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BIHE 3
JEAE R R SE A B A (b2 ) A 7 WFgE R 3E)
(21KD1003) #a$EMFITIRE &

FURBRIZ A3 DL FWE O EZ FHE§ 5 FIE O

wrgefEs SMRE ENERGSRLEEMEIRER =R

MAEE

WNWRELE O & MEFRA~OREITIL S BTSN T2 0, LFWEIC X D HIRIRER OFHE 5
FEIZOWTE, WEE a2 B ARELN TR, KU TIE, 7 v MEERE 72 B R
HY - A L RO R I L D AL FE O FIRIREED in vivo sHlEMESLZ BT, SF 3 L
%, BHAFEOFIHRIE %2 7 v M 28 HIRER OG- L, Mg A/VE ME L BFEREEE & Ok
AT T2, BRIV %o —PHEA (PTU - MMID) 1%, HEEFEO21ME T3 » T4 K FB LW
TSH ¥z 5I & Z Uiz, —. REFERSARE Co IR IRER LR IE KR K O ik b 2k 52
TOHARPRD T4 BBUK TIL, 1fiE TS - T4 - TSH EOA BE/2EEZ kb, KVEWHENHR
iz, Fiz, FIRBEER SO TEAKREECK T 2 TSH BrEmER OB, fiF T4 O & [F
HETRD LI, ZNULOEELTHIRBEROFMEICA R EEx bhvic, 61T, IR - TEEIC
BT 5 MFEBE FRBURNTIC LD . Fill~— D — N2 A S, DLEORERIZ, FARRONE

HUHRR P RORSR TS LU T4 S e s, (L FPWE OHTHRIRIRIER O BB W) THUBURFEIE & 72 D
50 Z L 2RRY 5, A%, MOMFIZ X 2 FIRIMERERLEANIC W TRET 2 fikki 42 TETH D,

WHFe o HE

NIAET ESLES R AN SR B R
AOFRE T ENZESE SR AR TR =R
PRARGAE  ESZEE SR G R AT SRR B A
FHE

A. BFEREM

WP IRELE O b MEFE~DOZEIILIATL 0 JA<
RS T&E e, FIRBERIR T 25 & 2 bW
BIZOWTH, R Z GO AMBRICRELY KIFT
Z LR IH TS, OECD 1X. 2014 4RI HRRAR &
VL DIRERIEIC B L 5 2 DLW E O HEIC
B9 % Scoping Document #3&H L. HFIZHESI< R
FERERMD L=, /2. 2018 FEORBRIEN A F
T A UGETIE, 90 H IR RR 0 a3 (TG 408)
WG AR EL B EE O R R B I0 S 4u, FR R B s
AVEY (RVI—FYAMr=" T3, hfuafx
T4, HARBREARLE S ; TSH) 38 X OHR R E RO R
L. bR L AT m— L - LDL - HDL fED I
ENRDEND Z & Elpotz, 2019 FFITITERINE 4
2FEE (EFSA) 705 HURIRIC B 2 KT 23RICBT 5
REN LB 2 A 2020 421213 EU 7> & LR IR A L
FUABHALFEWE MR RIE O LEMICET A5, KE
BRECORFETT (EPA) 2D LI MEARIG Y (POPs)
L LTHHM B D perfluorohexane sulfonate (PFHxS)
DWW TE 2B U CHURIR A LT B EER O
ERE I RBIEDLETH D LT 5 EN TS Tn
Do LU G| M{E AR /VE MBI O SIEIC X
LEBMPRE L ALFWEEEIC LD FR R RE TN
DOFHEFIEICOWTIER, WEEarerdh2angohn
TV,

Fox 1k, B TEHEETR S (L E ) 2
7 WFFEEE (H30-{bF—F8E-003) (FAk 30 F=~4F0 2
) 12\ T, FURIRIC B 2 R TR 4 Db E %
H—HET7 v MZ 28 HIM#O S L, i T3« T4 -
TSH ¥2E R L OFRAR T4 « TR TSH Z B % S0 ik
{EZRNTRRSE LT, £ OFE R, M T4 B N3 L OV TSH
Nz, Ak Z O 7o g i b g I Ko T8
NOPBUTHIARETH D Z EBH LR o7, KN
ISUBELIL. IRV E L ORE DI LT KN A
P, &R EE, AR AETMEIC LD D Z D,
L VEEMARFBLELEZ SN D,

ARFZE T, EEHR R L OGS ES BT S, Ak
A V| U BEAL T E O FE R AT RE 7 REAT T 1k
72 L NI O EMIUEL EfT 5 L & bic, 7
v MR A O TR B R Y - SRR L R SR
WX B, ALFWE O RIRIREED in vivo EFALIEMEST
=i

B. #FEFE

FUR IR RE I B 2 R T R~ DLW E % 7 v b
(228 HIW, BEHE TR OBE L, SRENSWIERE O
fEsE & L OME R LVE S EERRET S, £77. BIK
MR T AR IZ DUV T, SRR - o MR L 2 -
DTEWEHIRBREERT 5, TN G, Kbt
W DN TEEFIER BFroOREICERS 287
BHINT A=K DAEOEERE L., (LZEWE O RIR
2B D in vivo RHIEMNLZ BHIET, £7o. WF7EH
M2 38 U C, #ohE - EEERERIZ 3 1T 2 HOR IR RE LA
BT DI HREZIUES 5,

. v bEAVWE 28 HREIKIER O #5388 (BH -




TRAR)

6 ED SD T v & (FHEMERES T, AT ¥ —/L A -
U R—=) 1TxE L, BRI LE B HE~D BB E S
No5EH4WE % 28 HMKER D& S Lz,

Propylthiouracil (PTU)/Methimazole (MMI)
RIS LA XX —EBHEATHDH PTU BT
MMI %, Z#F400.03, 0.1, 0.3, 1, 3 mg/kg BILW
0.3, 1, 3, 10 mg/kg O HET 28 HMFEMHIFEOBE L
7o BB 53 H BRI IS K OS] L, HR AR - FaRfA -
Bl 4 O BB IE 72 b NSRBI 2R 3R & 30 L
7o F7o. BRELL 722 VT, T3 - T4 - TSH - B
BRI A e (ACTH) « P15 7 F > (PRL) - Jif
FARLE Y « BIKRLEY A NT VA —L T

FRFRYTARNATFRONEEER LT, 512,

FORARIZ IS 1T 5 T4, FHEE(KIZISIT S TSH - ACTH « PRL O
SRR R TR & I L 7=, TSHIZ DWW ik, T
RRTEEIC IS T B BRI O mAEsR 2 | E LT,
Phenobarbital sodium salt (NaPB)/Nicardipine
hydrochloride (NCD)

R IR ARV o OAGEHMERE LS K 0 HUHR IR IR RE 2 7R
FTHE L LT NaPB 8 L ONNCD &2 <4 10, 30, 100
mg/kg B L ON15, 50, 150 mg/kg DFHET, PTU - MMI
L RIERD F1E - FRIEHIC L 5 28 HEIEHRG-H ER %
Ikt L 7=,

2. T v FRRBE IO TEKIZE T D HBENEE T
BN ()

ORI RER E E R GO 7 » PERIRB LT
ERICBIT 28R T RBELSEZRET 5720, Bk
IR 2 78 (PTU - MMI) o 28 H B fER% 0% 5% F i
L7z, 6 ERDSD 7 v b (KHEHET VL ; HAT v — /L
A e YoR—) 1T, B CBERIK) . 1 mg/kg PTU, 10 mg/kg
MMT % 28 HREsRHRR D& 5 L, &5 MRt oE
H - ARER & OAFFE T FLRURIRER OB & 270 5 280358
OOLNTEHBEELTRELLE, FRETHOS B 3 HillX
IRBHR R E A & L, 109 PEREE AL~ U RIS
THEHTEH., FRBB IO TERAEELZNE L, %25 4
Flix RNA FIHEA & U, B8 L72HRIR - TIRAEIZEDS
121 mk @ Isogen (= iRy « P—%h) THREID A
AL, -80°CCHAERTF%, total RNA Z4liH L7z,

RNA ¥ % /% NanoDrop ND-1000 (Thermo Fisher
Scientific £k) THIE L. RIN OFFAfii% RNA6000 Nano
kit 3L W Agilent 2100 SA A7 FF A4 Y (Agilent
) ICE W RIE L7z, 200 ng @ total RNA 7226 B A F
UHEER cRNA 24 L., 1.65 ug @ cRNA 12T Whole Rat
Genome Microarray Ver3.0 4x44K (G2519F#28282 .
Aglent #1) WA T VXA X LT, TLADAF Y
1%. Agilent Microarray Scanner TEHT L7-, =~
FAB Y TR EOT VAT =4~ A = THATIZIT
GeneSpring GX ver. 14.9 Z ., #5142 (FDR; False
discovery rate) % 0.05 LAF., 7D Cut off fH AT,
& (FC; fold change) >2.0 CT&%- TG E
WarE~A 7T LA T =MoL,

3. [EIBEHEES 6 K OVRE AN E S IZ 35 1T D BRI EE BERE AR
B9 S HHINEE CNID
FERFEE~OEESMP KRR TH D=0, A
VHE—F v FES L TERINEEES, KEFEEFERIC
B2 HRBALVE VEEFEEIZONTO FE v 7 R
ZHiZE LT=, & 5|2, JECFA, EFSA, WHO, FDA ZE7>6 0
EMBIEB L O PubMed Z X LD ETHREB L VU &
FAWTHAR AR VT AR ENC BT 5 fm SCEE O HINEE
T 7z,

(fii B ~ DAL fE)

B OBITER/NRIZ L £ FERRITEN EIE S B
BAENFZERT O EBREV IRV BUE IS E | B oE
Tak/NRET DR OBE L TIT- 7,

C. HrEmR
1. Iy FEHAWE 28 HRIRER O #5335

1-1. MmiEHR/LVEME (Table 1)

PTU & 58Tl 1 mg/kg UL B3 X OME 3 mg/kg T
T3 OIKT, MEHED 1 mg/kg LA LT T4 DK T, #E 0.3
mg/kg VA BB X OME 1 mg/kg DA G TSH OHEMA, #
HEMAEELE S > TRD LIz (Table 1-1), 1 0. 03
mg/kg B ERETAH S T4 #NZ, AEKREEEZ K<
ZENDEREREILEE X BT,

MMI ¥ 5 RECIE, #E3 mg/kg L ETT3 - 4K TR &
N TSH H9NAS, ME 10 mg/kg T T4 K T3 L O TSH #4n
RO BT (Table 1-2),

NaPB £ 5-BEClk. 100 mg/kg T T4 DAL FAERD
b7z (Table 1-3),

NCD % 5-F¢ Tl 150 mg/kg T T4 OAK R, HERE 150
mg/kg T TSHHENI2SZE D H e (Table 1-4),

PRL 3 X OVHIE L 74t oD ML iE AR L AEIZ DV TR,
WIS B IZBET 2 2 RITRE O bivie o T,

1-2. lgzsE & (Table 2)

PTU ¢ 58 T, MEME 1 mg/kg LA BT HURBRAG /48
SPEBEOHEM, B 1 mg/ke YL T FEAHEEEDOR
. HE1 mg/kg UL IR X OUME 3 mg/kg C RIS/ FE5%T
BHEOKTNALIT (Table 2-1),

MMI $&5-8EClE, #E3 mg/kg LA EF L UME 10 mg/kg
T HURARA S /AT E O, HE 10 mg/kg T FIE(K
FHXFEE OB, B 10 mg/kg THRIBHEXTEZEDIL T,
e 10 mg/kg THIB M/ X HE &K T2 D bz

(Table 2-2),

NaPB #% G- Ci%. MEME 100 mg/kg T EE OB
A, HE 30 mg/kg LA_EFS KO 100 mg/kg THAHX E &
DI, HERE 100 mg/kg T FUIR AR/ F8 f BE E DI,
100 mg/kg CEIFHEXT/ MR EEOIMMA A ST

(Table 2-3),

NCD #¢5-8¢ Cl, MERE 50 mg/kg LL_E CRFHEE/ A0 %) B
EOWEM, M 150 mg/kg CHURMRHE R /AH %t 85 8 O H N
NiRD H L7 (Table 2-4),

1-3. JREMRR AR (Table 3)
PTU # G- #E D HURAR T, FAR RIS B R e o JE R
JIBIERE KOV v o RIBHEO T A SR NS MERE 0. 1



mg/kg LLETRO G, Z 0 5 HiE _EEAEAE KX
0.1 mg/kg IZHBWTHREIFRICAHEREMEZ R LT
(Table 3-1), TFEMRFTHETIX, IR/ ERbDOAE
FEABEERE N 0.3 mg/kg LA BB L OME 1 mg/kg LA
TR LTz, £, BB E OZFEM D HE 1 mg/kg LA
B X OWE 3 mg/kg THIE I N,

MMI % 5-8ECid, FUIRIRIEI R AR K @ ks
KO v o RBHE OO 18 A B BE N 23 & 40 FUERE 0. 3,
1, 3 mg/kg UL ETHIZI N, 209 Bk ERHim
KRIZHE 0.3 mg/kg IZB W T HHFHFICHE CTho T2
(Table 3-2), TFERATEETIX, M1 mg/kg LA LETHE
K/Zefafl. 10 mg/kg TIEKR DA E 7236 A4 EH N
BN, Fio, BIBEEDOZEMI, HE3 mg/kg LA
N,

1-4. SRR FRORSR « FRRAR T4

PTU 3 L ONMMI £ 5-8E 0 BURARICIS 1T 5 T4 581 % |
ﬁﬁ%émiwﬁﬁbtoﬂ%ﬁfiﬁ%£ﬁm%®
ME R L OEEREICK TS T4 BELED L
(Figure 1), 26D T4 BE L ~LiL, JREHEERF
HIRR R Z B Tl ERGHI DR R 23388 H v H &
E—F L., PTU 58 TIIMERE 0. 1 mg/kg LA b, MMI %
HSRECITE0.3 mg/kg BILOWE 1 mg/kg A BT, AE
IR TAEE S 7~ (Table 3, Figure 1),

1-5. Skl Fa9MsR © N HEE{AK TSH - PRL - ACTH
PTU 3 XY W1 #ERED FEIAFTHEICRBIT S TSH -
PRL « ACTH Bl %, foEfetailc LW MR LT, PTU &5
BECIIMERE 1 mg/kg LA T, MMT ¥ 58 T3 3 mg/kg
PLEF X OME 10 mg/kg T, TSH B mER DA E
RN ER D b= (Figure 2, 3), $£7-. TSH BtEmE
FERIL, MiF TSH LUl & HEZ AR 2 AT 5 2

LR ENT- (Figure 4),

—J7, FHEAFIEEIZF T D PRL B L OVACTH 3B iZo
WL, RRE & ARG L O/ TH L 72 2T
SR T,

b LRSS K OV RRIC I8 1 B AR A B s A

2. T
% %*
. IKE - EBfE - JEssER (Figure 5)

PW-WI&@%T&%%2@E#%%@%@M&$
BB, FRBECE LT PTU B 5B TIZ 3 EEND,

MMT #5-BEClE 2 3 B2 b A B2 REE IS 23388
HiL7= (Figure 5), PTU - MMI #:5-BEI 3815 % LRI O
fidess BB, ool /AR B L BICKHTIRBEICEE LTS
MEEEE R LT,

2-2. JEHRR MR (Figure 6)
PTU « MMI 58Tl R Lz 2BV THURIRIE
@L&ﬁ@@%kh&%ﬁ&zn4bkﬁﬁ(h@m
. FIBRRHTEE IR R/ 2L BB b Tz,

2-3. A7 a7 LAfEN (Table 4, Figure 7)

FORIRES KO FTRAEOWTICBWTY, SFHREEE
BERIIR D VT A —L LTSN (Figure
7)., ¥7-. FTEIKTITPIU - WMI HE5FHTRR D27 5 A

Z—L LTS —0, FRITITmA 3 L
T E LGRS L,

AR CIX, PTU » MMT #8510 & » CHIBN L 7=8&
LN ENEFI 398 444 BV . H b 336 B im0k
LT\, 72, BEKT LB+ PTU T 772, MMI
TT5 BV, 95 676 Bis 23358 L Tz, FEAK
Tl&, PTU « MMI B 512 X » TREHM L= 8+ %
NFEN271:293 BV . 5 H 239 WA T34 L T,
RBET L& 25 PTU T 362, MMI T322 H0 . 9
H 275 W LETh - 72, PTU « MMI - 5-BEIZ 258
L CRBBNERLZBETDOI B, BEBAKE W E
A7 100 IG5+ % Table 4 [Z/R7,

3. [EBFHERE S X OGEANEZEICE
(2B % I

KM wmHEF R CTIEAEERAETa—ADE Yy v v
“Thyroid hormones, brain development and toxicity
testing” & L CLL T D@2 B o 72,
RN B FRIR AT OVER & EEL TR,
M. 7 v bxte MZHOWT
. ﬁHEEF'@EF'iﬁiH;%n“\/I/:E VR &R IS A D
o FURIRESRE D22 e« in vitro BN v T U —BREE

DRAGEIN Y =t

R NOL =1 %wmmﬁ4b74/ﬁn BiFrs
FRR R L IE D S D
RO BIT 2EEERHOT Y RARA MR

T ANTARTAOBR - ETNE D 720 ?

Z 5%, Korevaar (Lancet Diabetes Endocrinol,
4: 35-43, 2016) LW Levie (J Clin Endocrinol
Metab, 103: 296702979, 2018) 2L 5. HIRWIHI OR:
RIZI 1T B RIS HEAR T 23 7k D TQ ZE DR 38 21
%@?ék®%%ﬁi’%d%EM%#%%$éﬂk
bW G 72\ 2 HUR IR REHE ELAE I oD il 40 73 4 2
L oiEFs (Gilbert et al., Endocrinology, 161: 1-
17, m%>MM@$%%L%N%&H¢%%@$%U
27 G OB BT 5 (EFSA ], 17: 5801,
2019) 3B L UERIN D ATHENA Project (Assays for the
identification of Thyroid Hormone axis—disrupting
Elaborating Novel Assessment
2k A FRE AL E CBEAL YRR
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Table 1-1. Serum hormone levels in SD rats treated with PTU for 28 days

Dose (mg/kg) 0 0.03 0.1 0.3 1 3
No. of animals examined 5 5 5 5 5 5
Male
T3 (ng/mL) 0.56 = 0.08 0.52 + 0.07 0.54 = 0.08 0.52 + 0.10 0.33 + 0.08** 0.26 + 0.03**
T4 (pg/dL) 34 = 04 49 + 1.1% 40 + 0.8 24 = 09 1.1 + 0.3** 1.0 + 0.4*%*
TSH (ng/mL) 19 + 1.0 21 £ 13 40 = 2.6 6.6 + 2.4* 18.1 + 4.9*%* 23.7 £ 1.7%*
PRL (ng/mL) 1.7 £+ 20 29 *+ 49 1.8 + 23 1.8 + 1.8 15 + 14 08 = 03
Female
T3 (ng/mL) 0.55 = 0.10 0.58 = 0.11 0.61 = 0.03 0.61 = 0.22 0.60 *+ 0.22 0.24 + 0.03*
T4 (ug/dL) 32 £ 038 37 + 14 26 £ 05 23 + 0.8 1.4 + 0.4** 1.1 + 0.6**
TSH (ng/mL) 1.7 £ 11 16 + 04 23 = 1.2 31 + 08 21.1 + 10.7*%* 26.8 t+ 6.6%*
PRL (ng/mL) 34 £ 29 1.1 = 11 05 £ 04 13 = 1.3 21 + 0.8 31 £ 25
Each value represents the mean + S.D.
*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 1-2. Serum hormone levels in SD rats treated with MMI for 28 days
Dose (mg/kg) 0 0.3 1 3 10
No. of animals examined 5 5 5 5 5
Male
T3 (ng/mL) 0.56 + 0.08 0.68 + 0.10 0.60 + 0.10 0.40 + 0.07* 0.29 + 0.04**
T4 (ng/dL) 34 + 04 39 + 1.0 41 + 07 1.7 + 03** 1.1 + 0.5%*
TSH (ng/mL) 19 + 10 21 + 03 28 + 18 144 + 3.5** 23.8 + 6.2%*
PRL (ng/mL) 1.7 =+ 20 0.7 £ 06 06 £ 04 05 + 03 11 + 11
Female
T3 (ng/mL) 0.55 + 0.10 0.61 + 0.09 0.63 + 0.12 0.59 + 0.08 0.41 + 0.03
T4 (ng/dL) 32 + 08 3.0 £ 09 33 £ 11 23 £ 07 1.0 + 0.2**
TSH (ng/mL) 1.7 + 11 16 = 0.2 15 + 0.6 31 £ 25 17.2 £ 6.1**
PRL (ng/mL) 34 + 29 06 = 09 05 + 04 05 + 04 28 + 16
Each value represents the mean + S.D.
*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 1-3. Serum hormone levels in SD rats treated with NaPB for 28 days
Dose (mg/kg) 0 10 30 100
No. of animals examined 5 5 5 5
Male
T3 (ng/mL) 0.63 + 0.11 0.58 + 0.10 0.57 + 0.04 0.51 + 0.08
T4 (pg/dL) 44 + 0.8 47 + 0.6 38 + 038 3.0 + 0.7*
TSH (ng/mL) 1.4 + 0.7 15 + 0.8 15 + 04 23 + 13
PRL (ng/mL) 39 £ 69 31 £+ 51 15 + 19 11 + 0.6
Female
T3 (ng/mL) 0.53 + 0.03 0.51 + 0.03 0.56 + 0.06 0.51 + 0.03
T4 (ng/dL) 31 £ 19 28 + 038 2.7 £ 06 1.8 + 03
TSH (ng/mL) 07 = 01 09 * 0.2 12 + 04 10 + 04
PRL (ng/mL) 13 + 19 21 + 37 13 + 1.2 06 = 04
Each value represents the mean * S.D.
*: Significantly different from the control group at p<0.05.
Table 1-4. Serum hormone levels in SD rats treated with NCD for 28 days
Dose (mg/kg) 0 15 50 150
No. of animals examined 5 5 5 5
Male
T3 (ng/mL) 0.63 + 0.11 0.71 + 0.22 0.64 + 0.09 0.56 + 0.03
T4 (ng/dL) 44 + 08 37 £ 05 37 £ 05 31 + 1.0%
TSH (ng/mL) 14 £ 0.7 19 + 09 1.7 + 0.6 40 t 2.2%
PRL (ng/mL) 39 + 69 19 + 20 18 + 1.9 1.2 £ 09
Female
T3 (ng/mL) 0.53 + 0.03 0.58 + 0.09 0.50 + 0.04 0.54 + 0.10
T4 (png/dL) 31 + 19 38 = 15 41 + 1.2 41 + 0.7
TSH (ng/mL) 0.7 + 0.1 1.0 £ 0.2 12 + 04 15 + 0.6*
PRL (ng/mL) 13 + 19 16 + 1.8 0.7 + 04 04 + 0.2

Each value represents the mean + S.D.

*: Significantly different from the control group at p<0.05.



Table 2-1. Organ weights in SD rats treated with PTU for 28 days

Dose (mg/kg) 0 0.03 0.1 0.3 1 3
No. of animals examined 5 5 5 5 5 5
Male
Body weight (g) 355.7 + 19.4 3779 + 16.0 369.7 + 17.7 358.0 + 21.9 3389 + 38.1 278.1 + 20.6**
Thyroids  (mg) 246 + 3.7 250 + 3.0 204 + 13 322 + 24 754 + 22.3%* 79.9 + 8.0%*
(mg%) 6.9 + 0.8 6.6 + 0.7 55 = 03 9.0 + 0.6 21.9 * 4.4%* 28.9 * 3.9*%*
Pituitary (mg) 13.1 + 13 135 + 16 13.2 + 09 134 + 15 151 + 21 154 + 23
(mg%) 3.7 £ 0.2 36 + 04 36 = 0.2 3.7 + 0.2 45 + 0.4* 55 + 0.7*%*
Adrenals (mg) 515 + 39 538 + 7.0 451 + 33 47.7 + 4.8 36.0 + 12.2%* 31.0 + 5.4%**
(mg%) 145 + 13 142 + 15 122 + 0.8 133 + 13 104 + 2.3** 11.2 + 2.3*
Female
Body weight (g) 2245 + 17.7 217.2 + 154 2291 + 7.6 219.5 + 12.0 222.1 + 139 188.0 + 5.9**
Thyroids  (mg) 176 + 2.8 170 + 25 220 £ 45 288 + 24 66.7 + 15.4%* 67.3 + 12.3*%*
(mg%) 78 + 1.1 78 + 1.1 9.6 + 2.0 13.2 + 16 30.0 + 6.0%* 359 + 6.8%*
Pituitary (mg) 174 + 21 164 + 15 16.1 + 3.3 16.2 + 1.3 184 + 3.6 146 + 2.7
(mg%) 78 £ 10 76 £ 10 70 + 14 74 + 06 83 + 13 78 + 16
Adrenals (mg) 616 + 11.1 534 + 6.7 559 + 7.0 56.4 * 8.5 541 * 6.4 32.8 + 3.8%*
(mg%) 274 * 38 247 + 33 244 + 2.8 258 + 4.8 243 + 16 17.5 + 2.1%*%*
Each value represents the mean + S.D.
* **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 2-2. Organ weights in SD rats treated with MMI for 28 days
Dose (mg/kg) 0 0.3 1 3 10
No. of animals examined 5 5 5 5 5
Male
Body weight (g) 355.7 + 194 386.2 + 30.7 3718 + 244 3609 + 16.7 298.8 + 29.1*%*
Thyroids  (mg) 246 * 3.7 252 + 21 286 + 2.0 37.5 + 5.7%* 47.8 + 7.9%*
(mg%) 69 + 0.8 6.5 = 0.5 7.7 * 0.6 104 + 1.3** 16.0 + 1.9*%*
Pituitary (mg) 131 + 13 13.7 + 22 129 + 23 137 + 17 139 + 19
(mg%) 3.7 + 0.2 35 = 05 35 + 04 38 + 03 47 + 0.8*
Adrenals (mg) 515 * 3.9 553 + 13.8 521 = 7.7 445 + 43 33.3 + 6.5%*
(mg%) 145 + 13 144 + 3.7 140 + 16 123 + 1.0 11.1 + 1.7
Female
Body weight (g) 2245 + 17.7 2247 + 20.1 2147 + 14.2 221.7 + 15.2 223.7 + 125
Thyroids  (mg) 17.6 + 2.8 193 + 2.9 225 + 24 241 + 4.1 53.2 & 12.3**
(mg%) 78 £ 1.1 86 + 1.1 105 + 0.9 11.0 + 24 23.8 = 5.4**
Pituitary (mg) 174 + 21 16.6 + 2.3 170 + 1.8 16.5 + 25 16.8 + 2.7
(mg%) 78 + 1.0 74 = 09 79 = 0.7 75 + 1.2 75 = 1.1
Adrenals (mg) 616 * 111 58.8 + 11.6 586 * 9.6 55.2 + 5.7 43.4 + 4.0%
(mg%) 274 + 38 260 + 3.1 272 + 32 250 * 36 19.4 + 1.8%*

Each value represents the mean + S.D.

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



Table 2-3. Organ weights in SD rats treated with NaPB for 28 days

Dose (mg/kg) 0 10 30 100
No. of animals examined 5 5 5 5
Male
Body weight (g) 3548 + 223 3479 = 19.0 366.2 + 33.0 3532 + 274
Liver (g) 99 = 038 106 £ 0.9 124 £ 2.0 142 = 2.0**
(g8%) 28 + 01 31 + 01 34 + 03** 40 = 0.3**
Thyroids  (mg) 227 + 3.0 27.0 + 3.6 280 + 6.2 29.6 + 2.9%
(mg%) 6.4 = 1.0 77 + 08 76 = 1.2 8.4 t 0.6**
Pituitary (mg) 126 + 0.6 129 + 14 134 + 13 134 + 14
(mg%) 36 = 0.2 3.7 + 0.2 3.7 + 04 38 + 0.1
Adrenals (mg) 4.4 = 4.7 49.9 + 10.2 53.7 + 0.9 56.3 + 13.0
(mg%) 125 + 1.0 143 + 24 148 + 1.2 158 + 2.7
Female
Body weight (g) 239.2 + 233 233.0 + 21.1 2345 + 22.2 2373 + 116
Liver (8) 67 + 08 68 + 09 73 + 06 9.4 + 1.5%*
(8%) 28 = 0.2 29 = 0.1 31 = 01 4.0 * 0.5*%*
Thyroids  (mg) 175 + 3.1 186 + 1.5 185 + 2.6 23.3 + 2.0%*
(mg%) 73 = 0.8 8.0 + 0.7 80 + 1.5 9.8 + 0.6%*
Pituitary (mg) 16.2 + 1.1 139 + 1.8 15.1 + 2.7 164 + 1.2
(mg%) 6.8 + 04 6.0 + 1.0 6.4 = 0.6 69 = 0.2
Adrenals (mg) 64.6 + 11.8 69.1 + 7.7 624 + 8.1 79.5 + 7.0*%
(mg%) 269 + 33 29.7 + 34 269 + 49 33.6 + 1.0*%
Each value represents the mean + S.D.
*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 2-4. Organ weights in SD rats treated with NCD for 28 days
Dose (mg/kg) 0 15 50 150
No. of animals examined 5 5 5 5
Male
Body weight (g) 3548 + 223 3520 + 16.9 3483 + 27.8 3322 + 16.6
Liver (g) 9.9 + 08 11.0 + 0.8 125 + 1.4* 15.8 + 2.5%*
(g%) 28 + 0.1 31 + 01 3.6 £ 0.2%* 47 + 0.5**
Thyroids  (mg) 227 + 3.0 219 + 2.4 252 + 4.2 258 + 4.1
(mg%) 6.4 = 1.0 62 + 0.7 72 + 11 78 + 1.2
Pituitary (mg) 126 + 0.6 140 + 09 129 + 14 122 + 1.6
(mg%) 36 = 0.2 40 + 0.2 3.7 + 03 3.7 =+ 04
Adrenals (mg) 444 + 4.7 50.6 + 9.0 464 * 8.9 422 + 43
(mg%) 125 + 1.0 144 + 2.2 134 + 25 12.7 + 11
Female
Body weight (g) 239.2 + 233 2243 + 10.5 234.0 + 13.3 234.4 + 14.2
Liver (g) 6.7 + 0.8 6.5 = 0.3 9.3 + 1.0** 12.8 + 1.0**
(8%) 28 + 0.2 29 = 0.1 4.0 + 0.2** 54 1 0.2*%*
Thyroids  (mg) 175 + 3.1 188 + 1.5 203 + 238 22.9 = 0.4**
(mg%) 73 = 0.8 84 = 0.7 87 + 1.1 9.8 + 0.7%*
Pituitary (mg) 16.2 + 1.1 16.8 + 2.6 16.1 + 1.3 148 + 14
(mg%) 6.8 + 04 75 = 1.4 6.9 = 0.5 63 + 04
Adrenals (mg) 64.6 + 11.8 599 + 45 555 + 8.2 634 + 7.4
(mg%) 269 + 33 267 £ 11 23.7 + 3.7 27.0 £ 2.7

Each value represents the mean + S.D.

*, **. Significantly different from the control group at p<0.05 and p<0.01, respectively.
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Table 3-1. Histopathological findings in SD rats treated with PTU for 28 days

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
Male Thyroid Hypertrophy, follicular cell (&, +, ++) 0 1(1,0,0) 5(4,1,0)** 5(0,5,0)** 5(0,0,5)** 5(0,0,5)**
Hyperplasia, follicular cell (4, +, ++) 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) 3(3,0,0)  5(5,0,0)** 5(0,5,0)* 5(0,5,0)**
Decreasein T4 level (%, +, ++, +++)a) 0 1(0,1,0,0) 4(3,1,0,0)0* 5(1,4,0,0)** 5(0,04,1)** 5(0,0,0,5)**
Pituitary  Vacuolation, pars distalis (%, +) 1(1,0) 2(2,0) 5(5, 0)** 5(0, 5)** 5(0, 5)**
Hypertrophy, pars distalis (%, +) 0 1(1,0) 2(2,0) 5(5, 0)** 5(0, 5)** 5(0, 5)**
Adrenal Atrophy, cortical (1, +, ++) 0 0 0 0 5(0,1,4)** 5(0,1,4)**
Female Thyroid Hypertrophy, follicular cell (4, +, ++) 0 0 5(5,0,0)**  5(0,5,0)** 5(0,1,4)** 5(0,0,5)**
Hyperplasia, follicular cell (, +, ++) 0 0 3(3,0,0) 5(2,3,0)** 5(0,0,5)** 5(0,0,5)**
Colloid depletion (+) 0 0 2(2,0,0) 4(4,0,0*  5(0,5,0)**  5(0,5,0)**
Decreasein T4 level (4, +, ++, +++)a) 0 0 5(5,0,0,0)** 5(2,2,1,0)** 5(0,3,2,0)** 5(0,0,0,5)**
Pituitary ~ Vacuolation, pars distalis (1, +) 0 0 0 0 3(3,0) 5(5, 0)**
Hypertrophy, pars distalis (1, +) 0 0 0 5(5, 0)** 5(0, 5)**
Adrenal Atrophy, cortical (&, +, ++) 0 0 0 0 0 5(2,2, 1)**
*, minimal; +, mild; ++, moderate; +++, severe
a, Immunohistochemistry for T4
*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
Table 3-2. Histopathological findings in SD rats treated with MMI for 28 days
Dose (mg/kg) 0 0.3 1 3 10
Sex Organs and findings
No. of animals examined 5 5 5 5 5
Male Thyroid Hypertrophy, follicular cell (4, +, ++) 0 5(5,0,0)**  5(1,4,0)** 5(0,2,3)** 5(0,1,4)**
Hyperplasia, follicular cell (&, +, ++) 0 0 3(2,1,0) 5(0,4,1)**  5(0,2,3)**
Colloid depletion (+) 0 2(2,0,0) 1(1,0,0) 5(2,3,0)** 5(0,5,0)**
Decrease in T4 level (4, +, ++, +++)a‘ 0 4(2,2,0,0)* 5(3,2,0,00** 5(1,3,1,0)** 5(0,0,5,0)**
Pituitary Vacuolation, pars distalis (&, +) 0 2(2,0) 5(5, 0)** 5(2, 3)** 5(0, 5)**
Hypertrophy, pars distalis (%, +) 2(2,0) 5(4, 1)** 5(0, 5)** 5(0, 5)**
Adrenal Atrophy, cortical (1, +, ++) 0 0 0 4(2,2,0)* 5(0, 2, 3)**
Female Thyroid Hypertrophy, follicular cell (%, +, ++) 0 3(3,0,0) 5(4,1,0)** 5(4,1,0)** 5(0,0,5)**
Hyperplasia, follicular cell (1, +, ++) 0 0 3(2,1,0) 5(2,3,0)** 5(0,3,2)**
Colloid depletion (+) 0 0 0 3(3,0,0) 5(0, 5, 0)**
Decrease in T4 level (¢, +, ++, +++)a) 0 3(3,0,0,0) 5(5,0,0,0)** 5(3,2,0,0)** 5(0,2,3,0)**
Pituitary Vacuolation, pars distalis (z, +) 0 0 0 0 1(1,0)
Hypertrophy, pars distalis (&, +) 0 0 1(1,0) 5(4,1)**
Adrenal Atrophy, cortical (1, +, ++) 0 0 0 0 1(1,0,0)

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

3, Immunohistochemistry for T4

* **: Significantly different from the control group at p<0.05 and p<0.01, respectively.
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Table 4-1. Overexpressed genes in the thyroid gland of male SD rats treated with PTU and MMI for 28 days

Fold change Fold change
Probe Name Gene Symbol  PTU vs MMI vs Probe Name Gene Symbol  PTUvs MMI vs
Control Control Control  Control

A 64 P034090  Adm2 57.1 52.5 A 64 P108009 Nrarp 5.0 39
A 64 P056674  Ly6l 42.4 56.5 A 42 P464378 Itih3 5.0 8.0
A 64 P120679 Cck 25.7 344 A 64 P087380 Efna3 4.9 5.5
A 44 P457203 Banf2 21.3 19.5 A 44 P353739 Kcne3 4.8 3.8
A 64 P082281 Grid1 20.6 22 A 44 P166206 Nostrin 4.7 4.7
A 44 P1032771 Fxyd4 17.4 22.7 A 44 P540517 RGD1564664 4.7 4.8
A 44 P505902 Grin2a 16.0 4.1 A 44 P449858 Kirt20 4.7 7.7
A 42 P708068  Egr4 15.8 18.8 A 42 P703023 Slc38a3 4.6 4.7
A 64 P148906  Aspg 13.4 15.1 A 44 P333078 Adamts]2 4.6 5.5
A 64 P052887 LOCS501396 12.9 24.0 A 64 P0O15562 Meiob 4.5 3.7
A 42 P662543 Atp6v0d2 12.0 12.7 A 64 P067000 Primal 4.5 53
A 42 P637189  Apln 11.7 7.0 A 44 P915843 Necting 4.4 4.0
A 64 P061760 Scgbld2 10.3 7.0 A 64 P162112 Galp 4.4 53
A 44 P317639  Vash2 9.6 8.6 A 64 P034244 Olrl 4.3 5.1
A 64 P101404  Moxdl 9.2 9.3 A 64 P114759 LOC501223 4.3 7.3
A 42 P811256  Vnnl 9.0 8.1 A 64 P011489 Gdf15 4.3 5.6
A 44 P468468  Lbp 9.0 8.7 A 64 P012813 Mab2113 4.3 7.0
A 44 P835847 Clqtnf3 8.2 8.0 A 64 P017053 Dnah9 4.2 2.1
A 64 P054568  Vash2 7.7 7.6 A 64 P117658 Dynelil 4.2 53
A 44 P138838  Kit76 7.6 7.7 A 64 P005626 Anxa9 4.2 2.8
A 64 P129945 Kit75 74 6.2 A 64 P087424 F2rll 4.2 4.5
A 64 P101499  Bmp3 7.3 5.6 A 44 P214900 Pzp 4.1 35
A 44 P428739 She3 7.1 7.0 A 64 P068847 Ltbp2 4.1 5.7
A 64 P138011 Adralb 7.0 8.4 A 64 P157504 Ehf 4.1 4.3
A 42 P504653 F10 6.8 8.4 A 44 P370052 Ldhe 4.1 2.5
A 43 P12996 Crym 6.7 5.6 A 42 P709423 Miph 4.1 4.6
A 44 P578061 Mab2113 6.6 10.0 A 64 P093522 Dtna 4.1 3.7
A 64 P144278 Snph 6.5 8.4 A 64 P055607 EIf5 4.0 3.7
A 64 P149071 Glisl 6.4 5.8 A 44 P577705 Necting 4.0 33
A 42 P738549  Napsa 6.3 11.6 A 64 P111903 Mmp1l7 4.0 3.0
A 64 P126030 Slc22a7 6.2 5.8 A 64 P093899 EIf3 4.0 33
A 64 P007688 Tix1 59 4.9 A 64 P155103 Vin3 4.0 3.7
A 64 P155771 Upk3bll 59 3.1 A 43 P11794 Tacr3 4.0 33
A 64 P047542 Tmem54 5.8 4.4 A 64 P068363 Dynelil 39 5.0
A 42 P586154  Vwal 5.7 6.7 A 64 P046552 Sdcbp2 39 4.1
A 64 P031806  Upk3bll 5.7 3.1 A 44 P447373 Assl 3.8 34
A 44 P1026848 Cryba4 5.7 8.1 A 44 P142925 Tprgl 3.8 5.5
A 64 P010028  LOC103692985 54 2.6 A 44 P409965 Dnah14 3.8 4.3
A 64 P101056  Padi2 54 7.8 A 42 P698240 Ptgrl 3.8 4.1
A 44 P144591 Cthrel 53 59 A 44 P264299 Ckb 3.7 4.0
A 64 P080233 SlcSas 52 6.1 A 42 P791677 Areg 3.7 9.2
A 64 P006097 Gje2 52 5.1 A 64 P025548 Tmem?26 3.7 2.6
A 44 P154513 Tmem40 52 5.6 A 44 P438863 Serpine2 3.7 4.2
A 64 P111898  Mmpl7 52 3.8 A 64 P005208 Ngqol 3.6 4.1
A 44 P1046787  Sbspon 5.1 8.7 A 64 P040176 Nrip3 3.6 32
A 44 P286788  Ncf4 5.1 8.4 A 64 P130025 DIl1 3.6 34
A 44 P545193 Hsd11b2 5.1 6.1 A 64 P051636 Pdedc 3.6 4.0
A 42 P559414  Wat4 5.1 5.1 A 43 P17060 ThemS5 3.6 2.6
A 43 P11560 Aqp5 5.1 33 A 64 P078880 Prm2 3.6 33
A 42 P510565 Cdhr4 5.1 4.8 A 42 P684264 Tnik 3.6 3.9
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Table 4-2. Overexpressed genes in the pituitary gland of male SD rats treated with PTU and MMI for 28 days

Fold change Fold change
Probe Name Gene Symbol PTU vs MMI vs Probe Name Gene Symbol  PTUvs MMI vs
Control Control Control  Control

A 43 P22979 Tyrpl 210.8 1733 A 64 P109854 Fads2b 4.3 3.0
A 42 P771373 Npy 161.6 104.6 A 44 P372958 Tsgal3 4.2 4.2
A 64 P137042  Npy 143.6 91.7 A 64 P033765 Zarl 4.1 3.1
A 64 P140025 Tyrpl 1343 119.2 A 64 P137609 Hs6st2 4.0 39
A 64 P103537 Cftr 77.5 53.6 A 64 P044156 Slc7a3 4.0 4.0
A 64 P015527  Dnahl4 70.6 43.9 A 42 P497225 Mfge8 4.0 4.7
A 44 P438272 Crisp3 65.5 14.9 A 64 P072938 Sfip5s 39 3.7
A 64 P109292  LOC690507 35.9 39.6 A 44 P118874 Trpes 39 3.8
A 64 P127526  LOC690507 33.6 35.8 A 44 P236255 Calbl 39 33
A 64 P040563 Tchhll 27.8 16.9 A 64 P041223 Creb311 3.8 32
A 64 P096924  Vip 27.4 19.6 A 64 P019851 Fads2b 3.8 2.5
A 64 P009996 Tacl 24.7 20.2 A 44 P323754 Serpinblb 3.8 2.8
A 44 P179986  Hpd 21.6 19.6 A 44 P437896 Bdnf 3.7 3.6
A 64 P009999 Tacl 20.0 16.1 A 64 P064675 Capn8 3.7 23
A 64 P048790  Rln3 19.8 15.8 A 44 P224631 Dao 3.7 4.4
A 44 P314969 Slc6a3 16.3 18.0 A 42 P536741 Derl3 3.6 32
A 44 P1026848 Cryba4 15.2 11.2 A 64 P024474 Stum 3.6 33
A 44 P170382 Slc18a2 11.9 7.5 A 64 P109118 Kenk10 3.6 22
A 42 P809101 Tctex1dl 11.8 12.9 A 44 P257326 Cacna2d3 3.6 3.1
A 64 P078619  Vtenl 11.3 10.4 A 64 P011489 Gdf15 3.6 3.7
A 42 P487686  Agr2 10.8 10.0 A 64 P138145 Trex2 35 33
A 44 P1001451 Pgas 10.8 20.3 A 44 P548559 Derl3 35 35
A 64 P103542 Cftr 10.7 7.6 A 44 P337311 Thbs4 35 34
A 42 P506076  Ptpn5 10.5 8.1 A 64 P089170 Cxadrll 34 3.7
A 44 P409965 Dnah14 94 7.1 A 64 P023250 Ascl2 33 2.7
A 64 P058087  Rbp4 9.2 7.9 A 64 P019401 Sdf211 33 33
A 64 P144968 Calb2 8.0 7.3 A 44 P347368 Glbl 33 39
A 64 P043619 Sle38a5 7.9 6.7 A 64 P035843 RGD1561251 33 3.1
A 44 P541397  Procr 7.6 9.7 A 64 P035544 1127ra 33 2.8
A 64 P060977  FamllOc 74 6.2 A 64 P010852 Lix1 33 3.1
A 64 P065185 Magel2 7.3 5.5 A 64 P089541 Lix1 32 33
A 44 P448431 Cd8a 6.8 6.9 A 44 P492025 Oasl 32 29
A 64 P072548 Serpini2 6.6 6.1 A 64 P034090 Adm?2 32 3.0
A 64 P067749 Sst 6.4 4.0 A 42 P665941 Glbl 32 3.0
A 43 P13384 Lritl 6.4 5.0 A 42 P716512 Cmyas 32 2.8
A 43 P19034 Magel2 6.2 6.4 A 64 P055679 Il1rapl2 3.1 3.0
A 43 P14933 Ggh 6.1 5.7 A 64 P108200 Kif22 3.1 24
A 44 P1032042 Tmem35a 5.8 5.8 A 64 P084163 Myhl5 3.1 4.5
A 64 P023381 Col6a5s 5.7 6.1 A 44 P414460 Rnd3 3.1 24
A 64 P026398  Ntn3 5.6 6.7 A 44 P1013851 Bmp2 3.1 2.7
A 44 P476160 Spagl6 5.6 4.7 A 44 P328256 Nlrpl2 3.1 32
A 44 P398193 Cgrefl 5.5 6.7 A 64 P077162 Wdr49 3.1 35
A 43 P12451 Slc16a3 5.5 5.1 A 43 P14045 Semadg 3.0 2.5
A 44 P454227  Npb 54 4.5 A 42 P540972 Rasll1b 3.0 2.8
A 44 P122386  Hspb3 52 4.8 A 44 P440878 Agpat2 3.0 2.6
A 44 P506980  Kcnkl3 4.9 23 A 44 P117148 Bazla 3.0 24
A 64 P113695 Myo7a 4.7 4.3 A 44 P1024703  Cyb561d2 3.0 3.0
A 64 P141420 Serpinbla 4.6 3.7 A 64 P006514 Atp5fld 3.0 2.1
A 64 P038887 Cdca7l 4.4 3.8 A 44 P241448 MGC109340 3.0 2.8
A 64 P023472 Serpinbla 4.4 3.6 A 64 P090777 LOC680045 2.9 3.0

13



roid gland of male SD rats treated with PTU for 28 days

0.1 mg/kg

0 mg/kg 0.03 mg/kg
0.3 mg/kg 1 mg/kg 3 mg/kg

Figure 1-2. mmunohistochemist for T4 in the thyroid gland of male SD rats treated with MMI for 28 days

0 mg/kg 0.3 mg/kg 1 mg/kg

3 mglkg 10 mg/kg
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Figure 2-1. Immunohistochemistry for TSH in the pituitary gland of male SD rats treated with PTU for 28 days

0 mg/kg 0.03 mg/kg 0.1 mg/kg
0.3 mg/kg 1 mg/kg 3 mg/kg

Figure 2-2. Immunohistochemistry for TSH in the pituitary gland of male SD rats treated with MMI for 28 days

0 mg/kg 0.3 mg/kg 1 mg/kg
3 mg/kg 10 mg/kg
Figure 3. The ratios of TSH-positive area in the pituitary gland of SD rats treated with PTU and MMI for 28 days
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Figure 4. The correlation between the serum TSH level and the ratio of TSH-positive area in the pituitary gland

§ 40 Male ge‘ 40 Female
= R2=0.8752 e R2=10.8415
o o
© ©
w 30 = 30
S S
8 8
= 20 & 20
2 E
2 10 % 10
2 2
T T
ZI P o
0 10 20 30 40 0 10 20 30 40
Serum TSH level (ng/mL) Serum TSH level (ng/mL)

Figure 5. Mean body weight (left) and food consumption (right). *, **: Significantly different from the control group at P <0.05,
0.01, respectively
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