &
WFFRIC BN T, 730 7 1 R IR BERR i 06 AR 0 FIR IR AR L
EURIEART EORBE B S, BRI RS
MIZ T RHEMEN R E STV 5 (Birth Defects Kes. ,
2025 Apr 11;117(4):e2471.), ZHHDERENG, A
N7 a RO FERECIE, BR~OBEEERICNZ, b
FMEBIZEBIT D538 « RILVE VLR ENE T 5]

REMEDVRIZ SN TV D, S BIT, B 2 W72 FFE Tl

PERM BB D HACEEZ N LY =T 1 v
7 BTN A, CYPA50 BEEfCH B, MR RIE, MK
FHREZ I L 7= iR B BNE AT 535 2 &R
wm s X 7= ( Food Chem.  Toxicol., 2026
Feb;208:115882. ), #FUEHI VPA BRER T v k TlE, #HE
PEAR T 72 & ASD BRATEN R F-CRGRERR ALz 2, A
ToA M7 7% FUBREHORTE HBO LT
B VPA SFRAHRISERIEICIIZ B RS F Ry FY
— 7 W N ET SRS RSN TWS, — TN
JL 7 e B 3 IR A BE P O B RE S0 HUIR R A L8 ik 12
FAETRBIZONWTIHRAR L L TARAZENEL, b

I iPSC F12K BBB &7 /L 72 & % FW T bl 2 Mt s if B
LEZOND,

AT, MRREENBES I N TV DO E %
HWT, BIRIRFA Ve OfiffT 2179 Z & a7 v—
TOULR—Z—< T AD NGS T —ZpE &4 5z
Eh Ik FRRAA A~ — =72 P ERE L. A
FHEROAFRAMEEZH S NCT L FETH S,

E. ##%
B THEEE TOMITRERNS, 7 v b 28 HEXE
BEORGRERE W TZOF RISV A F v 2 —FfHE
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#l, @3 v FEBOAARLEA], O = v RZEERAEHR, @
FUR AR A V8 AAREHMEER O IZ B8V T FRRIRD
AR AR F RO 28 L IR AR V| AEE XV b S
MO EEERBIREERVED LRSS,
RS TRBUEITIC LY . A 7 FEEITH I AN
7= DPP4 « SNPH % F W 7= e tald, 5 DR EL
ARz R— T DEEE L THATH D RN R
ENim. F7-. FURMR T3 - T4 - NIS, FEEK TSH I8 L O
JF UGT1A6 25 D& s Yo 2 0FH 925 = & T, Lk
BIERHOMFHENATETHL Z NI
(Figure 16), ARFiLIL, BEAFD OECD A K7 A 3k
BRCTH DT > k28 HREIKER D &5 3R (TG407)
ICEBIHIAZ N TEETH Y . AL E O L IRIRE
FIRRH O 7= D OFENORZRM e in vivo FHliIE L L
THHLES,

[EBEAIZ 1 EU-NETVAL % .0 & L 7= OECD 33 X TVEPA
AEEF 5 ICCVAM DEEFIFEEFRITI T, FR I EE
KTICBES 5 in vitro FHMAR ORI HEEF ST
HETHONY F— a2 ko> T 2N HEHD in
vitro RHHRICOWTENZE Y] 72 ) H&EFH B L OY
WRITREIFEBH L5 LRSI N, — 5. &
RINTWVDFIE TN TS U A7 FHMECIXZe <,
NP— Rl 2 FIRE L TWAEITEENLE L EZ 2
b=, F7z. OECD OEMEEFHETIE., 7 v A I8
T RO E RO, B X OECHRE &
tot MY T T B R O fi B 7o R BE
HERBIEE SN, & 512, EPA OB RIC L 2%
B S L. A5 OB)EIT OV TR 722 15 I 4L
BDYELZZ BT,

~ U A FEM RIS T T L2 V., BE
BLIOREMW O FRIRESERLVE Y . M in vivo A4 A
— T 7 1aEE (Syn—Rep ~ U AFHHES BLI) |, 72 &5 NIAT
AR R Z RO Lc, ZOER, BEY
(GD18.5, LD21) & B&EW (P21) D HUIRPRFERE (HFiC
T4 [RelT4 Z&Te). 1logTSH) & ORIZHRWVERTZEGE
PR B, AR O RHA IR AR S L E BREE DA E)
23, BERLWI 0 IREMMIC I 1T D RUIRIREEBEIS T O E &
AL TELT D Z LSz, L EofEFix, 7
W D FIRIR A V€ 2 IE & G de DNT 5B (TG426) <°
EOGRTS (TG443) &\ 7= B DK X WiRERICHETe Al B
BEIZIBW T, AR AETRMRER (TG414) CEFHRAE
AT ) —= 0 7B (T6G421) THUS Al RE/2 IR R
1 (GD18.5) DOFENM) T4/FT4 33 X OVTSH & “ R
(MU F—) F8EE” & LTI L, i8INS o 24 W
OB NENLAT T IZE T D AREM 2 R T H DO TH 5.

*72 Syn-Rep ¥~V AZH\T= in vivoA A—T T
AT ClX. % B O%T B EL CTIER L L7- BLI % P4-P16
THEA L7z484E (BLI _mean) 23, REEMIS L OVUEEM) O
FORAREE AR LB R & — B L2 A2 R 2 & &
R L72, Z A, BLT 23 EEHA O HURAR R V€ il
EENZES L CEB LG OMEIET V NI LA THDH A
HEMEZ RIBT 5T Ch D, S 5IZ BMD fEHTIC LY
BLI mean OEEMNA U5 HEENERL I, 1TE1F
LA 7RI 5 H &Ik (10 ppm f300) I8V TH,
R EE R B A MR LA B AlREME S R &z, BAEX D |
FORIRBEREIR T 2388 3 2b s E D ) XA 7 FBICE



UNCIR, B A 7 FECIR IRAS REAS T 23 AT 3 2 RiTER RS (R
) T IREM DRI ERENAE U D BRI BN Y
FECThY, IRAKEEY O FRREEEE S IO
Syn—Rep ¥ 7 A® BLI OIEHNEE SN,
HFRBRANVE L ZB RKa® /) v XLz b
iPS HAE DR oL 2 5412 L C L BUR RS REIR TR
B DAL E OFE E IR TR ME & R C & B Al HetED
R I T, RET VLRSS TR O '8
HASIMMCAERATHLZ N EZLND,
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Table 1-1. Organ weight data for male SD rats treated with LG 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 50 = 0.6 56 + 0.8 56 £ 05
Pituitary  (mg) 132 + 11 145 + 1.1 140 + 1.8 135 + 2.0 150 + 1.5
(mg%) 34 + 0.2 3.7 £ 03 36 + 03 36 + 0.6 36 £ 03
Adrenals (mg) 559 + 113 51.0 + 55 521 + 7.6 528 + 75 615 + 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*
(g%) 2.88 + 0.23 2.79 + 0.10 2.83 + 0.16 2.78 + 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.

Table 1-2. Organ weight data for male SD rats treated with LM for 28 days

Dose (mg/kg) 0 1 3 10
No. of animals examined 5 5 5 5
Males
Body weight (g) 385 + 38 364 + 13 376 + 31 366 + 31
Thyroids (mg) 219 + 24 238 + 35 206 + 2.7 20.7 + 29
(mg%) 57 + 04 6.5 = 0.8 55 = 04 56 = 0.6
Pituitary (mg) 132 + 1.1 145 + 1.2 144 + 1.0 135 + 19
(mg%) 34 + 02 40 + 0.2% 39 + 04 3.7 + 04
Adrenals (mg) 559 + 113 499 * 59 495 + 53 483 *+ 5.8
(mg%) 146 + 2.8 13.7 + 1.8 13.2 + 0.8 132 + 11
Liver (g) 11.14 + 1.81 10.15 + 0.59 10.88 + 141 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.

Table 1-3. Organ weight data for male SD

rats treated with PCN for 28 days

Dose (mg/kg) 0 8 25 80
No. of animals examined 5 5 5 5
Males
Body weight (g) 424 + 30 437 = 23 451 = 32 412 + 25
Thyroids (mg) 244 + 2.7 248 + 19 27.8 + 3.9 34.4 + 2.5%*
(mg%) 58 + 0.6 57 + 0.6 62 + 1.1 8.4 + 1.0%*
Pituitary (mg) 140 + 03 13.7 + 1.2 143 + 16 148 + 2.1
(mg%) 33 + 0.2 31 + 04 32 + 0.1 36 + 04
Adrenals (mg) 553 + 7.8 53.8 + 5.6 61.1 + 4.1 536 = 7.5
(mg%) 131 + 24 123 + 1.0 13.7 + 1.7 131 + 2.6
Liver (g) 1215 + 1.14 1431 = 1.09 14.68 + 2.06* 16.26 + 1.12**
(g%) 2.87 + 0.19 3.27 = 0.14%* 3.25 + 0.27* 3.95 + 0.09*%*

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 iodide uptake inhibitors for 28 days

APR PHF OFF ETX
Dose (ppm * mg/kg) 0 2000 2000 0 300 500
No. of animals examined 5 5 5 5 5
Males
Body weight (g) 407 + 33 411 + 25 422 + 36 389 + 32 404 + 30 406 t 22
Thyroids (mg) 232 + 36 46.6 + 4.2%* 424 t 6.4** 251 + 138 249 + 25 248 + 29
(mg%) 5.67 + 0.49 11.38 + 1.34** 10.15 + 2.18** 6.46 + 0.46 6.18 + 0.66 6.12 + 0.78
Pituitary (mg) 16.1 + 2.3 149 = 24 158 + 0.7 142 + 15 136 + 1.6 139 + 16
(mg%) 395 + 0.37 3.62 *+ 0.55 375 + 0.22 3.66 * 0.35 336 + 0.31 342 + 0.36
Adrenals (mg) 546 + 3.2 555 * 6.6 56.3 = 11.0 525 + 4.7 476 = 16.2 537 + 85
(mg%) 135 + 1.8 135 £ 1.6 133 + 21 136 + 1.8 117 + 3.6 13.2 £ 2.0
Liver (g) 11.19 £ 1.75 11.04 + 1.25 11.77 + 1.20 10.35 + 1.01 1230 + 1.55* 13.81 + 0.86**
(%) 274 + 0.27 2.68 + 0.16 279 £ 0.12 266 + 0.11 3.04 + 0.23* 340 * 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 deiodinase inhibitors for 28 days

FLU TPN oIT
Dose (mg/kg) 0 100 300 200
No. of animals examined 5 5 5
Males
Body weight (g) 424 + 30 406 + 30 410 + 11 381 + 15
Thyroids  (mg) 244 + 2.7 288 t 4.7 203 + 1.9* 204 + 2.3*
(mg%) 5.78 + 0.64 7.08 + 0.71* 496 + 0.46* 5.35 = 0.52
Pituitary  (mg) 140 + 0.3 144 + 15 146 + 13 13.7 + 0.7
(mg%) 3.32 + 0.22 3.56 + 0.39 3.56 + 0.35 3.61 + 0.30
Adrenals (mg) 553 + 7.8 534 + 81 564 + 2.2 76.3 + 6.3%%*
(mg%) 131 = 24 13.2 + 1.8 13.8 = 0.7 20.1 + 1.8**
Liver (g) 12.15 + 1.14 15.53 + 1.60** 12.29 + 1.10 10.33 + 0.53%*
(g%) 2.87 + 0.19 3.83 + 0.25** 3.00 + 0.22 271 + 0.09

Each value represents the mean + SD.

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

Table 2-1. Histopathological findings in male SD rats treated with L.G for 28 days

o Dose (mg/kg) 0 0.016 0.08 0.4 2
Sex Organs and findings
No. of animals examined 5 5 5 5 5
Males Thyroid Hypertrophy, follicular cell 0 0 0 0 0
Hyperplasia, follicular cell 0 0 0 0 0
Colloid depletion (+) 0 0 1 1 1
Decrease in T4 level * 0 0 0 0 0
Decrease in T3 level 0 0 0 0 0
Pituitary Vacuolation, pars distalis 0 0 0 0 0
Hypertrophy, pars distalis () 0 0 1 0 0
Liver 0 0 0 0 0

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

2, Immunohistochemistry for T4

b), Immunohistochemistry for T3

No significant difference was detected from the control group.
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Table 2-2. Histopathological findings in male SD rats treated with LM for 28 days

. Dose (mg/kg) 0 1 3 10
Sex Organs and findings
No. of animals examined 0 1 3 10
Males Thyroid Hypertrophy, follicular cell 0 0 0 0
Hyperplasia, follicular cell 0 0 0 0
Colloid depletion () 0 0 0 1
Decrease in T4 level ?) 0 0 0 0
Decrease in T3 level ®) 0 0 0 0
Pituitary Vacuolation, pars distalis 0 1 1 1
Hypertrophy, pars distalis () 0 2 2 3
Liver 0 0 0 0

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

2, Immunohistochemistry for T4

b), Immunohistochemistry for T3

No significant difference was detected from the control group.

Table 2-3. Histopathological findings in male SD rats treated with PCN for 28 days

o Dose (mg/kg) 0 8 25 80
Sex Organs and findings
No. of animals examined 5 5 5 5
Males Thyroid Hypertrophy, follicular cell (, +, ++) 0 5(5,0,0)** 5(1, 4,0)** 5(0, 3, 2)**
Hyperplasia, follicular cell (&, +, ++) 0 4(4,0,0)* 5(2,3,0)** 5(0,4,1)**
Colloid depletion (t, +, ++) 0 3(3,0,0) 5(4,1,0)** 5(2,2,1)**
Decrease in T4 level 0 0 0 0
Decrease in T3 level 0 0 0 0
Pituitary Vacuolation, pars distalis () 0 1 2 2
Hypertrophy, pars distalis (+, +) 0 1(1, 0) 3(2,1) 3(1, 2)
Liver Hypertrophy, hepatocyte, centrilobular (%) 0 1 3 5**
Hypertrophy, hepatocyte, periportal (+, +, ++) 0 2(0,2,0) 5(2,3,00** 5(0,3,2)**

+, 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 2-4. Histopathological findings in male SD rats treated with iodide uptake inhibitors for 28 days

APR PHF OFF ETX
Sex  Organs and findings Dose (ppm*mg/kg) 2000 2000 0 300 500
No. of animals examined 5 5 5 5 5 5
Males Thyroid Hypertrophy, follicular cell (, +, ++, +++) 0 5(0, 0, 5, 0)** 5(0, 0, 4, 1)** 0 3(3,0,0,0) 5(4,1,0,0)**
Hyperplasia, follicular cell (t, +, ++) 0 5(0, 5, 0, 0)** 5(0, 2, 3, 0)** 0 3(3,0,0,0) 5(4,1,0,0)**
Colloid depletion (+, +, ++, +++) 0 5(0, 2, 3, 0)** 5(0, 1, 3, 1)** 0 0 4(4,0,0, 0)*
Decrease in T4 level ? (, +) 0 5(3, 2)** 5(2, 3)** 0 0 0
Decrease in T3 level ?) (£, +, ++, +++) 0  5(0,1,4,0)** 50,0,2,3)* 0 0 0
Pituitary Vacuolation, pars distalis (&, +) 0 1(1, 0) 4(4, 0)* 0 0 1(1, 0)
Hypertrophy, pars distalis (, +) 0 4(4, 0)* 4(2, 2)* 0 0 3(3,0)
Liver Hypertrophy, hepatocyte, centrilobular (+) 0 0 0 0 1 3

+, 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.
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Table 2-5. Histopathological findings in male SD rats treated with deiodinase inhibitors for 28 days

FLU TPN oIT
Sex  Organs and findings Dose (mg/kg) 0 100 300 200
No. of animals examined 5 5 5 5
Males Thyroid Hypertrophy, follicular cell (%, +) 0 5(2, 3)** 4(4, 0)* 3(3,0)
Hyperplasia, follicular cell (&, +) 0 5(3, 2)** 3(3,0) 2(2,0)
Colloid depletion (%, +) 0 3(2, 1) 2(2,0) 1(1, 0)
Decrease in T4 level 0 0 0 0
Decrease in T3 level * 0 0 0 0
Pituitary Vacuolation, pars distalis (+) 0 1 2 0
Hypertrophy, pars distalis () 0 1 2 0
Liver Hypertrophy, hepatocyte, centrilobular () 0 4% 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 PTU for 28 days

e Dose (mg/kg) 0 0.03 0.1 0.3 1 3
Sex Organs and findings
No. of animals examined 5 5 5 5 5 5
Males Thyroid  Hypertrophy, follicular cell (1, +, ++, +++) 0 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)**
Hyperplasia, follicular cell (%, +, ++) 0 0 3(2,1,0) 5(2,3,0)** 5(0,0,5)** 5(0, 0, 5)**
Colloid depletion (&, +, ++, +++) 0 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)**
Decrease in T4 level (&, +, ++, +++)a) 0 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)**
Decrease in T3 level (&, +, ++, +++)? 0 0 5(5,0,0,0)** 5(0,2,3,0)** 5(0,0,0,5)** 5(0,0,0,5) **
Liver 0 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 2-7. Histopathological findings in male SD rats treated with APC for 28 days

o 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 (+, +, ++, +++) 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(2,2,00* 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 (4, +, ++)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

). Immunohistochemistry for T3

) Total of two experiments

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
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Table 2-8. Histopathological findings in male SD rats treated with IOP for 28 days

L Dose (mg/kg) 0 3 10 30 0 30 100 300
Sex Organs and findings
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 (t, +) 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)* 43, 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 I R S R T S
+, minimal; +, mild; ++, moderate; +++, severe
2), Immunohistochemistry for T4
o), Immunohistochemistry for T3
-1 not examined
*, % Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 2-9. Histopathological findings in male SD rats treated with NaPB for 28 days
. 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 5**
Colloid depletion (t) 0 1 3 4*
Decrease in T4 level *! 0 0 0
Decrease in T3 level ® 0 0 0
Liver I-(leirt:ifﬂl\i,:)]epatocyte, centrilobular 0 (4,000 5(0,4,1,0)** 5(0,0,3,2)**
+, 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 2-10. Histopathological findings in male SD rats treated with BEX for 28 days
o Dose (mg/kg) 0 0.1 0.3 1 0 1 3 10
Sex Organs and findings
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.
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Table 3-1. Upregulated genes in the thyroid gland of SD rats treated with LG for 28 days

Probe Name Gene Symbol Fold change
A 43 P11558 Apod 4.0
A 44 P308925 Abat 35
A 44 P377886 Smtnl2 28
A 42 P826938 LRRTMI1 24
A 64 P042292 Lrtml 24
A 44 P262593 Ankrd2 23
A 64 P147225 Plagll 2.3

Table 3-2. Downregulated genes in the thyroid gland of SD rats treated with LG for 28 days

ProbeName  Gene Symbol Fold change
A 64 P069729 Haplnl -5.0
A 44 P126938 Csapl -3.6
A 64 P064873 RGD15635%90 -34
A 64 P131224 LOC102556709 -2.8
A 64 P081972 Ppcde 2.7
A 64 P136716 Arid3c -2.5
A 64 P011959 Slc2a2 -2.5
A 44 P313272 Slc6al3 24
A 64 P156523 Olr551 24
A 64 P391760 Hrh3 2.2
A 64 P008166 Slcl19a3 -2.0

Table 3-3. Downregulated genes in the pituitary gland of SD rats treated with LG for 28 days

Probe Name

Gene Symbol

Fold change

A_64_P072900
A_64 P395073
A 43 P15837

A 64 P118447
A 64 P156523
A 44 P560485
A 64 P053751
A 64 P131224
A 44 P461917
A 64 _P159019
A 64 P209731
A 64 P095635

Astl

Kenjl

Ntuk2

Adgrl4
Olrs51
RGD1560110
LOC684208
LOC102556709
Cacna2d4
Olr1413

Tet3

Niban3

-39
-39
-3.1
-3.0
-2.8
=27
-2.5
-2.4
-2.4
-2.3
-2.2
-2.0
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Table 3-4. Upregulated genes in the thyroid gland of SD rats treated with ODA for 28 days

ProbeName  Gene Symbol Fold change
A 64 P071478 RGD1565660 133
A 64 P129891 pramef20l 4.8
A 64 P029268 LOC501901 4.1
A 64 P120679 Cck 4.1
A 44 P1032771 Fxyd4 4.0
A 64 P059710 LOCG691921 3.0
A 44 P447373 Assl 29
A 43 P17060 Them5 2.8
A 64 P163386 LOC691921 2.8
A 64 P101056 Padi2 2.7
A 44 P289637 Slcdal 2.7
A 44 P142925 Tprgl 2.7
A 42 P534172 Cd52 2.7
A 44 P1034209 Lamb3 2.4
A 44 P252483 Acks3 24
A 64 P010648 Ccl12 24
A 64 P045927 Ap3b2 2.4
A 43 P12437 Hhex 23
A 42 P529550 Gng8 23
A 64 P142625 GprcSa 23
A 64 P149071 Glisl 22
A 44 P541461 Alas2 22
A 64 P048927 Hbe2 2.2
A 64 P156319 Hbb-bs 2.1
A 64 P024720 Ripplyl 2.1
A 44 P306307 Hbb 2.1
A 44 P577899 Mytl 2.1
A 64 P068363 Dynclil 2.1
A 64 P119588 Tmeml63 2.0
A 64 P163822 Cks2 2.0
A 64 P034414 Tnf 2.0
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Table 3-5. Top 100 downregulated genes in the thyroid gland of SD rats treated with ODA for 28 days

Probe Name Gene Symbol Fold change Probe Name Gene Symbol Fold change
A 42 P614984  Ucpl -13 A_64 P021601 Nkx6-1 2.9
A_44 P1017367 Alb -8.6 A_44 P690802 L1LOC498236 -2.9
A 44 P346408  Egfr 4.4 A 44 P139291 Prodhl 2.9
A_64_P039923  Pkdlll -4.2 A_64_P139549 Scara3 -2.9
A 64 P037313  Zscandf -4.1 A 44 P164138 Flaccl -2.9
A_42 P464974  Ly6d -4 A_44 P545935 Klb -2.9
A_44 P517258  Pckl -4 A_64 P119602 Xerl -2.9
A 44 P515417 Segb3a2 -3.7 A 64 P055659 L1OC500948 -2.9
A_64 P147929 RGDI1560436 -3.6 A_64 P186630 Vom2r60 -2.9
A_64 P037150  Olrl2 35 A_44 P304432 TcplOb 2.9
A_44 P556556  Trhde -3.5 A_64_P120827 Kit82 -2.9
A 44 P1030258 Corl -3.5 A 64 P080484 Hmgb4 -2.8
A_64 P016978  Cclll -3.5 A_44 P284915 Ccn6 -2.8
A_64 P104895  OIrl128 -3.5 A_44 P185613 Pip3kll -2.8
A 44 P337064 Slc36a2 -3.5 A 64 P109297 Olr87 -2.8
A_44 P104776  Olr1743 -3.5 A_64_P025583 RGDI1311343 -2.8
A 64 P095005 Mmd2 -34 A 44 P332545 Olrl84 -2.8
A_64_P220198 LOCG679045 -3.4 A 64 _P118227 Hhat -2.8
A 64 P120729 Olr499 -3.4 A 42 P749184 Penk -2.7
A_64_P000452  Cyp2c7 -3.4 A_64 P011764 Plinl -2.7
A_64_P080598  Cntnap3a -3.3 A_44 P498981 T2 -2.7
A 64 P122497 Erc2 -3.3 A 64 P024585 RGD1559903 -2.7
A_64_P028849  LOCG680190 -33 A 43 P13086  P2rx5 -2.7
A 44 P121063  Aqp7 3.2 A 44 P365584 Illill 2.7
A_64 P147438  Sle3sf4 -3.2 A_64 P111310 Olr1687 -2.7
A 64 P102196 Olr1219 -3.2 A 64 P055062 Mast3 -2.7
A_64 P051054  Prss33 -3.2 A_64_P026052 Olr229 -2.7
A_44 P698466  Lrrtm2 -3.2 A_64 P138874 RGDI1559772 -2.7
A 64 P036285  Scgblel 3.2 A_64 P050918 Gpa33 2.6
A 64 P127858  Nuk3 -3.2 A_44 P121875 RGDI1304745 -2.6
A 64 P074029  Slcl4a2 -3.2 A 44 P621475 Iqub -2.6
A 44 P302043  Ccde63 -3.2 A 44 P408395 Ugt2al -2.6
A 44 P557487  Cpb2 -3.1 A 64 P154548 Kcnd2 2.6
A 64 PO77950  Zgl6b -3.1 A 44 P971836 Nup62cl 2.6
A 64 P0O78025 LOC360933 -3.1 A 44 P498905 Itga8 -2.6
A 44 P1071620 Mmp27 -3.1 A 64 P114420 OIrl1137 -2.6
A 64 P113079 LOC690686 -3.1 A 44 P543439 Sle35d3 -2.6
A 64 P090971 Olr§96 -3.1 A 64 P103414 Dkk2 -2.6
A 64 P162442 LOC100911984 -3.1 A 64 P064684 Spem2 -2.6
A 44 P349273  F13b 3 A_64_P140025 Tyipl 2.6
A 44 P527117  Mcpt3 -3 A_64 P107509 Garem2 2.6
A 64 P116981  Suv3ohlll -3 A_64_P154469 Ccdcl66 -2.6
A_64_P104319  Tas2r139 -3 A_64_P023068 Ccbel -2.5
A 44 P698124  MGC94891 -3 A_44 P899127 Deppl -2.5
A_64_P082768  OIr1073 -3 A_64_P009142 Olr327 -2.5
A_64 P021085 LOCG680227 -3 A_64 P132309 LOC685125 -2.5
A_43_P13131 Fefl9 -3 A_64_P080530 Nrxn3 -2.5
A_64 P013802  Dcp2 -3 A_44 P278794 Etv2 -2.5
A 64 P047137  OIrl137 -3 A 64 P018236 Lyzll -2.5
A 64 P012009  Mov10ll -3 A 64 P014366 Sorbs2 -2.5
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Table 3-6. Upregulated genes in the thyroid gland of SD rats treated with SMT for 28 days

Probe Name Gene Symbol Fold change
A_42 P540920  Arpp21l 8.7
A 64 P120679  Cck 8.0
A 64 P071478 RGD1565660 6.6
A 44 P1032771 Fxyd4 52
A 64 P019200  Lbhd2 49
A 64 P101056  Padi2 42
A 44 P142925  Tprgl 4.1
A_64 P154122  Rpe65 4.0
A_44 P930152  Mppedl 33
A_44 P447373  Assl 32
A 43 P12258 Hpse 3.1
A 64 P129891  pramef201 3.1
A 64 P010648  Ccll2 3.1
A 64 P059710 LOC691921 29
A 64 P129945  Kit75 2.8
A 64 P16338¢ LOC691921 2.8
A 64 P068363  Dynclil 2.8
A_44 P289637  Slcdal 2.8
A_64 P149071  Glisl 2.8
A 44 P409965 Dnahl4 2.6
A 64 P117658  Dynelil 2.6
A 64 P034414  Tnf 2.6
A 64 P089400  Hpse 25
A 64 P029268 LOC501901 24
A 42 P738549  Napsa 24
A 64 P004539  Rnasel2 22
A 64 P045927  Ap3b2 22
A_43 P16491 Coll6al 22
A 44 P545193  Hsdl1b2 22
A 44 P175041  Nrldl 2.1
A 43 P17060 Them5 2.1
A 64 P054676 Tmprss6 2.1
A 64 P005501  Ewxl 2.0
A 64 P087380  Efna3 2.0
A_64 P065789  Mcub 2.0
A 42 P838822 Sle52a3 2.0
A 64 P083474  Ttc9 2.0
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Table 3-7. Top 100 downregulated genes in the thyroid gland of SD rats treated with SMT for 28 days

Probe Name Gene Symbol Fold change Probe Name Gene Symbol Fold change
A 42 P614984  Ucpl -5.6 A 64 P072288 Len8 -2.9
A_64 P036285  Sceblcl 4.0 A_44 P392359 Myrip 29
A_64 P045696 Spef2 -3.7 A_64 P220198 LOC679045 -2.9
A_44 P295376 LOC102548927 -3.7 A_64_P086781 Vomlr92 -2.9
A_44 P498981 T2 -3.7 A_64_P037150 Olrl2 -2.9
A_64_P082062 OIr78 -3.6 A_64_P062665 Chst9 -2.9
A_44 P899127  Deppl -3.6 A_64_P020203 Olrl629 -2.9
A_064_P138874 RGDI1559772 -3.5 A_64_P044380 OIr1570 -2.9
A_64_P098636  Sptlc3 -3.5 A_64_P009937 Dbxl -2.9
A_64_P071302  Olr468 -3.5 A_64_P078884 OL271 -2.8
A 64 P055813  OIr562 -3.5 A 64 P127858 Nuk3 -2.8
A 64 P055659 LOC500948 -3.5 A 64 P155059 Slc22al2 -2.8
A 44 P510738  Pigr -3.5 A 64 P022461 Eomes -2.8
A_44 P447344 Slc26as -34 A_64 P018361 RGD1559804 -2.8
A 44 P353446 Afm -3.4 A 64 P104713 Xkrd -2.8
A_44_P1030258 Corl -34 A_64_P085971 Amtl2 -2.8
A_64 P032258 LOC102547811 -34 A_64_P056806 Olr367 -2.8
A_64_P007880  Frmdl -34 A_42 P749184 Penk -2.8
A_64_P137063  Kngl -34 A_64_P132309 LOC685125 -2.8
A_64_P073829  Lcn3 -34 A_44 P918404 10C682102 -2.8
A_44 P187120  Earl -33 A_43_P14764 Nmal -2.8
A_64_P025729  Olr1545 -33 A_64_P137877 Olr581 -2.8
A 44 P304432  TcplOb -33 A 44 P346408 Egfr -2.8
A_64_P073382  Cbx3 -33 A_44 P118695 L1OC286960 -2.8
A 64 P141888  Noto -3.2 A 64 P154650 Slc7als -2.8
A 64 P104895  OIr1128 -3.2 A 44 P519871 SrdS5al -2.7
A 44 P698466  Lrrtm2 32 A 64 P018236 Lyzll 2.7
A_44_P363009  Scin -32 A_64_P016423 Kb23 -2.7
A_64 P000930  Sptal 32 A_44 P302043 Ccdc63 2.7
A_44 P635089  Etvs -32 A_44 P1071620 Mmp27 -2.7
A_64_P027814  Zfp488 -32 A_64_P025853 Hmgb4 -2.7
A_64_P027615  OL255 -32 A_64_P108120 LOC688691 -2.7
A_44 P693350  Ccde38 3.1 A_64 P020358 Pla2gde 2.7
A 44 P423765  OIr610 3.1 A 44 P168637 Ogfodl 2.7
A_64_P086714  Zc3hl2b -3.1 A_64_P004929 10C690348 -2.7
A_64_P108484  Dnajc27 -3.1 A_64_P032375 Ddx43 -2.7
A_44 P210668 Pdilt -3.1 A_44 P563049 C(8a -2.7
A_43_P13131 Fgfl9 -3.1 A_44 P1017367 Alb -2.7
A_64_P026815  Defb49 -3.1 A 44 P116660 Clecdm -2.7
A_64_P093912  Olrl326 -3.0 A_64_P090971 Olrg96 -2.7
A_44 P609518 RGD1564053 -3.0 A_64 P021080 LOCI108350921 -2.7
A_64_P092020  Ankrd36 -3.0 A_44 P116369 Smocl -2.6
A_64_P013666  Pde6a -3.0 A_44 P515417 Scgb3a2 -2.6
A_64_P162010  H2ac21 -3.0 A_44 P157087 TLrrc74a -2.6
A_64 P0OS0821  Olr473 3.0 A_64 P0353666 Aox3 26
A_44 P698124  MGC94891 -3.0 A_64_P036168 Olr1718 -2.6
A_64_P050918  Gpa33 -3.0 A_64_P000452 Cyp2c7 -2.6
A_64 P049921 Sned1 -2.9 A_64 P024585 RGD1559903 -2.6
A_44 P454331  OIr1086 -2.9 A_64_P115086 Capnl2 -2.6
A 44 P775974  C2cd6 -2.9 A 64 P147929 RGD1560436 -2.6
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Table 3-8. Top 100 upregulated genes in the thyroid gland of SD rats treated with TPN for 28 days

Probe Name Gene Symbol Fold change Probe Name Gene Symbol Fold change
A_42 P540920  Arpp2l 12.0 A 64 P100559 Asphdl 25
A_64 P027449  Mepe 6.1 A 44 P527809 Celfo 25
A_44 P572699  Rasgefla 5.9 A 64 P152154 Aldhlbl 25
A 64 P010648  Ccll2 4.8 A 44 P339518 Scg3 25
A_64_P019200 Lbhd2 4.6 A 64 _P156840 Slcodal 2.5
A 44 P941612 Elavl4 4.0 A 43 P12658 Kcnhl 25
A_44 P577899  Mytl 39 A 64 P147878 Hs3st6 2.5
A_42 P614984  Ucpl 38 A 64 P087856 Slc7al4 2.5
A 64 P005586 Sle25a53 3.6 A 64 P080509 Futl 25
A 44 P290656  Dnah3 3.5 A 43 P12258  Hpse 24
A_64 P011854  Elavl4 32 A 44 P121063 Aqp7 24
A_64 P027971  Dnase2b 31 A 64 P058430 Cnpyl 24
A_64 P010333  Edn2 31 A 64 _P064606 DII3 24
A 64 P138216  Gchl 3.0 A 64 P034654 Ndrgd 24
A_64 P136805 Celfd 3.0 A 42 P637279 Foxa2 24
A_43 P22561 Sox6 3.0 A 64_P080429 Hoxb6 24
A_64 _P079870  VwaS5b2 3.0 A 43 P22556  Cidea 24
A 44 P175041  Nrldl 3.0 A 64 P080434 Hoxb7 24
A 64 P059710 LOC691921 3.0 A 64 P156333 Cidea 24
A 43 P12992  Kcnh? 29 A 44 P536825 Lhfpls 24
A_64 P046948  Rundc3a 29 A 64 _P038873 A2m 23
A_42 P511187  Hgfac 29 A 42 P626447 Csdce2 23
A 44 P379347  Ppplrl7 29 A 43 P14867  Sult3al 23
A 64 P134445  Tmeml79 2.8 A 64 P154919 Rundc3a 23
A_64 P038872  AZm 28 A 64 P129925  Serpinil 23
A 64 P163386 LOC691921 238 A 42 P787410 Cacnalb 23
A_44 P482629  Pecsk2 2.8 A 64 P077648 Hs3st6 23
A 64 P041219  Peskl 2.8 A 44 P555767 Unc79 23
A 64 P153045 Abcc8 2.8 A 64 P132852 Insc 23
A_64 P048043  Kit7 27 A 64 P153091 Selll3 23
A_44 P1029805 Kit7 2.7 A 64 P109202 Ctxn3 23
A_64 P081287  Klhdc8a 2.6 A 42 P724510 Epdrl 23
A_64 P017505  Slc7al4 2.6 A 64 P150876 Csto 23
A_44 P360501  Gabrbl 2.6 A 44 P489008 Gfia4 23
A 64 P031581  Sgsml 26 A 64 P150662 Corin 23
A_64 P109018  Hs3st3al 26 A 64 P004307 Pipox 22
A_64 P070208  Gdaplll 26 A 44 P768777 KIfl4 22
A 64 P157044  Cbx2 2.6 A 64 P121926 Sun5 22
A_44 P242958  Ttpa 2.6 A 64 P111020 Mslnl 22
A_64 P092342  Camk2b 2.6 A 44 P214288 Cabp7 22
A_44 P691593  Celf3 2.6 A 64 P006285 Lhxl 22
A_42 P630269 Rbm38 2.6 A 44 P192083 Ffar4 22
A_44 P129412 Dex 2.6 A 64 _P066631 Smarccl 22
A 44 P421375 1Ina 25 A 44 P761505 Syt4 22
A_64 P101185  Sled3al 23 A 64 P032683 Mest 2.1
A 64 P034414  Tnf 25 A 64 P038877 LOC297568 21
A_44 P601699  LOC102555659 2.5 A 64 _P093737 Tubg2 2.1
A_64 P160484  Trem3 2.5 A 64 P147149 Tubg2 2.1
A_42 P593020 Rlnl 2.5 A 64 _P041507 Slamf8 21
A 64 P014096 Htr3a 2.5 A 64 P249785 Sez6 2.1
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Table 3-9. Top 100 downregulated genes in the thyroid glad of SD rats treated with TPN for 28 days

Probe Name Gene Symbol Fold change Probe Name Gene Symbol Fold change
A 64 P028642  Olrl165 -8.2 A 64 P107534 Prame -4.9
A 64 _P108029 RGD1559970 -8.2 A 64 _P027940 OIrl196 -4.9
A_64 P092299  Olrl666 -17 A_44 P187120 Earl -4.9
A_44 P307064 Rhox13 -6.8 A 64 P048466 Pramel6 -4.9
A_64 P044380  OIr1570 -6.8 A 64 P072288 Lcn§ -4.9
A_64 PO78884  Oh271 6.7 A_64 P006207 Oxgrl 4.9
A_64 P010683  Olr363 -6.7 A_44 P107220 Olr395 -4.8
A 44 P444247  Tmfl -6.4 A 44 P928825 Msrl -4.8
A_64 P070636  LOC689730 -6.4 A_44 P498905 Itga8 -4.8
A 64 P144253  Shank2 -6.3 A 64 P089316 Sytls -4.8
A_64 P080821  OlIr473 -6.3 A_44 P215808 TFerlle -4.8
A_64 P141888  Noto 6.2 A_44 P729113 Igbplb 4.8
A_64 P078025  LOC360933 6.1 A_44 P392359 Myrip 4.8
A 64 P131611  Depdc5 -6.1 A 64 P028046 Olrle2s -4.7
A_64_P047137 Olr137 -6.1 A 44 P552670 LOC499715 -4.7
A 44 P121347  Serpina6 -6.1 A 44 P529994 Stoxl -4.7
A_64_P165376 Nrecam -6.1 A 64 P131395 Defb33 -4.7
A_64 P108474  OIrl055 -5.9 A_64 P153566 Padi6 -4.7
A 64 P119602  Xerl -5.9 A 64 P037150 Olrl2 -4.7
A_64 P001294  Ssxl -5.8 A_64 P117149 LOC100912405 -4.7
A_64_P003639 Olr67 -5.8 A 64 P057412 Samt3 -4.7
A_64 P082768  OIrl073 -5.8 A_64 P165031 Olrl445 -4.6
A_64_P033011 LOC102546495 -5.7 A 64 P086365 Nxf3 -4.6
A_64 P011479  SpintSp 5.7 A_64 P088655 OIr878 4.6
A 64 P020591  Piezo2 -5.7 A 64 P025729 Olrl545 -4.6
A_64_P082062 Olr78 -5.6 A 64 P008371 OIr811 -4.6
A 64 P130937  Insyn2b -5.6 A 64 P037313 Zscandf -4.6
A_64_P094352 Vomlr96 -35 A 44 P349273 F13b -4.6
A_44 P271569  OIr1376 -5.5 A_64 P034814 P22k15 -4.6
A_64_P156403 LOC100364769 -5.5 A 64 P074126 Efcel -4.6
A 64 P123944  Ol324 -5.4 A 64 P016941 Olr477 -4.6
A_64 _P095231 LOC503116 -54 A 64 _P085966 Olr74 -4.6
A 44 P250144 Olr1686 -53 A 64 _P055813 Olr362 -4.5
A_44 P227132 RGDI1564324 -5.3 A_44 P408395 TUgt2al -4.5
A_64_P009937  Dbxl -5.3 A 64 P148971 Mageb3 -4.5
A 64 P066231  OL778 -5.2 A 64 P145163 LOC685303 -4.5
A 44 P339490 Icall -5.2 A 44 P501536 Armc4d -4.5
A 64 P136056  OIr883 -5.2 A 64 P006511 Akp3 -4.5
A_64 _P068463 Olr848 -5.2 A 64 P114455 OlIr1737 -4.5
A 44 P353446 Afm =52 A 64 P110679 OlIrl235 -4.5
A_64 P019460  Oli614 -5.2 A_44 P510442 Trim50 -4.5
A_64 P104895  OIr1128 -5.2 A_44 P422356 Trim80 -4.4
A 64 P041737  Ol852 -5.1 A 64 P154054 Olr439 -4.4
A 64 P022220 LOC103690896 -5.1 A 64 P153402 Olr475 -4.4
A_44 P516160 Abcal2 -5.0 A 64 P098523 LOC102549174 -4.4
A_64 P065071  Lpal2 5.0 A_64 P120827 Kit82 4.4
A 44 P419079 Olr465 -5.0 A 64 P161640 Sorcs3 -4.4
A_44 P470808  Nabl -4.9 A_64 P036158 Olr1218 -4.4
A_64 P016525  Ffar3 -4.9 A_64_P055062 Mast3 -4.4
A 44 P304432  TcplOb -4.9 A 64 P150794 LOC102550256 -4.3
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Table 4. Simple linear regression analyses of pup (P21) T4 and RelT4 predicted by maternal thyroid-related
hormones at GD18.5 and LD21.

Ol(J;lepTe Pr(taDdaltr:T:c))r Damstage | R? B Pvalue®| n
Dam T4 0.718| 4.597| 1.80x107%%| 128
Dam FT4 GD18 0.715 3.237| 3.88x10°%° 128
Dam TSH 0.715| -3.812| 4.11x10°® 128
T4 Dam T3 0.472| 316.549| 3.47x10"°| 128
Dam T4 0.665 0.934| 9.55x10%® 99
Dam TSH LD21 0.222| -2.264| 8.82x10” 99
Dam T3 0| -3.055 0.835 99
Dam T4 0.718| 0.099| 1.80x10°%¢| 128
Dam FT4 GD18 0.715 0.07| 3.88x10° 128
Dam TSH 0.715| -0.082| 4.11x107°¢ 128
RelT4 Dam T3 0.472 6.846| 3.47x10"° 128
Dam T4 0.665 0.02| 9.55x10% 99
Dam TSH LD21 0.222| -0.049| 8.82x107 99
Dam T3 0| -0.066 0.835 99

a) Note: For regressions involving maternal GD18.5 hormones, the predictor values were assigned as dose-group
means from a separate cohort rather than independent maternal measurements paired to each pup. Therefore,
the reported p-values for GD18.5-based regressions do not reflect inference based on independent biological
replicates, and the interpretation of statistical significance requires caution.

Table 5. Simple linear regression analyses of pup (P21) T3 and RelT3 predicted by maternal thyroid-related
hormones at GD18.5 and LD21.

Ol(JItDCL?pTe Pr(%de:(r;r:c))r Damstage | R? § P value®”| n
Dam T4 0.204| 0.017| 8.84x10° 128
DamFT4 | .o 0.197| 0.012] 1.56x107| 128
Dam TSH 0.303| -0.017| 1.70x10""| 128
T3 Dam T3 0.412| 2.008| 3.24x107°| 128
Dam T4 0.003 0 0.609 99
Dam T TSH  |LD21 0.337| -0.019| 3.00x10™"° 99
Dam T3 0.308| 0.552| 252x107 99
Dam T4 0.204| 0.045| 8.84x10®° 128
DamFT4 | .o 0.197| 0.031]| 1.56x107| 128
Dam TSH 0.303| -0.046| 1.70x10""| 128
RelT3 Dam T3 0.412| 5.466| 3.24x107°| 128
Dam T4 0.003| 0.001 0.609 99
Dam TSH  |LD21 0.337| -0.052| 3.00x10°"° 99
Dam T3 0.308] 1.504| 2.52x10° 99

a) Note: For regressions involving maternal GD18.5 hormones, the predictor values were assigned as dose-group
means from a separate cohort rather than independent maternal measurements paired to each pup. Therefore,
the reported p-values for GD18.5-based regressions do not reflect inference based on independent biological
replicates, and the interpretation of statistical significance requires caution.
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Table 6. Simple linear regression analyses of pup (P21) TSH and RelTSH predicted by maternal thyroid-related
hormones at GD18.5 and LD21.

e | P Fomann] @ | 5 | pme] -
Dam T4 0.239] -0.748| 8.12x10° 124
DamFT4 | .o 0.231| -0.518| 1.60x10® 124
Dam TSH 0.354| 0.765| 3.32x107%| 124
TSH Dam T3 0.418| -85.291| 5.01x10™"%| 124
Dam T4 0.15 -0.08| 8.08x10°| 98
DamTSH _|LD21 0652| 0.686| 9.50x102 98
Dam T3 0.238] -12.451| 3.60x10~ 98
Dam T4 0.239] -0.89| 8.12x10° 124
DamFT4 | .o 0.231| -0.617| 1.60x10% 124
Dam TSH 0.354|  0.91| 3.32x10™| 124
RelTSH  |DamT3 0.418| -101.52| 5.01x107"| 124
Dam T4 0.15| -0.095 8.08x10° 98
Dam TSH  |LD21 0.652| 0.817| 9.50x102* 98
Dam T3 0.238| -14.82| 3.60x107 98
Dam T4 0.428| -0.302| 1.72x107°| 124
DamFT4 | ..o 0.418|  -0.21| 5.10x107¢| 124
Dam TSH 0.555| 0.289| 3.62x10%| 124
logTSH Dam T3 0.584| -30.417| 5.44x10%| 124
Dam T4 0.171| -0.034| 2.26x10° 98
DamTSH |LD21 0.619] 0.266| 8.07x10% 98
Dam T3 0.222| -4.792| 1.01x10°® 98
Dam T4 0.428| -0.302| 1.72x107®| 124
DamFT4 | .o 0.418|  -0.21| 5.10x107"°| 124
Dam TSH 0.555| 0.289| 3.62x10°%| 124
logRelTSH |Dam T3 0.584| -30.417| 5.44x10%°| 124
Dam T4 0.171| -0.034| 2.26x10° 98
Dam TSH  |LD21 0.619| 0.266| 8.07x10%?| 98
Dam T3 0.222| -4.792| 1.01x10°® 98

a) Note: For regressions involving maternal GD18.5 hormones, the predictor values were assigned as dose-group
means from a separate cohort rather than independent maternal measurements paired to each pup. Therefore,
the reported p-values for GD18.5-based regressions do not reflect inference based on independent biological
replicates, and the interpretation of statistical significance requires caution.
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Figure 1. Serum hormone levels in male SD rats. * and **: significantly different from the controls at < 0.05

and 0.01, respectively.
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Figure 2. Immunohistochemistry for T4 in the thyroid gland of male
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Figure 3. Immunohistochemistry for T3 in the thyroid gland of male SD rats.
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Figure 4. Immunohistochemistry for NIS in the thyroid gland of male SD rats. * and **: significantly different
from the controls at < 0.05 and 0.01, respectively.
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Figure 5. Immunohistochemistry for NQO1 in the thyroid gland of male SD rats.

from the controls at < 0.05 and 0.01, respectively.

* and **: significantly different
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Figure 6. Immunohistochemistry for GPX2 in the thyroid gland of male SD rats.

from the controls at < 0.05 and 0.01, respectively.
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Figure 7. Immunohistochemistry for DPP4 in the thyroid gland of male SD rats. **: significantly different from
the controls at < 0.01.
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Figure 8. Immunohistochemistry for SNPH in the thyroid gland of male SD rats. * and **: significantly different
from the controls at < 0.05 and 0.01, respectively.
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Figure 9. Immunohistochemistry for TSH in the pituitary gland of male SD rats. * and **: significantly different

from the controls at < 0.05 and 0.01, respectively.
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Figure 10. Immunohistochemistry for Ki67 in the thyroid gland of male SD rats.
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Figure 11. Immunohistochemistry for UGT1A6 in the liver of male SD rats. * and **: significantly different from
the controls at P< 0.05 and 0.01, respectively.
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Figure 12. Mean body weight for SD rats treated with LG (A), ODA, SMT, and TPN (B) for 28 days.
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Figure 13. Cluster analysis of microarray data obtained from thyroid gland (A) and pituitary gland (B)
of SD rats treated with LG for 28 days.
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Figure 14. Cluster analysis of microarray data obtained from thyroid gland of SD rats treated with ODA,
SMT, and TPN for 28 days.
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Figure 15. Ven diagrams of upregulated genes (A) and downregulated genes (B) in the thyroid gland of SD
rats treated with ODA, SMT, and TPN for 28 days.
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Figure 16. Flowchart for detection and mechanism estimation of antithyroid chemicals in 28-day repeated-dose
oral toxcity studies in rats.
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Figure 17. Effects of perinatal exposure to PTU on serum T4, T3, and TSH levels and histology in the thyroid of
dams. ***: significantly different from the controls at P < 0.001. Scale bars: 200 pum (central panels), 50 pum
(lower panels). Arrows, irregular-shaped follicles. Arrowheads, enlarged follicular cells. Asterisks, depletion of
colloids.
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Figure 18. Effects of perinatal exposure to PTU on serum T4, T3, and TSH levels and histology in the thyroid of
pups. ¥ and ***: gignificantly different from the controls at < 0.05 and 0.001, respectively. Scale bars: 200 um
(upper panels), 50 um (lower panels). Arrows, irregular-shaped follicles. Arrowheads, enlarged follicular cells.
Asterisks, depletion of colloids.
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Figure 19. Key event relationships (KERs) from maternal (GD18.5 and LD21) to pup (P21) thyroid hormone (T4,
FT4, and T3) and TSH levels. Arrows depict hypothesized maternal-to-pup KERs linking thyroid-related
hormone levels in dams at GD18.5 and LD21 to hormone levels measured in pups at P21. For each arrow
(maternal-pup hormone pairing), simple linear regression was performed (pup hormone = B, + B; X maternal
hormone), and the resulting coefficient of determination (R?) is shown adjacent to the corresponding arrow.
Higher R? values indicate stronger linear associations between the endpoints.
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Figure 20. Micro-CT imaging, 3D reconstruction, and volumetric analysis in P10 pups following perinatal
PTU exposure (GD6.5-P21).
(A) Representative micro-computed tomography (micro-CT) images of P10 pups from the perinatal PTU-
induced hypothyroidism model.
(B) 3D reconstructions generated from the micro-CT datasets.

(C) Graphical summary of tissue volume quantified from the 3D reconstructed data.
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Figure 21. Immunohistochemical analysis of neurons, microglia, and astrocytes in the primary motor cortex

(M1) of P21 pups following maternal PTU exposure (GD6.5-PND21).
(A) Representative immunohistochemical images of the M1 region stained for NeuN (neuronal marker), Ibal

(microglial marker), and GFAP (astrocytic marker). Scale bar, 100 pum.

(B) Schematic (or low-magnification overview) indicating the M1 region of interest (ROI) used for quantification,
together with dot-and-bar plots of NeuN*, Ibal*, and GFAP" cell counts within the M1 ROI. Each dot represents
an individual pup, and bars indicate the group mean + SD. n = 5 pups per group. one-way ANOVA followed by

Dunnett’s multiple comparisons test vs. control group; P< 0.01.
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Figure 22. Time-course of head bioluminescence signals in Syn-Rep pups following maternal PTU exposure
(GD6.5-PND21). Syn-Rep pups were subjected to in vivo bioluminescence imaging (BLI) at postnatal day (P) 4,
7, 10, 13, and 16. Head-region BLI signals were quantified using a predefined region of interest (ROI).

(A) Time-course of head BLI signals (raw values) in head BLI signals shown as tota flux (photons/s). Data are
presented as mean = SD (n = 8-10 pups per group). For each postnatal day, groups were compared using unpaired
(two-tailed) Student’s #test against the age-matched control; *, **, and ***: significantly different from the
controls at < 0.05, 0.01, and 0.001, respectively.

(B) The same data as in (A), re-expressed as fold change by normalizing each pup’s head BLI value to the age-
matched control mean at each postnatal day (control mean = 1.0). Values are shown as mean + SD, with lines

connecting group means across time.
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Figure 23. Heatmap of R? values from simple linear regressions between age-matched control-normalized
head BLI in Syn-Rep pups and thyroid-related hormones in dams (GD18.5 and LD21) and pups (P21).
Head-region BLI was performed in Syn-Rep pups at P4, P7, P10, P13, and P16. For each postnatal day, BLI
values were expressed as fold change relative to the age-matched control mean (control mean = 1.0),
corresponding to the normalized values shown in the BLI time-course plot (Figure 22B). Thyroid-related
hormones (T4, FT4, T3, and TSH) were measured in dams at GD18.5 and LD21, and in pups at P21. For each
combination of postnatal day and hormone endpoint, simple linear regression was performed (BLI fold
change = B, + B, X hormone level), and the coefficient of determination (R?) was extracted. The heatmap
summarizes R? values, where higher values indicate stronger linear associations. Note that R? reflects the
strength of association but not its direction (which is given by the regression slope, 8,).
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Figure 24. Simple linear regression between maternal thyroid hormone indices at GD18.5 and mean
normalized head BLI in Syn-Rep pups. Maternal thyroid-related hormone indices at GD18.5 (dT4, dFT4, and
TSH_mean) were regressed against the mean normalized head bioluminescence imaging (BLI) metric derived
from the time-course data shown in the BLI plot (Figure 22B). Specifically, head BLI values were expressed
as fold change relative to the age-matched control mean at each postnatal day (control mean = 1.0), and the
fold-change values were then averaged across postnatal days (P4—P16) to obtain a single mean normalized
BLI value per litter (dam) Scatter plots show the observed data points and the least-squares regression line
from a simple linear regression model (mean normalized BLI = B, + B, X hormone index). The coefficient of
determination (R?) are reported in each panel. (dT4 and dFT4 were defined as change from control / percent
decrease.)
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Figure 25. Benchmark dose analysis of mean normalized head BLI in Syn-Rep pups following maternal PTU
exposure (GD6.5-P21). Mean normalized head BLI (P4—P16) was calculated as the P4-P16 average of head
BLI fold changes relative to the age-matched control mean (control = 1.0).

(A) Relationship between PTU dose [ppm] and mean normalized head BLI (P4—P16). Points show [mean +
SD] (n = 8-10 per group).

(B) Dose—response curve of mean normalized head BLI as a function of log10(PTU dose [ppm)]), fitted using a
four-parameter log-logistic model (LL.4). The fitted curve is overlaid on the data.

(C) BMD estimated for mean normalized head BLI, and corresponding BMDs summarized alongside thyroid-
related hormones measured in dams and pups (GD18.5: T4, FT4, TSH; LD21: T4, TSH). BMDs were derived
using a benchmark response (BMR) of 10% change from control and are presented as point estimates with
95% confidence intervals (BMDL and BMDU).
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Figure 26. Mass spectrometry imaging (MSI) of thyroid hormone transitions (T3 and T4) in adult mouse
brain sections with a phase-contrast reference image and MS/MS" spectra. A phase-contrast micrograph of
the analyzed adult mouse brain section is shown alongside the corresponding MS and MS/MS" charts used
for targeted evaluation. The scale bar in the phase-contrast image is 250 um. Targeted transitions were set to
T3 (m/z 651.79 — 605.79) and T4 (m/z 777.69 — 731.68). Under the current acquisition conditions, no
discernible peaks were confirmed in the MS/MS spectra for either transition; therefore, the displayed
distributions represent signals associated with the targeted transitions and do not constitute confirmed
identification of T3 or T4.
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Figure 27. Uniform manifold approximation and projection (UMAP) visualization of RNA-seq profiles reveals
sex-, age-, brain region-, and PTU dose-dependent transcriptomic differences in pup brain (P4 and P21). RNA
sequencing (RNA-seq) was performed on medial prefrontal cortex (mPFC), primary somatosensory cortex (S1),
and hippocampus from male and female pups at postnatal day (P) 4 and P21 exposed to PTU at 0, 10, or 250
ppm. Normalized gene expression data were subjected to dimensionality reduction using UMAP, and UMAP
was performed separately for males and females. Each point represents one sample.

(A) UMAP plots colored by brain region (mPFC, S1, hippocampus), showing region-associated clustering
patterns.

(B) The same UMAP embedding colored by PTU dose (0, 10, 250 ppm).

(C) The same UMAP embedding colored by postnatal age (P4 vs P21).
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Figure 28. Open-field test measures in male pups exposed to PTU. Male pups from the control and PTU-treated
groups (10 and 250 ppm) were assessed in the open-field test. The time spent in the center zone and the total
distance traveled are shown. Individual data are presented as dot plots, with bars indicating the group mean
and error bars representing SD. n = 5-11 per group. Statistical analysis was performed using unpaired (two-
tailed) Student’s #test against the age-matched control; * and **: significantly different from the controls at P<
0.05, and 0.01, respectively.
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Figure 29. Effect of atomoxetine (ATX) on PTU-associated hyperactivity in male offspring assessed by infrared
activity monitoring. A 2x2 factorial design was used with exposure group (Control vs PTU) and treatment
(Vehicle vs ATX) as factors. Male offspring were assessed in an infrared sensor—based locomotor activity assay
at 9 weeks of age. Atomoxetine (ATX; 3 mg/kg) or vehicle was administered 30 min before the activity test. The
same animals had previously undergone an open-field test at 8 weeks of age. Data are presented as individual
dots with bars indicating the group mean and error bars representing SD (n = 8-11 per group). Statistical
analysis was performed using two-way ANOVA followed by Tukey’s multiple comparisons test; * and **:
significantly different from the controls at < 0.05, and 0.01, respectively.
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Figure 30. Juvenile conspecific sniffing test as a measure of social interaction. Each test mouse was placed in
the same cage with an unfamiliar 1-week-old juvenile mouse of the same sex for 20 min, and the total time spent
sniffing the juvenile was recorded. Individual values are shown as dot plots, with bars indicating the group mean
and error bars representing SD. n = 4-12 per group. Statistical analysis was performed using unpaired (two-
tailed) Student’s #test against the age-matched control; **: significantly different from the controls at 2< 0.01.
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Figure 31. Effects of perinatal exposure to chlorpyrifos on in vivo luminescence in Syn-Rep mice. *: significantly
different from the controls at < 0.05.
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Figure 32. Effects of perinatal exposure to chlorpyrifos on serum cholinesterase (ChE) levels in pups. ¥***:

significantly different from the controls at < 0.0001.
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Figure 33. A review of the literature on the administration of valproic acid to humans. A decrease in thyroid
hormone levels in human serum was observed following administration.
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Figure 34. A review of the literature on the administration of valproic acid to rats. A decrease in thyroid hormone
levels in rat serum was observed following administration.
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Figure 35. Genes whose expression decreases during neural (ectodermal) differentiation following THRa
knockdown (NGS analysis). NRG2 and NRG4, which are involved in neural differentiation, were screened.
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Figure 36. Genes whose expression decreases during neural (ectodermal) differentiation following THRa
knockdown (NGS analysis). Slit2 and PAK, which are involved in neuronal migration and axon guidance, were
screened.
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Figure 37. Genes whose expression decreases during neural (ectodermal) differentiation following THRa
knockdown (NGS analysis). SNAP25 and Complexin, which are involved in neural differentiation and

maturation, were screened.
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