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Z LHBEOEmOERESEE R Lz, &5, 156
DEDVIRVMEAT — X 2155720 OMila Y = Vi
POHEAEL LT, X=X NEBESLL EEWHI 7T AT
TERHLTEY, 5% 29 LIe/XT A —Z |22 T
SO m OB E O A D D,

F7o R 5 b MPSHIRLH SRR RS ORR 22 b
HELHETH D, AFRICBWTIEBREANY 7 —
a UIED STV D Synfire & Rl L7228, BRREIZE,
7 v b &t b O T Excitory neuron & Inhibitory
neuron® ttZ (BE/INT > Z) OFEWE T TIT#F T
TWeWZ Enh | BRIFZEZ iR C© & 2 FHlfE 1R i
ENMVELEZ 5D, T 1ENeucyteD 7 — % DIE
ZHEDTNDBN, A%, AIZTEHT 57013k &
ICMEAT7 —# &ty F&2BET20ERH 5,

AT ) A4 RERWT-miREritmz B L, &
BEMEAY A7 AMMZX 5%y MU — 7 R8N Z1T
WA 72 > Z P Ve 5D 2 ERTE TN, Bony
T F TR IR BB R K E o 7o, ALF W E G O
DI 72 Z A LT 4 RUNFET D T & BRE
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SERICRELS AL EE 2D, 4%, BBBIIFEIC X
OWMEAT —# 35217 228, 1L FWERBBBO A
UTHERBICE 2 DB MGET 5, —MIC, Mhfpkae
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(CHBEDMS0) & 0.1%5°5 0.5% % TR L L, FIREICHT 25 Number of

Synfire iPS neuron {
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Fig.2 AU »REHK 2K L 5 & b iPS M feppitiiln MEA /XZ 2 — 2 254k,

Synfyre iPS neuron (Z Chlorpyrifos (A), Diazinon (B)% 2fi#% 5 L, MEA 2LV * v hU—7
BRT A —2 RS Lo, BREEA A O HIPIRE 2779, MEEhEEERmOuM) 2 100% & L7243
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Concentration (UM)

o

BMCs, (LM)
Assay Deltamethrin Cypermethrin
Acute 0.35 (0.26-0.46) 1.64 (1.06-2.53)
NNF (Bartman 2023) 11.38 16.09

Fig.3 LA m A RREHK 2 KO (Acute) EFEIZ X 2 MR8 B tEREAM,

A. Deltamethrin, Cypermethrin % 5 B CRFEER G L, FIRE TORAA 7 (Number of
Spikes)Z MEA (2 X 0 #HI L7=, #3570 o Deltamethrin, Cypermethrin O 27~
fiEdhi X DMSO RIRMN0%) %2 100% & L7 R AL 7 EHOFIMEZ RT, 7 — & 12 EEIE AR
%7159, N=7 (Deltamethrin), 10 (Cypermethrin),

B. BMDS 3.3.2 Y7 rv =7 CKk[EH EPA) (XY LEHESNF~—7 REBMCs)ZHH Lz

(Acute D), 7~ aANIT 95%IEHEX M %779, [NNF(Bartman 2023)] (Z[FAfEDE ~ iPS
Je R Sl p i 4 B L 72 18 ME#% 5- 928k Neural Network Forming NNF)7 v & A 12 L D HH &
7z BMCso 27779,
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StemDiff kit Z W CIERL L 7= & F iPS Ml SR A VA 2 4 K (552 108 H B, B 2mm)
DN EN 2 =B EEMR MEA & Maxwell TEHUIL 72, %71 > b E#O H#DayO)ix 4
VI ) A RERER O HEL, FWVEBANA 7 2T, el 3SR X7z 1024 B, A ET
HIEERT(427C 60 1),
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Z0-1 BCRP P-gp

8 0.15
6 * ok
o 0.1
4P 0.05
50 o L M
() cell cell chip cell chip
< culture culture culture
E insert insert insert
c GLUT1
o 20
.E 15 Human brain microvascular endothelial cell
3 10 (hBMEC) = 1
e S5 The student’s unpaired t-test (**p<0.01) , chip vs
0 cell ) cell culture insert.
culture chip Data are represented as the mean £ S.D. (n =3)
insert
2 2 R T NA AR L7 b iPS MR H RN AR M N BRI & B EET R IS 36T DB BB
DAL,
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B. WG

Human iPSC-derived cortical neurons (Neucyte
Inc., USA) Z24-wellMEAZ L — k~ BTG L, B5484-5
I B B R IEE) d K OSEH SR I 5% O s EAL &
A5 U7e, BEANT12fEE o BR3ERE LG & 4> DRaM:
{bE e LT, BIEEEEYI, Cypermethrin,
Deltamethrin, Permethrin, Dieldrin, Fenamidone,
Fipronil, Lindane, Permethrin, Acetamiprid,
Aldicarb, Carbaryl, ClothianidinZffif L7-, [k
xtILEY & L T, Acetaminophen, Amoxicilline,
AspirinZzfiH L7z, 39X COZA|OEBEIZ IXDMS0 2% fif
AL,

HUfG L 7o MBaANENL D D ARA 7 i L, A3 A
7 WERHNT — X D/SR— A Mgl aiT -7z, S—A N
BT A—2 L LT, OfIEKE, QR AS—2 ML
@/N— NERE, @3— R MG, ®@/3—X PN
FKE, O KRIEKER I, D RIEKE I E D)
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B8, @RI KE IS DORINGE. Ok KT K JE 5
ROMREOEEREZFH LT,

Pttt AL a8 & IRIET — & Z[atts — & | KR
HLEMOEBRELZBET —% & LT, FMTPHIALT
FIEVER L. 8T — % OROCHIHRE A B FE M & Bl
FRELE, WIT, XFBwelloF— 2zt LT, E
% U7ZATIC & B 3t 2 320 U, FSEERGE 2 320 L
77

C. HFRfER

VERL L7z B T IIALE 7 LI & 5538 5 — & OROC
iR 2 X 127”97, ROCHIBROAUCIZ0. 91 TH Y, =8 L
AL EH O FHHEEZ B WEE TEIA LTS Z &N
RN, FET—ZIIKT 2 HEREN R Em LR
bpositive score = 0.585 % M EHME & L CHE
L7,

VER% L7275 PHIALE T LT L AR wel LIT kT
HaMEHEMKEER2, K3IZRT, Bk LB,
positive score = 0.585% FMEHIERME L L CHEHT
BHe. TRTOBRMESRIEEY CRIEE) G ®BIREIC
M CEMEIImE ST, ELSEEHET D Z &N
TE -, BEEEAAEMIC OV TIE, Acetamiprid,
Aldicarb, Carbaryl, Cypermethrin, Deltamethrin,
Dieldrin, Fenamidone, Lindane, Permethrin Ci& Rk
FERICEMHE Sz, Clothianidin, FiproniliXz:
PEIE 9, TributyltintZAREE D S [EIHS— 2 |
PIHK LI, HHHELEmTE ot

BT HIALE 7 VIC K 2 mMEHER R R & 4R
4, AR Clothianidin, Fipronil TIXW\T LD EE
BN THLHEMEHE SN2 o7 b DD, Dok
BT, R AN—2 R KOER LM & AT 2
L TCIRERFEMICEEIE SN TS Z ERNRENT,
FERE LT, Rt bAmatiiEi L O, B3RBhE b
EW2EEO G 1AM 1IMbEmE E L BT
HFHZ EnTE,



D. 8

N—Z NHE AT X=X DL % W= T HIATE
T, 16T 1IMbEWmEIE L < FHETFHIT S
ZLENTER, AEIOKEETIZIDDNN—A FEE# T
A—=HDOIREMEHLUTZN, NT A= HEEOT 2 &
TPHIEE N LT 2N D D, /T A—HATIT
ATVIRRT A =2 OBYEIEHR & 72 D720, MEAT —X|Z
MR &3, Z DMOFEANRIC X DR EZ X T A—2 L L
CEMT 2 Z EMNAEETH Y | MEAT — X 1T 1 D pifess
RETE ST 2 T, F DMl RIC L 2R EEH LI-#K
AR EE RN TRE & A2 0 R SR & TE DAY
FPHNIEFICILL D Z ENHETE 5, S%IIMEAT
— B US DT RN T A —F B EH LA R it
FHBAIORESR 2 B4, £7-. sk THUS L7-MEAT
— X B KA TREEL L7285 A —ZATIC A L ¥
B RO B A MEET 5 & 2 iR CTHESE L7
T B R— R P U2 %8T A—H AT B L P52
DAT & FHYETRIOREEE % o4 5,

E. ##

AWFFEIC LD . b M iPSHIRRE AR R T —27 D
IN— R NBE R T A —F 2 W= EFHIALE T LD
(bEmBETRVE L L COEMERRB S, /35
A=A OFE E, BEOFMERT — X 2 %8352
LM TE D70, MBAT — X U DTSR/ T A —H &
ER LIA 2 iR AT ORI T & B,

F. W3k

1. @XEE
1. Yuto Ishibashi, Nami Nagafuku, Yasunari Kanda,
Tkuro Suzuki, Evaluation of neurotoxicity for
pesticide-related compounds in human iPS
cell-derived neurons using microelectrode array,
Toxicology in Vitro, 93;105668

2. &
1. AHRES  [EhVIEER{RER L & New approach
Methodologies®BA%E - FIAEN M) [FIVim EIKE

] A FEEMR RN 20234 o=
T A —HAR

2. BERR
1. I. Suzuki, Y. Ishibashi, N. Nagafuku, MEA
assessment for neurotoxicity of

pesticide-related compounds in human iPS
cell-derived neurons, EuroTox 2023, 9/10-13
Slovenia

2. ABBEAN, KMERZE, SAHRES, b MiPSHifdm
K= a2 —nm L OMEAT — & & W 7o R A O 1% 7
PEFEAM, Z550[H] H ARFME PPN S

3. AEEAN, KERE, SAMACES, MEAT X7 AT
X Db AP E K OB A DR T FEA & /EH
HEFPHETE, ZH6ln 3K I Tt

G. T A DO BRI
1. %FrBE
L

2. ERFERRE
L
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3. Zofh
L



BT — 2 DROCHHR

1
0.8 AUC = 0.91
©
©
206 =4 E R B
."é ( positive score >0.585 )
a
>04f
~
|_
0.2
0

0 0.2 0.4 0.6 0.8 1
False positive rate

1. TR AL T M X 5587 —4% O ROC ik
BT — 2T B HIERSE N e b < 72 D positive score = 0.585 Z B E I & L CHRE Lz,
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X ERIEEY
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BT A

2. mMETH AL €7 WIS X D B RIE ST 2 m il ER R

Positive score = 0.585 Z mMEHERIE & L THM L7z, T X TORMEIEAY TR O miREIC

T TEMEIBH S, IEL < BHEHE Sz,
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REBELSY
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3. BETR AL £ 7 /W K 2% B3R L ST D mtE e s 4

Positive score = 0.585 % m M ERME & LTl L7z, Acetamiprid, Aldicarb, Carbaryl,
Cypermethrin, Deltamethrin, Dieldrin, Fenamidone, Lindane, Permethrin Ci&E{KIFHIZEEIEH]E
Si7z, Clothianidin, Fipronil (ZFMEHIE S 419, Tributyltin (ZARIR D S R N— 2 R R3HEEL LT,
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Concentration (nM)

0 [01] 1 10 (100

Acetamiprid

Clothianidin

Aldicarb

Carbaryl

Fipronil

Deildirim

Lindane

Cypermethrin

Deltame thrin

Permethrin

Tributyltin

Fenamidone

OsEsl BsEdY
B B/ =X FEK

4. BHETHI AL ©F 0T X A B E R R
et BIL A Y 4 FikE L ON, EEREE LAY 12 FEOSH 16 bEWT 14 {LEMIE L < M1
iz,
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BT 4
BEAZBR N EERMEIE (LEHE ) R 7 HREE)
(FEES: 22KD1002)
S5 EEMEREREE
AIXEREMPSZ#HWet b i P SHEMREMIRIC L 2R EERBRIE DR
SYPHEREE :  In vivo I
MRSEE  BA E EMNKFEAERRBIKRE KX¥b BEHER BAaREHNR s

MREE

ARG TIEL, ALFE DA B b o iR EmEMEHmE OB A2 B L L, OECD & LA L T 21k mE D
VA RNES L ICEERIC L DR EMEN 21T 9, I ITe Mok 2 EEMBEREWE CHDH 7 vk
F hU A (NaF) L ilBtEFERR T o F =75 (AP)RTOE b TOREMRHFEENRESH TSI RA=aF /A F
FREIDIO>THDLAIX 77 ) FIMI)E LT, 7y FEHWTHIREH B 25 0ih%h21 H B £ TREMRE %
1TV, WEM) OUFER BIRENZ 331 AT AR I B30 B A R ritE b & O TRFTT 5, S IINaF & APD ¥
EHREERICOWTHRE TS, kT —% 22%12, NaFi30, 30, 100 ppm, AP(Z0, 300, 1000 ppm D Tk
Be b U7-, NaFBgig Cid, £#%21H HI2100 ppm Ttype-3 ##EATEAIAE (NPC)DJE | type-1 #hfkisilz (NSC)
& type-2a NPCORAEHIIENIN 27~ L7z, BRREIFTEIC UV Tk, GIUR2* T 2 ERRHIE o F B AE ) 72 B e ) %
R L. NaFBgEE D3 B 2 ik T BSOS ~ DB 52 R S vz, £72. NaFid B FAIC ARC IERIHI IR £ 4 1Y
IS+, 100 ppm THREIDOPYs2 DEREFEY) L~V M SH 7 2 & h | JERRIAD > ) 7 A A O #E N 23
JRIR X472, 100 ppm NaF Tl fEkiHfiE R fetE s 1~ (Nes, Eomes, Rbfox3) & H17 AR b—3 ZiEfn 1 (Bel2) D%
Bl ER 2R U, AT AR E k3 2 RIS 2 RIR S 7z, BIZ, 100 ppm NaF ClxBs{biy U > b B s 1
(Atp5flb & Sdhd) 233 BUK T L, fiFERIEEIE T (HK)D L EF L= Z & n |, MM cofeEy 7 b
BRI T, BEAREOERTIH BIC/2 5 & TRRDHIRRFE O ZbIT b I3 Ei7e <72 0 . GABATEEI I TE
= a—0 OfEEELE T (Calb2 L Reln) 23381 EH L= 2 &6 | FER AR AL C OSSO R S Rg S iz
o UIEX V| NaFZs g 3 Bahis A 2 — @i cimml L, 2 oMRMERGE LTRE 7 F23ET 5 2
EAVURE ST, APRREE CI3AE#621H HIZIEZ, 1000 ppm THLIETI X OTAIEEE MK T L. 300 ppmih b T HURARIE
o RS @I & s Ui, HER AR 42 Cid. 300 ppmbh b CHis s A Mmoo B4 H) 12 X ¥ type-1 NSC &
type-2a NPCZMHZD L7z, HIZ. 1000 ppm TILSST GABAVEENENTE = = — 11 > DHE NN & ARC FERZ A oD Je
MABIE Sz, HIREIFE CIZCNPase A U 5 o R ¥4 MOL)DOE WA Uiz, %778 B TIZHIR
BROZEAVIZIE L L7223, 1000 ppm TIENSCsDAD & SST M E = = — 11 » DN Fifi L, CCKM M E=2—n1
DML, BEMMRmENRD Uiz, LLEX D APZENIRTEIC X 0 IRERK TR FRIEEIS TIEDSFER I
. ERUC X DR OMET ARG R AEOWMRE AR & Lid &L M E= 2 —a v OREMERG &
I HERIAIIN D S F 7 A FEMEOIRT) & OLDRREMHI A RIE STz, RRIRHINC 722 > T b g A 4mi) i 38 e L.
HEDIIERR B D7 o 7z, BRSO EY RIS MEIC L 2 b0 EHEIL TR Y . AP
(2 & D FE AR L HOR AR REAR T E L LI 3 2 FTREMEDS R ST,

A. BFRERE®

L E DA v b e iRk OB % % B
)& LT.0ECD L3 L TWAILEMED Y A %
b CAZEM ERIC X DR BRI 21T O o S AT
Fix, B ERR CREY OMIRENERMEZTT O,
PR IS 1T AR A o0 B A RUCIA E 0 | FRRERT
BRHA O HEGE - 3k, BEh, AEAD & BEFED DAL S
HU, FRREHII R AL DM & 72 B 38R ERE Tl
DOWBEOWT N NEEZZ T 5, AL
LAETORERBR A GTeI- O AR E DUE O
TR A 1A & 72 38 AR TR MR W) L 0D %8 2 W 82 | 2 %)
L TS M2 R ATREME N & W, 72, A T ==
— 1 DALFOHERFIC B B 4y TR 12X, i s
21T ARG RO T A DAL BEE TR DT
BT DA NL N, FDID, ARSI D
Y E IR A R T AR B D,

SR 4 FREIT e MO D EEANIE EEEYE T
57 T NV U A(NaF) ERERBT o E=0U A
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(AP) X U'E R TOREMBREENBEINTNDH R
F=aF )4 NRERD 1 >THHAIF 70T
ROAMIDIZHOWT T v b &2 W TR EIREE 2170,
HEFS B IR (Bl O AR B AR TR D B L R iiE b &
D THFT 2B LT, &F 5 41X NaF & AP D%5E
HREFEARE RIS OV THRET 5,

B. #FFEFE

) ~DIEFTEFER & L T, OECD D3tk mthik
BRATA RT A4 426 12HEL, WEIESD 7 v b (iR 1
HTAFE, AAZ R Ly —) IZxf LT, —HH7-V
R2EFHOL LT, HIE6 HANOOHE 21 AR ET
DI, NaF 1% 0, 30, 100 ppm. AP |3 0, 300, 1000 ppm
DOPEEECHOKEE L7-, NaF O &L, mEDOL
RS A2 b &0, E A~ OB ek & & b IR
DR & B~ B2 EN H 72 ORISR E
L72. AP Ol RIS T — 2 #5512 E &
IREICHIRIREREIR T2 R T A Z MmN T



WHHEE Lz, RERTIT, A% 4 B HICHSIE
ATV B REMIC 8 IL 2 R 32 &L 5 a2 30
LT, BEGWMP, —BRBIZ1 A L EBIZEL, (K
AR ONEKEABEIC 2 B OB E CHlE Lz,
A% 21 HE (BfESLEE, PND 21) (ZIREMW O 5%
RN L7, &#E 10 PCRLl EoMEREM % CO./0:
BRI T C 4%PFA0AM U Vg Ny 7 7 —IZ L 0
PEE ZITV, EER TR mEHc it Le, S 6
VCLL EOMEIREN) % COL/OBREE Tl L, H¥a A
HH— I CEE L, B R BT I Lz,
AP gFZEER Tl Mg R A T HE L OHDIR
AR O TR BEALRR FRORHI O 7o b | & FE 12 TR
DN T CO/OBRIE T TREFRRENIRD HER 1L L |
FORBRAE AR 2 i H L, 10% P AR R L~ U VIR C
[EE LT, BIZARE6 VL. EofE (NaF)7Z2u LItE (AP)
OB OV TN ER (LA b L A (MDA)E O Il E
DI AFEEKIC THEGEE 217\, WS 2 86
L7z,

P 550 HEMW T PND 77 £ THBRWE 2 & £ 72
WERERKIZE VIR L, — kg2 1 B 1 RIgigE L,
REZEIZ 1 [BlOFE CHIE L7z, PND 77 IZ%&#f 10
VELL EDREVEENY) 2 CO2/02 IHREE T T 4%PFA,0.1M
U Uy 77— X0 REREE ATV, g
HREHZHE L7z, &8¢ 6 Il LoREREM % CO2/0:
R R Tl L, % A Z B — I CHEGE L., s
THRBUENTICHE U7, AP BREEIEER CIX. BURIRALRR
OJFEAR IR O 723D | & BE 8 DED HEE B )12
W C R LR A i - BE Lz,

PND 21 & PND 77 @ PFA FEVEEEMIZ DV TIEK
x> bregma D% F5#1-3.5 mm D 1 A fF TrbdkEl i &
ERL T, 2O OXIFRE (2 Ok 238w & 72
XD T 7 4@ L, 3 um JEOERY) A & 1E
U 72, )R 03 R M B R B 0 43 Ak B B 0 f5 AR
(GFAP, BLBP, TBR2, DCX, TUBB3, NeuN), f"{E==
—n »OEfE (CCK, SST, RELN, PVALB, CALB2,
GAD67). wIRAIILDFERE (GIuR2) | i HE FHE
DOFfEFE (PCNA) | 774K h—3 ADEFE (TUNEL),
R AT EAME DO FREE (p-ERK1/2, ARC, FOS, COX2), =
7 v 7' Y 7S (Ibal, CD68, CD163), M (% AP Mg %
BCix. AV a7 RedA b (OL) RifFEE (OLIG2,
NG2, CNPase)lZxt3 2Hufk4% T, DAB FE 2T
ABC JEIZ L Dt n 1T - 7, WEEHkEloO SGZ
ICBWTHAE & Y720 OB £ 72130 E &
WREIFIIZ 61T 2 AL AR 2 7 D oD REy Ml e J5c & 3
L7z,

PND 21 & PND 77 @ A % 71— [EEMZ VT,
KA bregma DO J5#1-2.2 mm D 2 mm JEA T A A
0 AR T A O TS R ER 5y 2 BRI L 72,
Z D%, BREGARES S total RNA Z4HH L. cDNA %
ARk, V7 H A 5 RT-PCRIC & 0 &\ fn 13 BLRAT %
Fhe L7z, B1H. RNeasy®I =%  (Qiagen)z
T, 0-ppm xf HERE & i A s REO B IR [EIE A 2> & total
RNA Z i U7=, #ifitH L 7= total RNA O & #ifE %
H7E L .6 ng/pL @ cDNA % SuperScript™ 111 First-Strand
Synthesis System (Thermo Fisher Scientific Inc.){Z CTAEX
L7z, U6 LIS D 7 A <~ —EeH|IZ Primer Express (ver.
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3.0; Thermo Fisher Scientific Inc.) & 7= (% Primer-BLAST
» — )b (https://lwww.ncbi.nlm.nih.gov/tools/primer-blast/)
ZRWCEREH LIz, 16 7T A ~—FE5IL, LIETD
WRTHEINTZDEHWZ, RTDOY T IVHZ A L
RT-PCR i%, 1 pl ® cDNA & 19 pl ® Power SYBR®
Green PCR Master mix [10 pl Power SYBR® Green
(Thermo Fisher Scientific Inc.), 0.4 pl D75 A ~—
(forward & reverse), 8.2 pl UltraPure™ Distilled Water
(Thermo Fisher Scientific Inc.)] Z&¢e 20 pl DL E T,
StepOnePlus™ Real-time PCR System (Thermo Fisher
Scientific Inc.) % HW\T1T - 72, PCR A1 7 /L1,
95°C T 10 47 W O WIHAZNE, 95°C T 15 F [ D 244 60°C
TL1oMOTI9A4~—T ==V T ANV I—TA
Ty TG 5 40 [EOWIEY A 7 vl Lis, Fes
BHEO 0-ppm kFREREIZ 69 2 BREERE O AH XY 72855
FEM L~V R U Y o 7 L O NIRIPER RGBS T & L
T M v 7= glyceraldehyde-3-phosphate dehydrogenase
(Gapdh) & 7213 hypoxanthine phosphoribosyltransferase 1
(Hprtl) o iV 1 7 v (CHfEZ W CIEHL L7z,
Z D 2MCHEIZ XY 3 b a—)L CrEIZR9 DA
sHEA B L, 2L

PND 21 O¥fGIZ35 T 2 AR mEE L L ~L 1%, Lipid
Peroxidation (MDA) Assay Kit (Abcam plc)%x H\ 7=
TN = VA KD RAE L, FAILEY —b
i ST D E A % I E L . malondialdehyde (MDA)
LALE LTER L, BEMBKY 7,
TissueLyser Il (Qiagen)Z W CIEfE/ v 7 7 — CTIafiE
L. 13,000xg “C 10 Frffiz 050 B L C B3G % 508 L |
ZDHDIHTICH -, MDA-F 4L e — L
% n-7 % 7 — & AWTHIt L, o 7 Lol
Eir~VTFhrt~aA 77— FY — & —
(Powerscan® HT)% FV T 532 nm T/ EERHC L v
WIE UTe, SR MRIR R o2 o787 BIREIX, BCA
Protein Assay Kit (Thermo Fisher Scientific Inc.)Zfif f L
THEE L., Yo7 Ldhoo MDA ¥ (nmol/mg #Hi#% %
NI B)DIFHEL AT o T,

PND 21 OIfE D 7 v 2 F 42 L~ L, GSSG/GSH
EBEX v b (GSSG 1T/ NVHTFFH L P ANT 4 R,
GSH (FB= e 7 v & F 4| R HMFEAT) 2 VT
HE L, B EmeRo ok Ui, WEHEZ
5%5-7 X YU FAMEK CEML, REVR— b
% 8000xg T 10 syl L 7%, EiEZ* > ho
FNEIZAE > THITTH W2, o TV ORI,
Powerscan® HT <~ 7 1L — Kk U —%—"C 405 nm
THNEFIC L VRIE L7z, GSH B, JIEL
TR TV B T A L YRE & GSSG RN DR L,

AP B2 EBRClX, PND 21 O B @4 (N=12/8f)
IZBWT, BRI VE O MiETEE 2 0E L=, MM
TEM KT T3 & 8 T4 ELISA % v bk (Cusabio
Technology LLC)D 7' &2 k=2 — L \ZHE - CTRLEE L |
Varioskan LUX Multimode Microplate Reader (Thermo
Fisher Scientific Inc.)Z V>, 600 nm Z#EH K L LT
450 nm DOWESEEE Z 73 LR R CTRIE L7z,

AP I #5 J252 C1% . PND 21 (N=12/#%) & PND 77 (N=8/
) OB O FRIR ARG L, TP 10%735 /1
~ Uy (pH74)T—BEEE Lz, BH, [EE LR



ZRUIT L, NT T uMALEE L B
IR D 7= D~~ h U > e AT Yt O
fie b B O HIIRIESEREAM 0O 72 b > PCNA Skl fkib
Yt 2 S0 L7z,

BT AT ICBEE L C, BT — # 13 F4fE £ SD T
LT, REWORE, Bifw, HKE, LOEHRE
Bk, BAREAL &2 BN & LT L=, I8 o
R M OVidas R, S PRI 6T D 90% SOGHEIE S,
TUNEL*7 7R h— AfHfask, LA LA L~UL
M3 FARAR AR LT o LUV 5 57— 2 1%, [FIE(F
T N—T7 % FEREAL & U CHEST L 72, O-ppm it FREE &
FALEREROREAZIIUTO LI IZFM Lz, 7—#
B DEEMEIZ OV T Levene ORE % WV ToMT
L7z, BRE—Thiu, ¥fiE7T — %1% Dunnett &
ExMWTHHE L7z, AE—72 7 — X0 Tid, &
7 zu—=fHIE&EES Aspin-Welch’s O t-FE & i
LT, 2 DOREARBED D72 DHET — 2 1%, BEfT
SR — 72 56013 Student’s Dt E 2 W THHT L
T2 WA 724 1E Aspin-Welch’s D t fREZ1T
72, HARBRO TR B R Z L OFEm I DT,
BIRA DFE AR & BAEJE % 7 12 4L Fisher O 1EfERR E
& Mann-Whitney @ U #&7E TRkl L 72, ZE RO
A1 0-ppm XFHEE & A 1RRE & O T, 2 BERI LR D
BA1E 0-ppm XHREE & 1000-ppm ¥ & O THE A AT
272, TTDLHTIE, IBM SPSS Statistics ver. 25 (IBM
Corporation, Armonk, NY, USA) % fHv>, P<0.05 Zf#t
FHICH R & 72 LTz,

(B O BLIE)

B 5 HETHREENFERTH Y B O % i
INRBIZRE DT, F7=. BIE T CO/OIERMRE: T
TOREFEE 2 5 ONTHmIC L 0 B L. 8Wics5 2
LEREIIR/NRBICE DT, £-, BmEE, BEICH
ST, ENERFEN FOURLRFOEY RS
BT 2 HE 72 & NZEM EBRIEEHIE > 72,

C. BrEfsR
< NaF IR R >
- NaF-1 fHE T X —%

100-ppm NaF F£ o> 1 SHEORFENILHIE L 720 o 7272
b, EBRN ORI LTZ, 56>, 0, 30, 100 ppm FED
HEREMW T Z N 12, 12, 11 IECTh -7, i
IRTA—=H TR OERMAE. HPERAEFE, I
REM TN T NaF BECB W T B EEIC A kI
R 5372 7= (Supplementary Table 1) , ®h4 S5k
I W0 NaF BEIZ BV T b IRE & CMERFEICH
BRI Lo 72 (Fig. 1A KT B) . K &EIE,
30 ppm B TIE GD 7. GD 10, GD 17 X TYPND 2 C,
100 ppm #£TIZ GD 7. GD 10 X UXPND 6 THEIZH
L7z (Fig. 1C) . W9 41D NaF & C & REW DT
RATENCRF TR oo Tz, 72, M 21 A
H OH Tk, Wi o NaF BT REM O (K E KD
B E EICEfbiT 720> 7= (Supplementary Table 2)

ORI HESL &, BEWHT-D D NaF @ 1
A ST, 30 & 08 100 ppm BEIE, fERBIF . Zh
ZH 4.0 } 1V 13.0 mg NaF/kg IRE/H T > 7=, WAL
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I T, 30 KON 100 ppm BEDO RFEIMILZEIE4L 6.6
KO 21.3 mg NaF/kg REE/H Z21H%E LT-,

- NaF-2 HEWRENW) O TN ST A — 2 R OEIRT
— 4

A= 1% HI R o IR B O AR EE K OVBERLA%Z DFEER - BR0K
BITWT DO NaF BB W T Ak L 2o o7
(Supplementary Fig. 1) . PND 21 OFfRTIiX, Wi
D NaF BECHRBELOMERIZE/NIT RN -T2
(Supplementary Table 3) , PND 77 OF|fRCld, MM &
1% 30 ppm BE THEISHN L7228 AKE TV 410 NaF
HTHLENL Lo T2, WTNOBRERIZBW T,
PND 21 DT M OBERLSE O BT TENT 5L 1358
OB T,

- NaF-3 B O HIRENZ 351 5 o Yt bh A
BROT R b — 2 Hifatk

+ NaF-3.1 SGZ KN & 7=1% GCL (2 k17 2 Mk la %
=iz

rE

PND 21 (28 T, SGZ (Z3551F 5 type-1 NSCs D &=
Tdh 5 GFAP KN type-1 NSCs & type-2a NPCs D FEHE
Tdb % SOX2 DY EMIa%dE, 100 ppm NaF
FECHBEIZHEI L= (Fig. 2, Supplementary Table 4) .
SGZ IZBT % type-2b NPC DIEIETH % TBR2, Ak
PIERCHIIR OIS CTd D TUBB3, AR ORAHE
KR OFRAE CdH 5 NeuN D5 g e A E X
T NaF FECHHEERE# Z Lo Tz,

PND 77 TiX. GFAPHffila%k, SOX2fiflatk, TBR2*
HiBR%L, DCX*Hifa%k, TUBB3 HifE%L. NeuN*#lfu%k
FNT O NaFBETH A ERZEE L72eno 7= (Fig. 2,
Supplementary Fig. 2, Supplementary Table 5) .

-NaF-3.2 #iRIEIFERIC 3BT 5 GABA fEEIENTE= =
— L BRI

PND 21 & PND 77 W3 4UZHB\ T, PVALBY?
fE==2—nm | RELN*/tfE==—nr > CALB2'M{E
—az—wo, SST MM fEf==—u ., GADET"ME==
—n | CCK-8*ME==2—1r | GIUR2* & IR DK
X, NaF EEO W T IUICB W T H A EREIEEED b
7o 7= (Fig. 3, Supplementary Fig. 3, Supplementary
Table 4 )2 (*'5)

* NaF-3.3 GCL (21} 5 v 7 ARV B & o /X
B A e 2

PND 21 {23\ T, ARCHllAu%LiX 100 ppm NaF #£ T
BREICEM U728, FOS*HifEk, COX2* ik,
p-ERK1/2-HIfa%k i3\ 941> NaF BECH A B2k
72> 7= (Fig. 4, Supplementary Table 4) . PND 77 C
I%. ARC % & COX2*flAu%kiE 30 ppm NaF B CTH
EAZHEIN L7223, FOSHAaEL & p-ERKL/2 BRI TV
FTHDONaFFET b A B RZITRES b/ - 7= (Fig.
4, Supplementary Fig. 4, Supplementary Table 5) .

- NaF-3.4 SGZ K OVFE 71X GCL (21T 2 M iusssEiE
PR YT R — 2%k
PND 21 X TYPND 77 DWW HIZB W T, SGZIZ



BT 5 PCNATIPEAM A & O TUNEL /RS E, v
D NaF BHCBWTHAELRZITEED bnei-
7= (Fig. 5, Supplementary Fig. 5, Supplementary Table 4
JOY5)

« NaF-3.5 #REIFAEC BT 2 77U 7 Hikask
PND 21 Ti%. GFAP*7 A b a1 b, Ibal*I 7 &
7 U7, CD68*X 7/ U7, CDI63*I 7 a2/ ) 7d

BT W o NaF T H A ERZE(IT 220> 72 (Fig. 6,

Supplementary Table 4, Supplementary Fig. 6) ., PND 77
TlE. CD163*#lfla %% 100 ppm NaF #£ THEIZHMN L
7223 (Fig. 6, Supplementary Fig. 7, Supplementary Table
5) . GFAP*7 X FuH A MM lbal* I 7 m 7Y T
CD68*I 7 1 7 ) 7HUTW T D NaF BECTH A ERZE
bz RS 2o,

*NaF-4 #EIZEW O HIRIENZ 31T DHEEREY) L~V D
FBIEAL
PND 21 fxTXPND 77 (2B 5 EIREIOREEY L

~AYLZOUW T, 100 ppm NaF HE & AL o R & L
L7z Y 7% A I RT-PCR OfER % ZEh Table 1
KO Table 2 12773, PND 21 (28T, FERIHIIG R
FEIEER 1D 5 B Nes DERGEY) L~V i, Gapdh &
OV Hprtl TIEM{L L7-t%. 100 ppm NaF CA &2
L 7=, Eomes & Rbfox3 DEZEFEY) L ~/L1X, Hprtl T
IEHME L7, 100 ppm @ NaF CHEIZHEM L 7=, &
F 7 2 AT AVE RS A - IS B LTIk, Ptgs2 DiRERE
ML ~ULid Gapdh & Hprtl TIEF{L L7-%. 100 ppm
NaF CHEIZHM L 7Z, 7K b—v 2 =118
LTI, Bel2 DEZEPEY) L)L 1% Gapdh & Hprtl CTiE
Mk L7=%. 100 ppm NaF CTHEIZHEM L7Z, BR{bA
kU A B s 712 B L Cid, Sodl OB FEY L ~L
I% Gapdh TIESE L7=%. 100 ppm NaF CHA &2
L7z, fRpsBSEE s 1B LTk, Hk3 OIsEFEY L
~UE Hprtl CTIEHE L7=1%. 100 ppm NaF CTHEIZ
BN L7, BRbAY ) o {k (OXPHOS) PHEIE(RFIZ
I L Cid. AtpSflb DEEFREW L ~LiE Gapdh KX
Hprtl CTIEMAE L7=%. 100 ppm NaF THEIZHD L
720 Sdhd DEZFFEY L~ L% Hprtl TIEHL L7214,
100 ppm NaF CTH EIZHD L=, GABA {EEIMENTE=

— 1 AREER T
%Hﬂﬂ’ﬂi%ﬁ?aﬁﬁfi% TG IR TR
N— 2 —EE . MR EBEEER . 7 I v
AT f T—H =B OWNTIZONWT Y, BREEY
LV OFBEREIIBE SN o T,

PND 77 {23\ T, FERLMI R FEEEIR FIZBI L T
I% Gapdh TIEH#E L 72,100 ppm @ NaF T Nes Oz
BREW L~V NEEICHEIN L7, GABA {EEPENTE=
2 — 1 OEEAETICE L TiE, Calb2 DiREFEY)
L)L Gapdh & Hprtl CIE#{E L 721,100 ppm NaF
THEBEIZHEM U7, Reln OizEEY L)L, Gapdh
TIEMIL L7=%. 100 ppm NaF CAHZ(CHM L 7=, 7
SHNAT 4 =—Z =B FIZB LTI, 1118 DS
FEW) L ~UL1T Gapdh &Y Hprtl CIESE L7-%. 100
ppm NaF CAEIZEINN L 7=, 116 DEREHEY) L~V 1%,
Hprtl TIEHE L72%%. 100 ppm & NaF TH &2

—a—n bu 7 EEEE T

35

L7z, ==—nu ba 7 ¢ B E, Mi e
BT, v 7 AR MBS 7. AR L R
o+ fRFEREE 5. OXPHOS BIE&E mf- DOV T
WCHAERENITRRD ol

* NaF-5 R OB{EA F LA L~yL

PND 21 {28\ T, O MDA KON GSH #EEIE, W
THD NaF FRZBWTHAEREE RIS R o7
(Supplementary Table 6) ,

< AP IRFZ I8 >

* AP-1 REHAE/NT A —%

0 ppm OXFHREE Tl 2 KEOREM N HEE L 72 o 72,
300 ppm TiX, 1 VEOREMW)IXHFER T, 2 ICORENY
ISHPERFI AR O TOE LT Lz, /- T, 0 ppm
SIHRHE. 300 ppm #£. 1000 ppm BEDE Y REEME L%
i 10,9,11 Th oo, Bt HEW OHT
’?%T@U WCEREIZR SNt EBRIIES, Ko

BRECHIRE BRI I > 7= (Fig. 7TA LY

B) , /Ki4Er&EIT 300 ppm Ti% GD 7 {2, 1000 ppm T
X GD7 & GD 2L ICHEIZHML - (Fig. 7C) . BHH
INT A =B — (FENERE R, HERATE. &
OEREMEL) 12, 0 ppm DO xtFREE & BIRBREOR T
Ak L7 h - 7= (Supplementary Table 7) ., 43t 21

HHOHMTIX, EORERE S 0-ppm xFRREE & ik L
T{ZIKE&U\ELIEE \ZZEAbIL 72 /v~ 7= (Supplementary
Table8) .

« AP-2 MDD AENRRT A — 2 R OIRRT — &

ALK OB PND 77 £ COHIRH, & DR
BECHAATOTENC B I B S > 72, PND 77
FCOABRHIMAT, CokEHETH IR OKE, &
R, MAKEBECELLEIBEINR 2o
(Supplementary Fig. 8) . PND 21 T PND 77 Otk
TlE, EORERETH IREY ORE K OINERICEL
IFEE S ) - 7= (Supplementary Table 9)

- AP-3 HEVENMIZ 31T 2 MLiF ORI A L& R EE &
FHDR i BIGRE Ak 7 O A5

PND 21 O#|# T, MBREEAE L b AIRBIZ THR
JiRARLA O JE R 2358 8 %mto 973 BEARAR A1 HUIR AR
A X T g 5 A C IR b B 0 T Rk & T = m A
RO %R Uiz, 26 O OB K OVEIE
. AP O E TAHEICHEINL = (Fig. 8A,
Supplementary Table 10) . IfLiH FRER AR V£ R B
TAEKAFHNC T3 KO T4 BEOK T4/~ L, 1000
ppm THEFHFHIC A EREN bz (Fig. 8B,
Supplementary Table 11) , &lEh FHIlG 720 O
PCNA* i O FNA 13 B AFAYIZHIIN L 1000 ppm T
FMETICA R R ZN A BTz (Fig. 8C, Supplementary
Table 10) ,

PND 77 ORIRCIE, PIRABLES TR E$J: b
Eﬁ'ﬁ(ﬁ%ﬂ@k ntu D E)hfoc o 71.0 rﬂ‘fﬂﬁk%éﬁ
WAL OB EEHE C b R B R T RS wu&)Ehiﬁ
73> 7= (Supplementary Fig. 9, Supplementary Table 10)
PCNASHIIEOEIA AP BREEIZ Lo TEL L ek o7z



(Supplementary Fig. 9, Supplementary Table 10) ,

- AP-4 [EIRENM) O BRIRIENC 31T 2 i Y ta b e
BT R b — Atk

< AP-4.1 SGZ K OVE 721 GCL (281 2 ki R

PND 21 (23T, SGZ & GFAP* ik iﬂﬂ%ﬁkf
HILZIED L, 1000 ppm THEFHFHINC A B 72 720355880
7= (Fig. 9, Supplementary Table 12) , SGZ @ SOX2+
AlfE S OF TBR2FAIAEEL, SGZ KON E7-I1% GCL @
DCXHHfin%L, TUBB3* %}z O NeuN*%HﬂH’ﬂ%ﬁﬁI S
THOBBRIZBONTHAERE(LITRD e )
ST,

PND 77 TiZ. SGZ ® GFAPHHIaEITH B AFrIC
JB L. 1000 ppm THFHFRICAEEZDRBD v
(Fig. 9, Supplementary Fig. 10, Supplementary Table 13) ,
SGZ » SOX2 %} O TBR2 %, SGZ KOV %
721% GCL @ DCX*#ifla$k, TUBB3*HHfla#k, NeuN*%m
fiX, WITNOBRERICB O THL A ERZMITR
SV (WA 7b>o 770

* AP-4.2 SGZ K OV & 721% GCL (231} 2 e HE s s 14
K OT A b — Affask

PND 21 Tid, PCNA“HHIEEIL M #5-5 TH BT
b L 7= (Fig. 10, Supplementary Table 12) . TUNEL*#fl
faDEIE, WTIORERETHAEREITI RN T,

PND 77 Tli%, PCNA* i % & O TUNEL il d80i &
W OBRER TH A B (kX e >7- (Fig. 10,
Supplementary Fig. 11, Supplementary Table 13) .

- AP-4.3 HRREIFTEBIC ST 2 GABA (EEMENTE= =
— o R E BRI

PND 21 (28T, SSTIME= = — 1 > Ol 1000
ppm THEIZHEM L7= (Fig. 11, Supplementary Table
12) . CCK*, RELN*, PVALB*, CALB2*, GADG67*
ME=a—nu 0L GIUREIRMI ORI, & Dng
ERHCTLAEBERENAIT R D 5 = (Fig 11,
Supplementary Fig. 12, Supplementary Table 12) .

PND 77 Tl¥, CCK* KDY SST* MM E= = — 1 » DI
1000 ppm CTHEIZHEIN L 7= (Fig. 11, Supplementary Fig.
13, Supplementary Table 13) , RELN*, PVALB*, CALB2*,
GADOT* /M E= =2 —nr DO L GLUR2 EMRAM AL D%
X, COBBEHTHAEREITA N7,

+ AP-4.4 GCL |
B
PND 21 & PND 77 ®WFHLIZE W T, p-ERKL/2*,
FOS*. ARC*, COX2*RERIMIIEDELIL, & DUREE
HTbARREMITIALN RN -T2 (Fig. 12,
Supplementary Fig. 14, Supplementary Table 12 & 13) .

B DT T AR EBIERE 2 Ry

« AP-4.5 BRRIEIFERIC 31T 2 77 ) 7 ik

PND 21 }2TYPND 77 OW LU W TS, GFAP?
TA Mt A Fod, KO lbalt, CD68*, CD163*3
sua 7V T7lxra7y =0T, W ThoORGHIC
BWTbHLHEBICE(L 2> 7 (Fig. 13,
Supplementary Fig. 15, Supplementary Table 12 2 T8 13),
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- AP-4.6 HIRIEIFERIC IS 1T 5 OL Rl

PND 21 (23T, OLIG2* OL %RiftHifd & NG2*
OPCs D%, OB THAERENITIA AR
7> 7= (Fig. 14, Supplementary Table 12) . CNPase* OL
AEE, AP OWMEEERE ARSI LT,

PND 77 i, OLIG2* OL &FEHIfE, NG2* OPC,
CNPase* OL O¥uid, EOBEEH CHHERZ(MITR
M7= (Fig. 14, Supplementary Fig. 16, Supplementary
Table 13) .

* AP-5 GCL, HPRIEIPTHE, KON & T B
% HPR R D FEI D E 7

PND 21 TiZ. GCL & thIRIEIFIER DA, K UG
L EET DR OG I OmEEIL, EORBEHETHLA
BBkl hr - 7= (Fig. 15, Supplementary Fig. 17,
Supplementary Table 14) ,

PND 77 TiZ. GCL & HIRIFIFYE o0 i & Oz
BECH A BRI 220> 7= (Supplementary Table 14) .
—J7. WG & USRS 2 HRIRR O SRR, AP
FECH &I B L 728 2 71 L, 1000 ppm CTHEEFHIIZ

BeENRS bz (Fig. 15, Supplementary Table
14) °

- AP-6 IR BNV O kRN
B,

PND 21 2 T PND 77 (23517 % 1000 ppm #£ & 0 ppm
ﬁi@LfK%@mxﬁE%‘fﬁ% LUV ZENER Table 3
KX Table 4 12779,

PND 21 (28T, GABA fEEiENME= = —1 B
HE ST D 9 B Pdgfrb DG EY) L1 1% 1000-ppm
AP THEICHEIM L= (Table 3) . iR K+
BT TlE, Ntrk2 OERGEY) L1753 1000-ppm AP
CA EATHIIN U 7, AR i i/ mr Sk i i & s - o
9 B, Efnb3 OEREFEY) L /L1 1000-ppm AP TH &
[ZHEIN U7z, NPC/AREE M AE s 7 D O B
Vegfa DOEREFEY) L~/ 13 1000-ppm AP TH E I HIN
L7, MMl e B EEs 0 9 6, Arhgef2 &
Robo3 D#EEFE) L~ 13 1000-ppm AP CTA & HE N
L7z, LB (R - C i, Baiap2 OEERGREY) L
~UL7% 1000-ppm AP CTHEICHIM L 7=, 7 v 2 X U
ZHRAEBE NN T VAR—H—%a— T 581D
9%, Gria2. Gria3 &U“ Grin2b OERBEFEY) LT
1000-ppm AP TH BN U 7=, FERL AR AR e
fGF. ¥ F 7 AR[EAMEFRE Jf(z:% b A b L A BEH
BIRT. TIWNAT 4 =— 2 —BET, 7V THIE
fRiZ# s 1. OL ﬁ%ﬁﬁaiﬁuﬁ% L EpIADAESRE L (I
F-OWFHOEEGEY L~ § . 1000-ppm AP THE
REAIIR N7,

PND 77 CiX. JEhLMARFHRIEES D 9 B, Nes
DERBPEY) L ~ULE 1000-ppm AP CTHEIZHIIN L 7=
(Table 4) . GABA {EEIWENTE= = — 1 BEER T
® 9 b, Pdgfrb DEZEFEY) L ~/L 1% 1000-ppm AP TH
EASHAIN U 7, A fa/ ai BEAR e B AR D 5 B
Notchl, DII4, Thrsp O#xF-FEH) L~ 1 (% 1000-ppm AP
THEITHIIN U 72, NPCHFHRE Mg 5E BB s 1 D

B D GREY) L LD



25, Fzd9 OEREFEY) L ~L1E 1000-ppm AP THE
WIZHEEIN L 72, i la BB E 10 9 6, Sema3c
DEZFFEW) L ~UL 1T 1000-ppm AP THE A L.
Robo3 D#EEFEY) L~ 13 1000-ppm AP CTAT & HE N
L7z, BfbA R L ABERIE D 5 B, Gpxl DEAE
FEM) L UL 1T 1000-ppm AP CTH Z D L7, fhitse
%l?%’tﬁ@pfﬁ? MR B EE s -, T AT
AR BT, 7 I WNVAT f =—F —ElsT. 7
U AN S NN PPN e SN/ ) DB
{67, OL RHIBEE AT, BE¥SIEE B EE R 1 Dlis
GEEM L ~ULE, WL 1000-ppm AP T E 7R Z1 b
TR BN T,
- AP-7 HEVEENMIZ 35T DR D MDA & GSSG/GSH
L ~)r

PND 21 {28\ T, #2555 MDA & O GSSG/GSH L
LR, WTNOEEFIZE N TH A ERZEITR
Lo 7= (Supplementary Table 15)

D. £
< NaF M5 FElR >

AWFFECI%, NaF % 100 ppm (F-& L 45 ppm) &
TefiiA A KB D7 FPREEE 44 ppm & JIE S,
%L 7 HHORIR TR 31@0107/h%vvz
T 100 ppm @ NaF (27D & BREER | MRS Ok
P& ZHICBEET 21TE R E 2 m T HE NV < 075>
b5, LL, ZhoOWETIE, RE= IRE8~
D IR T A S TuvZeuy (Li et al., 2022; Sun et
al., 2018; Shivarajashankara et al., 2002), NaF % 4R 1
H H 2265010t 22 B B £ THCEK 12 20 ppm TR
WREE 95 &, REIT R 30 HH £ T, REwmix
A% 30 HE CHREEMEENBD L, AE#% 21 HE &
A% 30 H H CHEBENEMESIH Sz (Kumar et al.,
2020), LU, AAFZECid. BHA2Y NaF (2 30 ppm &
Uﬂmwm@mif%%bf% RHAR B 0 28R

BRI A—=EROFG T A =2 T EE H 2

fm:oto G-I, NaF #£C iﬁk7k%@%ﬁ§‘éﬁ’ﬂf£
BIMBFED SNT-DHTH T, WEWITAR 77 B
HOHET 30 ppm TOAMMEEOHEMEZ R LT, Z
UE DFERN S . AFZE D EBRSA: T Tid, Bk
{2 100 ppm &£ TP NaF WREE AT > CH, REE-C s
I B 72 BRI TR O LR N T & DRI S LT,

ARRFFECFN T, 100 ppm @ NaF Mgz 1%, 4% 21
HEIZRB W TR RGO 5 5 GFAPHll D &
SOX25fu s A ¥ S Wiz, Wl O A= > F T
IZ. GFAPlaiE type-1 NSCs T V. SOX2MialL
type-1 NSCs & type-2a NPCs T& ¥ (Garcia et al., 2004;
Zhao et al., 2008), 100 ppm @ NaF (XBEFLI D3 IR 7
& T HFIC type-1 NSCs & type-2a NPCs ZHEN & w7 2
LR ENT, £z, BIIEHEIFRICHE TR
Moo=, Z OO DCXHHiE, 972 h type-2b
Jo % type-3 NPCs & A ZAERIHIAR O 0SB A7
T HEmABIE SN2, TBR2YMIIE, T72bbH
type-2b NPC <° TUBB3*#ifiil, 372 40 & AR AFERL ML D
BB e s vz &S (Hodge et al., 2008; von
Bohlen Und Halbach, 2007), Z 15 D%, 100 ppm
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@ NaF W5 2 EEFLSIC type-3 NPC % J8i) X1 7= Al 4E
PEZoRie LT\ %, £z, BEFLINC BT % type-1 NSCs
& type-2a NPCs O/, type-3 NPCs Dbz kb3
LB TH 2 alREME bR Sz, SGZ DAL
WL 7R F—3 2 X2 O TITRE L Z T )
S 7= DT, FERIAIR R D Z 4 & OZEALIXBERLAT
@ NaF BRI A Uz oo LivZew, #ekElz I
% NSC f5#2C#& % Nes (Mignone et al., 2004), TBR2 %
=— K9°2% Eomes (Mihalas and Hevner, 2017), NeuN %
=1— K9 % Rbfox3 (Darnell, 2013), ANIAET &R h—
ARREEDOHLT AR h— ABIE T D Bel2 (Leber et
al., 2007) DERE: L~ L DO, ARFEHT A O E (2
& L?‘J@fxf%u%i%%%@ KA T LTWD, Ek 77
H B 2381 2 BRI SR 5k 0> 50 22 KRR AL 27 B R4 70
5 R O NaF BRE 1 & 2 ik g e R ARl i
EEEL WD Z & 753‘/%12 iz,

AAFFE I, dREIFEICISIT 5 GABA {EEMEA
fE=a—u rOFREM KD GIUR2* 7 V2 I U FE{FH)
PR A D S R A L S O RAT 24T - 7223, GIuR2*
AIRREL A FH B AT HE N3~ 28 A & 7~ L 7= DAAME
%21 HBIZBIT D HERE(ITRD v ho Tz,
BEWHIIE, ~ T AOWERIZIT D AR AR D
NSCIEMZ T2 Z L3R E T 5 (Yehetal.
2018), Z D Z ki, NaF ~DIEEH ORI, bk
A= F 1B T type-1 NSCs & type-2a NPCs % 14
MmEgeEWHERIOFTRE—ET 5, £1% 77 B H
IZHBWT, GABA fFEMWENTE= = — v » O LM &
GIUR2* 7 v 2 X B & ﬁﬁ%@ﬁﬁﬁ%k%
FUFEHTCIE, NaF BEE% OF B2 bITB S Hivieh
72, LML, CALB2 Z=— K¥ 3% Camz & RELN
Z o— R4 2% Reln O#EE L~ T NaF BgEE% 20
L7z, #ik[EI0O CALB2* N E = = — 1 LI o Fi ik
GABA fEENMMENME==a—uvr EMAEERFLTRBY
(Gulyasetal., 1996), 7= Calb2 / v 7 7 v b~ A%
SGZ » NPC HJHZMHI+ 25 Z £ RSN TWVD
(Todkar et al., 2012), %£7=, RELN Z ¥4+ 5 M E==
— 1 (T type-1 NSCs DI A G T2 Z L n
(Sibbe et al., 2015), 4% 77 H BIZBW RO LTz
Reln O3BUK T Ix, £ 21 H BHIZEIT % type-3 NPCs
DI D MHRERFESIR D —ER NS Liv7awy,

ZIETOWEN S MEIZIIT 5 NaF %t
PED AT = XL, AL A LA, FREIE, T
TRARPEOZEA L, Xy R U THEREEE OB 5
RE X LT 5 (Bartos et al,, 2018 ; Ferreira et al.,
2021 ; Yang et al., 2018), iz (X, AT v MZBIT D
NaF IR 1, MHICB W TRIESEY A N1 > O0u
EX7a 7 ) TOEMLEFRE L, ZICESTUT
T ARYAVEME T 5 (Yang et al., 2018), ASAFZE Ti,
Mt A b L ARHE T X — & M U755, NaF B
FEITAE% 21 H BIZRT 28 RElD MDA JREEX GSH
REZELESERDpole, L, A—/S—FF K
CALE—E 1 Za— NI L5 bEEFTHD
Sod1 (Sikandaner et al., 2017) OEREFEY L~)L1E, =
DFFRT NaF BEERIC K VIR T L7z, 2hub OfERIT
NaF Wi DS iR L g 4 s L, kX h L RIT
KT HMEIIEE AR ED 2 EERE LTV D,



PRERIEBDE /N T A — & i LT/ R, % 21
H H{Z 100 ppm @ NaF (288 L 721 Tl iR EIFE
D7) T IR OB H R B D RIFEME YA S A
VIBIET OEFEY L~ B IR e o T, L L,
/4% 77 B HICEHBWT, 100 ppm @ NaF 1% CD68* < 7
07 U7 ORI L E 2 1C,CD163" I 7 n /'Y
T O ERINE 7, CD163 IXEMEb Sz M2 2 7
a7 U7/ Ki~v a7y —VDEETHY | BLRIE
EMZ A+ % (Zhangetal., 2012), CD68 IXiFtiL S
7eMUM2 227 a7 )7 LRI~ a7 7 =DM
\ZF BT % (Walker and Lue, 2015), = &5, AAF5E
12175 CD163* X 7 a7 Y 7 o, A% 21 HE
WZB T Db A b L AT B ass M o $ A %
PR L LT, PIRIERS OB ELZ R L TV D,
IHIT, A% 7T HATIER, MUVBIRJEMES 22 7 ) 7
WX TEAIND RIENEY A NI A VBT Th
% 116 DEFHEY L~V OIKT (Tang and Le, 2016) 23
BlE2 S, RIEVERUS & FURIENESOG O W 7 (AR
DI A N AA BB TH D 18 DG HEY)
LoUL D RSB S (R 1T M2 BIHTRIEME 2
7 wa 7 )T OWEMALZ 5 ZE Z4) (Alboni et al., 2010;
Tang and Le, 2016), Z L5 OftHi%, Nes & Reln Eix
F DR LFIC L DR EE TR — M L7201,
% 77T HEB CHRIERISDFEI NI Z L 2R L
TWd,

ARFZETIE, 100 ppm @ NaF BRZiC L0, 4% 21
H B IZ3H W T ARCT ARSI IO B2 BN L. Ptgs2
R EH L7, Arc & Ptgs2 i & bic, Hikh=a—
0 DS AR AVE B RE A B D e f) R
f51T& 5 (Nikolaienko et al., 2018 ; Teather et al.,
2002), ZAU5 OFESLIE. NaF B2 L - T s ni-
type-3 NPC Ot 2 RUB UG & LT pRERL
MRz B 7 AR EME AN U 7= W REME 2 X
BLTWDDO0E LR, Zib OMISTHEKF
B CIX72 > 7273, 30 ppm @ NaF IR I34#% 77 B A
IZBU T ARCHI & COX2 Hifask am s w7-2 &
DL TAUS THEEFLIN NG S AU TR A LR D
MRS ORER E L CAHANEELTHD L
DRI S 37z,

BT OHAE TIL, in vivo TO NaF B IL~ 7 2 Diff
B=ma—n AZBWTHIERZMHIL, S h=a FY
THRE A BEE TS Z LAVRIBE N TS (Li et al,
2023; Xin et al., 2023), A% 21 HEIZEBITFTAHI =
R U7 OXPHOS (2B 2 s B KICB L T
AHFE Tl 100 ppm @ NaF BEFEIZ L 0 | MR EHE AR
Th b ATP GklE#E % =2 — R9° 5 Atpsflb (Koopman
etal, 2013) & . FPREHEASRDERER CTH L a1
7re N r—E8eKYy72=y F D £a—F
9% Sdhd (Koopman et al., 2013) 23 5 BUK T &7~ L 7=,
T, 100 ppm @ NaF 1%, MEFEREEE O W) B Chéng
TEHNFEY X F—EI3Ea— NT5HHK3ZHEL LA
W72 (Wilson, 2003), —#%IZ., e L 3oHE A HE 5E 2 i
FF 27201, MR ER O G Z AR — 3 5
PERIREE 2B SemICRIH T 523, seilicizr 7 2 v
DO I 3 e SN s Y S [ DR AW R A | = B
A NPT 8T % (Flores et al., 2017; Folmes et al.,
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2011; Gu et al., 2016), Z DOf# 7 M. NSC 15
NPC ~DOBATICHHETH D, v 7/ /LE/LRNA &~
— /7 AFIETIL, AR NSCs 725 NPCs ~DIiEM
1T OB I T, b RE R - DR B L,
OXPHOS (2B 57 28I T ORELN EH-T5 Z &7
FLH 7= (Beckervordersandforth et al., 2017; Shin et
al., 2015), it > T, 100 ppm D NaF ~ & AR TE 1%
HEAL B O AL I W T ha v R T
NS SR OB ZFFE L, TORREAELDHI b
Y RU T HEREAR AN BRI R AR IZ I 1T D type-3
NPC DD ERE L CWD EEZBND, ~F V¥
— 3BEMEMIRaER D, A% EELUEE oM.,
FHEREN =@ BT 2 2 LGS TnD
(Coerver et al., 1998), FEF DOMIZI51T D HK3 DFEI
IXEIZFES TV RN ARAFFEICF T D 100 ppm
@ NaF Wit 0 Hk3 OFBIENIL, OXPHOS 7> & fif
R ~DOIH 7 B3, type-1 NSCs 2 O type-2a NPCs
DO EZMET OMRERE AR T2 L2 RE L
TW5D, LxL7es 5, OXPHOS K OMih B E i s -
OFRBEIE, A% 77 BHE TIXbIEeBiggsnen

-7,

< AP 5% F 5 >

AT L, A% 21 HBOBEAEICE TS 7 v K
DIMIFETI R ONTA L~-L D FEICEE U 72 23 852
SN, Lol HURIRARVE AEORD OFLEE TR
< 72<, 300 ppm Bt CIEMFHFIA B Z2I1TS S e m
S T2 XA ASAIFZE CIIBESLIA o FHRARAE K A3 300
ppm & 1000 ppm O 5 CHAREIZIZ L 0 B 500272
0 | TEELERAR AL FODR BRI b R A R & e
awu A RO OFRARE & B IEEIZBIT 5 e
BINCA BRI Z o7z, DA EORERIT, BRI
1 E DO AT g FAR IR AR VE E XD & FRRIR
BT C R VIO NC e 5 T LA FERIL
FEOEREFEENTZHZIONEE L —HLTWS
(Akane et al., 2022), I TSH fE_E5F-Z A L 7= LR
TSN Bz 0 oo BE TR O BAIMZ BT LTIk, Fex
AP IEFZ 1% 12 PCNARE NS _E R iaEk oo F Bk A1) 70 1
NA#Z2 L. 1000 ppm TIEHFICEE THoT-, =
B OFERIT, FEER O AP R (300 ppm LI L) A3H
WIREREIR T 2B R LI L 2R LTW5S, LrL,
AP BT REN) CEIEE S 7 IR R OV B A% 22 0
7R ERIROZA L, 72 5 ONTIE I B AR o HEFETE 1
BIMT., B (% 77 BHR) £ TIEEELE,
I B OREFRIT, ERMIR R O LR I AP IR
TaEPIET 5 & BRI IR AR IR TREAE R
HTEEFRBELTND,

ARFFE T, BEFLIHIO B B\ R AL R o
FRIE 2 S A L gt L7z & 2 A, 1000 ppm
AP 552 T GFAPHIAEL AN L, SOX2HH #5238
DMEMNCSH D Z & F72 300 ppm LLET PCNA* i
SGZ MR T 25 = E N LT/~ T2, SGZ
TlX. GFAP X type-1 NSCs CT%¥. L (von Bohlen und
Halbach, 2011), SOX2 %=1 type-1 NSCs, type-2a NPCs,
LI %o type-2b NPCs THIELT 5, lR#IIZE
W T %, GFAP* type-1 NSCs D/ 1 1000 ppm AP B



TEICBW TR L2 2 &5 AP BEFZ 13 type-1
NSCs Z &) & U 7= i 4E O Rifge ) 72 i) 2 Bk A
FETHEHE LI EDRRB I NIz, Fx OLETONE T
X, 7 FERAWTEHRIRRAIO A F~ > — L ET721%
PTU ~® % EEHANR R 12 X 2 7% 22 1 IR IR A RB A T AE
V. BESLIA OBRFERE TR type-1 NSCs, type-2a NPCs,

e O type-3 NPCs D ¥ % 80 < H-7= (Shiraki et al., 2012,

2016), T, FIKIZ72 > T type-2a NPC Db i3
FBTE = » F 1T > TV /= (Shiraki et al., 2012, 2016),
TS ORI, ARG I T 2 PRI R A
ﬁTé%%@T@AP%%@ CHEN B8 FOR A

REAK TE & B L TV 2 AfREMEZ 7RI LT D, L
L\ SO AP BRTITBEFLIF O type-3 NPCs D¥IZ
DUV TIIIBAMER LAVR ST, Z ORERTOIREERH
RIHEREIR TIETIZ Z @ NPC £ DA & 72 &
IRLT=Z & LI TdH > 7= (Shiraki et al., 2012,
2016), /)72 FUR MRS REAR TRE DI DR R & S22
EHZHDBEOMRERBIEZF|SEZ T ENMbI
THERY (Gilbert et al., 2017), Fx OLIRTOWFZETIX
EH R OO RIRIEZ 5] & Z 30 5 7o 58 2 1
R A BE AR T E 23V S O fp i AR I B B % M3
Z & & R L Cu % (Shiraki et al., 2012, 2014), L2~ L
ARG TR L7e B C OSSO AP gz ClL, B
FLEE 72 13RI 1) 2 REM O R ECINE &%
A &2 hv - 7= (Shiraki et al., 2012, 2014, 2016), %
EH O AP BEFEIZ X - T type-3 NPCs 2584 L7g7o
7EBIIAHTH D, EﬁJﬁH;'ﬂT/I/:E‘/?%fEﬁS‘
SGZ F1J 5 type-3 NPCs Diffifadhig|c 2% T3
oD, I HPOBERH D EHEIND,

0|_ Fitr DL~ DB DOV T, ABFSET
1% 300 ppm LA LD AP BRFZIC L 0 | BEFLEIO Bk EIFY
HBIZF1F D CNPase ik OL s L=, L,
AP BEFE T = ORF S TIENG2* OPCs<° OLIG2* OL Xfiag
FR DOF A 22 b S8, CNPaseHfl s i L a1 12
@Lto T Lk, FEMO AP BREEEILI O OL

P AR A D AR A — PRI L7 2 & A oRe LT

u\éo L L7 o, RN I AR A (g2
LT SRR OmEE G bEZ b D) O &EIZH
WL DB SN, 2D ORI, FEE
AP IRFRIZ L > THE SN HHEILH O OL Db
23, OL RS2 —iEME T AP BREE(E (LR IZITE K
L7eDIZ b 300 63, BURHIICI B2 - 72 BEIK
TERRDJFIK T & 2 FTREMEZ R LT\ 5, Bk L9
2. 7 v b OFEEH O FIRBEREIR FREIL. KIMEE
G D> CNPase* il OL %k & fidge o A5 #fiih 53 5k 2 ek
#% (Longetal., 2021; Salas-Lucia et al., 2020), Z il
D OFERIL, 7 v FOFER D AP IREFEDY OL D
@B Z 5 X 2 L, IR O A EERERKIC
WONWZ EZREBELTEY, ZHUET v hOsEER
WHRREAI TH D Fu L F 4o T2 (PTU) R
AF < — VBT HZ L ThIEREI SN D IR
JREEREIR FIEIC K DM~ D B LR TH L L EX
HDOMNZYTH D (Shibutani et al., 2009; Shiraki et al.,
2014),

AWFFEIZ F1T 2 HIREIFSE D GABA {EE /T TE =
2 — 1 OAER & ERMIIZ-OVT, 1000 ppm D
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AP BRI TEEILENC SST M TE= 2 —r Uz s &
7oh, D GABA EEIENME= 2 —1 v DKL &
GIUR2*EIRAIIREL 13 = ORES TIXE L L e o7z, Bk
RHNZIZ, SST N TE= = — 1 » O OHEANITER L
CCK*/ME= 2 — 1 > O %1% 1000 ppm “CimJJIJLtQ %‘é
FEH HUR IS REIR TEDS GABA 1EEWMENfE= =

Y OEEMIZRIFTEEIZONT, FaIXLLANIC
PTU «@%\ééﬂ;ﬁlﬁ%w& BARIZEDETT v b E@J%
OHAIREIFERICI TS SST M E= 2 — 1 DD
fEROBE N &2 8152 L 7= (Shiraki et al., 2016), BIk[EI DA
F=a—ua B 5 SST OIBUL., FMER & Dbk
B EIRRESC, BREEH L7 & 0 HARTINKIC L » TS
% (Tallent, 2007) HOREIFER D SST M E= 2 —1 >
ORBERBAIEFENT R WHBAHZE EN TV, Ot
T, w#(lﬁlﬁﬁiﬁ@ SST" M E==2—u BT 5
/R H SRR E IR+ (PDGF)-BB DI EIEINMN, S
AR AEIC BT D NSC B L i =2 —1 D
BRRZBEOREZBMEE L ZENAHENATWS
(Li et al., 2023), ZH 5 DOFE R, BEALI & A HH D
SSTMfE==—r 2B 5 PDGF Lz 7 )
VOIEPEALAS . BEFLEA A 5 O type-1 NSCs Dt ik
Pzt HAMEROR & LB < AIREME 2 RIB LT
%o RRIEENCIIT D CCKMMTE= o2 — 1 ORI Y
LTl L OHE T, GABA (FEIMENfE =2 —1
B O CCK DM, 72 I Uit & 5] %
EZTRATA MY A hOFFEEEZEINESES Z &
C NSCs O AR 2R3 Z & D RIB I TN D
(Asrican et al., 2020), AAHNZIZ, 7 A FrtA FD
oM G L Z2 Rmed 5 R KL, & 5\ ik Ceker
OB EFFHITBERIN >0, BEBICEBIT S
CCK*ME= = — 1 » OHINT, BEALIS D type-1
NSCs D FHeHIIT 3 5 RUER A Tdh 5
AREMEM R T X B,

Fx 1XLART, FEBRAIZFHR LK%ELE;REW%H%*%% S5
THEAS., BEALHIZ RELN* GABA fEEIENE= 2 — 1
YOBEBEMSEDLZ L RWE LT (Saegusa et al.,
2010; Shiraki et al., 2016), =D Z & 1%, Zﬁﬁﬁnfﬁbﬂ
SN FE W AP IR OBEFLINIC RELN* M /E=
= DU W(Kﬁv‘o&b\%*%é: IR TH D, L/LHIJ%

L7 o, REY R ISERIK TIEIC X - Tk
éhé RELN /7 FL O, type-3 NPC DL %
VAR D T O (ARG AN N oD R Bh AR S B ARE R
b LiL7evy (Saegusa et al., 2010; Shiraki et al., 2016),
LU, B L 51T, R AP IRFE % OBEALIAIC
1% type-3 NPCs D21 iéﬂ S Neotz, o Tl
AR D TR TIE, AEMHE L L To RELN > 7
JVEAPIBRFRICE S CTRE Lo B2 65,

FEEEMNCERRIIC 3 7 ERZIE F T X PR R RE
KFEZFHEHRTHE, 7y MEFE=a2—m > (HikE
TR 2 &) ISRV CEBEE (LTP) 2\EE S
. VT T AR OFRIE T H D Ik 1B IE T FEM O
NI 5 (Dong et al., 2005), Fkx IZLLRTIC, J§
EHIZ PTU ZIRFET 5 &, BEILEOWES &R R
W R ATAPEIC B B e W1 R R T ES O
ARC F 721X COX2 |ZxF L CHpfikib Froic it %
R R A — @I T A e R A LT



(Shiraki et al., 2014, 2016), AMFFETIX, HEH D AP
BREEIC LV . B O ARCHHINEI T T B AEAII 6
DM 2R L2208, o> T AT SR R e R &
X DG FERLRRA L R T B néﬂiﬂa‘;f;mi%ﬂ: L7222
ST, TIHOFERIL, FHEHO AP IREEN, FHiEH
@ﬁ%%%ﬁ?ﬁ@wﬁkﬁﬁbfxmc% Li-v

SRR A L2 2 AR LTV D, ARlD
e CiE R 9 & (3, ARCTHIIEEL O JME 6] 25 AP B

BRI E TRV THY . IENC A Lz
PTU MREE1% (Z B ARS8 22 S 7z ARCHIfiRa R 3
X COX2Hfia% D ZEAL & 13 572 > T\ 7= (Shiraki et
al., 2014, 2016), LARTOWE CTlX, FAES 6 HENM LA
%30 HA if@ﬁk*ﬂﬁk X% AP @%éz%ﬁ;%i% N
REEBEIZBT DME D7 4 — /v REMMIZHEIT D N—
ATA DY F T AMREDWD DR ST (Gilbert et
al,, 2017), BHE/RZ LIZ, XR—=ATA DI FT T AR
FEDOW 1, 30 ppm DFALH & L ~ULis b EARAFH)
(Rt == émfu\é (Gilbert and Sue, 2008),

T3IXOL Rk I T D HFE, b A A v FOEE R
%EE%T%UJPCA®¢% XY A E I OR T
Lok EEHET % (Lee and Petratos, 2016; Pagnin et al.,
2021), E7z. OL HADOHZINTIL, T3 ITmA&mb &
IERRIC HBI59 5 (Younes-Rapozo et al., 2006), Aijid
DX I, RWFE TR, FiEM AP RZE A& T U728
FLRFIZ, BB EIRIEIPERIZ 31 D CNPase*l#h OL 23
W+ H2HLNI LT, FxlTLRL. Ty FD
%%%@PHM%“ (2 & 2 RIS REAR T 1%, A% 77

WZRRER U 72 R B2 38V T, CNPase* il
0|_ DD L TWDZ EARBIZEE LT, AR TIE, 5
W AP IR A K T UZBERLREIC, SIREIFTERIC 30T

% Olig2* OL AFEAMAEUZ Z T A B AL o 7o B3,
NG2* OPC i+ A M A8l sz, b
FERIT. BRI AR LE L L UL O Y OPC D
HMeEIHIL, Z0fERE, OPC O EZ, — 5T,
DENE T %D OL Rt IR AN b 2 7= U7 TREME &
RELTWS,

B AR RE IR TIEIC K 2 R O~ D IS
WTIE, FEEHIO PTU BBERICE D T v O TR
LA P L ARFEHEINDZ ENFESINLTWVD
(Cattani et al., 2013), L2>L. ABFFETIL, FEHO
AP IRFER %%@@@%@MDA&UGﬁmmﬁiv
AUV BITBER S o T2, £70. BERLEIC
Z R Bl O B b & E%ﬁ%?ﬁﬁ?ﬂh@%%@iﬁfﬁ%%ﬁ
FE L~V DB BB S e o T, THH OFER
MH ., ARWFFETRET L7 HE T, 2O AP IR
BT B 72 {b A N L A DF j;@;rﬁw‘m\: R AVIN:3
SN, TOEWIL, PTU & AP ~DIRFEIZ L - T
7 I D5 ORI R AR T AE 0 i S @iig“w: L oon
H L7\, Cattani & OHAF5E (2013) Ti&, MLiGH O
T3 KON T4 LV DORD DR E I B LT, AR
nfﬁwt%%%@AP% L LT, REHO
PTU B#ERIZ X o TIEIR FUR BRS BRI T RE 23 365 7% &
irttk#ﬁlll:ﬁf% %o ARAFIETHRRT L72BREA b L AR
LL(E?O)O B, Gpxl OHEFEEY) L~V D3 5] AP

WREER DOESL 77T HHTIRT Le, ZORERITIE A
kL 2K DI D FH 2 R LTS &R
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THZELAHETHDIN, Gpxl ORFELLDKE
IS L OB A N U ARE T XA —H (T
B OEMNREAER 72N E0nh . ZOBBFHEBLEZ L
DOEMEFIERIFRNEEZ HND,

AR O K 912, AEIORERIL, FEH O AP §EEE %
T L7eBERLENC B €L RO Rt o 5 © type-1
NSCs & type-2a NPCs 235/ L, BAERIHIAL O ARC
BN LI T AR R IR S D 2 & ERE L
TW5, ZORRT, #RENZIBWVT Efmb3, Vedfa,
Ntrk2, Arhgef2, Robo3, Gria2, Gria3, Grin2b OFEHi
WM ElEL S 4L, Robo3 OISEBLNITA% 77 HE &
Tz, EMb31Z=7 VB3 U REa— KL,
O EphBL & & HITHHICEIT 5 NPC OHIH
L BENA WO HIE LT 5 (Chumley et al., 2007),

Vegfa 1L N EHEFRIR 7 A 2 22— R L, 5Ok
= FITEIT D NPC O % Hll ¢ X 4 KR

KRR EFFOU B R TH S (Jinetal, 2002), Ntrk2
IIRRBZ R AT e X —E 22 a— KL, ff
FHERL D AEAE, A, 7 AR AR A 2 1
INE 2 b SR AR S 2 R DR RR S 2 20 R &
9% (Qian et al., 2006), Robo3 (X7 V> KT/ 4
AKXV AZRIR I a— R L, &5 &R ia
BadlHd 52 LN TE S (Paketal, 2020), Gria2 &
Gria3 (33T 7 A BMICEA G35 SV F X A A
J ety 7 2R KRAMPARIY T o= h 2 F7213
% =2— R LTV (vander Spek et al., 2022), Grin2b %,
HEEE D N-A FIL-D-T A /8T X B2 8D 18 70
Y7 a=y hea— RLTEY, EHEECR L
JEICARR R EFRTH S (Shipton et al., 2013), #it> T,
1% 21 B BIZRIT 2 BRIH L % BiF % NSC OD{BZ
9&%%%ﬁ%ﬁ®/%7x7£ﬁ®mﬁ®
ﬁ:fbﬁ%%#ﬂ?%ﬁ#okﬁ\:®ﬁﬁfﬁ
Efnb3, Vegfa, Ntrk2, Robo3, Gria2, Gria3, Grin2b
DIEFIENIL. type-1 NSCs & type-2a NPCs D &
2 F T AR DI KT D ARME S D AT REMEDS
A& %, A1 77 H H TIX., type-1 NSCs Db %
RIBT DB TR LI E SN o7, T DR
JATIE, Robo3 DOy 722 588 EH-1ZhN 2 T, Notchl
& DIl DEET L~V O3B ER MR s, 2o 2
LlE. NSCs Dbzl L, RoIRRBICHERT 32
Notchl > 7")/L (Ohtsuka et al., 1999)2MEitEd 2 Z &
T, type-1 NSCs DT+ 2 MRMEISEZFHE L T

WD ATREMEZ R LT D, Nes O%BL EFIE, o
RERCk T 5 ZORERIGEHAT 200 L/
W,

E. f&#

NaF BREZFERCTIX. 7 v hOFREESIC NaF [ZBRE
T 5 & type-3 NPC 23 U, BEFLENC TSR a s
7O % E U T type-1 NSCs & type-2a NPCs &
RERIEMNAFEEIND 2R LTS, EIZ,
type-3 NPCs O/ 1%, RAES & L TR AR A
D F T ARV S 5000 LL7e, #kHT
AN BAE U722 lE BRI Z B I8 S e hr
ST, BEFLH OB{E A b L R IZxET 2 Mgt Kz
Kt UL BRHNCHIRIE RIS D FHE S/ 2 &3,



MR = FICBIT 2 MRREOE RIZH D D)
H LRV, RIAEIIZEBIT D Calb2 & Reln DI E
Fi, BEILHI O type-3 NPCs Db (2564 2 A F it
DFRERZ ML TWDO0E Lz, BB T
LI by RU T MEREEESERICES T 5EET
(Atp5flb & Sdhd) D FEELREA 13, type-3 NPC DA T
BIE L TWad Ltz &5, [RIFFCAEE RRE
FBIsF Hk3 2358l A9 5 2 & T, type-1 NSCs &
type-2a NPCs DHLK % By R 2 #Hf B AR BR B s f2 it
ENDHDONE LAY, ZRHLDOMAEZRET S L.
FEEH O NaF MREE XS O £ %2 — it I [ E
L. ZOMRERICE LTREY 7 h2FET 2 en
REEND,

AP IRFE 5 Tl OB K $11Z 1000 ppm £ TOH &
o te s O AP BREE 1T IR IR REAR TIE A4 5] & &
Z UL FRICIREERE T 12 ORI 5 2°MT 7 % Al RedE
Zor LTz, WS ORRSE A IZ OV T, BERLII PR
HAEOWHIEEE 2= & L7 NSC/NPC HEFEDO ] & |
REENE= 2 —a VIRE % £ TRa o v~
A AR DR T 23R8 S L, AT AE OB T kiR I
D ETHEE LTz, OL R0, BEALIZIX
OL AN —im P P S v, B EIC 1T BRI 22 B
IR SRR STz, B Sz Z ik, FeEl
FORIMEREIR FTEIC L 2 b 0 EHEBILTEB Y, AP I
£ DI EAP R BT RIS RRIR TEIC L 2 b DT
BHDH LD I N,
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Fig. 1
Body weight and food and water consumption of dams during the exposure period. (A) Body weight, (B) food consumption,

and (C) water consumption. *P < 0.05, **P < (0.01, compared with the untreated controls by Dunnett’s test or Aspin—Welch’s
t-test with Bonferroni correction.
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Fig. 2

Distribution of immunoreactive cells for granule cell lineage markers in the hippocampal dentate gyrus of male offspring on
postnatal day (PND) 21 and PND 77 after developmental exposure to sodium fluoride (NaF) from gestational day 6 to day 21
after delivery. (A) Glial fibrillary acidic protein (GFAP), (B) SRY-box transcription factor 2 (SOX2), or (C) T-box brain
protein 2 (TBR2) in the subgranular zone (SGZ), and (D) doublecortin (DCX), (E) tubulin, beta 3 class 111 (TUBB3), or (F)
neuronal nuclei (NeuN) in the SGZ and granule cell layer (GCL). Representative images from the untreated controls (0 ppm;
left), and 30 ppm (middle) and 100 ppm (right) NaF groups on PND 21. Arrowheads indicate immunoreactive cells.
Magnification x400; bar 50 um. Graphs show the numbers of immunoreactive cells in the SGZ and/or GCL. N = 10/group.
Data are expressed as plots of individual values with their mean + SD. *P < 0.05, **P < 0.01, compared with the untreated
controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Fig. 3

Distribution of immunoreactive cells for y-aminobutyric acid-ergic interneuron and mossy cell markers in the hippocampal
dentate gyrus of male offspring on postnatal day (PND) 21 and PND 77 after developmental exposure to sodium fluoride
(NaF) from gestational day 6 to day 21 after delivery. (A) Parvalbumin (PVALB), (B) reelin (RELN), (C) calbindin-D-29K
(CALB?2), (D) somatostatin (SST), (E) glutamic acid decarboxylase 67 (GAD67), (F) cholecystokinin-8 (CCK8), or (G)
glutamate ionotropic receptor AMPA type subunit 2 (GIuR2) in the hilus of the dentate gyrus. Representative images from the
untreated controls (0 ppm; left), and 30 ppm (middle) and 100 ppm (right) NaF groups on PND 21. Arrowheads indicate
immunoreactive cells. Magnification x200; bar 100 um. Graphs show the numbers of immunoreactive cells in the in the hilus.
N = 10/group. Data are expressed as plots of individual values with their mean + SD.
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Fig. 4

Distribution of immunoreactive cells for synaptic plasticity-related gene products in the hippocampal dentate gyrus of male
offspring on postnatal day (PND) 21 and PND 77 after developmental exposure to sodium fluoride (NaF) from gestational day
6 to day 21 after delivery. (A) Activity-regulated cytoskeleton-associated protein (ARC), (B) Fos proto-oncogene, AP-1
transcription factor subunit (FOS), (C) cyclooxygenase-2 (COX2), or (D) phosphorylated extracellular signal-regulated kinase
1/2 (p-ERK1/2) in the granule cell layer (GCL) of the dentate gyrus. Representative images from the untreated controls (0
ppm; left), and 30 ppm (middle) and 100 ppm (right) NaF groups on PND 21. Magnification x400; bar 50 pum. Graphs show
the numbers of immunoreactive cells in the GCL. N = 10/group. Data are expressed as plots of individual values with their
mean + SD. *P < 0.05, **P < 0.01, compared with the untreated controls by Dunnett’s test or Aspin—Welch’s t-test with
Bonferroni correction.
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Fig. 5

Distribution of proliferating or apoptotic cells in the hippocampal dentate gyrus of male offspring on postnatal day (PND) 21
and PND 77 after developmental exposure to sodium fluoride (NaF) from gestational day 6 to day 21 after delivery. (A)
Proliferating cell nuclear antigen (PCNA)* proliferating cells or (B) terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL)* apoptotic cells in the subgranular zone (SGZ). Representative images from the untreated controls (0 ppm;
left), and 30 ppm (middle) and 100 ppm (right) NaF groups on PND 21. Magnification x400; bar 50 pm. Graphs show the
numbers of immunoreactive cells in the SGZ. N = 10/group. Data are expressed as plots of individual values with their mean +
SD.
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Fig. 6

Distribution of immunoreactive cells for glial cell marker proteins in the hippocampal dentate gyrus of male offspring on
postnatal day (PND) 21 and PND 77 after developmental exposure to sodium fluoride (NaF) from gestational day 6 to day 21
after delivery. (A) Glial fibrillary acidic protein (GFAP), (B) ionized calcium-binding adapter molecule 1 (Ibal), (C) cluster of
differentiation (CD) 68, or (D) CD163 in the hilus of the dentate gyrus. Representative images from the untreated controls (0
ppm; left), and 30 ppm (middle) and 100 ppm (right) NaF groups on PND 21 (GFAP, Ibal, and CD68) or PND 77 (CD163).
Arrowheads indicate immunoreactive cells. Magnification x200; bar 100 um. Graphs show the numbers of immunoreactive
cells in the hilus. N = 10/group. Data are expressed as plots of individual values with their mean + SD. *P < 0.05, compared
with the untreated controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Table 1

Transcript-level expression changes in the hippocampal dentate gyrus in male offspring on PND 21

NaF in drinking water (ppm)

0 (Control)
No. of animals examined 6
Normalization control Gapdh Hprtl Gapdh Hprtl
Granule cell lineage marker genes
Nes 1.02 +0.21% 1.02 £ 0.20 1.42 + 0.22** 1.34 £ 0.09**
Sox2 1.03 £ 0.26 1.02 £ 0.23 0.88 £0.15 0.84 +0.12
Eomes 1.03 £ 0.28 1.01 £0.17 1.37+0.33 1.30 £ 0.24*
Dcx 1.02 £ 0.22 1.01 £0.13 1.06 +0.12 1.01 £ 0.08
Tubb3 1.00 + 0.08 1.01£0.18 0.95+0.11 0.90 + 0.04
DpyslI3 1.01 £ 0.12 1.01£0.15 0.95+0.14 0.90 + 0.09
Rbfox3 1.02 £ 0.20 1.01£0.13 1.24 +0.17 1.18 + 0.10*
GABAergic interneuron marker genes
Calb2 1.45 + 1.47 1.65 £ 1.98 0.77 £0.61 0.72 £ 0.54
Pvalb 1.09 £ 0.39 1.06 £ 0.32 1.32+0.32 1.25 +0.30
Reln 1.05 £ 0.31 1.03£0.26 1.16 £0.25 1.10 £ 0.25
Sst 1.04 £ 0.29 1.02 £ 0.20 1.15+0.22 1.10 £0.19
Neurotrophin-related genes
Bdnf 1.02 £ 0.18 1.01+£0.11 1.06 + 0.06 1.01 £0.11
Ntrk2 1.00 £ 0.11 1.02 £ 0.19 0.96 +0.16 091+0.11
Cell proliferation marker gene
Pcna 1.03 £ 0.23 1.03 £ 0.27 1.11 £0.09 1.06 £ 0.09
Synaptic plasticity-related genes
Arc 1.12 £ 0.45 1.08 £ 0.38 1.41+0.47 1.34£0.36
Fos 1.02 £ 0.25 1.06 + 0.44 1.06 £ 0.22 1.00 £0.20
Ptgs2 1.03 £ 0.24 1.01+£0.14 1.46 + 0.08** 1.39 £ 0.12**
Glutamate receptor genes
Grial 1.05 £ 0.29 1.02 £ 0.20 1.25+0.16 1.20 £0.19
Gria2 1.03 £ 0.24 1.01£0.15 1.24+0.23 1.18 £0.18
Gria3 1.02 £ 0.21 1.01£0.12 1.27+0.24 1.21 +£0.20
Grin2a 1.04 £ 0.27 1.01 £ 0.17 1.21+0.22 1.15+0.17
Grin2b 1.02 £ 0.19 1.00 + 0.10 1.19+0.21 1.13+0.16
Grin2d 1.09 + 0.51 1.16 + 0.74 0.91+0.23 0.86 £0.20
Glutamate transporter genes
Slc17a6 1.42 + 1.62 1.64£221 0.70+£0.42 0.66 £ 0.37
Slcl7a7 1.03 + 0.26 1.01 +0.18 1.14+0.15 1.09 £0.12
Apoptosis-related genes
Bak1 1.00 £ 0.10 1.01£0.18 1.18 +0.27 1.11 £ 0.20
Bax 1.00 £ 0.10 1.02 £ 0.22 1.12+0.20 1.06 £ 0.14
Bcl2 1.07 £ 0.33 1.04 £ 0.27 1.50 + 0.33* 1.41 +0.20*
Casp3 1.01 £ 0.17 1.01 £0.19 1.12+0.23 1.06 £ 0.11
Casp6 1.01 £ 0.19 1.02 £ 0.23 1.06 +0.27 0.99 +0.20
Casp8 1.03 £ 0.30 1.02 + 0.22 1.42+0.48 1.34+041
Casp9 1.01 £ 0.12 1.00 + 0.07 1.18+0.21 112 +£0.15
Bcl2l1 1.01 £ 0.11 1.00 + 0.05 0.99+0.14 0.93 £ 0.06
Oxidative stress-related genes
Sod1 1.01 + 0.17 1.04 + 0.32 0.78 +0.18* 0.75+0.18
Mtl 1.02 £ 0.22 1.01 £ 0.12 0.92+0.09 0.87 £0.12
Mt2a 1.06 + 0.38 1.01+0.11 0.85+0.18 1.06 + 0.06
Gpxl 1.01 £ 0.13 1.02 £ 0.20 0.91+0.15 0.86 +0.11
Cat 1.00 + 0.06 1.01 £0.12 1.03+0.13 0.97 £ 0.05
Neural differentiation-related genes
Crebl 1.01 £ 0.16 1.01£0.16 1.00+0.14 0.95 + 0.08
Fzd9 1.01 + 0.16 1.01£0.12 1.20+0.20 1.15+0.16
Tfap2c 1.09 + 0.47 1.05 £ 0.36 1.17+0.24 111+ 0.25
Hes5 1.01 + 0.16 1.02 £ 0.19 0.95+0.15 0.91+0.19
Glycolysis-related genes
Hk1 1.01 £ 0.15 1.00 + 0.07 1.04 +£0.08 0.99 £ 0.05
Hk2 1.01 +£0.19 1.01+£0.18 1.07+0.19 1.01+£0.11
Hk3 1.04 £ 0.28 1.02 £ 0.22 1.43+0.33 1.34 £ 0.22*
Pkm 1.00 £ 0.06 1.01£0.16 1.04 +0.07 0.99 + 0.08
OXPHOS-related genes
Atp5flb 1.00 £ 0.07 1.00 £ 0.11 0.88 £ 0.05** 0.85 + 0.10*
Ndufcl 1.00 + 0.11 1.01+0.14 0.91+£0.04 0.87 £ 0.09
Sdhd 1.01 £ 0.14 1.00 £ 0.11 0.88 £ 0.08 0.83 £ 0.07**
Atp5po 1.00 + 0.11 1.00 £ 0.10 0.93 £0.06 0.89 + 0.09
Tmem70 1.01 £ 0.12 1.01£0.15 1.04+£0.15 0.99 + 0.08
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Chemical mediator genes

Tnf 1.02 £ 0.23 1.02 + 0.22 1.16 £0.17 1.10+£0.12
111b 1.08 + 0.47 1.07 £ 0.45 0.63+0.25 0.61+£0.26
116 242 £ 151 240 +1.42 6.09 +4.69 5.87+4.70
1118 1.01 £ 0.17 1.02 £ 0.22 1.31+0.29 1.25 +0.26

Abbreviations: Arc, activity-regulated cytoskeleton-associated protein; Atp5flb, ATP synthase F1 subunit beta; Atp5po, ATP synthase
peripheral stalk subunit OSCP; Bak1, BCL2 antagonist/killer 1; Bax, BCL2 associated X, apoptosis regulator; Bcl2, BCL2 apoptosis
regulator; Bcl211, BCL2 like 1, Bdnf, brain-derived neurotrophic factor; Calb2, calbindin 2 (also known as calbindin-D-29K and calretinin);
Casp3, caspase 3; Casp6, caspase 6; Casp8, caspase 8; Casp9, caspase 9; Cat, catalase; Crebl, cyclic AMP-responsive element-binding
protein 1; Dcx, doublecortin; Dpysl3, dihydropyrimidinase-like 3 (also known as TUC4: TOAD-64/Ulip/CRMP protein 4b); Eomes,
eomesodermin (also known as TBR2: T-box brain protein 2); Fos, Fos proto-oncogene, AP-1 transcription factor subunit; Fzd9, frizzled
class receptor 9; GABA, y-aminobutyric acid; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Gpx1, glutathione peroxidase 1; Grial,
glutamate ionotropic receptor AMPA type subunit 1; Gria2, glutamate ionotropic receptor AMPA type subunit 2; Gria3, glutamate
ionotropic receptor AMPA type subunit 3; Grin2a, glutamate ionotropic receptor NMDA type subunit 2A; Grin2b, glutamate ionotropic
receptor NMDA type subunit 2B; Grin2d, glutamate ionotropic receptor NMDA type subunit 2D; Hes5, Hes family BHLH transcription
factor 5; Hk1, hexokinase 1; Hk2, hexokinase 2; Hk3, hexokinase 3; Hprtl, hypoxanthine phosphoribosyltransferase 1; 1l11b, interleukin 1
beta; 116, interleukin 6; 1118, interleukin 18; Mt1, metallothionein 1; Mt2a, metallothionein 2A; NaF, sodium fluoride; Ndufc1, ubiquinone
oxidoreductase subunit C1; Nes, nestin; Ntrk2, neurotrophic receptor tyrosine kinase 2; OXPHOS, oxidative phosphorylation; Pcna,
proliferating cell nuclear antigen; Pkm, pyruvate kinase M1/2; PND, postnatal day; Ptgs2, prostaglandin-endoperoxide synthase 2 (also
known as COX2: cyclooxygenase-2); Pvalb, parvalbumin; Rbfox3, RNA binding fox-1 homolog 3 (also known as NeuN: neuronal nuclei);
Reln, reelin; Sdhd, succinate dehydrogenase complex subunit D; Slc17a6, solute carrier family 17 member 6; Slc17a7, solute carrier family
17 member 7; Sod1, superoxide dismutase 1; Sox2, SRY-box transcription factor 2; Sst, somatostatin; Tfap2c, transcription factor AP-2
gamma; Tmem?70, transmembrane protein 70; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class Il1.

2 Mean + SD.

*P < 0.05, **P < 0.01, compared with the untreated controls by Student’s t-tests or Aspin—Welch’s t-test.
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Table 2
Transcript-level expression changes in the hippocampal dentate gyrus in male offspring on PND 77

NaF in drinking water (ppm)

0 (Control) 100
No. of animals examined 6 6
Normalization control Gapdh Hprtl Gapdh Hprtl
Granule cell lineage marker genes
Nes 1.03+£0.24% 1.01 £0.16 1.40 + 0.30* 1.26 + 0.31
Sox2 1.02+0.24 1.02£0.21 1.32 + 0.33 1.17 + 0.26
Eomes 1.09 £ 0.47 1.06 £ 0.45 1.21 + 0.52 1.08 + 0.43
Dcx 1.03+0.27 1.01+£0.15 1.26 + 0.16 112 + 0.11
Tubb3 1.02+£0.22 1.00 £ 0.09 1.12 + 0.13 1.00 + 0.08
Dpysl3 1.03+0.24 1.00 £ 0.09 117 + 0.11 1.04 + 0.08
Rbfox3 1.04 £ 0.27 1.01 +£0.18 1.17 + 0.16 1.04 + 0.12
GABAEergic interneuron marker genes
Calb2 1.04 £ 0.32 1.05 £ 0.33 249 + 1.14** 224 + 1.00**
Pvalb 1.05+0.30 1.01 £0.18 1.10 + 0.19 0.99 + 0.17
Reln 1.02+0.19 1.01 £0.18 1.30 £ 0.13**  1.17 + 0.13
Sst 1.02+0.22 1.01+£0.11 1.19 + 0.23 1.06 + 0.16
Neurotrophin-related genes
Bdnf 1.04 +0.29 1.02 £ 0.23 1.09 £ 0.15 0.97 + 0.12
Ntrk2 1.03+0.24 1.01 £0.18 1.09 + 0.18 0.98 + 0.18
Cell proliferation marker gene
Pcna 1.02+0.21 1.00 £ 0.09 1.08 + 0.15 0.96 + 0.10
Synaptic plasticity-related genes
Arc 1.09+0.43 1.06 + 0.38 1.09 + 0.27 0.98 + 0.23
Fos 1.09+0.48 1.07 £ 0.45 1.41 + 0.28 125 + 0.21
Ptgs2 1.05+0.33 1.03 £ 0.28 1.09 £ 0.15 0.97 + 0.09
Neural differentiation-related genes
Crebl 1.03+0.24 1.00 £ 0.10 1.17 £ 0.19 1.04 + 0.16
Fzd9 1.03+0.26 1.01£0.15 1.19 £ 0.19 1.06 + 0.16
Tfap2c 1.07+0.35 1.02 £ 0.22 1.15 £+ 0.11 1.03 £+ 0.05
Hes5 1.06 + 0.38 1.04 £ 0.33 1.16 £ 0.14 1.04 + 0.12
Glycolysis-related genes
Hk1 1.03+0.23 1.01 £ 0.13 1.07 + 0.13 0.95 + 0.08
Hk2 1.10+0.42 1.05 £ 0.33 1.19 + 0.24 1.07 + 0.23
Hk3 1.04+£0.34 1.05 £ 0.37 1.54 + 0.53 1.37 + 0.42
Pkm 1.03+0.25 1.01+0.12 1.07 + 0.17 095 + 0.11
OXPHOS-related genes
Atp5flb 1.03+0.23 1.01 £0.15 1.19 £ 0.25 1.06 + 0.19
Ndufcl 1.03+0.25 1.01+0.14 1.10 + 0.18 0.98 + 0.12
Sdhd 1.04+0.28 1.01 £ 0.13 1.09 + 0.17 0.98 + 0.12
Atp5po 1.03+0.26 1.00 £ 0.11 111 + 0.23 0.99 + 0.16
Tmem70 1.03+0.28 1.02 £ 0.23 1.20 + 0.13 1.07 £ 0.10
Chemical mediator genes
Tnf 1.06 £ 0.40 1.05+0.38 1.26 + 0.38 112 + 0.32
111b 1.37+1.23 1.38 £1.23 1.83 + 1.00 1.67 + 1.01
116 1.14+0.60 1.09 + 0.47 0.47 + 0.44 0.44 + 0.44*
1118 1.03+0.23 1.01 +0.17 1.40 + 0.20* 1.26 + 0.18*

Abbreviations: Arc, activity-regulated cytoskeleton-associated protein; Atp5flb, ATP synthase F1 subunit beta; Atp5po, ATP synthase
peripheral stalk subunit OSCP; Bdnf, brain-derived neurotrophic factor; Calb2, calbindin 2 (also known as calbindin-D-29K and calretinin);
Crebl, cyclic AMP-responsive element-binding protein 1; Dcx, doublecortin; Dpysl3, dihydropyrimidinase-like 3 (also known as TUC4:
TOAD-64/Ulip/CRMP protein 4b); Eomes, eomesodermin (also known as TBR2: T-box brain protein 2); Fos, Fos proto-oncogene, AP-1
transcription factor subunit; Fzd9, frizzled class receptor 9; GABA, y-aminobutyric acid; Gapdh, glyceraldehyde-3-phosphate
dehydrogenase; Hes5, Hes family BHLH transcription factor 5; Hk1, hexokinase 1; Hk2, hexokinase 2; Hk3, hexokinase 3; Hprt1,
hypoxanthine phosphoribosyltransferase 1; I11b, interleukin 1 beta; 116, interleukin 6; 1118, interleukin 18; NaF, sodium fluoride; Ndufc1,
ubiquinone oxidoreductase subunit C1; Nes, nestin; Ntrk2, neurotrophic receptor tyrosine kinase 2; OXPHOS, oxidative phosphorylation;
Pcna, proliferating cell nuclear antigen; Pkm, pyruvate kinase M1/2; PND, postnatal day; Ptgs2, prostaglandin-endoperoxide synthase 2
(also known as COX2: cyclooxygenase-2); Pvalb, parvalbumin; Rbfox3, RNA binding fox-1 homolog 3 (also known as NeuN: neuronal
nuclei); Reln, reelin; Sdhd, succinate dehydrogenase complex subunit D; Sox2, SRY-box transcription factor 2; Sst, somatostatin; Tfap2c,
transcription factor AP-2 gamma; Tmem70, transmembrane protein 70; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class III.

@ Mean = SD.

*P <0.05, **P < 0.01, compared with the untreated controls by Student’s t-tests or Aspin—Welch’s t-test.
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Supplementary Table 1
Maternal reproductive parameters

NaF in drinking water (ppm)

0 (Control) 30 100
No. of dams examined 12 12 11
No. of all implantation sites 124+1.8°2 122422 11.6+4.0
No. of live offspring 116+3.2 12.0+£2.3 104+4.4
Male ratio (%) 53.4+194 50.7+12.2 62.8+21.8

Abbreviation: NaF, sodium fluoride.
@ Mean * SD.

Supplementary Table 2
Body and brain weights of dam

NaF in drinking water (ppm)

0 (Control) 30 100

No. of dams examined 12 11
Body weight (g) 299.0+£28.02 290.8+20.8 292.3+24.1
Brain weight (g) 1.95+0.08 1.93+0.09 1.92+0.07

Abbreviation: NaF, sodium fluoride.
@ Mean * SD.
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Supplementary Fig. 1
Body weight and food and water consumption of male offspring.
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Supplementary Table 3
Body and brain weights of offspring at necropsies on PND 21 and PND 77
NaF in drinking water (ppm)

0 (Control) 30 100
PND 21
No. of offspring examined 66 66 58
Body weight (g) 50.7+4.4¢% 51.8 + 3.3 49.8+4.7
No. of offspring examined 10 10 10
Brain weight (g) 1.51 + 0.06 1.47 + 0.05 1.53+0.05
PND 77
No. of offspring examined 28 29 28
Body weight (g) 439.9 + 35.7 450.2 + 22.3 451.1+32.7
No. of offspring examined 12 12 12
Brain weight (g) 2.09 £ 0.05 2.16 £ 0.07* 2.12+0.06
Abbreviations: NaF, sodium fluoride; PND, postnatal day.
@ Mean = SD.

*P < 0.05, compared with the untreated controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.

Supplementary Table 4
Number of immunoreactive or TUNEL* cells in the SGZ/GCL or hilar region of the hippocampal dentate gyrus of male
offspring on PND 21

NaF in drinking water (ppm)

0 (Control) 30 100
No. of animals examined 10 10 10
Granule cell lineage subpopulations in the SGZ/GCL (No./mm SGZ length)
GFAP 2.27+0.51° 2.77+0.75 4.32 £ 1.68**
SOX2 25.44+5.58 27.73+£5.70 33.88 £ 9.76*
TBR2 3.92+2.08 455+1.11 3.45 +1.47
DCX 115.83+20.68 102.75+28.42 101.09 + 24.08
TUBB3 40.19+9.77 37.54+7.26 39.70 + 8.40
NeuN 486.63+66.61 507.30+51.45 512.02 £ 54.66
GABAergic interneuron subpopulations in the DG hilus (No./mm? hilar region)
PVALB 19.46+7.70 23.39+10.23 23.48 +8.31
RELN 40.61+16.08 39.35+7.83 36.80 + 7.20
CALB2 21.08+4.91 19.12+6.62 23.91 +9.06
SST 25.73+£7.12 25.74+6.39 28.74 £ 10.73
GAD67 36.97+11.28 36.02+9.11 44.83 £ 7.86
CCK-8 11.08+6.29 10.78+5.12 12.55 + 4.78
GluR2 26.63+10.24 30.47+7.87 34.26 + 10.30
Cell proliferation and apoptosis in the SGZ (No./mm SGZ length)
PCNA 5.12+3.07 454+2.01 490 £2.13
TUNEL 0.69+0.13 0.74+0.32 0.80 + 0.19
Synaptic plasticity-related IEGs in the GCL (No./mm SGZ length)
ARC 1.43+0.75 239+141 3.68 + 1.05**
FOS 3.50+0.98 3.42+1.24 3.79+1.23
COX2 25.27+8.26 3250+7.43 29.24 +12.23
p-ERK1/2 1.29+1.00 1.40+1.33 2.26 +1.38
Astrocytes and microglia in the DG hilus (No./mm? hilar region)
GFAP 384.18+66.97 344.06 +47.21 396.71 £ 92.10
Ibal 68.95+14.97 62.60+20.82 71.10 + 25.27
CD68 12.01+7.57 9.78£3.55 9.62 + 3.86
CD163 5.57+£3.11 6.85+3.35 5.73 + 3.66

Abbreviations: ARC, activity-regulated cytoskeleton-associated protein; CALB2, calbindin 2 (also known as calbindin-D-29K and
calretinin); CCK8, cholecystokinin-8; CD68, cluster of differentiation 68; CD163, cluster of differentiation 163; COX2, cyclooxygenase-2;
DCX, doublecortin; DG, dentate gyrus; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GABA, y-aminobutyric acid; GAD67,
glutamic acid decarboxylase 67; GCL, granule cell layer; GFAP, glial fibrillary acidic protein; GluR2, glutamate ionotropic receptor AMPA
type subunit 2; Ibal, ionized calcium-binding adaptor molecule 1; NaF, sodium fluoride; NeuN, neuronal nuclei; PCNA, proliferating cell
nuclear antigen; p-ERK1/2, phosphorylated extracellular signal-regulated kinase 1/2; PND, postnatal day; PVALB, parvalbumin; RELN,
reelin; SGZ, subgranular zone; SOX2, SRY-box transcription factor 2; SST, somatostatin; TBR2, T-box brain protein 2; TUBBS3, tubulin,
beta 3 class Il (also known as Tuj-1); TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling.

@ Mean = SD.

*P < 0.05, **P < 0.01, compared with the untreated controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Fig. 2

Distribution of immunoreactive cells for glial fibrillary acidic protein (GFAP), SRY-box transcription factor 2 (SOX2) or
T-box brain protein 2 (TBR2) in the subgranular zone (SGZ), and doublecortin (DCX), tubulin, beta 3 class 111 (TUBB3; also
known as Tuj-1) or neuronal nuclei (NeuN) in the SGZ and/or granule cell layer of the hippocampal dentate gyrus of male
offspring on postnatal day (PND) 77 after developmental exposure to sodium fluoride (NaF) from gestational day 6 to PND 21.
Arrowheads indicate immunoreactive cells. Magnification x400; bar 50 pm.
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Supplementary Table 5
Number of immunoreactive or TUNEL* cells in the SGZ/GCL or hilar region of the hippocampal dentate gyrus of male
offspring on PND 77

NaF in drinking water (ppm)

0 (Control) 30 100
No. of animals examined 10 10 10
Granule cell lineage subpopulations in the SGZ/GCL (No./mm SGZ length)
GFAP 2.38+0.48¢% 2.72+1.05 2.76+0.48
SOX2 16.03+3.61 16.36+6.01 15.43+5.71
TBR2 2.30+£1.08 2.64+1.12 1.86+0.92
DCX 14.25+£3.90 14.95+1.90 14.25+1.87
TUBB3 3.06+£1.23 3.02+1.18 3.70+1.41
NeuN 593.79 £ 35.61 585.65+41.40 594.83+42.89
GABAergic interneuron subpopulations in the DG hilus (No./mm? hilar region)
PVALB 8.80+£4.59 9.02+4.16 6.85+4.56
RELN 22.62+6.10 26.93+7.92 23.57+6.21
CALB2 7.96+1.75 7.12+3.30 5.30+2.03
SST 10.47£3.62 12.06+5.30 11.40+4.09
GAD67 19.52+6.84 21.37+4.30 20.36+4.34
CCK-8 5.82+3.49 7.18+4.43 5.75+3.27
GluR2 12.88+4.04 11.10+2.89 13.75+6.40
Cell proliferation and apoptosis in the SGZ (No./mm SGZ length)
PCNA 3.00+1.07 3.18+0.76 2.98+0.87
TUNEL 0.06 +0.08 0.10+0.14 0.10+0.10
Synaptic plasticity-related IEGs in the GCL (No./mm SGZ length)
ARC 2.25+1.12 3.63+1.55* 2.39+1.06
FOS 1.24+0.47 1.95+1.29 1.08+0.47
COX2 4.74+1.61 7.36+£2.97* 5.78+2.09
p-ERK1/2 0.92+0.97 1.60+1.04 0.65+0.70
Astrocytes and microglia in the DG hilus (No./mm? hilar region)
GFAP 291.39+38.23 276.60+34.52 294.88+44.03
Ibal 56.06 +£9.95 54.88+16.04 62.01+9.91
CD68 471+1.24 5.38+1.54 6.35+2.41
CD163 1.82+1.64 2.34+1.86 3.75+2.00*

Abbreviations: ARC, activity-regulated cytoskeleton-associated protein; CALB2, calbindin 2 (also known as calbindin-D-29K and
calretinin); CCKS8, cholecystokinin-8; CD68, cluster of differentiation 68; CD163, cluster of differentiation 163; COX2, cyclooxygenase-2;
DCX, doublecortin; DG, dentate gyrus; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GABA, y-aminobutyric acid; GAD67,
glutamic acid decarboxylase 67; GCL, granule cell layer; GFAP, glial fibrillary acidic protein; GIuR2, glutamate ionotropic receptor AMPA
type subunit 2; Ibal, ionized calcium-binding adaptor molecule 1; NaF, sodium fluoride; NeuN, neuronal nuclei; PCNA, proliferating cell
nuclear antigen; p-ERK1/2, phosphorylated extracellular signal-regulated kinase 1/2; PND, postnatal day; PVALB, parvalbumin; RELN,
reelin; SGZ, subgranular zone; SOX2, SRY-box transcription factor 2; SST, somatostatin; TBR2, T-box brain protein 2; TUBBS3, tubulin,
beta 3 class 111 (also known as Tuj-1); TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling.

@ Mean = SD.

*P < 0.05, compared with the untreated controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Fig. 3

Distribution of immunoreactive cells for parvalbumin (PVALB), reelin (RELN), calbindin-D-29K (CALB2), somatostatin
(SST), or glutamic acid decarboxylase 67 (GAD67), cholecystokinin-8 (CCK8), or glutamate ionotropic receptor AMPA type
subunit 2 (GIuR2) in the hilus of the hippocampal dentate gyrus of male offspring on postnatal day (PND) 77 after
developmental exposure to sodium fluoride (NaF) from gestational day 6 to PND 21. Magnification x200; bar 100 pm.
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Supplementary Fig. 4

Distribution of immunoreactive cells for activity-regulated cytoskeleton-associated protein (ARC), Fos proto-oncogene, AP-1
transcription factor subunit (FOS), cyclooxygenase-2 (COX2), or phosphorylated extracellular signal-regulated kinase 1/2
(p-ERK1/2) in the granule cell layer of the hippocampal dentate gyrus of male offspring on postnatal day (PND) 77 after
developmental exposure to sodium fluoride (NaF) from gestational day 6 to PND 21. Magnification x400; bar 50 pum.

57



0 ppm 30 ppm 100 ppm

PCNA

TUNEL

Supplementary Fig. 5

Distribution of immunoreactive cells for proliferating cell nuclear antigen (PCNA) or terminal

deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)* apoptotic cells in the subgranular zone of the hippocampal
dentate gyrus of male offspring on postnatal day (PND) 77 after developmental exposure to sodium fluoride (NaF) from

gestational day 6 to PND 21. Magnification x400; bar 50 pum.
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Supplementary Fig. 6
cluster of differentiation (CD) 163 in the hilus of the hippocampal dentate gyrus of male offspring on postnatal day (PND) 21

after developmental exposure to sodium fluoride (NaF) from gestational day 6 to PND 21. Arrowheads indicate
immunoreactive cells. Magnification x200; bar 100 um.
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Supplementary Fig. 7
Distribution of immunoreactive glial cells for glial fibrillary acidic protein (GFAP), ionized calcium-binding adaptor molecule
1 (Ibal), cluster of differentiation (CD) 68 in the hilus of the hippocampal dentate gyrus of male offspring on postnatal day
(PND) 77 after developmental exposure to sodium fluoride (NaF) from gestational day 6 to PND 21. Arrowheads indicate
immunoreactive cells. Magnification x200; bar 100 um.

Supplementary Table 6
Oxidative stress levels in the hippocampus of male offspring on PND 21
NaF in drinking water (ppm)

0 (Control) 30 100
No. of dams examined 6 6 6
MDA concentration (nmol/mg tissue protein) 0.68+0.06 @ 0.76+0.07 0.75+0.06
GSH concentration (umol/L) 17.92+0.89 18.65+0.73 18.37+1.20
Abbreviations: GSH, glutathione; MDA, malondialdehyde; NaF, sodium fluoride; PND, postnatal day.

@ Mean £ SD.
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(A) Body weight, (B) food consumption, and (C) water consumption of dams during the exposure period.
*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni
correction.
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(A) Histopathological changes in the thyroid on postnatal day (PND) 21, (B) changes in serum thyroid hormone levels on
PND 21, and (C) distribution of immunoreactive cells for proliferating cell nuclear antigen (PCNA) in the thyroid on PND 21
and PND 77 in female offspring after developmental exposure to ammonium perchlorate. Representative images from the
0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x 400; bar 50 um. (C) Graphs
show the numbers of immunoreactive cells. *P < 0.05, ** P <0.01, compared with the 0-ppm controls by Dunnett’s test or
Aspin—Welch’s t-test with Bonferroni correction.
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Fig. 9

Distribution of immunoreactive cells for (A) glial fibrillary acidic protein (GFAP), (B) SRY-box transcription factor 2 (SOX2),
(C) T-box brain protein 2 (TBR2), (D) doublecortin (DCX), (E) tubulin, beta 3 class 1l (TUBB3) and (F) neuronal nuclei
(NeuN) in the subgranular zone (SGZ) and/or granule cell layer (GCL) of the hippocampal dentate gyrus of male offspring on
postnatal day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate. Representative images from the
0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Arrowheads indicate immunoreactive cells.
Magnification x 400; bar 50 um. Graphs show the numbers of immunoreactive cells in the SGZ and/or GCL. N = 10/group,
except for N =9 in 300-ppm for TUBB3 and NeuN, and in 1000-ppm group for SOX2 and TBR2, and N = 8 in 1000-ppm
group for NeuN at PND 21. *P < 0.05, ** P <0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s
t-test with Bonferroni correction.
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Distribution of (A) proliferating cell nuclear antigen (PCNA)* proliferating cells and (B) terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)* apoptotic cells in the subgranular zone (SGZ) of the hippocampal dentate gyrus
of male offspring on postnatal day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate.
Representative images from the 0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification

% 400; bar 50 pm. Graphs show the numbers of immunoreactive cells in the SGZ. N = 10/group. ** P <0.01, compared with
the O-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Distribution of immunoreactive cells for (A) cholecystokinin (CCK8), (B) somatostatin (SST), (C) reelin (RELN), (D)
parvalbumin (PVALB), (E) calbindin-D-29K (CALB2), (F) glutamic acid decarboxylase 67 (GAD67) and (G) glutamate
ionotropic receptor AMPA type subunit 2 (GIuR2) in the hilus of the hippocampal dentate gyrus of male offspring on postnatal
day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate. Representative images from the 0-ppm
controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x 200; bar 100 pm. Graphs show the
numbers of immunoreactive cells in the hilus area. N = 10/group. *P < 0.05, ** P <0.01, compared with the 0-ppm controls by

Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Distribution of immunoreactive cells for (A) phosphorylated extracellular signal-regulated kinase 1/2 (p-ERK1/2), (B) Fos
proto-oncogene, AP-1 transcription factor subunit (FOS), (C) activity-regulated cytoskeleton-associated protein (ARC), and
(D) cyclooxygenase-2 (COX2) in the subgranular zone (SGZ) of the hippocampal dentate gyrus of male offspring on postnatal
day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate. Representative images from the 0-ppm
controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x 400; bar 50 um. Graphs show the
numbers of immunoreactive cells in the hilus area. N = 10/group, except for N =9 for ARC and N = 8 for COX2 in 1000-ppm

group at PND 21.
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Fig. 13

Distribution of immunoreactive cells for (A) glial fibrillary acidic protein (GFAP), (B) ionized calcium-binding adapter
molecule 1 (Ibal), (C) cluster of differentiation (CD) 68, (D) CD163 in the hilus of the hippocampal dentate gyrus of male
offspring on postnatal day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate. Representative
images from the 0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Arrowheads indicate
immunoreactive cells. Magnification x 200; bar 100 um. Graphs show the numbers of immunoreactive cells in the hilus area.
N = 10/group, except for N = 9 in 300-ppm group for GFAP and in 1000-ppm group for GFAP, Ibal, CD68 and CD163 at
PND 21.
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Distribution of immunoreactive cells for (A) oligodendrocyte transcription factor 2 (OLIG2), (B) NG2 chondroitin sulfate
proteoglycan (NG2), and (C) 2',3'-cyclic-neucleotide 3'-phosphodiesterase (CNPase) in the hilus of the hippocampal dentate
gyrus of male offspring on postnatal day (PND) 21 and PND 77 after developmental exposure to ammonium perchlorate.
Representative images from the 0-ppm controls (left), 300-ppm (middle), and 1000-ppm (right) groups. Arrowheads indicate
immunoreactive cells. Magnification x 200; bar 100 pm. Graphs show the numbers of immunoreactive cells in the hilus area.
N = 10/group. *P < 0.05, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni
correction.
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Fig. 15

Morphometrical measurement of the combined area of the corpus callosum and adjacent cingulum bundle of the cerebral
hemisphere using immunostained slides for 2',3'-cyclic-neucleotide 3'-phosphodiesterase in male offspring on postnatal day
(PND) 21 and PND 77. Representative images from the 0-ppm controls (left), 300-ppm (middle), and 1000-ppm (right)
groups. Magnification x 12.5; bar 1 mm. Graph shows measured area. N = 10/group. *P < 0.05, compared with the 0-ppm
controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Table 3

Transcript-level expression changes in the hippocampal dentate gyrus of male offspring on PND 21

AP in drinking water (ppm)

0 (Control)
No. of animals examined
Normalization control Gapdh Hprtl Gapdh Hprtl
Granule cell lineage markers
Nes 1.00+£0.112 1.02+0.24 0.88+0.14 0.83+0.15
Sox2 1.01+0.15 1.04+0.30 1.06+0.17 1.00+0.19
Eomes 1.04+0.32 1.06+0.40 0.91+0.30 0.86+0.33
Dcx 1.01+0.18 1.01+0.18 1.08+0.19 1.02+0.23
Tubb3 1.00+0.06 1.02+0.20 0.92+0.10 0.86+0.04
Dpysl3 1.01+0.16 1.01+0.18 1.01+0.20 0.94+0.17
Rbfox3 1.01+0.17 1.01+0.17 1.15+0.09 1.07+0.06
GABAergic interneuron-related genes
Cck 1.01+0.20 1.02+0.25 1.03+0.12 1.00+0.13
Cckbr 1.02+0.23 1.01+0.18 1.20+0.36 1.16+0.29
Pvalb 1.04+0.32 1.05+0.35 1.26+0.31 1.19+0.33
Reln 1.02+0.20 1.02+0.19 1.20+0.16 1.12+0.15
Calb2 144+1.21 1.50+£1.29 0.51+0.21 0.47+0.18
Sst 1.05+0.33 1.03+£0.27 1.31+£0.17 1.2340.18
Pdgfa 1.00+0.10 1.00+£0.09 0.99+0.12 0.95+0.08
Pdgfb 1.00£0.10 1.00+0.05 1.04+0.07 1.01+0.07
Pdgfra 1.01+0.18 1.01+0.12 1.01+0.15 0.95+0.14
Pdgfrb 1.00+£0.10 1.00+0.09 1.14+0.07* 1.10+0.07
Neurotrophic factor-related genes
Bdnf 1.01+0.13 1.02+0.21 0.97+0.17 0.91+0.16
Ntrk2 1.01+0.15 1.02+£0.19 1.23+0.14* 1.15+0.16
Neural stem/progenitor cell regulatory genes
Pcna 1.01+0.15 1.01+0.18 1.10+0.17 1.03+0.16
Ephbl 1.01+0.12 1.01+0.17 0.94+0.15 0.88+0.13
Ephb2 1.02+0.21 1.01+0.18 1.05+0.14 0.99+0.14
Efnb3 1.20+0.79 1.20+0.75 2.36+£0.28** 2.22+0.35*
Notchl 1.02+0.22 1.02+£0.19 0.93+0.27 0.88+0.27
Dll4 1.02+0.21 1.03+0.26 1.13+0.12 1.07+0.19
Hes5 1.00+0.09 1.02+0.20 1.08+0.10 1.02+0.14
Thrsp 1.02+0.20 1.01+0.16 1.09+0.24 1.03+0.26
Wnt7b 1.04+0.31 1.02+0.24 1.33+£0.17 1.25+0.12
Neural progenitor cell/neuroblast proliferation-related genes
Fzd9 1.00+0.10 1.01+0.15 1.12+0.15 1.06+0.17
Numbl 1.02+0.20 1.02+0.19 1.10+0.21 1.02+0.14
Vegfa 1.01+0.19 1.02+0.24 1.27+0.16* 1.19+0.15
Neuronal migration-related genes
Arhgef2 1.01+0.13 1.01+£0.17 1.25+0.09** 1.1740.09
Cntn2 1.01+0.13 1.02+0.21 1.00+£0.13 0.94+0.10
Sema3c 1.02+0.20 1.01+0.14 1.17+0.22 1.10+0.26
Fgfl3 1.01+0.17 1.02+0.21 1.12+0.15 1.05+0.12
Robo3 1.20+0.88 1.17+0.79 2.58+0.82* 2.42+0.75*
Neuronal differentiation-related genes
Acsl4 1.01+0.17 1.00+0.10 1.04+£0.13 0.97+0.07
Baiap2 1.02+0.24 1.01+£0.17 1.26+0.14 1.18+0.08*
Tfap2c 1.02+0.21 1.01+0.18 1.15+0.29 1.09+0.32
Synaptic plasticity marker genes
Fos 1.02+0.21 1.06+0.40 0.95+0.26 0.90+0.25
Arc 1.05+0.33 1.03+0.26 1.29+0.40 1.20+0.33
Ptgs2 1.00+0.10 1.02+0.21 1.02+0.17 0.96+0.12
Oxidative stress-related genes
Cat 1.02+0.21 1.01+£0.17 0.93+0.13 0.87+0.12
Mtl 1.03+0.27 1.02+0.22 1.14+0.17 1.07+0.20
Mt2 1.03+0.29 1.02+0.24 1.23+0.32 1.15+0.28
Sodl 1.01+0.16 1.05+0.34 1.04+0.15 0.98+0.17
Sod2 1.00+0.09 1.02+0.25 0.96+0.14 0.89+0.10
Gptl 1.01+0.13 1.01+0.18 1.01+0.10 0.95+0.09
Chemical mediators
Tnf 1.10+0.53 1.09+0.47 1.10+0.24 1.07+0.24
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111b 1.37+1.06 1.40+1.10 1.50+0.53 1.45+0.49

116 1.17+0.68 1.14+0.61 1.83+1.13 1.76+1.04
1118 1.01+0.17 1.02+£0.19 1.03+£0.13 1.00+0.12
Glutamatergic receptors and glutamate transporters
Grial 1.02+0.24 1.01£0.17 1.22+0.07 1.18+0.09
Gria2 1.01+0.19 1.01+0.14 1.35+0.11** 1.31+£0.10**
Gria3 1.01+0.19 1.02+0.19 1.30£0.19* 1.22+0.17
Grin2a 1.02+0.25 1.02+0.21 1.26+0.14 1.18+0.13
Grin2b 1.£0.17 1.01+£0.11 1.22+0.05* 1.1940.03**
Grin2d 1.03+0.27 1.04+£0.31 0.90+ 0.15 0.87+0.14
Glial cell markers
Gfap 1.07+0.42 1.04£0.31 1.19£0.32 1.12+0.35
Fgf2 1.01+0.18 1.02+0.22 1.06+0.05 1.00+£0.12
Ror2 1.03+0.29 1.04+0.30 0.83+0.12 0.78+0.12
OL lineage-related genes
Cspg4 1.01+0.14 1.01+0.16 1.04+£0.13 0.97+0.10
Vim 1.02+0.25 1.02+0.22 0.94+0.24 0.89+0.23
Kl 1.17+0.65 1.22+0.77 0.51+0.19 0.48+0.22
1d2 1.01+0.15 1.02+0.19 1.16+0.14 1.09+0.17
Shh 1.06+0.40 1.07+0.39 0.88+0.25 0.82+0.19
Myelination-related genes
Cnp 1.02+0.25 1.04+0.30 0.89+0.12 0.84+0.08
Mbp 1.03+0.27 1.05+0.37 0.89+0.16 0.83+0.12
Plpl 1.03+0.24 1.07+0.41 0.97+0.16 0.91+0.14

Abbreviations: Acsl4, acyl-CoA synthetase long chain family member 4; AP, ammonium perchlorate; Arc, activity-regulated
cytoskeleton-associated protein; Arhgef2, Rho/Rac guanine nucleotide exchange factor 2; Baiap2, BAR/IMD domain containing adaptor
protein 2; Bdnf, brain-derived neurotrophic factor; Calb2, calbindin 2 (also known as calbindin-D-29K and calretinin); Cat, catalase; Cck,
cholecystokinin; Cckbr, cholecystokinin B receptor ; Cnp, 2',3'-cyclic nucleotide 3' phosphodiesterase; Cntn2, contactin 2; Cspg4,
chondroitin sulfate proteoglycan 4; Dcx, doublecortin; DIl4, delta like canonical Notch ligand 4; Dpysl3, dihydropyrimidinase-like 3; Efnb3,
ephrin B3; Eomes, eomesodermin (also known as TBR2: T-box brain protein 2); Ephb1l, Eph receptor B1; Ephb2, Eph receptor B2; Fgfl3,
fibroblast growth factor 13; Fgf2, fibroblast growth factor 2; Fos, Fos proto-oncogene, AP-1 transcription factor subunit; Fzd9, frizzled class
receptor 9; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Gfap, glial fibrillary acidic protein; Gpx1, glutathione peroxidase 1; Grial,
glutamate ionotropic receptor AMPA type subunit 1; Gria2, glutamate ionotropic receptor AMPA type subunit 2; Gria3, glutamate
ionotropic receptor AMPA type subunit 3; Grin2a, glutamate ionotropic receptor NMDA type subunit 2A; Grin2b, glutamate ionotropic
receptor NMDA type subunit 2B; Grin2d, glutamate ionotropic receptor NMDA type subunit 2D; Hes5, hes family bHLH transcription
factor 5; Hprtl, hypoxanthine phosphoribosyltransferase 1; 1d2, inhibitor of DNA binding 2; 1118, interleukin 18; I11b, interleukin 1 beta; 116,
interleukin 6; Kl, Klotho; Mbp, myelin basic protein; Mt1, metallothionein 1; Mt2a, metallothionein 2A; Nes, nestin; Notch1, notch receptor
1; Ntrk2, neurotrophic receptor tyrosine kinase 2; Numbl, NUMB-like, endocytic adaptor protein; Pcna, proliferating cell nuclear antigen;
Pdgfa, platelet derived growth factor subunit A; Pdgfh, platelet derived growth factor subunit B; Pdgfra, platelet derived growth factor
receptor alpha; Pdgfrb, platelet derived growth factor receptor beta; Plpl, proteolipid protein 1; PND, postnatal day; Ptgs2,
prostaglandin-endoperoxide synthase 2 (also known as COX2: cyclooxygenase-2); Pvalb, parvalbumin; Rbfox3, RNA binding fox-1
homolog 3 (also known as NeuN: neuronal nuclei); Reln, reelin; Robo3, roundabout guidance receptor 3; Ror2, receptor tyrosine kinase-like
orphan receptor 2; Sema3c, semaphorin 3C; Shh, sonic hedgehog signaling molecule; Sod1, superoxide dismutase 1; Sod2, superoxide
dismutase 2; Sox2, SRY-box transcription factor 2; Sst, somatostatin; Tfap2c, transcription factor AP-2 gamma; Thrsp, thyroid hormone
responsive; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class I11; Vegfa, vascular endothelial growth factor A; Vim, vimentin; Wnt7b,
Whnt family member 7B.

@Mean = SD.

*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Table 4

Transcript-level expression changes in the hippocampal dentate gyrus of male offspring on PND 77

AP in drinking water (ppm)

0 (Control) 1000
No. of animals examined 6 6
Normalization control Gapdh Hprtl Gapdh Hprtl
Granule cell lineage markers
Nes 1.01+0.112 1.00+0.11 1.23+0.19* 1.28 £ 0.20*
Sox2 1.02+0.20 1.02+0.20 1.06+0.11 1.10£0.16
Eomes 1.02+0.21 1.02+0.22 1.28+0.38 1.35+0.47
Dcx 1.01+0.19 1.01+0.17 0.96+0.09 1.01+0.14
Tubb3 1.01+0.16 1.01+0.17 1.04+0.04 1.08 £ 0.08
Dpysl3 1.00+0.08 1.00+0.09 1.05+0.08 1.09 £ 0.11
Rbfox3 1.00+0.08 1.00+0.09 0.99+0.09 1.03+0.14
GABAergic interneuron-related genes
Cck 1.01+0.17 1.01+0.18 1.05+0.13 1.10£0.20
Cckbr 1.00+0.10 1.00+0.10 1.03+£0.20 1.08 £ 0.25
Pvalb 1.01+£0.14 1.01+£0.13 0.98+0.12 1.02+0.14
Reln 1.01+£0.15 1.01+£0.14 1.14+0.26 117 +£0.24
Calb2 1.07+£0.44 1.07+£0.42 0.99+0.37 1.01 £ 0.32
Sst 1.01+0.16 1.01+0.15 1.05+0.12 1.08 £ 0.12
Pdgfa 1.00+0.08 1.00+0.08 1.07+0.08 1.12+0.14
Pdgfb 1.00+0.05 1.00+0.06 1.06+0.10 1.10+0.14
Pdgfra 1.01+0.12 1.01+0.12 1.04+0.13 1.08 £ 0.12
Pdgfrb 1.01+0.13 1.01+0.13 1.18+0.21 1.22 +0.18*
Neurotrophic factor-related genes
Bdnf 1.01+£0.14 1.01+£0.14 0.91+0.13 0.94 +0.16
Ntrk2 1.00+0.06 1.00+£0.07 0.98+0.05 1.02 £ 0.07
Neural stem/progenitor cell regulatory genes
Pcna 1.00+0.07 1.00+0.05 0.93+0.07 0.97 £ 0.08
Ephbl 1.00+0.07 1.00+£0.08 1.07+0.06 1.11+0.11
Ephb2 1.01+0.17 1.01+0.16 0.96+0.07 1.00 £ 0.12
Efnb3 1.01+0.16 1.01+0.16 1.00+0.21 1.04 £0.25
Notchl 1.01+0.15 1.01+0.15 1.19+0.19 1.23 £ 0.19*
Dll4 1.01+0.16 1.01+0.16 1.23+0.19 1.28 + 0.25*
Hes5 1.00+0.08 1.00+0.08 1.05+0.16 1.09 £ 0.22
Thrsp 1.00+0.08 1.00+0.07 1.11+0.12 1.15+0.13*
Wnt7b 1.01+£0.15 1.01+£0.15 1.02+0.17 1.06 £ 0.17
Neural progenitor cell/neuroblast proliferation-related genes
Fzd9 1.00+0.04 1.00+£0.04 1.15+0.13* 1.20 £ 0.20
Numbl 1.01+£0.11 1.01+£0.12 1.02+0.09 1.07 £ 0.16
Vegfa 1.00+£0.10 1.00+£0.10 1.08+0.19 1.12 £ 0.18
Neuronal migration-related genes
Arhgef2 0.86+0.02 0.87+0.03 0.84+0.04 0.87 £0.10
Cntn2 1.00+0.11 1.00+0.11 1.09+0.12 1.12 £ 0.09
Sema3c 1.01+0.13 1.01+0.14 0.79+0.14* 0.82 £0.16
Fgf13 1.00+0.08 1.00+0.09 0.98+0.04 1.02 £ 0.09
Robo3 1.04+0.36 1.04+0.35 1.50+0.16* 1.57 £ 0.23*
Neuronal differentiation-related genes
Acsl4 1.00+0.06 1.00+£0.07 1.01+0.06 1.05+0.11
Baiap2 0.82+0.05 0.83+0.05 0.80+0.04 0.83 £0.08
Tfap2c 1.01+0.18 1.01+£0.17 0.91+0.19 0.94 +0.18
Synaptic plasticity marker genes
Fos 1.01+£0.16 1.01+£0.16 1.00+0.22 1.04 £ 0.27
Arc 1.01+0.17 1.01+0.18 1.17+0.42 1.22+£0.45
Ptgs2 1.00+0.08 1.00+0.07 0.94+0.08 0.98 £0.14
Oxidative stress-related genes
Cat 1.00+0.09 1.00+0.09 0.95+0.09 0.99 £0.10
Mtl 1.02+0.21 1.01+0.20 1.11+0.18 1.15+0.19
Mt2 1.01+0.17 1.01+0.16 0.95+0.18 0.98 £0.19
Sodl 1.01+£0.13 1.01+£0.12 0.92+0.09 0.96 + 0.13
Sod?2 1.01+£0.12 1.01+£0.11 0.98+0.08 1.02+£0.11
Gpxl 1.01+£0.13 1.01+£0.12 0.87+0.06* 0.90 + 0.06
Chemical mediators
Tnf 1.03+0.28 1.03+£0.29 1.45+0.60 1.52 £ 0.70
111b 1.19+0.55 1.19+0.55 1.09+0.74 1.13+£0.72
116 1.19+0.58 1.19+0.58 1.08+0.70 1.12+0.71
1118 1.00+0.08 1.00+0.07 1.19+0.20 1.24 £0.27

Glutamatergic receptors and glutamate transporters
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Grial 1.00+0.09 1.00+0.09 0.99+0.12 1.03 £ 0.17

Gria2 1.00+0.06 1.00+0.06 1.04+0.08 1.08 £0.12
Gria3 1.00+0.10 1.00+0.09 0.99+0.09 1.03+0.14
Grin2a 1.00+0.11 1.01+0.11 1.00+0.12 1.04 £0.15
Grin2b 1.01+0.13 1.01+0.13 1.04 +0.09 1.08 £ 0.13
Grin2d 1.01+0.13 1.01+0.12 0.92+0.16 0.95+0.12
Glial cell markers
Gfap 1.01+0.12 1.00+0.11 1.11+0.22 1.15+0.20
Fgf2 1.00+0.07 1.00+0.06 1.04+0.14 1.08 £ 0.15
Ror2 1.01+0.13 1.01+0.13 1.18+0.25 1.24 £0.32
OL lineage-related genes
Cspg4 1.01+0.14 1.01+0.13 1.09+0.11 1.13 £ 0.09
Vim 1.02+0.25 1.02+0.22 0.94+0.24 0.89 £ 0.23
Kl 1.01+0.14 1.01+0.13 1.13+0.39 1.19 £ 0.46
1d2 1.01+0.13 1.01+0.12 0.94+0.15 0.98 £0.15
Shh 1.11+0.56 1.11+0.55 1.20+0.59 1.12 £ 0.52
Myelination-related genes
Cnp 1.01+0.20 1.01+0.19 0.99+0.11 1.02 £0.10
Mbp 1.01+0.20 1.01+0.19 1.10+0.09 1.14 £ 0.06
Plpl 1.01+0.20 1.01+0.19 0.99+0.10 1.03 + 0.07

Abbreviations: Acsl4, acyl-CoA synthetase long chain family member 4; AP, ammonium perchlorate; Arc, activity-regulated
cytoskeleton-associated protein; Arhgef2, Rho/Rac guanine nucleotide exchange factor 2; Baiap2, BAR/IMD domain containing adaptor
protein 2; Bdnf, brain-derived neurotrophic factor; Calb2, calbindin 2 (also known as calbindin-D-29K and calretinin); Cat, catalase; Cck,
cholecystokinin; Cckbr, cholecystokinin B receptor ; Cnp, 2',3'-cyclic nucleotide 3' phosphodiesterase; Cntn2, contactin 2; Cspg4,
chondroitin sulfate proteoglycan 4; Dcx, doublecortin; DIl4, delta like canonical Notch ligand 4; Dpysl3, dihydropyrimidinase-like 3; Efnb3,
ephrin B3; Eomes, eomesodermin (also known as TBR2: T-box brain protein 2); Ephb1l, Eph receptor B1; Ephb2, Eph receptor B2; Fgfl3,
fibroblast growth factor 13; Fgf2, fibroblast growth factor 2; Fos, Fos proto-oncogene, AP-1 transcription factor subunit; Fzd9, frizzled class
receptor 9; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Gfap, glial fibrillary acidic protein; Gpx1, glutathione peroxidase 1; Grial,
glutamate ionotropic receptor AMPA type subunit 1; Gria2, glutamate ionotropic receptor AMPA type subunit 2; Gria3, glutamate
ionotropic receptor AMPA type subunit 3; Grin2a, glutamate ionotropic receptor NMDA type subunit 2A; Grin2b, glutamate ionotropic
receptor NMDA type subunit 2B; Grin2d, glutamate ionotropic receptor NMDA type subunit 2D; Hes5, hes family bHLH transcription
factor 5; Hprtl, hypoxanthine phosphoribosyltransferase 1; 1d2, inhibitor of DNA binding 2; 1118, interleukin 18; I11b, interleukin 1 beta; 116,
interleukin 6; Kl, Klotho; Mbp, myelin basic protein; Mt1, metallothionein 1; Mt2a, metallothionein 2A; Nes, nestin; Notchl, notch receptor
1; Ntrk2, neurotrophic receptor tyrosine kinase 2; Numbl, NUMB-like, endocytic adaptor protein; Pcna, proliferating cell nuclear antigen;
Pdgfa, platelet derived growth factor subunit A; Pdgfb, platelet derived growth factor subunit B; Pdgfra, platelet derived growth factor
receptor alpha; Pdgfrb, platelet derived growth factor receptor beta; Plp1, proteolipid protein 1; PND, postnatal day; Ptgs2,
prostaglandin-endoperoxide synthase 2 (also known as COX2: cyclooxygenase-2); Pvalb, parvalbumin; Rbfox3, RNA binding fox-1
homolog 3 (also known as NeuN: neuronal nuclei); Reln, reelin; Robo3, roundabout guidance receptor 3; Ror2, receptor tyrosine kinase-like
orphan receptor 2; Sema3c, semaphorin 3C; Shh, sonic hedgehog signaling molecule; Sod1, superoxide dismutase 1; Sod2, superoxide
dismutase 2; Sox2, SRY-box transcription factor 2; Sst, somatostatin; Tfap2c, transcription factor AP-2 gamma; Thrsp, thyroid hormone
responsive; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class I11; Vegfa, vascular endothelial growth factor A; Vim, vimentin; Wnt7b,
Whnt family member 7B.

2Mean + SD.
*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Table 7
Maternal reproductive parameters

AP in drinking water (ppm)

0 (Control) 300 1000
No. of dams examined 10 9 11
No. of implantation sites in the uterus 12.5+2.0 13.1+1.4 12.7+2.4
No. of live offspring 12.0+2.6 12.0+2.8 11.0£3.3
Male ratio (%) 58.4+18.1 40.0+£20.1 48.1+13.2
Abbreviation: AP, ammonium perchlorate.
2Mean + S.D.
Supplementary Table 8
Body and brain weights of dams
AP in drinking water (ppm)
0 (Control) 300 1000
No. of dams examined 9 11
Body weight (g) 282.6+20.82 283.4+12.3 292.7+16.8
Brain weight (g) 1.86+0.11 1.87+0.06 1.86+0.09

Abbreviation: AP, ammonium perchlorate.

@Mean = S.D.
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Supplementary Fig. 8

(A) Body weight, (B) food consumption, and (C) water consumption of male offspring.
Abbreviations: AP, ammonium perchlorate; PND, postnatal day.
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Supplementary Table 9
Body and brain weights of male offspring

AP in drinking water (ppm)

0 (Control) 300 1000
PND 21
No. of offspring examined 19 19 19
Body weight (g) 525+2.92 51.1+3.0 50.1+3.6
No. of offspring examined 8 8 8
Brain weight (g) 1.50+0.08 1.50+0.05 1.50+0.05
PND 77
No. of offspring examined 19 19 19
Body weight () 451.8+30.6 450.4+21.2 459.7+29.3
No. of offspring examined 8 8 8
Brain weight (g) 2.10+0.13 2.10+0.03 2.20+0.21
Abbreviations: AP, ammonium perchlorate; PND, postnatal day.
2Mean + S.D.

Supplementary Table 10
Histopathological changes and proliferation activity in the thyroid tissues of female offspring
AP in drinking water (ppm)

0 (Control) 300 1000
PND 21
No. of offspring examined 12 12 12
Decrease in follicular colloids (++/+++)2 0 (0/0) 12** (6/6) ™ 12** (0/12) '
Follicular cell hyperplasia (++/+++) 0 (0/0) 12** (12/0) ' 12** (6/6) It
Number of PCNA* cells (/1000) 63.60 +4253° 104.38 + 39.58 162.80 + 65.67%
PND 77
No. of offspring examined 8 8 8
Decrease in follicular colloids (++/+++) 0 (0/0) 0 (0/0) 0 (0/0)
Follicular cell hyperplasia (++/+++) 0 (0/0) 0 (0/0) 0 (0/0)
Number of PCNA* cells (/1000) 3.74+1.79 244 + 1.25 1.97 + 0.83
aGrade of change: (++), moderate; (+++), marked.
b Mean * S.D.

Abbreviations: AP, ammonium perchlorate; PCNA, proliferating cell nuclear antigen; PND, postnatal day.

**P < 0.01, compared with the 0-ppm controls by Fisher’s exact test.

P < 0.01, compared with the 0-ppm controls by Mann-Whitney’s U-test.

#P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin-Welch’s t-test with Bonferroni correction.

Supplementary Table 11
Serum thyroid hormone changes in female offspring on PND 21
AP in drinking water (ppm)

0 (Control) 300 1000
No. of offspring examined 12 12 12
Ts (ng/ml) 1.52+0.18% 1.50+0.19 1.37+0.14*
T4 (ng/ml) 49.2+8.28 45.2+7.38 32.6+5.75**

Abbreviations: AP, ammonium perchlorate; PND, postnatal day; Ts, triiodothyronine; Ta, thyroxine.
@Mean = S.D.
*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Fig. 9

(A) Histopathological changes and (B) distribution of immunoreactive cells for proliferating cell nuclear antigen (PCNA) in
the thyroid of female offspring on postnatal day (PND) 77.

Magnification x 400; bar 50 pm.
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Supplementary Table 12
Number of immunoreactive or TUNEL" cells in the SGZ/GCL or hilar region of the hippocampal dentate gyrus of male
offspring on PND 21

AP in drinking water (ppm)

0 (Control) 300 1000
Granule cell lineage subpopulations (No./mm SGZ length)
GFAP 497+£1.77% 3.92+1.10 3.31+£0.86*
SOX2 18.62+5.61 15.39+7.09 14.16+2.61
TBR2 9.17+£4.46 8.52+3.65 8.43+£5.12
DCX 174.71+29.13 163.58+£39.96 158.83+34.10
TUBB3 122.07+27.85 124.95+19.51 122.46+19.34
NeuN 493.32+70.60  479.32+72.76 490.27+£53.46
Cell proliferation and apoptosis (No./mm SGZ length)
PCNA 4.60+£1.20 2.52+1.03** 2.65+£0.90**
TUNEL 0.94+0.48 0.92+0.51 0.88+0.37
Interneuron subpopulations (No./mm? hilar region)
CCKs8 27.34+10.25 28.28+12.11 23.87+10.02
SST 53.42+11.06 52.29+12.54 70.44+14.71*
RELN 103.69+43.06  105.53+36.32 86.70+31.34
PVALB 35.53+£27.49 33.25+23.75 23.95+19.33
CALB2 41.47+£11.70 44.86+16.20 43.28+£12.72
GAD67 85.90+17.03 86.17+16.03 85.40+10.75
GluR2 43.38+£13.85 38.24+15.31 39.62+12.34
Synaptic plasticity markers (No./mm SGZ length)
p-ERK1/2 1.73£1.29 0.64+0.88 1.09+£1.43
FOS 10.70+2.04 11.724£2.75 9.85+1.53
ARC 4.00+1.93 3.02+£2.37 2.60£2.03
COX2 38.12+13.77 42.41+14.95 42.50+£6.84

Astrocytes and microglia (No./mm? hilar region)

GFAP 641.10+86.70  609.85+89.15  645.96+72.12
Ibal 71.86+27.59 90.15+29.74 96.83+24.42
CD68 26.42+6.93 28.88+11.73 37.92+14.19
CD163 10.44+5.20 10.97+5.14 11.69+4.70
Oligodendrocyte (No./mm? hilar region)
OLIG2 489.35+76.76  496.95+72.21  461.03+50.59
NG2 184.41+23.71  209.19+27.29  207.56+26.99
CNPase 20.95+5.83 13.81+6.56* 12.88+5.45*

Abbreviations: AP, ammonium perchlorate; ARC, activity-regulated cytoskeleton-associated protein; CALB2, calbindin-D-29K (calretinin);
CCKS8, cholecystokinin 8; CD68, cluster of differentiation 68; CD163, cluster of differentiation 163; CNPase, 2',3'-cyclic-nucleotide
3'-phosphodiesterase; COX2, cyclooxygenase-2; DCX, doublecortin; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GAD67,
glutamic acid decarboxylase 67; GCL, granule cell layer; GFAP, glial fibrillary acidic protein; GIuR2, glutamate ionotropic receptor AMPA
type subunit 2; Ibal, ionized calcium-binding adaptor molecule 1; IEGs, immediate-early genes; NeuN, neuronal nuclei; NG2, NG2
chondroitin sulfate proteoglycan; OLIG2, oligodendrocyte lineage transcription factor 2; PCNA, proliferating cell nuclear antigen;
p-ERK1/2, phosphorylated extracellular signal-regulated kinase 1/2 (p44/p42 MAP kinase); PND, postnatal day; PVALB, parvalbumin;
RELN, reelin; SGZ, subgranular zone; SOX2, SRY-box transcription factor 2; SST, somatostatin; TBR2, T-box brain protein 2; TUBB3,
tubulin, beta 3 class I1l; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

N = 10/group, except for N =9 in 300-ppm for TUBB3, NeuN and GFAP (astrocytes), and in 1000-ppm group for SOX2, TBR2, ARC,
GFAP (astrocytes), Ibal, CD68 and CD163, and N = 8 in 1000-ppm group for NeuN and COX2.

@ Mean = SD.

*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Fig. 10
Distribution of immunoreactive cells for glial fibrillary acidic protein (GFAP), SRY-box transcription factor 2 (SOX2), T-box
brain protein 2 (TBR2), doublecortin (DCX), tubulin, beta 3 class 11l (TUBB3) and neuronal nuclei (NeuN) in the subgranular
zone and/or granule cell layer of the hippocampal dentate gyrus of male offspring on postnatal day (PND) 77 after
developmental exposure to ammonium perchlorate (AP). Representative images from the 0-ppm controls (left), 300-ppm
group (middle), and 1000-ppm group (right). Arrowheads indicate immunoreactive cells Magnification x 400; bar 50 pm.
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Supplementary Table 13

Number of immunoreactive or TUNEL" cells in the SGZ/GCL and or hilar region of the hippocampal dentate gyrus of

male offspring on PND 77

AP in drinking water (ppm)

0 (Control) 300 1000
No. of animals examined 10 10 10
Granule cell lineage subpopulations (No./mm SGZ length)
GFAP 5.64+1.31° 4.77+1.37 3.44+1.30**
SOX2 14.18+2.09 12.75+2.61 12.64+2.90
TBR2 3.59+1.66 2.96+1.20 2.64+1.34
DCX 21.96+1.89 19.72+3.13 20.96+5.41
TUBB3 11.41+3.63 9.55+4.20 9.00+6.36
NeuN 577.88+46.40 584.39+53.10 563.20+40.15
Cell proliferation and apoptosis (No./mm SGZ length)
PCNA 2.89+0.85 2.78+1.27 2.38+0.70
TUNEL (in the SGZ) 0.10+0.14 0.13+0.15 0.13+0.14
Interneuron subpopulations (No./mm? hilar region)
CCK8 12.60+3.60 12.64+3.78 17.71+3.78**
SST 43.16+9.97 4441 £8.65 56.52+14.65*
RELN 103.69+43.06 105.53+36.31  86.70+31.34
PVALB 13.61+7.64 12.56 +6.97 15.79+6.50
CALB2 20.18+6.76 22.48+8.30 24.57+6.78
GAD67 39.67+11.20 3712+7.21 38.30+10.41
GluR2 35.93+13.45 42.11+1594  26.04+8.68
Synaptic plasticity markers (No./mm SGZ length)
p-ERK1/2 8.91+8.07 10.71+6.50 9.50+6.76
FOS 3.45+1.15 3.24+1.92 3.64+1.51
ARC 3.75%2.21 2.92+1.58 2.44+1.85
COX2 5.81+£2.72 5.61+2.01 5.96+1.87
Astrocytes and microglia (No./mm? hilar region)
GFAP 499.01+50.58 466.16 + 72.43  491.07+61.78
Ibal 98.95+13.34 92.27+21.78  94.66+23.03
CD68 7.96+2.98 6.29+2.22 6.75+2.97
CD163 13.39+5.05 13.33+3.98 11.31+5.33
Oligodendrocyte (No./mm? hilar region)
OLIG2 299.32+32.70 319.07+80.93 322.38+48.92
NG2 127.67+21.34 115.61+15.27 114.68+24.07
CNPase 27.40+£10.99 30.78+13.45  29.33+16.63

Abbreviations: AP; ammonium perchlorate, ARC, activity-regulated cytoskeleton-associated protein; CALB2, calbindin-D-29K (calretinin);
CCKaB, cholecystokinin 8; CD68, cluster of differentiation 68; CD163, cluster of differentiation 163; CNPase, 2',3'-cyclic-nucleotide
3'-phosphodiesterase; COX2, cyclooxygenase-2; DCX, doublecortin; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GAD67,
glutamic acid decarboxylase 67; GCL, granule cell layer; GFAP, glial fibrillary acidic protein; GluR2, glutamate ionotropic receptor AMPA
type subunit 2; Ibal, ionized calcium-binding adaptor molecule 1; IEGs, immediate-early genes; NeuN, neuronal nuclei; NG2, NG2
chondroitin sulfate proteoglycan; OLIG2, oligodendrocyte lineage transcription factor 2; PCNA, proliferating cell nuclear antigen;
p-ERK1/2, phosphorylated extracellular signal-regulated kinase 1/2 (p44/p42 MAP kinase); PND, postnatal day; PVALB, parvalbumin;
RELN, reelin; SGZ, subgranular zone; SOX2, SRY-box transcription factor 2; SST, somatostatin; TBR2, T-box brain protein 2; TUBB3,
tubulin, beta 3 class I11; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

N =10/group.
& Mean + SD.

*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Fig. 11
Distribution of proliferating cell nuclear antigen (PCNA)™ proliferating cells and terminal deoxynucleotidyl transferase dUTP

nick end labeling (TUNEL)* apoptotic cells in the subgranular zone of the hippocampal dentate gyrus of male offspring on
postnatal day (PND) 77 after developmental exposure to ammonium perchlorate (AP). Representative images from the 0-ppm
controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x 400; bar 50 pm.
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S{Jpplementary Fig. 12
Distribution of immunoreactive cells for cholecystokinin 8 (CCK8) in the hilus of the hippocampal dentate gyrus of male

offspring on postnatal day (PND) 21 after developmental exposure to ammonium perchlorate (AP). Representative images
from the 0 ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x 200; bar 100 pm.
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Supplementary Fig. 13

Distribution of immunoreactive cells for somatostatin (SST), reelin (RELN), parvalbumin (PVALB), calbindin-D-29K
(CALB?2), glutamic acid decarboxylase 67 (GAD67) and glutamate ionotropic receptor AMPA type subunit 2 (GIuR2) in the
hilus of the hippocampal dentate gyrus of male offspring on postnatal day (PND) 77 after developmental exposure to
ammonium perchlorate (AP). Representative images from the 0-ppm controls (left), 300-ppm group (middle), and 1000-ppm
group (right). Arrowheads indicate immunoreactive cells Magnification x 200; bar 100 pm.
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Supplementary Fig. 14
Distribution of immunoreactive cells for phosphorylated extracellular signal-regulated kinase 1/2 (p-ERK1/2), Fos
proto-oncogene, AP-1 transcription factor subunit (FOS), activity-regulated cytoskeleton-associated protein (ARC), and
cyclooxygenase-2 (COX2) in the granule cell layer of the hippocampal dentate gyrus of male offspring on postnatal day

(PND) 77 after developmental exposure to ammonium perchlorate (AP). Representative images from the 0-ppm controls (left),
300-ppm group (middle), and 1000-ppm group (right). Magnification x 400; bar 50 um.

81



0 ppm control 300 ppm AP 1000 ppm AP
GFAP,PNQ77 *i - o i R NG 0 e no ke R
> = . T Sl . ,.t.' B 3 v X " TR
% 3} e N ¢ Vot L W X R Uy :
N 3 # 3 SR & % AR Dk *
O & N - 2 3 Ve v
Ly b i g , "‘4 dv“ { 5:‘, £, ¢ % t
.‘ - » i o5 M 3 o O \'a\ ’b > &
o ¥ B SN B Y il 4 AT §
2 # Q@ _ Pl . ; 1 » {"r-v » pd % i : S
« " \ 3 o SRR {
/ % = 3 g U P o N v o PO ot PR SR S
v bty > ' & %5 Forsis \ ¢ Y o s : x ’.\.\ . X
AR i P e N e A Y 3% SRS
e S 1t RN L T 0 - i RN o ‘k U Ry
N \" L GRS L S TR ) PRI X S
Iba1, PND 77
CD68, PND 77
B
04 <
CD163,PND 77 -~
. % 2
£
o e
RSEPRRSTIE

Supplementary Fig. 15
Distribution of immunoreactive cells for glial fibrillary acidic protein (GFAP), ionized calcium-binding adapter molecule 1

(Ibal), cluster of differentiation (CD) 68, CD163 in the hilus of the hippocampal dentate gyrus of male offspring on postnatal
day (PND) 77 after developmental exposure to ammonium perchlorate (AP). Representative images from the 0-ppm controls

(left), 300-ppm group (middle), and 1000-ppm group (right). Arrowheads indicate immunoreactive cells. Magnification x 200;
bar 100 um.
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Supplementary Fig. 16
Distribution of immunoreactive cells for oligodendrocyte lineage transcription factor 2 (OLIG2), NG2 chondroitin sulfate
proteoglycan (NG2), and 2',3’-cyclic-neucleotide 3’-phosphodiesterase (CNPase) in the hilus of the hippocampal dentate gyrus
of male offspring on postnatal day (PND) 77 after developmental exposure to ammonium perchlorate (AP). Representative
images from the 0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Arrowheads indicate
immunoreactive cells. Magnification x 200; bar 100 pm.
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Supplementary Fig. 17

Distribution of immunoreactive cells for 2',3’-cyclic-neucleotide 3’-phosphodiesterase (CNPase) in the brain of male offspring
on postnatal day (PND) 21 after developmental exposure to ammonium perchlorate (AP). Representative images from the
0-ppm controls (left), 300-ppm group (middle), and 1000-ppm group (right). Magnification x12.5; bar 1 mm.
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Supplementary Table 14
Areas of the GCL and hilus of the hippocampal DG and corpus callosum on PND 21 and PND 77
AP in drinking water (ppm)

0 (Control) 300 1000
PND 21
No. of offspring examined 10 9 10
DG GCL area (mm?) 0.227+0.033 0.203+0.045  0.204+0.032
DG hilus area (mm?) 0.368+0.028 0.333+0.039  0.336+0.039
Combined area of the corpus callosum 1.049+0.333 0.858+0.359 0.836+0.214
and adjacent cingulum bundle (mm?)
PND 77
No. of offspring examined 10 9 10
DG GCL area (mm?) 0.268+0.046 0.256+0.030  0.278+0.035
DG hilus area (mm?) 0.472+0.046 0.463+0.053  0.449+0.037

Combined area of the corpus callosum 1.253+0.305 1.037+0.139 0.924+0.220*
and adjacent cingulum bundle (mm?)
Abbreviations: AP, ammonium perchlorate; DG, dentate gyrus; GCL, granule cell layer; PND, postnatal day.
*P < 0.05 compared with the 0-ppm controls by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.

Supplementary Table 15
Changes in oxidative stress parameters in the hippocampus of female offspring on PND 21

AP in drinking water (ppm)

0 (Control) 300 1000
No. of offspring examined 6 6 6
MDA (nmol/mg protein) 2.96+0.382 2.84+0.21 2.88+0.49
GSH (umol/L) 14.9+1.44 15.9+0.80 14.6+1.08

Abbreviations: AP, ammonium perchlorate; GSH, glutathione; MDA, malondialdehyde; PND, postnatal day.
2Mean + S.D.
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USRN-s
OECD TEST GUIDELINES PROGRAMME

Standard Project Submission Form

If you require further information please contact the OECD Secretariat
Return completed forms to:
Anne Gourmelon (anne.gourmelon@oecd.org)
and Araceli Girala-Rodriguez (araceli.giralarodriguez@oecd.org)

PROJECT TITLE

Revision of OECD TG 443 (EOGRTS) and GD 151

SUBMITTED BY (Country / European Commission / Secretariat)

European Commission

DATE OF SUBMISSION TO THE SECRETARIAT

15 November 2023




DETAILS OF LEAD COUNTRY/CONSORTIUM

Country /Organisation:

European Commission, Denmark, Netherlands

Agency/ministry/Other:

ECHA (on behalf of EC)

National Food Institute, Technical University of Denmark,
Research Group for Molecular and Reproductive Toxicology,
Denmark (Supported by DK EPA)

National Institute for Public Health and the Environment,
Netherlands

Mail Address:

European Chemicals Agency
P.0O. Box 400, FI-00120 Helsinki, Finland

Phone/fax:

358-9-68618681

Email:

ingo.bichimaier@echa.europa.eu
laura.rossi@echa.europa.eu
valerie.zuang@ec.europa.eu
sochr@food.dtu.dk
Betty.Hakkert@rivm.nl
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PROJECT OUTCOMES

[] New Test Guideline X  Revised Guidance document
X Revised Test Guideline ] Detailed Review Paper
[] Deletion of an existing [ ] Other, please specify below

Test Guideline

ECHA performed an EOGRTS review project as per request from European Commission and
OECD. The main objectives of the project were to:

* Evaluate the performance of the OECD TG 443 study as implemented in REACH, and its
adequacy for providing information relevant for hazard assessment; and

« Evaluate specific aspects of the performance of available EOGRTS in REACH registration
dossiers with respect to study design, conduct, and toxicological findings.

The review project was performed between March 2021 to March 2023 and the final project
report was published on March 2023 (available at:
https://echa.europa.eu/documents/10162/17228/final_report_eogrts _review project en.pdf/9d
0b31f1-eff0-e9db-be8c-ac72d5e4b2e57t=1679916891564) (Attachment 1). ECHA presented
its observations to the WNT members during WNT-35 meeting in 2023 and the suggested way
forward (Attachment 2).

Based on the findings it became clear that targeted revision of the OECD TG 443 is needed.
Those revisions are clarifications and specifications on methodology of endpoints to be
assessed in TG 443 or how data should be to be reported. These revisions are intended to be
quick fixes to the existing TG and GD. This revision would therefore be targeted to only those
issues identified, and it is hot proposed to open any other parts of the OECD TG 443. The
proposed revisions/clarifications are specified in the Attachment 3 and the exact wording will
be discussed in the Expert group before implementing.

In addition, it was observed that additional guidance would be needed to be included into the
GD 151, concerning Cohort 3, criterium description used to identify follicle counts, and
improved guidance on how to measure nipple retention and anogenital distance in rodent
studies. Additional details are included in Attachment 4.

PROPOSED WORK PLAN and RESOURCE NEEDS:

1. Draft workplan for development of the proposal, including any need to establish Ad Hoc
Expert Group and mode of meetings (face-to-face, teleconference; electronic discussion group).
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Indicate key milestones, including first and subsequent drafts of documents and timing of
meetings.

As the proposed revision of the TG 443 and GD 151 are interlinked, it is suggested either to
use the existing Expert Group on Reproductive and Developmental Toxicity or to establish an
ad hoc Expert Group for the project. Due to these interlinks these two separate revisions are
submitted in a single SPSF project proposal.

Due to the targeted nature of the revision of the OECD TG 443, the TG 443 may be ready for
WNT adoption before the GD 151, and if so, the adoption of the TG 443 should not be delayed
because of GD 151. Therefore, depending of the progress, the two documents may be
submitted for adoption at different stages.

Expected timelines:

- SPSF submission for review (15 November 2023)

- Leads to address comments from WNT and review SPSF as appropriate (February
2024)

- WNT to decide if the project is to be included into the workplan (April 2023)

- Nomination of ad hoc expert group / call for additional members in the existing EG, if
needed (May 2024)

- First virtual meeting to discuss the proposed revisions of GD 151 and TG 443 (June
2023).

- Draft revised OECD TG 443 submitted for revision to the EG (August 2024)

- Draft revised GD151 submitted for revision to the EG (Autumn 2024)

- Circulation of the draft revised TG 443 version for 1t WNT commenting round
(November 2024), second commenting February 2024

- Circulation of revised draft GD 151 for 15t WNT commenting round Q1/Q2 2025 and 2™
WNT commenting round Q3/Q4 2025.

- If feasible, revised TG 443 submitted for adoption for WNT-36 (April 2025)

- If feasible, revised GD 151 submitted for adoption for WNT-37 (April 2026).

Draft documents circulated to the EG for commenting before WNT consultation at suitable
timepoints.

2.

Will additional information, including generation or collection of data, be required?

If yes, please describe the anticipated process and timelines.

No new data needs to be generated. The EOGRTS review project results are to be used as
background data.

3.

Indicate the estimated overall resource need (time/money) for member country /

consortium and Secretariat

Participation in tele/video conferences, and review of documents. Estimated total time of 1-7
days per person depending on tasks required. Secretariate to chair the EG meetings together
with lead.

4.

Is this proposal intended to replace an existing Test Guideline or lead to the deletion of

an existing Test Guideline?

The project intends to revise the TG 443 and GD 151.
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ESSENTIAL INFORMATION

In this section, please provide the information required by the Working Group of National
Coordinators of the Test Guidelines Programme to assess the suitability of the project for
the workplan of the Test Guidelines Programme

1. What is the existing or expected regulatory need/data requirement that will be met by
the proposed outcome of the project? Please provide details below or as an attachment.

The EOGRTS (OECD TG 443) is an information requirement in EU for various regulations.
The data from OECD TG 443 is used across all OECD countries.

or as attachment No.___

2. How will the work contribute to further international harmonisation of hazard and risk
assessment? Please provide details below or as an attachment.

The revisions of the two documents are intended to improve proficiency in the data generated
via the EOGRTS and to reduce variability in the results generated.

or as attachment No.___

3. How will the proposed project address issues and /or endpoints which are of major human
health or environmental concerns? If there are existing Test Guidelines or projects in the work
plan of the Test Guidelines Programme covering the same endpoint, please refer to these and
describe the added value and usability of the proposed new test method. Please provide details
below or as an attachment.

The EOGRTS is the current reference method/standard for assessing reproductive toxicity.

or as attachment No.___

4, Will the project have general support from OECD member countries or is the outcome
relevant for just one or a few member countries / stakeholders? Provide details of the countries
and the rationale for this view below.

X Many countries [] A few countries (] Only for the submitting country
5. If the Test Guideline is not intended for general use, indicate if the Test Guideline would

be intended for:
[] Specific (limited) applications such as pesticide usage, or

[] for specific classes of chemicals (e.g. surfactants) rather than for chemicals in
general.
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6. If the expected outcome of this proposal is a Test Guideline or a Guidance Document,
provide information on the intended use, applicability and limitations of the test method.

Generally applicable to chemicals, biocides, and pesticides etc.

7. Provide supporting information on the validation status (i.e. relevance and reliability) of
the method. Principles for validation of test methods for OECD Test Guidelines are described in
Guidance Document 34.

Provide justification and rationale for the test, including data.

If there are no or limited data available to support the reliability and relevance of the proposed
test, indicate if validation work is included in the project.

If there is no need for validation, provide a detailed justification.

There is no need for validation. The project focuses on updating the existing OECD TG 443
and the GD 151 based on the data already generated with the TG 443.

8. Describe if the test method includes components, equipment or other scientific procedures
that are covered (or pending) by Intellectual Property Rights (IPR) (e.g., patents, patent
applications, industrial designs and trademarks). Information should be provided on the overall
availability of the IPR-protected components including whether they are commercially available or
require a Material Transfer Agreement (MTA) or other licensing agreements. In addition, a
description of the IPR-covered component/test system should be disclosed.

8.1 Nature of protected elements (e.g. reagent identity, cell line identity, specific process,
etc.):
n/a
8.2 Form of protection (e.g. trademark, patent, etc.):
n/a
8.3 For users to access protected elements, please tick the relevant box(es):
[ ] MTA required [] License requirement X No agreement required

8.4 Are you providing the agreement document(s) referred to in 8.3 with the SPSF:

[ ] YesX] No If no, what's the reason?
n/a
8.5 How and where can users get access to protected elements?
n/a
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8.6 Has any search for existing patent(s) possibly associated with this test method been
performed (e.g. through patent search or Freedom-To-Operate search). If yes, what was the
outcome?

n/a

IMPORTANT NOTE: Should the OECD and Expert Group working on the Test
Guideline development discover that the information provided under Item 3 on IP
elements be erroneous or be evolving in the course of the project, the project itself
might be re-considered, suspended or cancelled.

9 Have Performance Standards been developed? [] Yes (] No
X N/A

ADDITIONAL INFORMATION

In this section please provide further information to allow the Working Group of National
Coordinators of the Test Guidelines Programme to assess the suitability of the project for
the workplan of the Test Guidelines Programme

1. If the expected outcome of the project proposal is a Test Guideline and is based on
existing, regional or international documents such as guidelines, protocols or guidance material,
please provide that information here or as an attachment.

The proposal is the revision of TG 443 and GD 151.
or as attachment No.___

2. If Animal Welfare considerations are addressed in the project proposal, provide details
below or as an attachment. Explain if the project is aimed at refining, reducing and/or replacing
the use of animals.

If the project is not specifically developed for animal welfare purposes, indicate if the animal
welfare considerations have been a component of the project proposal.

Indicate if animal welfare considerations are irrelevant to the project, for example for physico-
chemical properties.

n/a
or as attachment No.___

3. Provide information on expected or possible resource savings in member countries as a
result of this project.

The proposed revision of OECD TG 443 and GD 151 will help to improve the existing TG and
GD 151 as it currently contains unclear elements.
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4, If the expected outcome of the proposed project is a Guidance Document or Detailed
Review Paper, will it be directly linked to the development of a particular Test Guideline or a
series of Test Guidelines?

[]Yes, itis the initial step in the development of a new or revision of existing
Guidelines.

[]Yes, additional guidance is needed for the most appropriate selection of the
Guidelines on the subject.

[_INo, the guidance is on issues related to testing or the development of Test

Guidelines in general.

There are 4 attachments added to this form.
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