k4 — 1
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 SR TR
SYHERTIERRAE - (LRI X DU IRIRMER ORI B3 D A58

WA - MRt (ESZER S AN ZEAT Lt AWl st o ¥ — JRE K)
MR NI F (BIERRT: A mIEPIEE #d%)

WFIE5 R e (ESZEEHR S & AT EAT Lt ARttt o & — B =RK)
WHFE A RIRGLE (B LR e R S AT e L eV ERBRI 7 o % — B BENEE)
MAEEE

(LB L 2 IR O BRI EE R T 1338 ik st (DNT) FORIREEZFHE R T HZ L NHLN
TWDHR, BLRURIRE O X OB OB A2 B UM T 572D D=2 R A v MIRTZfENL
SN TRV, ARIFFETIE, ALFE OFLRRIRMER ORI R X OMEFHEEICA 72T A — 2 ZRE L,
BhERE72 in vivo FINEZfENLT 5 Z L 2 ET 5,

BT R E TOMTRER G, T > b 28 HIFRER O BG5BT I 1T 5 FUR RO B R 00T 25
OHFRIE~NV A X X —FER, @3 7HEBCARER, O3 vHEERLER, @RS VT G
TEER OBHICB W TR BB EIE TH D Z L AR SN, MRENES T RBMTIC L i A & h
72 DPP4 « SNPH % fW 7o Getald, SRS R 2 AR — T2 e L CRIHCX AR NH 5, F
7o, HURHR T3 « NIS, FEE(K TSH 35 X OF UGT1A6 DKM Zdetaz 325 2 & T, Bt RIRERH O
FFHEENFIRE CTH D Z RS iz, RFEIL, BEFD OECD A F7 4 Bk (TG407) (IZEGITHIAA

DHRETH U | ALZFEWE OPTHF AR E R H O 72 OfEE D% 72 in vivo FFlE L L CTRIA LGS,
EREAIIZIE, OECD * EPA/ICCVAM D HFAFRHIT IV T, FARIREEEIS N IZBET 5 in vitro FEALR D B
HKBLIONRNY T —va URED LN TS, —F, IBESIN TV LIFHMIETIWTNS U A7 Gl TiEia <,
AP — Rl Z FIRE L TWARICEETRETHY , HHTIBEMROZEMGE b B IHE oMk H
BT D MBI 72 IC DWW T bk 2R I INEE RN LB LB 2 b,

A. FEEMW

(LW X DAEYRIA O FORRFEREAR T 1L, 8
RN (DNT) OB ELFRT 5 2 L NRES
TN D, 2018 FEIZHE S 4172 OECD BBR T A R 1
(TG407, 408 I8 LN 414) Tix, FIRBRFALE %%, B
HEE OB MDD WIFHESRTEH L 7e o 7=, L
L. MRV I TR L/ B B D SRR L DR E)
FEOMENRD D Z LIz, PLHRIRYE 223001
BT A7 00EEITWEZH L TR R
EEORBEMFER IO+ 5720 0= KR
A FOARPTH D,

oz X, BT EE A SRR B AL E Y R
g (Fn 3~5 A 5 21KD1003) 12\ T, HiH
RIRMVE %27~ MIZ 28 HRERR DS L72BS, BRI
SRR RO A R BB IR R L e D 2 & JEER
S L O RR L AT I X 0 2 OB 2 HEE
LEBEAZEaE L (Akane et al., J Appl Toxicol,
2024) ,

RIFFETIL, AT e 2 S DICRBIE BEHFETA R
T A B ATE R LT RUIRIR E O 1 7 it $s
FOMFHEEZFIRE S 92 in vivo ikBRIEDOWeENL % A
Wed 5,
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Wbtk

Z v b 28 HMXER O#&ES5H R GRE - Bm|)
SME6EEETIC. 6 @IOSD Ty b (Vv v V-

TRZ RY— Ty ) (HESVL/BE) IZXFLELTD 6

TS FE 12 FEOPTHIRIRWE % 28 HEX

wROEE L,

QMR F % > F—FHZE : Propylthiouracil
(PTU) 3 & (M Methimazole (MMI)

@3 7 FBOAAPAE : Ammonium perchlorate (APC) 5
J. W Potassium thiocyanate (PTC)

@i 3 v EEEFEFLE : Iopanoic acid (I0P) B L
Erythrosine (ER)

ONF g 12 3 17 2 H KA v ' o 3R
Phenobarbital sodium salt (NaPB) & X O
Nicardipine hydrochloride (NCD)

B®TSH PEAFHE : Bexarotene (BEX) 3 X U LG100268
(LG)

@®TSH Z BRFEHT - VA-K-14 38 L OV LM224  (LM)

B.
1.

AR T T, MEEEICERGEREER L 2 WE
(LG« LM) {22\ C, JRBLAR T - MRk b = fiR
WraiToTo, £, FHEBRWME L LT, @F RSV
T e Al T H B Pregnenolone 16—



carbonitrile (PCN) DO#HEBRZFM LT, S HITT

Fb*ﬁﬁ& LT, UTOF 7T HOIIFRIBWE L., &9

B 1 HEICT28 HMRER DS L,

@ =31 U FEBUAAPHEE : Ammonium perrhenate (APR).
Potassium hexafluorophosphate (PHF) .
Oxyfluorfen (OFF) 35 X ONEtoxazole (ETX)

@ W = v F B & L %E : Fluazinam (FLU) .
Chlorothalonil (PTN) 3 X UrOcthilinone (OIT)
ZDOMOYENZDOWT, AT T LTI 723A F

~— 1 — {5t & O T S R R b SR R AT A S L 7,

BEWEORSHREIZLLTO®Y Th D (FRUTS T4

FEEHi4sy, APC, PTC, ER LIAMTH&HIRE O#5),

(MPTU:
MMI :
@APC:

0.03, 0.1,
0.3, 1, 3,
1, 10, 100, 1000 ppm (fX7/K)

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

ER: 0.06, 0.25, 1, 4% (JREH)
@®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

0.3, 1, 3 mg/kg
10 mg/kg

FfREEER (APR, PHF DIAMZoaMIR 05
@APR: 2000 ppm (fk7K)

PHF: 2000 ppm (fk7K)

OFF: 300 mg/kg

ETX: 500 mg/kg
@FLU: 100 mg/kg

TPN: 300 mg/kg

OIT: 200 mg/kg

FERIZIBW T, 53 R IR & O &
SEft L FRRMR - TR - IS O EEHIE 22 b NS
BARRAAARAT 2 20 L 72, 7 13 oo FRRRBEE

AILEL (T3 T4+ TSH) OBPEEIT-72, EHiz, H
RIRZIBIT D T3+ T4-Ki67 - F MU w7 a/3 wFEdk %m

& (NIS; sodium—iodide symporter) « NAD (P)H quinone
dehydrogenase 1 (NQO1) + glutathione peroxidase 2
(GPX2) . dipeptidylpeptidase 4 (DPP4) & L W
syntaphilin (SNPH), TFIEMRFIIEICISIT D TSH, fFlEIC
BT HFRBEFLVE CRBNCBEET 5 7 V7 v o fgs
%%%(mm%)@ﬁﬁﬁ%k%%%ﬁ%%ﬁbto
Ki67 (22U CIXHR BRI bR IZ 3810 5 Bt 5
NIS « NQO1 « GPX2 « DPP4 « SNPH (FMRAR) . TSH (FEEK)
BLOVUGTIAG (FFlg) (2 2>\ CiXFnF bt mfg=s
ZHE LT,

2. 7 v FHREREB KOV EEIS
FEHRNT ()

AR REFL E B e 5-e D 7 R RIS KOV
HARICB T LB T REALTEZRB T D720 T THE

BT 5 HEENEL T
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FEIZ®TSH pEAPLEA] (LG) o 28 ARBIKER N#E %
EfE L7z, 6 BEDOSD 7y b (BFEHETIC; ¥ 7 Y
Ve TIRT R = DR T, a— IR LT
LG % 2 mg/kg/day D HETHAROBREG L, BSE
XA 6 EEORR - BHLOBGHERICEKSE,

PRI ER RO b N-HEE L TRE L, &HE T
B 5 B 3 FNTFRERAR L AIMT & L. 10%H % 1
FN= ) AARICTEER,. FRBBLOTEREKERES
BT LIz, 785 4 Bl RNA HHE A & L. £96F L 72K

MR L OVFRKITE B2 ISOGEN (= R ¥—2) T
REIFA X LT, —80°C CHFEHRTE LT,

Fo. AT FEOBEMBRFYWE L LT, OF R
VAR H—FIHEA| 4,4 —0xydianiline (0DA) B
L O Sul famethazine (SMT) . @it 3 7 Z £ FHZEA (TPN)
MW Z v 28 HREBER A #5582 5k L7,
BHEAVCORESD 7 v b E2 AW, &5 HETIRERE &
L. HLACRIER AR S5 & LT 0DA 1% 400
ppm, SMT % 3200 ppm. TPN /% 6000 ppm Z5%E L7z, 72
B REBRIIATHEOIRIR S OFER & RIRFIZET 5 7=
O IRBLAT R A ORI T R o 72, IR LY
TNEEARO EEHIE , RNA fli A O LA 13, Bk o LG
L RIERIZ SN L7z,

BWAEHLRE 25 total RNA ZfH#. RNA JEE %
NanoDrop ND-1000 (Thermo Fisher Scientific) TillliE
L .RIN ®3E{f 2 RNA6000 Nano kit 33 & TV Agilent 2100
NAFTF T A% (Agilent) (ZX D HEIE L7z, 200 ng
? total RNA 775 B A F 4%R% cRNA 25k L. 1.65 g
@ cRNA (2T Whole Rat Genome Microarray Ver3.0
4x44K (G2519F#28282. Aglent) IT/NxA 7 U XA A L7T-,
T L ADAF ¥ L, Agilent Microarray Scanner T
fRNT LT Mg 7 2 AZ U v Tl DT VAT —H~A
= TREMTIZIE GeneSpring GX ver. 14.9 ZH N, i
M2 (FDR; False discovery rate) % 0.05 AR, 7D
Cut of f fHZFEBIEL (FC; fold change) >2.0 TEAfE:
BT TREEN E~A 70T LA T —2 DL
770

3. [EBEHEES I K OGESNEEIC
(ZBAT 2 EHIUE (NI

A TAHET A9 BICBRME ST,
ERGEA T M E K & B & (ICCVAM; Interagency
Coordinating Committee on the Validation of
Alternative Methods) DEFHIC K 2 BUIKIRHEAEFFAG L
DN F—3 g (WT; Validation Management Team)
\ZRE9 5 BRSSO Web 23EICB L, KEBR
BfR#)T (EPA; Environmental Protection Agency)
NEZ9 % 3D Human Thyroid Microtissue Assay D/N
U7 — g OERRIRICOW T, EHRINEZ1T - 72,

SRMTHEI A 22 BRBXOV10 A1 BB ST,
OECD Thyroid Disruption Methods Expert Group ®
Web ZXFRICSM L AHPAFZHS BRI IT 5 R
JiR & R R BT A 2 0D B A Bh ) 2 FH A L 72, < 51T, OECD
DHEMERHOFMOILE DT — X LT D
EU-NETVAL (European Union Network of Laboratories
for the Validation of Alternative Methods). PEPPER

(Public-Private Platform for the Validation of

BT % AR BE GE T Af

K E B FERAE



Endocrine Disruptors Characterization Method) 3
X OV PARC (The
Assessment of Risks from Chemicals) %

A 21T o 72,

European Partnership for the

DFEMAD

(f B~ DB FE)

B SR E ST R L B R R AR SR AT IS 3 T S EV
FRIAR DB S FE - AR A S LT AT
DENE T D N BN Z T D ER e /AR E T 5 &
IEE L TIro Tz,

C. HrERR
1. 7 v b 28 HEER D575
1-1. iy A oo FR AR B AR /L€ Ui
MyE T3 « T4 « TSHEOHERE K% Figure 11277,
AR T AR RN 2 I L 7= PTHIR IR E i, DA
DEEBPHAFIARELEEZ > TRO LT,

LG:T4{KTF ;0.4 mg/kg LLE, T3{KT ;2 mg/kg
LM : FERALE e L

PCN : T4 1&F ; 25 mg/kg LA L. TSH#9M0 ; 80 mg/kg
TR AR

APR - PHF : T4 {lx'F, TSH ##0

OFF - FLU : T4 (& F

TPN : TSH #4410

OIT : T4 #4/0

ek, BAEE £ CICHER L7-BEFERICBW T, O
ORI~V A o 2 —BHEA] (PTU - MMD), @3 73
BGAZFAEA] (APC « PTC) . @HVRAR A LVE AT E
# (NaPB « NCD) I, H&EAKAFEHI 72 M T3 - T4 K T &
O TSH #EMAE 5l & Z Lz, OB 3 v HEEHE L EA
(IOP « ER) CIX TSH OAZ 728z hnz . 10P G
T3+T4 DA B /2B INA I 5 7=, @TSH 2EA P A (BEX)
TIE T3 T4 OFERBO VAN, TSH OFE /2
EENIFBD N1,
1-2. @z &

LG« LM+ PCN O 5B LN 7 HE (APR - PHF -
OFF « ETX « FLU « TPN « OIT) O Plgkaikbric >\ T,
SR AT 72 & N s B2 (HRAR « TR - B
JFlE) ORPEREEA Table 17T, UL FOLEEIH
HFEREEE L GRO B,

LG (Table 1-1) : 2 mg/kg THF#ax/FH % B &OHEIN

LM (Table 1-2) : HEZ2 L& L (1 mg/kg BED T
A EEOBMNT, HEERFEEZ KL Z D%
WAL EE 2 BT)

PCN (Table 1-3) : 80 mg/kg CHUIRARA T/ FH% B &
DI, 25 mg/kg LLETHFHEXT/fExIE & OHM, 8
mg/kg CHFFAXT Em O

Ylifaaratk (Table 1-4, 1-5) :

APR « PHF : HURBR#MET /A0 5t B S0 HE N

OFF « ETX : fiF#ast/F8%f 8 & DN

FLU : AR AR AR o B8 B O HE N, AFfset /48 % 22 & o0 HE 0

TPN : HURARHE S/ AR E RO T

OIT : HURARAEXT E & OIK T, st EEOK T, &l
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e /A R E B D HE N

1-3. SR PR S0 AT

LG« LM - PCN O 5-328r 3 KOV 7 WE O Tkt sl
TR D HURAR « TR - FFHR O R ELR RO R A
Table 2 IZ/R7,

LG (Table 2-1) : FRIRARIZE T 5 2 4 RiBAfELS 0. 08
mg/kg LA B 1 H] TBISR éﬁ“wio

IM (Table 2-2) : FURIRIZE T 2 2 1A RiBHEAD 10
mg/kg O 1 FlICELE I N, TEMARFIZETIL, HEFH
FEETWHOO, ZEhafb/IERDS 1 mg/kg LLE T
REni,

PCN (Table 2-3) : HURARIZIS 1T 2 U8 A B RGR AR AR K
/B (B THE) BLOav A NN (25 mg/kg
PLETAHE) OFAMENERETHEEEICEM L
7o FHREARATEETIL, IEK/ b N &R TR Sz,
MG D 7 INBE H D /300 oM AR A R 28 2 B CHLER &
AU, MR R 80 mg/kg. I FRMENE K IE 25 mg/kg LA
eHEECEn L,

FlithalsABR (Table 2-4, 2-5) :

FORAR . 7 WE T R CORERHICB W TIEIE LR AER
JIBIER N B S, IEKOEABEE DA E R
APR - PHF « ETX « FLU « TPN 5B TEO b7,

FEE{A : APR « PHF - ETX « FLU - TPN $£ 5- £ CRIEE DR
K/Zefaft 73 I~ B AL, APR - PHE $ 5.1 CH & 7o 54 s
Binz =Lz,

JFhigk - OFF « ETX » FLU $& G- /N3 Ho Do R A A R
DB I FLU 5 HECH B ARER M2 R LT,

7R, AAFEEE F IO G35 % 0 L7 O R AR
VAT A —PRLER] (PTU - ML), @ 3 7 EEBUAAPE
A& (APC - PTC), @M = v REEFEHEH (T0P - ER) |
ORI R NE ARHHEER] (NaPB - NCD) OE#E I
BOTIE, FRBRER BRI O JER A3, i A v
HoOAELREHNALNT-HELY VIEHAENS DL L
CIEHFAAET HFMIAEREEEZ L TROLNLTE, £
7=. NaPB * NCD %58 Clix, MR L AEOHERLE
NAONT-HEI Y GIEHAENS . INBEFLPEFHE
B R E B RENE R LTz, 260 H 5 PTU - APC -
I0P « NaPB + BEX @ R RIS I OV o0 73 BRLARAR PO BT
W% Table 2-6~2-10 |27,

1-4. SRR bRy - FRAR T4 - T3

AF T AEEE L, LG - LM - PON O 5 ERB L N7 WE
D PERRFTERERIC OV T, HIRIRICIS T 5 T4 - T3 pEA
TRt X D MR LT,

FORER, LG« LM« PCNESHE TV b, T4+ T3

YA PEDIRTIXER D SN - 7= (Figure 2~3, Table
2-1~3), TlEfasto 7 WED 5. APR - PHF (X T4 +

T3 OEERME T2 &2 Lz, —J7, OFF «ETX «FLU +
TPN « OIT ¥ 5HETIL T4 « T3 DL TFIZ L BN Do 7=,
2k, BIEEE CTICEM L7ZFRIRICBIT S T4 - T3
DRFBIZENT, OFRBRAIVA 5 v & —BRHEH
(PTU - MMI) 35 L UV@ 3 v ZEGAAHER| (APC - PTC)
Tlix, FAEEFEN T4 - T3 OAERIKTRED B,
PTU « MMI ~C s BEAR AR = FOMARAT |2 o\ TR IR b R i



ERPBOONTHEE KL TW, —FH, @Oia ¥
FEEHFLEA] (T0P - ER) . @H AR IR A VE ACHHIEHE A
(NaPB + NCD) $ X O'®TSH FEAFLEAI (BEX) Tik, W
THOREHIZBNTSH T4+ T3 OB L0 72K T IR
bhenot-, 26D H 5 PTU - APC + T0P - NaPB « BEX
DRGSR % Figure 2~3, Table 2-6~2-10 (2777,

1-5. S AR L2 ROMENT - FORAR NIS

AR E ClosEE L-FRIRE Wi~ a 77 L
A FEHTIZIBUN T, PTU « MMI + APC « PTC $¢5-F THHIHY
% T0P HRETHIUL T 2R L7 NISIZDOW T, i
Y A N CEl~—— & LCORREMZME L
77 RN TAEREEIX. LG - LM - PON B X OV 7 WE O Fififa
FRRBRIZ OV T HURARIZ 1T D NIS FE 81 (F5 4k mifE=R)
BHBZ L (Figure 4),

LG« LM : AERZE® L

PCN : 80 mg/kg CTHEIZHEMN

FltkaEtaE - APR - PHF - ETX ¥ GRECHEIZHIN

728, B4R £ CICEM L7 FURAR NIS JBU#ENT ©
IZ. PTU « MMI « APC « PTC - VA-K-14 B 5-FEIC B W THE
7RHEINAS . TOP « ER % 5-8F ClIsst FRAVICAH B 2K FA3ER
O BTz, ©TSH FEEALEHRIToH 5 BEX HHHETITAE
REITRD SN SEIOLC DOFEER L —F LTz,
B ®H B, PTU-APC - T0P - BEX ORER#E 5% Figure
4R,

1-6. So kR LI AEMT © HORAR NQO1 35 L TUY GPX2

AR & CTIO S LRI O~ A 7 v 7 L A iy
DGR PTU « MMI - TOP B¢ G-I I8 L CREUE I Z R~
L7= NQO1 35 L TR GPX2 12 oW\ T, HURIRIC IS 1T B B
(BRrEEAER) 2 ERaIc X VBB Lz, S 7 4
EElX. LG« LM D 2 MBIZ W TRT 2 Ei Lz, £ D
FEELG - LM & %12 NQOL - GPX2 FEL DA E A )33
O N7 (Figure 5~6),

72 AN 6 AEFEIZ SN L 72 S BUARAT Tk, PTU-MMI -
APC + PTC - TOP $ 5-8 T NQO1 ZH DA Z 7288, PTU -
MMI - PTC - IOP - ER & 5-8£ T GPX2 IO A E /B
it S 7=, ®TSH pEAEFLEA|TH 5 BEX & 5-HE Tl A
B RITRO 6NT, 4RO L6 OFERE —FH LT
7o ZHUHD 9 PTU « APC » TOP - NaPB - BEX DR sEfE
H% Figure 5~6 127,

1-7. SRR LS fEAT - HORAR DPP4 35 X OY SNPH

AR RE & CICSEM L= HF RO~ A 7 a7 L A kT
D&, PTU « APC « PTC B G-REIZ 3500 U CREWEINZ 7~
L7- DPP4, 3 X TRPTU « MMI - APC + PTC + NaPB - NCD #%
SRpic4m U CRBEEMNE R Lz SNPHIZHSW T, £h
FIPTU « MMI « APC « PTC 3 5-F£ 0 FIRARIZ B 1T 5 3
(Bt EFER) Z el LV R L7z (Figure 7
~8),

DPP4 : O HVRARA~IL A2 o & —VFHLEA] (PTU - MMI)
Tl SEFHER S IMNT IS 3T AR R A AR
AN —# L= 8MEm 27~ L, 3 mg/kg PTU B XL
10 mg/kg WMI THE TH o7, @3 7 EFUAAFLEH
(APC « PTC) TlZ. 100 ppm LA |- APC, 1000 35 & T} 5000
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ppm PTC CHFHFEMHFEZEZLZ b - THEMNML 7=,

SNPH : 1% TSH AN —E L7=#Em 2~ L, O
FRRIRA~ L A% o # —BFLEA] (PTU-MMI) TiX 1 mg/ke
DL PTU 3B LT 10 mg/kg MMI, @ 3 7 FEEUA PR
(APC + PTC) Tl 100 ppm LL |- APC CH EIZHIM L 7=,

1-8. oS RARR L 2O fRMT © T 3E(K TSH

ST AEEEIL, LG LM - PON B X O ikaEEBR D 7
WEIZOWTC, THRRATEEICRT D TSH 8L (Gt
R el vmB L (Figure 9),

LG: 0.4 mg/kg UL FCHEIZIKT

IM: FREREEZRL

PCN : & COEERECHEIZHEM

TiaEtatER ;- APR - PHF - OFF - ETX - FLU « TPN - OIT
BHEECAHEIZHEM

7ok BITEE £ CICHE L2 FERARTEEICRIT 5 TSH
FEHEMT T, PTU « MMI + APC « PTC « TOP « NCD + VA-K-
14 $ 55 T TSH BELOA B REIMAFE O Hivl-, xR
B, ®TSH PEAFHERITH 2 BEX B G CIIAE I
TAED B, AEO LG DFERE —F LT\, Zh
5?5 %, PTU - APC - TOP » BEX D& %4 Figure 9
W2,

1-9. SRR LS REAT © HORAR Ki67

AR TR LG I OWTHMRIRIZ IS 1T D Ki6T 3881
(BMEAIIR) 2 de I K VBB LR R, BB
FENTRD S h o 7= (Figure 10),

7ok, B CIEM L7z FIRARICE T 5 Ki6T 5
BfRHTCIE. PTU « MMI » APC - NaPB - NCD #%¢ 5.8 C Ki67
FEOABZ RN S -, @TSH EEAERTH
% BEX #GHECIIAEREITR D BT, 4B L6
DFERL LT\, ZhH?m o B, PTUAPC- I0P -
NaPB « BEX OGR4 Figure 10 2R,

1-10. SR L2 AOfRHT « AR UGT 1A6

AF T AEFEIX, LG ¢ LM« PON B X OMVisfaitakBro 7
WEZ OV FIRIC IS 1T D UGT1A6 5 81 (BoE i F %)
RER IV MRE LT (Figure 11),

LG« IM: HEALE L

PCN : & COEERETHREIZHEM L., Frlo/NEED g
WCBWTHEICROD b
FiitatekBR © OFF » FLU « OIT & 5-BE CAHE 2N

728, AR £ Clo3hE L 7= fi#dT Tik, NaPB - NCD #
HEECHBERBMAFRD S, B2 AT TR
D O BRI — LTz, & O, PTU-MMI -
I0P #E5RETH A ZE RN D B, gt
MEZE BN X OVHUR AR O S BARRR A0 T N  H vT-
HAEIVLEHETH- 7=, ZNHDH 5 NaPB - NCD -
PTU - T0P DR FER A Figure 11 12R7,

2. 7 v FRMRRE X O T EREIZ R T D RN EST
FEBLRAT
2-1. {KE - 2R - HasEE

LG B GFETIR, ef FRHE & Lo LB EE R O BN 72 &




. AR EII S REEICE LT %D EE AR L7

(Figure 124),

ODA, SMT 35 L TN TPN FEERETIX, W OREIZHEW
THH&E 2 B CEREORD N LI, 0DA 5.3
TG 2 1 B DRI EBNME 2358 Hiv, R
PREI R BRREIZ L L C 6. 6% D IEfE &2 7~ L7z, —J7.SMT -
TPN ¥ HEETlX, KE~ODEEBIIRBDO LN o T2
(Figure 12B),

2-2. <A 7 T LA

FURR IS K OVF AR TR, b RERS L OVLG B 5-#E1X
TNFNRL D T AZ—L L THEENT (Figure
13), FRARCIE. LG GRS IV TREUIE L 7285
TR T, BEULTF LI2BE 12 21 @bz, FEK
TiE, LG BGHHTB W THRIUEM L2 E B 3RO 5
ng. 22 BT CRIKTAROD b, RELE%
RLUTEEIEFD—'E % Table 3-1~3-3 (2”7,
FORIETId, ARV A % o & — P IEER 2R
I ODA-SMT # 5 LD —FILE R W RO LN H DD,
SHREEE-TPN BEIZENENR R D 7 T AKX — L LTHHE
SNz (Figure 14), FBUEM LB 7303, ODA #
HRET 32, SMT & E5-/ET 42, TPN R 5-8ET 126 TH Y |
T 4 BaFnmL T, BEKT L-EK
FHIE ODA B 5-FET 366, SMT B 5-F£T 397, TPN 5
BET 1046 THY ., ZTDH B 164 @A H@m L Tz
(Figure 15), BREEEZ /R L&+ D&% Table
3-4~3-9 |ZTRT,

3. [EFHERE IS L OB 12 6 2 H IR AR B RE &Y Al

B9 % TE IR

BFTHETH 9 HIZEME Sz ICCVAM IZ L 5, KE
EPA @ 3D Human Thyroid Microtissue Assay O\ 5
— v a VESHAICET S Web 2EICZIX. FHRO
Inotiv, BHZF&FE @ EPA 35 X OV NIEHS - CPSC « EC « JRC -
NIHS/JaCVAM 7> 5551 9 DS IMME N B - 7=, 4 skl
BFAZNRN)F—2 g v ofERzZ &N, BREFOL
DIT—EDOHHEMEZ R LT — 20N EbND ¢ E X
DTz, — T, B FOIER AR 2 F V72 /g o
723 L7 BUR PR DO A FIZHOW TR, ZEMFAS
B RER bR D LB 2 b,

SR TAHE9 H 22 HBLW10 A 1 HICEEESNT-
OECD @ Thyroid Disruption Method Expert Group ™
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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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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.
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. * and **: significantly different
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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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