RIS 3
EA BB M EEME (LEWE ) R 7 EEE)
GRFEER S :22KD1002)
S 4-6 FERABABEE

Al XBEREMP SEZH et b i P SHEMREMIRIC L 2 MREERBRIE DR
HRRERE RETA BEiXEKLRMEENZHT XEH =R
SrHEERE ¢ Invivo FEFEME
MRS HEE  BA B ENKRFEARRBIRE K¥Ek BEWRERE $WAOR SN 2%

MREE

AROTHAFZETIE, LFE DA v b m iR E I FHIE O A Hig L L, OECD LI LT\ oAb e'E
DY A NEH L ICEERIC X MR EMERMI AT 5. IRWEILe Mok 5 EEMNEEREEYE CH D 7
Ak R U 7 A (NaF) L iBiEFEEET = A (AP)K Ot F TOREMRBENBHSIN WD A =aF
JA RRERD1O>THELEAIF 707 FIMN)E LT, v bEAWTEIRG6 HENSLDH% 21 HAE T
FEBIRE ATV, WEW OV RN 3T 2 8 A I3 2 B2 Rtk b & O TR 5, SCikT
— X %532, NaF 1% 0, 30, 100 ppm. AP (% 0, 300, 1000 ppm D2 Tk 5 L. IMI %0, 83, 250, 750 ppm
DOYLE TR G Lz, REMW A A% 21 H H(PND 21) & 5fAH10> PND 77 (25 L. Stk 2 romsg,
AR FEBURAT D 7= O A £-41 L 7-, NaF BE#E TiZ. PND 21 (Z 100 ppm T type-3 #RRETERMIAL (NPC)DJEA .
type-1 fhiEERflL (NSC) & type-2a NPC OfRMERIHEINZ /R L7z, HRIREIFEIC IV TiX, GIUR2* T 5 E ki
e o> F AR 7o s nfi e 2 7= U, ARER 72 0P AR RS ~D B 50" S vz, F72, NaF I3H BRI
ARCERL AL 2 #90 < 4+, 100 ppm CTHLREID Ptgs2 OEREFEY) L~V 2N S W72 2 L h, FERIAII O
T T AABE ORI S F172, 100 ppm NaF ClX bt e R HE AR B/ 7 (Nes, Eomes, Rbfox3) & #1777 A~
h—Y ABAT (Bel)DFEHL LR/ 27/ U, AREEr AR EIT R 5 REMME S R X7z, B2, 100 ppm NaF
T bRy ) R LB EER T (Atp5flb & Sdhd)2SRBUR T L, b BiE s (HKI)S R LH- L= 2 &»
5. MERH A TOMREIY 7 ORI E N, PND 77 (2725 &, TERAMIRRE DI It &z
<720 . GABA EEMENE= = — 11 DFHE SR T (Calb2 & Reln) BRI EH L7-Z Lnb, FERAMIZNE T
DERFEROS DOFFE R 7z, BLE LY | NaF % IR R 1 v B il AL 2 — il Pl L, 2 OfRE K
JaE LTS 7 b EFHET D 2 L VRIE S, AP BREE TIX PND 21 (21%, 1000 ppm CIiLjE T3 LN T4 &
FEDMETT L, 300 ppm LA ECHURARIER BRI B A 7~ Ulc, WA ZE Tl 300 ppm LA E Tk
FrA A OHFEINHIIZ LV type-1 NSC & type-2a NPC 238 L7, B2, 1000 ppm TiL SST* GABA {E&h /1
fE=a—urOfEine ARCTERGHIALOAMEM MBI STz, #IREIFIEETIE CNPase* l#4 Y 957> Fa
F A MOL) DDA L7z, PND 77 TIZHUIRIROZEAGIZIE L7223, 1000 ppm Tik NSCs O & SSTHMTE
Za—u rOEMBAFHE L, CCKIME=a—a U3 L, AEMA RS Lz, IMIEEZE T, PND 21
(2. 750 ppm DIEFEE T NPCs OH§5H & ERK1/2-FOS % 41 L7 R O o F 7 AR 2 il 55 2 L1 L v |
IR MIERFEZ 8 % NPCs & e #& 0 Z41% O AR BRI L O & 8 X d7-, Reelin O ¥ 7 F /UAREE S HNH] &
NI Z &N, BRI AE & o 7 AP ORD DR S Liv7e, PND 77 1238\ TiE, 250 ppm
LI EOBEFE T, AR OBFEZ BIH L7 AR b= AR S D 2 LT &0 MR AL A i) S, R
AR NPC b O X 0 B Lz, ATE)7 X BTl AUEICIs VT 750 ppm T H Z&IEE) O T
HERFRD BN, IMLTHESEOT v F Lol v 27 7 —BiEME L kBl TO T v F L2 U U2 BIKO Chrnb2
BAGTHREPEY L~ ZBEAL AR K OVRARHNAR T & 72, IMIEBESLIIC R[]I P I281F % astrocyte & M1
A microglia 24 BN S, MIRRIE & B A b L AREEBE T2 Bl B S, sUREICB VTR, IMI
I% malondialdehyde L~/ & M1 % microglia 2 #4001 &, #PfRICAE & (LA b L ABSEEIE T DI BLA KT
SH7, BLEL D AP FSEMIRERIC X 0 RS TR IR IR IR TIEDS T S, EUC X DS Ok
BrAEIS RSO HNERE AR & Lzifil & . ifE= 2 — v U OREMERS Z 18 5 Rl ia o 257 2
AEEDOIRT) & OL ORCEINEI A RE S Av7z, BRIREIC 72 o T H AR A Bl Z R L. AEOEEHR S
BN o7, BB SOOI EF RIS TEIC L2 b0 L L TRV, AP 12X B EM
TRV BRI AR AR T ISR N3 2 AIREMEA RIR S U7z, IMIIZERGERIC 2 U SAEEE S 7 U R IO
ZRIF L, IMIBRE P ITEEICB WD THRRIE L BILA ML AZFHE L, BREZITEEORLA b LRI
LRGN A ER S, BUEEINC BT 5 2 EITE) LT OB AR A xR o T2 LR S, R
i OFTEN & IS OFRETEIT T 5 IMI @ NOAEL 1% 83 pom (5.5~14.1 ma/ka {A&E/H) & 72 -7-.

A. BEHEHB L LT, OECD :HHFLTWALEMED Y 2 M4 b
{EEWE DA > B b e iR EIERHIE OB &2 H 1Y B EBRIC K DR E R 21T O, D HEEFEE
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X, BV EBR TR MR EEE R 21T O .

TR TR A O B CERLCRAE 0 | AT
ERHAR O IETE - s3fb, BB, AEAD BERE D D AR S
U, FRAMA SR RE DSMEN) & Te DR AR EIE I I
LOWBBEOWT N REEEZ ST 5, MEFETEN
LATORERBEE G-, EHBITIHEHE HUEE O
TRBTAE IR 2 72 38 AR TR D FE MR R 1Tk L
TR M2 RS ATREME RN @V, F72, AT =2 —
o > DAEFRHERFIZE D 5 0 T I, AR EI
BT DRI T ADRK., BEHIER O &
HIBT DE DL, F DT, AR T 5 5
PE R 135N T E 2 R T ATREE N B D,

BRAFE L Mok 2 BN EEEME CH D
7 v b F N U U A(NaF) CiREFRET E=7U A (AP)
KOt b TOREMRFBENBEIN TS R4 =2
F A RREEDI>THDHAIX 707U K (IM)IZ
DWTT v b &AW THEIRE 217 SR E O
PR AR RS D 5 B A Rl b & 6 TR 2 B bA
L7-. TSI INaF & AP FE FEHIE SR 52>\ T
A LT, DGR X IMI OO F JE HARE TRl 2DV T
HT 5,

B. WAk

Y ~DIRFEER L LT, OECD DI EMREFMR
BAA T4 426 \ZHED, ik SD 7 v ~ (4R 1
HTAF, BARZ AT /LY —) IR LT, —#HEHRD
RPETHOL LT EE6 HEND 0% 21 HEETO
HAM. NaF 1% 0, 30, 100 ppm. AP % 0, 300, 1000 ppm
T CHUKEE L7z, IMI X0, 83, 250, 750 ppm D
TR G- L7-, NaF & IMI Of R &EIT, wmEOT
BRIRE A2 S L2, REW~OBRE RN L &b IR
OHeR & WM ~DEE 2 FENH 72 O IREEICHRE L
72 AP OIEREIIT — % 22512 i L7
I HFRARERRIR TAFBRT LB LNTWD
HEE Lo, RERTIEZ, HAE% 4 BHICHSIZ AT
W, BREMWIC 8 ICA PRS2 K O B S & FHE L
Too #HEHIRIR, —ARIREEIT 1 B 1 RIBE L, (K,
TEEEE K OB KEZ BT 2 [BoMEE CHlE L=, HA
%21 HH (BfEFLEs; PND 21) (228 O Y580 % iR i
e L7=, &8 10 1Ll EOEIREMW %2 CO/OMEE T T
4%PFA0.1IM U ViR 7 7 —|Z X 0 FEFRE E 21T
VN, SRR R HE Us, BRE 6 PELL EoEIR
W% CO/OFREE FTHf L, & A & 1— RIS T
BE L, BT RmBMT I Lz, AP BREESERR CIL,
375 FR IR AR L 7 B OV IR AL oD 73 BRARL ek 7
HIRE D 7= 8, &8 12 PEDOMEREIC ST CO/0:
PRI T CREERRENIRD HEM L, BRI 2 L.
10% FHEFEE AL~ Y IR CHEE L, BICKEE 6
L EoERBIHIC OV THRNEE{L A h L &
[malondialdehyde (MDA) L-~</1] J Y AChE {5 A o> ]
FEDT-, ABEHEKIC CTHERBEZITV., WS Z
ML,

P o HEIIL, NaF 720 L AP BREEFEBR Tl
PND 77 & CHBWE % & /e WEEIKIC L W F L.
—RREAR 1 B 1 EIBIZE L, KEAZEIC 1 FEOFET
HIE U7, PND 77 1245R£ 10 PELL_E ot R 8 2 CO2/0:
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R N T 4%PFA0.AIM U VRN y 7 57— X 0 R
B E 2TV, SRRt L7, &8 6 TTLL
L OHEREM) Z COJ/OJMEE T CThML L, iz A & 7 —
RICTHEE L, BB TRBUEITICHE L7, AP BREEHE
BRCi, FURARARA O B AR R O 7= 9 . KB 8
VC D VB DT HUR IR 2 i i - [EE L7,
IMI Bg5Z 62 CTlX, PND 77 72\ L PND 79 £ T IMI %
GERVEEHC I VEE L, —MREL 1 B 1 [E85
L RE 282 1l oEE CHlE L7z, PND 77 X U'PND
79 IZH-HE 10 PELL E O #E B %2 CO/02 i T C PFA
Ny 77— X0 ERBEEZITV, SRR
Wk U 7=, T EhRRBR i Eh 1 PND 79 (2 T8 BR D B
F&FRIT D 90 73 4 T HEVEIE & & Skt L 7=, 458F 6 PLLL 1
DR BN % COL/OIMER T CTHUM L, Bd%E A X J1— 2
BE L, BEFRBMATIC M L7,

NaF 72\ L AP BRFEFERCid, PND 21 & PND 77 @
PFA JFEVEIE BRI DU\ TIZ RN D bregma D 4 #9-3.5
mm @ 1 J gy CrbRENE 2 FR L T, & ORi# O % Frif
(2 G)i) 238 & 72 2 K 92T 7 0 B L 3 um
JE oGO A ERL L 72, B X B A R T
(SGZ) 7 BYERIAINIE (GCL) (/04§ 5 FEkiHN R
R o oy Ak Be B o F5H2 (GFAP, BLBP, TBR2, DCX,
TUBB3, NeuN), BRIEIFSBIC AT oM fE=a—1
D51 (CCK, SST, RELN, PVALB, CALB2, GAD67), &
P OfEEE (GluR2) . SGZ TOMIfuIEEIEME D1
(PCNA) . SGZ TOT R h—3 AD$5E (TUNEL), #f
AP OFEFE (p-ERK1/2, ARC, FOS, COX2), 27 11
7'V 7H5FE (Ibal, CD68, CD163), & T8 AP BRFE 3R Tl
AV a7 FetA4 b (OL) RiEEE (OLIG2, NG2,
CNPase)lZ %9 2 Hifk % v T, DAB 32T ABC i
\Z KDYt 24T o 7o, MR BIREID SGZ 123 T
BN R X720 OGS E 72 3R sk E i s
VD BN IHIFE XS 72 0 OREPERRa S A B L7z, IMI DR EE
FBRCUE, W2 31T B SRR I fRET D 7= 8, PND
21 (fraEhkBRIEENiEY) & PND 77 (TTEIRBRIEF NG
) 72 L PND 79 ({TEEERIEEENY)) O PFA JE
PRIEEMIZ DV T, NaF 220 L AP IR R & [[REIC,
3 um JE O] A /ERL U 7=, U0 (R A SR R F
1= (GFAP, BLBP, TBR2, DCX, TUBB3, NeuN), /I £ = =
—n > O (CCK, SST, RELN, PVALB, CALB?2,
GAD67), Bk RIS T o ERMia O fE#E (GluR2) |
FRHE AT PEFREE (PCNA) . SGZ & GCL TO T 7R b
— 3 Z4FHE (TUNEL). GCL T o ] ¥ M oD f5 4
(p-ERK1/2, ARC, FOS, COX2), thHIR[EIFIERIZE T D
microglia 812 (Ibal, CD68, CD163)(Z%9 2% Hiik % v
T, DAB #£412C ABC JEIC L ARt EIT o T2,
YRS HRIR[E] 0D SGZ TR W THNL R 8472 0 O
BoF 73 R B P 301 B AL R X 72 W O
PERIRE 2 B U 7o AR TP D FEER I DUV T,
1TENBRIE SN O PND 21 Eh¥ & 1785k 526E > PND
19 B ARG L L,

AT OREBEFER T, WHEICBIT 528G o
72 PND 21 & PND 77 D A % J1— [ EM %2 IV T,
KIKMD bregma D% F5K1-2.2 mm D 2 mm EAT A A &
D RS T 2 W TR EIRERR S 2RI L 72, Z
D% ERBGEA > 5 total RNA ZHiiH L cDNA % & k.



U7 VH A L RT-PCR IZ X 0 B 1-FEBUMNT 2 ki L
72o Al RNeasy® <X = »» I (Qiagen, Hilden, Germany)
Z T, 0 ppm XFFREE & e & (750 ppm) REOHE
KA > © total RNA Z fifii L 72, #ifi L 7= total RNA
DOPELHMEZMPE L., 6 ng/uL @ cDNA %
SuperScript™ 11l First-Strand Synthesis System (Thermo
Fisher Scientific Inc., Waltham, MA, USA)(Z T ARk L 7=,
6 LGk~ Z A ~—B2BiL Primer Express (ver. 3.0;
Thermo Fisher Scientific Inc.) ¥ 72i% Primer-BLAST ' —
sV (https://www.nchi.nlm.nih.gov/tools/primer-blast/) % H
WTCiakaH LTz, 116 D7 T A ~—REFIE, LARTOMZE T
WEINTZbDEH WL, £2TO Y 7L H A L RT-PCR
IZ. 1 ul @ cDNA & 19 pl @ Power SYBR® Green PCR
Master mix [10 pl Power SYBR® Green (Thermo Fisher
Scientific Inc.), 0.4 ul O A ~—(forward & reverse),
8.2 ul UltraPure™ Distilled Water (Thermo Fisher
Scientific Inc.)] Z & 20 pl L& T, StepOnePlus™
Real-time PCR System (Thermo Fisher Scientific Inc.) %
FWTIT > 72, PCR W1 7 V41, 95°CT 10 45 o
HIHAZENE, 95°CC 15 BEIDZME, 60°CT 1 HE 07 Z
Av—=—T==V 7 ANII—=TAT TIN5
40 [RIOEENEY A 7 v & Uiz, 750 ppm FED 0 ppm x
BRI DA R B E L~ Vi, A7
O N KM S RBREMREFESLTHWIE
glyceraldehyde-3-phosphate dehydrogenase (Gapdh) ¥ 7zi%
hypoxanthine phosphoribosyltransferase 1 (Hprt1)? EfE -5
A 7 (CEZHWTIESRL LT, Dk, 2825 1AIC
LV arbu—)b CrEilckt g D ExHEA RH L, 4%
MHIE L7,

ETOREEBR T, PND 21 72\ L PND 77 O#EE I
B HIREEEE{L L ~L1X, Lipid Peroxidation (MDA)
Assay Kit (Abcam plc) z V= T4 B — LERIEIC
FORE L, FA e — )VEROSHEYE O£ 18 2 1
7 L. malondialdehyde (MDA)L~L & LC# Lz, 1
FEAARRY ~ 7 L, TissueLyser 11 (Qiagen) % A\ CyAfiE
Ny 77 —TEME L. 13,000xg T 10 4= O408E L T
FEZDHEL. £DBOSHTIZHVZ, MDA-F 431
Y — VA& n-7 % 2 — vz THI L, Y
YINDORNEE VTt~ A 7 n T L— ) =&
—(Powerscan® HT) % FHVN T 532 nm Ty e ERHZ L Y
WE LT, SRR o2 87 EIREIX, BCA
Protein Assay Kit (Thermo Fisher Scientific Inc.)ZfffH L
THEE L, o 7L oo MDA JEEE (nmol/mg #H#% % >
NI B)YDIERUbEIT > T,

NaF 72\ L AP IR F2BRCld, PND 21 OIEH D 7L
HFH RN DOV T GSSG/IGSH & ¥ v b
(GSSG T/ NETF AV ANT 4 K, GSH L&l 7
NBTF A RUZRAFFERT) 2 -V CHRIE L, Eouoll e
e kB O TR LTz, WML 5%5-7 X /% U Fv
FRVAIR CYRfR L, RE % — b % 8000xg T 10 47 filiz
LDaEEL 2%, BEiEZ % v FOFIRIZHES THHTICH
W, 7L O ET, Powerscan® HT ~ A 7 v 7
L— kU —4"—"T405nm T/ ERHT X v JlE Lz,
GSH I, HIE Lo 2 T4 R L GSSG 2
ENGHRM L,

IMIBEEE 5282 CiX. PND 21 & PND 77D¥EIZEB 1T 5
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AChEIEMEIL, AChE Assay Kit (Abcam plc, Cambridge,
UK)Z HWCHIE L7e, FRE L7-HEEMERE (20 mg, &
Bt N=6) %400 uLD ¥ L /X7 EIEfR/N Y 7 7 —TCTHE
VA X LT, ARETR— hE600xgTLO53[H, FIRT
L, I, TRFAFAa) U RISIERAGHS0 L
Z. 967 = /L7 L — M ORIZFEOAChEIE#ER L O
Vv EIICIIN U, IR T30 M A v 2 X—F L
mth, v~ VvFRii~A 77— ) —Z—%EHW\T
410 nmOWIEFE & i r B> 7=, AChETEIEIZ > 7k
DE R ERETERL L (mUImgs > R0 E)

AP IZFZEERTiX., PND 21 O RE (N=12/#f)
23BN, BRI VE > O ME I EE 2 E Lo, fyE
ARl T3 KO T4 ELISA % v I (Cusabio Technology
LLO)D 7 a h a— Wit -> CTHLEE L, Varioskan LUX
Multimode Microplate Reader (Thermo Fisher Scientific
Inc.)Z FHV . 600 nm A i 1EJ R & LT 450 nm DO
Oy NIRRT CHIE LT,

AP BREESEER TIX, PND 21 (N=12/#%) & PND 77 (N=8/
) OHEE O FARIRZ R L, R E 10%4 1
~ VY (pH74)T—BEEE L7z, ¥ H, FEE L7k
MU T L, RT7 0 o auEr U, R B R T
D7D~ FF U e A D Yfn N O R
DOFMFEFEZEM O 72 D PCNA gl b e ta %
Jiti L7=,

IMIBEEFEBR CTlE, T X CTOITERBRICIB\\ T, 178
AERHI®R K S EO B (KB N=10) % Eh)fd
BENOITERBREICIFMBE) S, RBREALGRTICIE
fbx®7z, &BRENM A Rk %2 =T 2 R1OREFRIFE T,
R ET0% T & ) — VIR T L R R A%
FRZE Lz, BBk TRl RBEWIIR—or—
IR &N, OB ERICE SN, T3 TOER
ILFRIBIRED & P12 19 DIZ SEHE L, A1 TEhRBRICE
TR 2T 5728 REREM) OIRINEFF & FRER I
MR &2 R Cfiox T v R & Uiz, BT Y1 »1X0ECD
DI MR T A K7 A > (Test No.426) =55
iz L7z,

F—7"> 7 4 — KiRBRIZPND 18 (BftFL1%) . PND 38

HHEH) . PND 62 (RfAH)) 1T L, EmENEME & R
LAFATEN 2 3N L 7o, @I, RmasBeaR ) B =0
fEHDOAT U ABIE S LA (lF 900 mm) &, 1
BT T AF v 7 BIEEAT , EE 500 mm (/NEPEZERE
DAE, R THLASL Tz, FREEIZH.LEC20L 7 R
o 72, FUOMEIRITEE D 5180 mmBENL - ES B & LT~
BWBREN I TAEE D[R] U = —F— (ZHBE (2 [[) 2> T HLM
TEDI, 7 4 —/V R B ICERE S 72CCDA A F
(WAT-902B ; #4077 v 7 ) & W\ T10%
M OB ENERRE & BEIRERH, SEBENEE, 5 LUk
TEHIR A Fodk L7z, /3T A— X [XTimeOFCR1Y 7 7
=7 UNFEEEMRASH) 2 HWTHBHEIE Lz, Hi
FEECRIE, O = [ (FODEEIEITERE]) <1047 ]
x100DATHH L7,

7B 2 R T B 72 DI YR T 2 b ZPND
2NN ENE LT, HEEIIIAD T —2 (FE600 mm, BAT
X250 mm, _EEOME250 mm, FELOHEG0 mm) DD
AENL20°DYFH T, HERKTYy T L—DKRY
oS TAF y 7T Hh o, REIERE PR T



I AN T 3RDOT — A EFNFNFERA, B, C&
L7~ BBREN A BEIZ A > T, TOWRDTHL R D
T —LADOMEICEZ, EHICH AT (WAT-902B ; Fk
SttUT v 7 i) I8 UNDET — LD R
U —DIIEE L kA ek Lz, T O & B3R
TimeYM1Y 7 b U =7 UNFEEEMRNSH) 128~ T
H BRI S iz, 238, 3D ERAR 57— A2
BLTABZ L EER L (BlxiX, ABC, BCA, CAB
DFAEDEIT I 7 h L7273, BCB., ACA. BAB/Z
ATy MIBERA L) o RERIFIUTOXTEH L
o = [ (RBRE) (BT —2%-2) ] %100,

SCARAIZAG AT T35 IZ. PND 753 L O'PPND 790
FAREINC SEhE U7z, TRYRSIEAH T BERE ) | TRYMRCIE
TEATBERE | MW ELE B . TRURREIEIE &2
HHJ . TRYRFEIEIEZE3H B DIRETSRIORITEIT-
7o, REBEWIT, BHT LI 0T ARBRr—
(30x37x25 cm) &, 3 v 7 V= k L—HF— (SGA-200;
INFURESE) 2 G L7220 0 v — 7 TR MU T 8RS TR
D67 B TR EE (CL-4211; /NFRE¥EMRASH) N

TR AT -7, BREEIF50dBOR T A kA X L2000
J ADREICERE L,

HUi 541 13088 (PND 75) Tl #RBREN) 2 (8 &4 12
BT — VI AN, SBEORPL22MBEO 7 v hra y
7 %5 2 72 (0.3 mA, BfElAN A > 188, 148, 238%),
H3ED, mEDT v ha v 7 inb1Stk, WREW %
A= —VICRE L, LERN-T, 1EH7ZY o&F
RIS T - 7=,

R 15 B (PND 76) 3 L OBzt g £ H1-3H
(PND77-PND79)Di#fTTlx, 7 v bia v 7 2529,
A UBREE - B C54y IR TR 7 — VI ANz, 8
DITENE 7 U — Y JIFHILCCD A A T (WAT-902B;
INFPEREMA ) TR L. TimeFZ2Y 7 b o =7 (/)
JRPEREMRA S THERIT L=, 7 U — 2 v 7 HERIE5
S OFITH, B 2FPLL LB DR 0o T SAREIRERE &
Lz 7 V=V FIRRIILLTORXTEE L 7V
— VU TR = [ BT U —Y 7R 1 (3005) ]
x100. F£7/=, I 3HHOMERNZ V=V 7RF, 71U —
Uy TREMRE RSO 7 Y — 2 R CEl - 7 E
L L7,

R ZREE 23 H B (PND 79) D3 ATIC BT, #kBaE)
fmmwﬁ*ar R D F I T D 5907 & TR S
GCLIZBIT D v An[MEEE & o RV B OB %
SRPERRRRAL SRR I & 0 R U ATERRRI G U725
BoORKFEELERG LT,

WERHATIZBEE LT, $E7 —#1X NaF 7ZevL AP
W R F2BR TILEME +SD T/ L. IMI B £ Tl
YJELSEM TR L7z, REMIOMRE, B, BKE,
&U figire BT, RN A SEBRHAAL & L CHRERT LT=,

BN OIREE K& O & A PURI 95 50)% SO
E@iﬂz\ TUNEL*7 7R b — A flfaEe, MbA h LA L
Jb. AChE IEE L~b | g R VT > LU
T 5T — XX, R 7 V—7 % EBREAL E U CRT L
72, 0 ppm ﬂﬁgﬁi &%ﬂﬁﬁf'aﬁ@ﬁ%f?éﬂiu?@i pite
P L7, T — SEDOLPEMEIZ ST Levene O
Ex2ANTH H?w:o N E)—THhIVUL, BT —#
I% Dunnett i€ & VTR L7z, R¥E—722 7 — X2
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WTIE, A7z —=MiEZ{¥ 9 Aspin-Welch’s O t-
REZWH LTz, 2 O@*ﬁﬁﬁﬁ’%ﬁéiﬂ[ﬁ?“— [

RER] CO BN — 72358 1% Student’s D tRR € & FVToy
Bri, 7 —%m™AR¥— foth'/\L:I Aspin-Welch’s @ t Fi7E
157, iiklﬁx@iﬁ/\ X 0 ppm *FHREE & K GRE L
DORIT, 2 BEF R OHA13 0 ppm 5 FREE S 1000 ppm
ﬁi&@?ﬁ“(tt@%ﬁot FTANTOHHTIL. IBM SPSS
Statistics ver. 25 (IBM £, Armonk, NY, USA) % MHu>, P
<0.05 ZMFNTHE & 272 LT,

(¥ i DR E)

B FETHOKEERTEERTH Y . B OFE % i
INRIZEE D T2, Fio. BT T T COLO[EMEE T T
DOREVREE 2 ST L v B L., #Bimics5 25
ERITER/NRICE DT, £-, BAE o
Tl ENERFEN AR TR O8R5 2B
HRE R b N EBRFR S ME - T2,

C. HraekER
<NaF EREEER>
* NaF-1 fHE T % —%

100-ppm NaF #£ D 1O REENITHPE L 72 Do T2 728
FERIN SRS LT, B> T, 0, 30, 100 ppm EEOHZIEE
BEiTEn e 12,12, 11 K TH o7, EhiST X —
2. TIROBLERAE, HPER S, BRI
WD NaF BEICRB W THEMEICELIT A b -o
7= (Supplementary Table 1) , B EEBRBIFH. W
? NaF FEZRWT S IRE &K OIEAF &0 B 2T
n7pdo7- (Fig. 1A e O8B) , k&%, 30 ppm BET
|2 GD 7, GD 10, GD 17 %X UXPND 2 T, 100 ppm F T
X GD 7.GD 10 & () PND 6 CA &= (2841 L 7= (Fig. 1C).,
WO NaF BETH REMW OB TOITENC RE 1T S
Wigmoic, £, % 21 B HOHKRTIL, WTh
@ NaF T Y REMW) OKRE K O E EIZZ2 TR0 -
7= (Supplementary Table 2) .

PR EICESLS & BEWHTZY D NaF © 1 H
BHCEIT, 30 XTN100 ppm BRI, AEEREARMIH, 202
A1 4.0 )2 ¥ 13.0 mg NaF/kg {K&E/H CTh -7z, WM
HCIX, 30 XU 100 ppm BEORFENMIZZIEI 6.6 K&
Ur21.3mg NaF/kg &RE/H &2 H%E L7,

* NaF-2 BEREBY DO EZBRBIMN TG A —F ROEIRT
—H

A% I oD IR EWY O AR ER K OVBIERL % OB - UK &
FWFho NaF BB W THELLeh ol
(Supplementary Fig. 1) . PND 21 O3 Tk, WT o
NaF ## CH R ELOPMEEICEITR2 -
(Supplementary Table 3) , PND 77 O Cid, fME &
1% 30 ppm BETHEISHEM L 7Z23, KEIZWV 340 NaF
HTHLELLhole, WTHOBEREICE W T,
PND 21 DO FIRAT K& OBEFRL R O AT TN R 1358
IR T,

* NaF-3 #ERB4 DIKEIC IS T 5 e et il
BROT R b— A%

* NaF-3.1 SGZ Kk UV E 721& GCL (3617 2 FRLH e R ak



PND 21 {28\ T, SGZ IZF1T 5 type-1 NSCs D=
Tdh 5 GFAP (N type-1 NSCs & type-2a NPCs DFFHET
B % SOX2 Do e ta M E X, 100 ppm NaF £ T
HEAZHIM L7= (Fig. 2, Supplementary Table 4) , SGZ

ZH1F % type-2b NPC DFFIETH 5 TBR2, AR
ARLOFEIE CTd D TUBB3, AR OV EASERL A
FEIE T 5 NeuN D5z Yua R i 3 9741 D NaF
HCTOABREEZ Lol

PND 77 Ti&. GFAP#lfla%, SOX2*#ifatk. TBR2*
Ak, DCX*Hlfu%k, TUBB3 HIfE%L, NeuN*flfakix
WO NaF BECHLAERZIE Lo o7 (Fig. 2,
Supplementary Fig. 2, Supplementary Table 5) .

* NaF-3.2 #REIFIERICE
—n L BRI

PND 21 & PND 77 DWW HUZHW T H, PVALBYY
—a2—wvy, RELN*ME==—1 >, CALB2*/M{E=
—noy SST*MfE==2—u GADBT"NMiE—a—nu
CCK-8" M == —u | GIuR2+A4j(n‘E3H’F]0)@*\ X, NaF
HOWTHNICEBWTHLAEEREITRBO b7
(Fig. 3, Supplementary Fig. 3, Supplementary Table 4 B O}
5 .

i} 5 GABA {EBMENMFE= =
f

* NaF-3.3 GCL 28} 5 ¥ 7 A AR HE » o /3y
=

PND 21 |23\ T, ARCHllfa i 100 ppm NaF #£ CTH
SATHEIN L7275 FOSHHiAu S, COX2An k., p-ERK1/2*
MBI T LD NaF BECH AR ARE (TR ol
(Fig. 4, Supplementary Table 4) , PND 77 Ti%, ARC*/f
% & COX2* HifR%L 1% 30 ppm NaF BE CHEICHM L 72
73, FOS*lfut L p- ERK1/2+%EEH’£3§5I IWF D NaF Bf
THLHEBERELLETRD 5o (Fig. 4,
Supplementary Fig. 4, Supplementary Table 5) .

*NaF-3.4 SGZ ROV E 721X GCL 28} B HIfaEFiE
EOT R b— 2K

PND 21 & TXPND 77 DWW FHRICE W T, SGZ 2B
T % PCNA'BEPERIANEL % O TUNEL S AEEIE., W
®D NaF FIZBWTHLABRREITRD bR ho T
(Fig. 5, Supplementary Fig. 5, Supplementary Table 4 }2 T}
5 .

- NaF-3.5 EREIFERICIST 5 7Y 7 Hlikask

PND 21 Cix, GFAP*7 A b A k, Ibal*x 7 a7/
U7 .CD68" 27 us Y7 CDI63* 27 u s V7 DKt
WO NaF BECH A ERE(IT -7 (Fig. 6,
Supplementary Table 4, Supplementary Fig. 6) ., PND 77
TlX. CD163*#Miu%%i% 100 ppm NaF B CHEITHML

7273 (Fig. 6, Supplementary Fig. 7, Supplementary Table 5) |

GFAP*7T 2 hut 4 . lhal*I 7 v 2 Y 7#. CD68*
a7 Y TEIZTWTRO NaF #ETLEE RS bE R
o,

* NaF-4 #EREOEIRENZBIT HEBEEH L~V D
B
PND 21 }2 (X PND 77 (287 B HIREI DR EFEY) L~
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JUAZ-DUNT, 100 ppm NaF i & SEALE o HEEE 2 il U 72
U7 nZA I RT-PCR OfR % i Z4 Table 1 O}
Table 2 (2753, PND 21 (23T, kAR e
51D 55 Nes DEREFE) L~ L%, Gapdh J Y Hprtl
TIEM{L L7=%. 100 ppm NaF TA E(ZH#0 L 7=, Eomes
& Rbfox3 DEREFEY) L ~)LiL, Hprtl TIEHL L7=%.
100 ppm @ NaF CHEIZEINN LT=, 2F 7 & o] i B
IR L CTld, Ptgs2 OEREREY L1 1T Gapdh &
Hprtl TIE# kL L7-#. 100 ppm NaF CTHEIZEMN L=,
TR R — U ABEBE IR L TIE, Bel2 OERTEY
L~ULiX Gapdh & Hprtl CTIEMAL L7-%. 100 ppm NaF
THBIZHEM U, Bib A b L ABEEE 12 LT
Sodl DEREFEY) L~)L1E Gapdh TIER{L L7=#%. 100
ppm NaF TH BT LTz, MbEREE s 1-I2B L Tl
Hk3 OHREFEY) L~ 3 Hprtl TIES{L L7=%#.100 ppm
NaF CTHEIZHM L7, B{bAy Y f{t (OXPHOS) B
BB AT L CTiX. Apsflb OEREREY L~ %
Gapdh & O Hprtl CiESME L7=t%. 100 ppm NaF CHE
W2 L7e, Sdhd DERBFEY) L~V id, Hprtl TIEHL
L 7=f%. 100 ppm NaF CTHEIZHA L7, GABA {Efh!:
ME=z—n VEEEE . =2—n he 7 B
fot, HIREHE IR R T, IV E I VBRI b T
VAR —H —BIEEAR  ARR LB S T, Il
NWAT 4 =2 —BIR T DWTIUIDNT G G FEY)
LUV DR BRI S N e o Tz,

PND 77 (23T, AL R IR E S I2B L T
Gapdh TIES{E L7=%.100 ppm @ NaF T Nes D#in G-
WL ~VISERICHEIN L7, GABA {EEIMETE= = —
1 OFRFEEAR TIZBI L TiE, Calb2 OREFEY) L~ L
I% Gapdh & Hprtl TIEM{E L7-%#. 100 ppm NaF CTH &
(AN L 72, Reln DEREEEY) L~V d, Gapdh TIEHUL
L7=t%. 100 ppm NaF CHEIZHM L=, 7 I NV AT
o4 T— X —BE IR LT, 1118 DRREEY) L~ (X
Gapdh & O Hprtl TIEMME L7=%. 100 ppm NaF CTHE
WZHIIN L 72, 116 DERBFEY) L ~1d, Hprtl TIEM{LL
7=t%. 100 ppm & NaF CHEIZHD LTz, ==—nv hn&
7 ¢ BRI RAR T, T R A
BB AR T %431’*% S b B AR T ﬁﬁrﬁi%ﬁ@LfE%
OXPHOS BHEE(AFDWTHICHAERE(ITFRD &
NI o T,

* NaF-5 ¥R DBRILA F LA L~

PND 21 {238\ T, #EE D MDA J O GSH #EE 1L, W
LD NaF FEICEBW T b AERE(E RS ol
(Supplementary Table 6) .

<AP BREEER >
« AP-1 BHERT A —H

0 ppm OXFHREETIX 2 PEOREMW A HFE L 72 o 7z,
300 ppm Tit. 1 VCOREMWILHIFEES, 2 Lo REY
IEHPERFIC AR O TR Lz, 76> T, 0ppm xt
FREE, 300 ppm £, 1000 ppm BEDOH I REMM S IZZ T
i 10, 9, 11 Th o7z, EWFEET, REWOSITTT
EZRFEITR SN oo, ERIRKT, & ORERFT
bIRHE B EICE TR o7 (Fig. 7TA XKTU'B)
K{H%Er#1% 300 ppm Tl GD 72,1000 ppm Tix GD 7



& GD 2L IZHEICHIM L7z (Fig. 7C) , i/ T A —

— (FEWNERBAE, HPERE. ROMEREY
J:t) 1%, 0 ppm Ot HEHE & SIREEREOM CTEM L 72D o
7= (Supplementary Table 7) , 73 #% 21 H H OFIHTIE
EOMRFERED 0-ppm KFHRRE & bl LT{ZISE&U\HUE%
W22 biX 72y~ 7= (Supplementary Table 8)

* AP-2 BEFHEDAEMKNT XA —F R UHIRT — &
L M OV PND 77 ETOHMT., L ORE
FETHATROTENC RSN o 72, PND 77
FCTOAEBIIMF, E@&“—@ﬁi?%ﬁ%ﬁ%@ﬁ@\ iyl
&, BUKEICEITBIZE S L2 o 72 (Supplementary
Fig.8) . PND21 &% T PND 77 OHIB Tl & OBRFERE
TH RBORE K OINEEICE(RITBE I Lo

7= (Supplementary Table 9) ,

- AP-3 MtIREMICISIT B Mg FIRIR A Ve IREEE B
R B PR

PND 21 OB CiE, MibgEEee & & PAREIEE CTHURAR
KRR DIE R A3TR D B ATz, I AR 7001 FR R X
W] B 63 IR L G i @ T Bk & e = e R D
VER UL, TR OFTRORBEFER OEEL X, AP
Ol HETHEICEM L7 (Fig. 8A, Supplementary
Table 10) . IfiLif H HURIR A LB R EE LA &RIFHIC
T3 KON T4 BEDOIK FZ8 L, 1000 ppm THEAHFAIIC
HERENH ST (Fig. 8B, Supplementary Table 11) ,
AR _E RIS 72 0 > PCNAIIEOEI S 13 Bk 7
AIIZHEAN L, 1000 ppm CTHREFHAINC A ER 2N A BT
(Fig. 8C, Supplementary Table 10) .

PND 77 Ol T, PIRR A 22 Tl ming i ﬁ&%@
RARPER LR o7z, ffifﬂ%‘k%ﬁ’] AN
AUDNREFERE T & o B TR P AU 25?’)6?@72675:07”:
(Supplementary Fig. 9, Supplementary Table 10) . PCNA*
MioBE AL AP BBEIC L TEL Loz
(Supplementary Fig. 9, Supplementary Table 10) ,

- AP-4 HEREM) OBIRENIC B
BT A b—3 A%k

« AP-4.1 SGZ K OV F 721 GCL (2R 1F 2 FEhinfL R

PND 21 (28T, SGZ ™ GFAP*%E}H@%& T =K
Zi L. 1000 ppm THEFHFRICH ERZNRD b
7= (Fig. 9, Supplementary Table 12) , SGZ ® SOX2*fijid
B O TBR2HIEL, SGZ } OV E 721% GCL @ DCXH
fo%. TUBB3HHINEL K& O NeuN*ﬁ‘HﬂH@%@t . W
BBV THOARRZ TR bR o T,

PND 77 TlZ. SGZ ® GFAPHHa%LI T Bk FHIZ IR
L, 1000 ppm THEFHFHICA B ZNRO bz (Fig.
9, Supplementary Fig. 10, Supplementary Table 13) , SGZ
D SOX2* % K O TBR2 S, SGZ MM E-1%
GCL @ DCX*fffific$i, TUBB3* L% NeuN*%EiH’F]%I
WP OBRBERICB O THAEEREITERD E)zwoczs:

277,

i B SRR ARG R

* AP-4.2 SGZ R UNE 121X GCL IZ381T % Ml a5 yE
BROT7T R b— 2k

PND 21 T, PCNA*ffaix & 5-48L CH BT

56

L 7= (Fig. 10, Supplementary Table 12) , TUNEL*#ifzm
BlL, WIFNORERTHHEEREIT 272,
PND 77 Ti&. PCNAWHHfa% K O TUNEL HiIfa £
W OBRERECTH A B2 iX e h -7 (Fig. 10,
Supplementary Fig. 11, Supplementary Table 13) .

- AP-4.3 HIREIFGERIZ 31T D GABA EBIMMEME= 2 —

EVE - QR /N i
PND 21 {28\ T, SSTYME==—n1 > D¥iL 1000
ppm CTHEIZHEIN L 7= (Fig. 11, Supplementary Table 12)

CCK*. RELN*, PVALB*, CALB2*, GAD67*/I'{E=
—r O E GURZ*ERMADOEIL, £ DORiE ﬁif%
HE AL 7> 7= (Fig. 11, Supplementary Fig. 12,
Supplementary Table 12) ,

PND 77 TiE. CCK*} (N SST M E= =— 1 > DI
1000 ppm THEIZHEM L7 (Fig. 11, Supplementary Fig.
13, Supplementary Table 13) , RELN*, PVALB*, CALB2*,
GADG7 M E= = — 1 DF & GLUR2*E IR DOE T
EOBRBEH THOAERE TR NIRRT,

* AP-4.4 GCL IZBF BT 7 ATHBHBTE ¥ L /B
s P R 2

PND 21 & PND 77 DWW T HIZE W TS, p-ERKL/2%,
FOS*. ARC*, COX2'picBERIMIE DL, & OUREERE
TbHLAERENETRLS LA 2 > 7= (Fig. 12,
Supplementary Fig. 14, Supplementary Table 12 & 13) ,

* AP-4.5 BRIREIFERICISIT 5 7Y 7 HEka%

PND 21 X O'PND 77 W3 2B W T, GFAPYT
A huHA o, KO Ibal*, CD68*, CD163*I 7 1
7VTI~ a7y —T08E, WITno&REEIZRE W
THABICEIL Leh > 7= (Fig. 13, Supplementary Fig.
15, Supplementary Table 12 & (8 13)

* AP-4.6 EREIFIERIZISIT 5 OL Rl

PND 21 (28T, OLIG2* OL %&:f#ffu & NG2* OPCs
DT, EOBBEHTHAERE TR AR 2T
(Fig. 14, Supplementary Table 12) , CNPase* OL i %X
AP DTG RE CH R LT,

PND 77 Ti¥, OLIG2* OL %i#ffid, NG2* OPC,
CNPase* OL 0¥, FORERETHL A ERBLIT )
-7z (Fig. 14, Supplementary Fig. 16, Supplementary Table
13) .

* AP-5 GCL., BREIFER, ROMNE & I BEET 2
FIRROBERDOEER

PND 21 CiX. GCL & $IREIFR O mAE, M OHE: &
Bie 2 IR O G FT O miEIL, EOREHETHLAER
ZAb 1% 72 > - 7= (Fig. 15, Supplementary Fig. 17,
Supplementary Table 14) .

PND 77 T, GCL & #REIPIHR o> s 13 & DR R
THHEEREIZ 2> 7= (Supplementary Table 14) .
— . W3 & ENICEET 2 IRR OG5 mfEIL. AP
FECHEICBEE L2 27k L, 1000 ppm THERHAYIZ
HERZENGRD B (Fig. 15, Supplementary Table 14)



« AP-6 HERBNM) OWRENC I T 2EEED LV DF
BEL

PND 21 X OYPND 77 {2331F % 1000 ppm Ff & 0 ppm B
DB DR GREY) L~V % Z LZ 4L Table 3 KT
Table 4 (2R,

PND 21 {28\ T, GABA {EEIPEMTE= = —r B85
BT D 5 B Pdgfrb OERG Y L ~/L 1% 1000-ppm AP
THREIZHEM L7z (Table3) . #ise N 1B s 1
TlE. Ntrk2 OERGEEY) L1723 1000-ppm AP TH EIC
HEIN U 7=, e R s Tl e / s SR A il A AR - D D B |
Efnb3 DEZEFEY) L1 13 1000-ppm AP TH E I L
72. NPC/HREF M BB R 1D 9 b, Vegfa DA
BREY) L ~UL1E 1000-ppm AP THEISHIIN L7=, Ak
B EIESEE S 7D 9 B, Arhgef2 & Robo3 D#inEE
¥ L ~UL1E 1000-ppm AP THEIZHIIN L7=, #fkr{b
BELE (R 1 Cld, Baiap2 OHRGFEY) L~/L7% 1000-ppm
AP THBEIZHEEIN LTz, IV I VBSRERON T v
AR—F —Fa— T 587D 5, Gria2, Gria3
KX Grin2b OEREREY) L~ 1E 1000-ppm AP TH E I
tﬁﬂbu U7z, BERARRR R AR S 1. & T 7 A PR

BIAT. LA N VABEBER . ¥ IAINVAT 4=
“*5“*1%43% 7'V 7 AR AR S . OL SRakBaiiE

{57 BT R E &S T O W OIREFEY L~ |

1000-ppm AP CTHEZRZELITR b e oz,

PND 77 TliE, PERMMAREEIEES 7D 5 B, Nes
DERFFEW L ~L % 1000-ppm AP THEICEINL 7=
(Table 4) , GABA {EEMMENTE = = — 1o VESEIE{EF D
5 5. Pdgfrb OEEEEY L1 1000-ppm AP TH &
ZEEAN U 72, AR i A B A i A - D 9 B
Notchl, DIl4, Thrsp O#AEEEY) L ~L 1% 1000-ppm AP
THEBIZHI U7, NPCAREEFE AL 5E B S5 7
5 5. Fzd9 OEEBHEY L~ 1000-ppm AP TH EIC
L7, RSB BRSSO 9 H, Sema3c D
HRBPEY) L~ 1000-ppm AP CTAH & (21> L. Robo3
DEZFFEY) L ~UL 1T 1000-ppm AP THEITHINI L 7=,
fefb 2 L ABEBEIZ D O B, Gpxl DEREREY L
JU 1000-ppm AP THEICHD LTz, #hftsiesE X114
WS T, AR CBI AR 1, > T 7 A AT fR
5. TIHNVAT 4 == —Bn1, IV I %
B - Wt R, 7 U 7RSS S . OL RS
BB R 1. BEE A B EEAR T ORR T EY L~ 1T
WL H 1000-ppm AP THEZRZ(LITR S iv7eino Tz,

- AP-7 MEWRBYWYICISIT ¥R/ D MDA & GSSG/GSH
|92 %

PND 21 {28\ T, #HE D MDA K O} GSSG/GSH LX
E WTNOEEREIZBW T HOAERBRREITFEO LR
72> 7= (Supplementary Table 15)

<IMI BREEEBR >

c IMI-1 BHEARG A—F

250 ppm FED 2 ICOREMIE, itk 21 HRIZT
HN~DOREBEROIMENBE SN o 1272, fTIR
LTV Eflr S u7e, 16> T AR RE I 0,
83, 250, 750 ppm R CTENFH 12, 12, 10, 12 LT
HoT-, BRI T, SOOI OKREIC
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HEREEBHTIRO LN - 7= (Supplementary Fig.
18A, Supplementary Table 16), fEEH#& (X 750 ppm #£T
GD 6. GD 10, GD 17 (2N Zi 21, 21, 14%FH EIC
B L7273, 83 ppm BETIE PND 19 (2 0ppm xfFREE
EHER LT 20% A EICHIIN L 7= (Supplementary Fig.
18B, Supplementary Table 16), k7K &i% 750 ppm #f TiX
GD 6, GD 17, PND 9, PND 16 TE*# <4 17, 16, 13,

15% A 12 L, 250 ppm #£TlE PND 16 C 0 ppm %f
HEIE & bbi LT 15% A EICIs4 L= (Supplementary
Fig. 18C, Supplementary Table 16), £:Eh# ™ H ‘%Eﬁ?%’f‘

F WTHOESEIZE O T O AT A TENC R

TR N2 oTo, BHENT A —ZIZBE LTI, %
m%ﬂﬁ%i@é%& WA EREHIRDO Lo
723, HELEIE 83 F L TN 250 ppm BETHEICHEIM L -
(Supplementary Table 17),

83, 250, 750 ppm FEORENVIE, AR HIZ IMI %
FNENTH 55401, 168 + 0.3, 425 + 1.1 mglkg {&
Hiday #EH L7 (SEM 2&Te) , itk £ To
HECB T, 83, 250, 750 ppm BEOREMIX IMI %
FNEN ) 141+05,39.7 + 1.4, 116.5 + 3.0 mg/kg 1A
/A AERLT,

- IMI-2 BERBMWM DA NRT X —2 B LOEIRT — %
{KE T, 750 ppm BT PND 9 705 PND 21 £ CHEIZ
WA L7z (0 ppm XFREEE X VK 9-11 % 4 ;
Supplementary Fig. 19A, Supplementary Table 18) , 750
ppm #¥ Ti% PND 33 T & & UK BENAEITHD L,
ZEI 0 ppm MEREEL Y 19% & 12% 7o T
(Supplementary Fig. 19B, 19C, Supplementary Table 18),
PND 21 ®OH#|fCi, KREIX 750 ppm FECTHEIZHD L
7= (Supplementary Table 19), PND 21 33 X U PND 77 D)
BT, WTNoRGHTHMERICAEREHILR
DO oTe, BEBIETIE, WThoREHFTH
BATRATENC R FIIRO o T,

- IMI-3 HEREMOEIRENZ BT 5 KRk &
7R b—T Ak
+ IMI-3-1 SGZ/GCL 2} 2 FEhifif o~ —H —

PND 21 (2B T, SGZ 3 LT GCL > DCX*#ll %k
B X O TUBB3* #lia%E 750 ppm BECAEICHAD Lz
73, SGZ B LN GCL @ GFAPHHEI%. SOX2-HuIM%L .
TBR2 M4 H K O NeuNSfIfaZ I V9" 0 B 5-8E(
BWTHEH L7222 -7 (Fig. 16, Supplementary Table
20),

PND 77 (23 T, IMI & 250 ppm LL_EDOEET SGZ D
GFAP* type-1 NSCs 33 L TV SGZ & GCL ™ NeuN*£ %%
SR BERT RS 2 A B SBT3, SGZ B LUV E
7-1% GCL @ SOX2*, TBR2*., DCX*, TUBB3*fllfiu%kix
EOBERETHAE L~ 7 (Fig. 16, Supplementary
Table 21),

- IMI-3-2 BREIFIERIZ 31T 5 GABA fEEIMENMFE= =
—arw——

PND21 (28T, wﬂtlﬁlﬁ'ﬂ*ﬁ@ RELN*/ME= =

3 750 ppm BECAH B L2, PVALB®, SST*
GADGT N E=a—ua VEIT DR EHTHLAR



#3702 > 72 (Fig. 17, Supplementary Table 20).

PND77 Tid. RELN*ffifld, PVALB*Hificl, SST*HHfia,
GADG7* il DE T E DG TH LB Lo T
(Fig. 17, Supplementary Table 21),

* IMI-3-3 GCL IZBIi} 5 ¥ F 7 2 7] ¥ B B T2
¥
PND 21 {23\ T, GCL @ FOS*¥ L % p-ERK1/2* 5

BIMIREET 750 ppm BECTHEIZHEAD L7223, ARCTH &
O COX2' R BTN T OB EFICEW T AR

VA NS
Table 20),
PND 79 Tl&. FOS*, p-ERK1/2*. ARC*¥ J T} COX2*

W b7z (Fig. 18, Supplementary

TRl EIX, EORGRETCHLAE L) -T2 (Fig. 18,

Supplementary Table 21),

+ IMI-3-4 SGZ BL W E 71X GCL |
F72IX TR b— AR

PND 21 |23\ T, SGZ @ PCNA*HE%lHIfa%k I 750
ppm RETHEIZHA L3, SGZ £7-1% GCL »
TUNEL*7 R b —v 2 ffifasii ok 5H LA ER
EENI 72 0>- 7= (Fig. 19, Supplementary Table 20),

PND 77 Tli%. SGZ ® TUNEL*7 R k —3 Z M %
750 ppm BECAH BTN L7223, SGZ 7 PCNA*HAFH AN
Ja%dks L OV GCL @ TUNEL* 7 AR b — At & o
BHBECHLAEE Lo 7- (Fig. 19, Supplementary
Table 21),

BT B REHI

- IMI-3-5 BRREIFTERIC 3T 5 7 U 7 Mila s F 0%k

PND 21 (23T, #REIFERD CD68" M1/M2 7l
microglia/macrophage %t/% 83 ppm UL ECTHEICHMN L |
GFAP* astrocyte 2% & Ibal* microglia/macrophage 4%/ 750
ppm #ECHEIZHEI L7z (Fig. 20, Supplementary Table
20), L7>L. CD163* M2 ! microglia/macrophage %%
EOBRGHTHLRRBEREIAON R T,

PND 77 TiZ. CD68* M1/M2 %! microglia/macrophage
X 750 ppm BETHEICHEIN L7223, GFAP* astrocyte,
Ibal*microglia/macrophage CD163* M2 i
microglia/macrophage D¥ix & O GHETHLHE LA
-7z (Fig. 20, Supplementary Table 21),

* IMI-4 HEREW OBIRENC BT 2EBFEY LV D
ZHHEA

PND 21 (236N T, R RRE~ — 7 —BI5 D 5
5. Dpysl3 & Tubb3 DG FEY L ~LiE, 750 ppm £

Ti% Gapdh TERL L%, AEIZHED L7z (Table
5). Reelin > 27 F /U m#EREE S+ VIdIr DERGEY L
~LId, 750 ppm # Tl Hprtl TIERL L= ICAEIC
AN U 72, PRS2 (K - BB S Ntrk2 DR B REY) L
~LiE, 750 ppm #£C Gapdh & Hprtl TIEML L7-%
ARz, =) UEIPEZ AR L OBERE
57056, Chat DEREFEY) L~/ 1% 750 ppm £ TH
SAZHN L, Chrnb2 OEREFEY) L ~L i Gapdh 3 LY
[E7201% Hprtl 12 X 2 ESULZICHEIZED Lo, ik
RIEB L OEIL A b L AR EER 2B LTIk, Gfap
BEWAIfL (7Y 7~ — —8&{s+) . 14, 16,
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Tnf. Tgfbl BE O Nfch (7 IHNAT 4 =— 2 —5 K
OB 4y ) . 72 B NS Hmox1, Nfe2l2, Mtl, Mt2a
BEOGpxd (B b A b L ABHERBET) OIRGEY L
~ULiE, 750 ppm BEICEBW T, Gapdh BX O/ F7-1%
Hprtl |2 X 5 EFUERZICAEITHN L7, GABA {E&E)M:
E= 2 — v B R, M~ — 0 —8{5 7.
T AR B E R AR s T (IEG) . V2 T
MZHRAEBIONNT VAR—F —BIEFDERGEY L
UL 750 ppm BECHEREEI 2o T,

PND 77128\ T, R R EEE 702 B,
NesD iz B ) L~ 112750 ppm £f CTGapdh & Hprtl
EHAE L%, AEICD L= (Table 6), A~
— 1 —i{5f-Penaks K OHLT AR b — 3 A#E{5FBel2ll
DERBPEY) L1 X, 750 ppm ¥ CTGapdhds L O'Hprtl
(& D IEFRICARICHED L, = ) AEEMER AR
BLOEHELE D) B, Chrnb2DEEFEY) L~
750 ppm FETIEHprtl TIEBYE L= ICHE B Lz,
T AR YAVERSEIEGS D 5 B, Ptgs2 DEREFEY) L
JUiE, 750 ppm BECiEGapdh & Hprtl CIERAL L7z IC
ﬁ%ﬂ:t@ﬁu U7z, MR RIER L O b A b L A B s

B L TiE, NeB X OTgthl (X I AN RAT 4 =—H
—iootO\Fa'?J@ ) . 72 B ONTHmox1, Nrf2is L UGpxl

(Bt A b L ABEEIST) DB EY L~LIE, 750

ppm #f TiXGapdhis L OV & 72 iXHprtl TIEHEL L 7= %

IZHBIZHD L=, GABATEEMENTE = = — 1 o B
oo, PR SREN BB . VX 2 VRS RIRE

SO v AR—Z 8RBT, 7)) TR~ — b —8k
T DEREEY L LT, 750 ppm BETITAEEICET L7
ot

- IMI-5 KRB DM RR ELET — 4
PND 21128\ T, #EEAChEEM: L~/ 1%750 ppmEf

THEIIKT L7 (Fig. 21, Supplementary Table 22), &
DOFEEFHETHIHEMDAL ~JLICITAERLZHIRD
Y (WA IR

PND 77°CliX, ¥R MDATEIX750 ppmiE CA EIZHIM
L. VB AChEIEVEMEIZT750 ppmiE ClME M 2= L7
(P=0.06) ,

- IMI-6 HERBMWIOITEIRER 2T
< IMI-6-1 A—F > 7 4 —/ FRBR

PND 18D Efi% Lﬂ;ﬁ:;tsotU‘PND 38DOFEHFEENH DT
BN T, EEEMEICRE T 2 B EIERE, W E)
WREf, PR ENRE . B X ORI TEI 2 k4 2%
DFEIBCRIZIE, WTNORERIZEWTH &5 I2BhE
L/fx_r Ln‘l‘%é’jﬁﬁfiga mub%ﬂiﬁﬁ)’) 71:_ (Flg 22
Supplementary Table 23), —J5. PND 627 A ¢ix
750 ppm&iﬂi’@bi%%%@hﬁﬁ%ﬁd)i%m@ﬁLlﬁéb\ﬂﬁi@

BENEENAEICHEM L7 (P=0.07) . HRBEHEERH
BLOFLERRIZOWTIIW TN OEEREIZB W T

%)&5‘ Eﬁ“jﬁbf\_ﬁﬁf&ﬁ@] intu&b%hfciﬁ)’)f;o

« IMI-6-2 YRREE 2B

YR EEFBRIIPND 2712 EME S 41, MARBREL IO
T — AEHEARIZONWTIE, WSz W T
LERGICEHELEZAERELEHITIRD N T2



(Supplementary Table 24),

* IMI-6-3 SCARRORL MR ST o AR

PND 752> 5PND 79D BRI\ T, 2fTIZBT
H7 )= JEIE, WThoRERICBN TS
&ﬁiifﬁﬁbf:ﬁﬁﬁﬁﬁb n:uy)%ﬂfcﬁﬁ)’)f_
(Supplementary Fig. 20, Supplementary Table 25),

D. Z8&
< NaF g8 325 >

AHFFETIE, NaF % 100 ppm (F-& LT 45 ppm) & e
WiA A KD 7 o FIRFEI 44 ppm & HIE S, A
#%THAORETLETH T, 7 v b~ AT 100
ppm @ NaF (ZFZEH 0 HIRER . HEOMREME s £
AVCBEET 2ITENEE 2~ T HEDN W 20 d D5, L
L. 26O T, HEWC @3 ~DmE eI
WE I TR (Li et al., 2022; Sun et al., 2018;
Shivarajashankara et al., 2002), NaF Z#F4E#1 1 H B 225
iRt 22 B B £ TR FIZ 20 ppm TREGIRE T 5 &
FEMWII 0% 30 H B £ T, WEd4E% 30 HE T
RE L INERE D L A% 20 HE L A% 30 HHE TF
EYIEEDNH] X472 (Kumar etal., 2020), LU, ASHF
%T“li\ FHAZY NaF 12 30 ppm & OF 100 ppm @ F £ Tl
% LT RHEIEM O FRKQE N/ T A — & 0k
INT A= BT BE 5 272> T2, BEWIRF, NaF
ﬁfi%*g@ﬁ%%ﬁﬁmﬂ WD HNTZDHTH -
720 WREMIZAER 77 B B OHIR T 30 ppm TOHME
BEOWMEZR LTz, ZIVDOREENS | AP0 LR S
Ik, fBRKHIZ 100 ppm £ TO NaF IR 417 -
TH, REWCIREMICI &2 m R b nZ
LR E T,

ARFZEIZ I T, 100 ppm D NaF Bg#iL, %21 H
HIZIRW THERLM LSRR D 5 5 GFAPHlf & SOX2+#H
BB VAN S 72, MRS O A =~ FClL. GFAP*
AHAEIE type-1 NSCs Td b, SOX2HffifdiX type-1 NSCs
& type-2a NPCs TH ¥ (Garcia et al., 2004; Zhao et al.,
2008), 100 ppm @ NaF [ZHEEFLIA OIS EIRFERE TREIC
type-1 NSCs & type-2a NPCs Z N S H72 2 & DV/RIB X
Nz, Fo. BRI FNICHEBRE TIX R0 o7, =
DD DCX i, 372705 type-2b & U type-3 NPCs
& AR FNIEDRL M R 0 B s AR ARV 3 5 ) 2381
22 X7z, TBR2 R, 72405 type-2b NPC <> TUBB3*
MR, 97240 B AR BRI DU AL A I 2 & 75> fa
(Hodge et al., 2008; von Bohlen Und Halbach, 2007),

5 OFERIE, 100 ppm @ NaF B 3BT type-3 NPC
B ST ATREME A R LTV D, £ 70, BEFLEIC

T % type-1 NSCs & type-2a NPCs D HEANIZL, type-3 NPCs
DN KT D REIE T o D TREME SRR S 7,
SGZ DOMBADHIE L 7 R b — 2 AL Z DR TITR
T T2 o 7o O T BRI REE I O 2 b DAL
IXBEFLRTO NaF BEEHIZAEU7Zond Lty @ik
[FlIZ331F 5 NSC 52T & 5 Nes (Mignone et al., 2004).,
TBR2 % 22— K% Eomes (Mihalas and Hevner, 2017),
NeuN % 22— K3-% Rbfox3 (Darnell, 2013), KT &
P =Y ZARBEOHT R b= A@IzFTh 2D Bel2
(Leber et al., 2007) D#EE L~LDOENNE, #EEHAED
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PETEICIGE Lo R OB 8 2R L T\ 5, /E

% 77 A B2 2 BRI R i o fe Rk L RO
75>6 FEEH O NaF BREZIZ 2Rk s e rE I I T AR

ZIFETE LTS Z L 75>/Tﬂ*° i,

Nﬁ TiE, #REIFEICIS T 5 GABA (EEIMEITTE
Za—n rOFEM KLY GIUR2 7 V2 2 U EREENE S
AR D G 22 ARRA b HORRNT 24T - 7273 | GIUR2* i 2%
23 BRI A 2 % L7 BIAME, 4% 21
HBIZHB T2 HERZITRD b o 7z, ERAR
.~ U AOWEHITI T D AR A RF D NSC &M
ZilE o2 L 75§%ﬂ§éMTb\é (Yehetal., 2018), =
D 1L, NaF ~OFEH OBREN, MHETE= v FIZ
FU T type-1 NSCs & type-2a NPCs ZHI il S w72 &9
SRR E —ET 5, £#% 77 HEIZBWT, GABA
VEEMENTE= 2 — o OB & GIUR2Y S/ V42 I R
VEB M2 PRI R D S AR AL P AT C U, NaF MR %
DA BEREITERO bR o7, LirL, CALB2 %
22— K95 Calb2 & RELN % =2— K92 Reln Ofiz5 L
~UI NaF BEEE L 2N U 7=, Bik[ElD CALB2ME =
= — 1 T oIEIYE GABA {EEIMENME= 2 —1 &
FIASHE L TR Y (Gulyasetal.,, 1996), £7- Calb2 /
777 b~ A% SGZ D NPC B{5l &2 442 Z & 23R
ENTW5 (Todkaretal., 2012), F7-. RELN & 3&Hi4
HAAE= 22— |3 type-1 NSCs DHITE Z i+ % = &
725 (Sibbe etal., 2015), £ 77 HBIZBW T b
72 Reln OFBUK T 1L, 4% 21 H BIZE1T 5 type-3 NPCs
DN T D HRRIRFESOE D —FB NS LALZRWY,

ZHNETOWZEND, WHIZEIT 5 NaF FFEriRE
PED AT = XX, BBEA b LA RRAE, >
AAVEDZEAL, R b 2> KU THSRER & OB 5 03 R
STV 5 (Bartos et al., 2018 ; Ferreira et al., 2021 ; Yang
etal, 2018), flx X, FfKZ » MTIIT 5D NaF BEEIL,
MEBICBWTRIENEY A N A v opieEIrsar
T OIEHALZFERE L, Z U E > T F 7 2 A MK
T3 % (Yangetal, 2018), AHMFFETIL, LA b L AP
HWNT X — 2 LToRER, NaF IR#R 3% 21 B A
23T D EikE O MDA JREER> GSH iR i & 2k S W72
Moty LL, A== F L RPALF—F 1 &2
— N+ 29 {LE{E 1 Th 2 Sodl (Sikandaner et aI.,
2017) OEREFEY) L ~L1E, Z O T NaF IRERIC
DART L7z, 246 OFERIL, NaF g 73>#Mh%1ﬁﬂiféé
apE L A N AT 2 ER R RS
ZEHERELTWD,

PR RIEBIEL /N T A — X Zfih LTk, 4% 21 H
H1Z 100 ppm ¢ NaF [ZHEEE L7212 Clk, sfREIFIER o
70 7 ML OB R Bl DO RIEPEY A B A B
BT DERFFEY L~ )BT e o Te, L, £
77 HEIZHWT, 100 ppm @ NaF (X CD68*I 7 11 7'
T OENITR B R 5 29T, CD163* R 7 v /) 7T Ok
NS H7-,CD163 IXEHEfbsh/i-M2 I/ m s U7
SR~ a7y =V ORETH Y IRIEEHERT
% (Zhangetal., 2012), CD68 (XiEME(L X417z M1/M2 <
7mﬁ)7&$%77ﬂ77 COMGIZHBT D
(Walker and Lue, 2015), = & 5B . AREFZEICEBIT S
CD163+‘7n7)7@t%Dui AR 21 HHIZ &é@&
fEA K (236t D MEFIE D HEINT k3 2 B &



LC, SIRIEREOFEZ R LTS, I BT, £k
77 HEHTIX ML AIRIEMER 7 0 7' U T k- CREEAE S
NDRIEVES A S A VBB THD 116 DEGHEY L
~ULOIET (Tang and Le, 2016) 23EZ &AL, RIEMEK
I & PURFENE SIS O FIZAER T 288772 A A
VIBIRTTTHD 118 DEEEFEY L~V D EHNEIE S
iz (BT M2 BUIFTRIENYER 7 v 7' ) 7 i b % 5]
L Z97) (Alboni et al., 2010; Tang and Le, 2016), Z#1
D OFEFIL, Nes & Reln s OFHL EFIC X 5%
Ri#Z Y R— b9 DH720Ic, £ 77 H B THRIERKS
DFEEINZEERIELTND,

ARFZECTIE, 100 ppm O NaF BgEIC L v, A% 21 H
HIZ3W T ARC AR AREL 2SN L, Ptgs2 23%
BlEH LU, Arc & Ptgs2 (X bic, HiE==—r> D
T A ARVEIC BRI BE T A IR T h
% (Nikolaienko et al., 2018; Teather et al., 2002), Z i1 5 D
FERIL. NaF BRI X - Cah &7z type-3 NPC O
KT DRAEBOE & LT BRI B0 5 >
TAREMEDS N U7 FREE KB L TV B 000, L
N2, 26 O RIS T BRAER TIXR - 7223, 30
ppm @ NaF BRFZI34:% 77 H HIZHBWT ARCHIll &
COX2* sk 2 M S 7= 2 L d | T D IXBERLEIC
PN ST AR AR R D AR RFE SR DGR & L
THOLNTEEALTHD Z EOIRIBEINT-,

Bt DA TILL in vivo TO NaF B IE~ 7 A Diff
Bma—m B W TR IR L. I b2 R T
WREZPRET D Z LRI STV D (Li et al., 2023;
Xin et al., 2023), A% 21 HEIZBIFHI b KU T
OXPHOS ZB:E# 3 2 R TR BLAICBI LT, A58
T3 100 ppm @ NaF I2FEIC L v | FERSIEA IR TH S
ATP A RkFE# % 2 — K95 Atp5flb (Koopman et al.,
2013) &, MERESHE A EROMERER THHa NI RT b
KerF—eEasHY~7=2=> D% =2— K3 % Sdhd
(Koopman et al., 2013)3 ¥ HBUK N &7~ L7z, 12, 100
ppm @ NaF (X, fRFERREE O WIHIBE THRRET 2 ~F Y

X —¥3%a— 925 HK3 %I LA 87 (Wilson,

2003), —MxIZ, MRS AN A 2 AR D T2 1T,

AR R EE SR DA Al AN — T D e SRRk i A R e
BNZRIAT 20, b7 7/ o =0 Ul E AR
THBILHREA~ERB T 77 AR T b T 5
(Flores et al., 2017; Folmes et al., 2011; Gu et al., 2016), =
ORFT 7 ME. NSC 225 NPC ~DOBATIZHEETH
%o V2TV RNA —2r v ARFFECIE, AR NSCs
725 NPCs ~DIEMBAT DY B IT I\ T, fRhERiE
5T OFBLBEL L, OXPHOS (2B 59 5 s 1 D%
BN EAT 5 2 &R A Sz (Beckervordersandforth
etal., 2017; Shinetal., 2015), fit-> T, 100 ppm ¢ NaF ~
DIEZERINEFE 1T, BEFL I O RS A LR IZ BV T R
ka2 R U 7R SHE S ROMGIZ2FHE L, 2 O RA
U5 by RU THRE RSN R RAEICB T 5
type-3 NPC D EBE L T D EE X Hivd, ~F Y
X —1 3 GRS A, A% EERILIRE £ T,
WS R ENC —@B I BT 5 Z EBHE SN TN D
(Coerver etal., 1998), FiET DIMIZI 1T 5 HK3 D& ENT
FIEMFE STV RWAS AAFZEIZE81F 5 100 ppm D
NaF FEEE 1% D Hk3 OFBIEINIL, OXPHOS 7> & fifhi %
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~DORHL 7 R 23, type-1 NSCs } Of type-2a NPCs D f¥;
BRI MR 2R 2 2 L 2R LT 5,
LnL7e2 5, OXPHOS K OMHE BEE AR D FEBIZ
fbix, A% 77 HE T LIEPBIE SN o T,

<AP IREER >

AMFFETIX, % 21 HHOBAMICBIT 27 > o
Mg T3 N T4 Lov o &I BEHE L 72 b 23 Bl gz &
iz, L L, BEURIRARVE UAEOWD OFLEE X3k < 72
<, 300 ppm BECIIREI A BEEIIE LN o T,
KRBT, ABIFSE CIEBEFLE O R BIE A3 300 ppm &
1000 ppm D)7 TRIARBIZIIC K W B 60720 | Jiset
FEAR 20 FOIR AR e R M@ I pl & T 2 A R
DI OFABAE & BIEE IS BT D FENIC A B
AL ZAE ST, L EORERIT, PR RER ME D21l
VRIS BOR IR AV A LD b FRIR B B A A
MrCRVBONIRD Z L a2 LIRoERINT
FILONELE L —ELTW5 (Akane et al., 2022), i
HOTSH il 520 U 72 BRI A 1 B R o> HEFR TS 1
OB L TIE, Fexix AP BRFE4IC PCNAYEN F
Femiati o B FR /e N 2 #8152 L, 1000 ppm Tl
MEHICAE CTh o7, IO ORERIT, HEWO AP
WE#E (300 ppm KL L) MAHURIREEREIR T 2% L2 &
ERELTWD, UL, APBRE L&MW clElE sz
PIRR B K OV BRAR AR 71O 72 BRI O 21 E 722 © ONTIE R
R OBEFETE O BT, BRI (% 77 BHH)
FTITIEHEL Lz, 2D OfSRIE, IR b & O
FLEIRHIHRIC AP BgEE 2 k32 & | BRI RO Rb R
KTIENWRT D Z EE2RB LTS,

AMFFE T, BEFL I O BB I 3\ TR R A
T % S AR L PRI R HT L 72 & 2 A 1000 ppm AP i
#% T GFAPHHIAE AN L, SOX2H A5 73 Jait e 1) 1 =
HDHZ &, F7- 300 ppm LLET PCNAEESE SGZ ik
BT 52 ERH LMo 72, SGZ Tld, GFAP IE
type-1 NSCs C%El L (von Bohlen und Halbach, 2011).
SOX2 I%=1Z type-1 NSCs, type-2a NPCs, &N < ¥
O type-2b NPCs THELT 5, fAHIZI W TH, GFAPY
type-1 NSCs D213 1000 ppm AP B IR EMWIZF\T
Fife L7122 &6 AP IRERIT type-1 NSCs 245 & L
TR A D FFGE ) 72 i 2 AT E CREF LTI 2 &
DR STz, Fex OLLRTOMFETIX, 7 v M & vz
PUHIRARAI D A F~ > — )L F 721% PTU ~O R g
(2 L DS FLIR I RB A T L, BEFL I DN EE T IF
|Z type-1 NSCs, type-2a NPCs, & U\ type-3 NPCs D#5%
/> &7= (Shiraki et al., 2012, 2016), ¥ C, FAIC72
2Tt type-2a NPC O IR HT 4= » FITFE > TV
7= (Shiraki et al., 2012, 2016), ZiLH OPFTRIL, A EID
WFFRIZ 31T 2 PRI R AE 2 k9~ 5 36 E W T AP IREE
DA T R IR BRI NE & B LTV 5 AR
PEZRIEZ LTS, LavL, FEEM O AP BEEEIXHEFLIY
® type-3 NPCs DHUZ W TIEI M Lavr S 3, 2
DIRf LT OFE R R IR REIX TE TiX 2 @ NPC ££H]
OHLNRBELERLEZ EEITIXHRAITH- 2
(Shiraki et al., 2012, 2016), 78 /) 7 HURIRAEREAR T IE 23 4
DEEICHEEE X DR ORERIELZ S &k 7
ZENMBINTEY (Gilbertetal., 2017), Fx O LIFTD



IR T, BF KOO ERIEZ 5 i 23 62072
6 T 1 FDR IR RS REAES T 23 VS O AR T AR I B A
[E4Z & % B LTV A (Shiraki et al., 2012, 2014), L 7>
L. AHFZECRa LI HETORES O AP B TIL,
BEFLIRE £ 72 TR I 3810 B BB O R BN E & 4
I &B 72 h o 7= (Shiraki et al., 2012, 2014, 2016), ¥ &
D> AP BEFZIZ L > C type-3 NPCs 288 L7a7»» 7= B
HIZARITH 205, fLHRARIRARVE AREEA SGZ IC
B 5 type-3 NPCs D ffiffaBhfE I Z 2 % ) IE 5 72 DI2 1T
M ENORENRSH D LHEERIN D,

OL R DAL ~DFEEIZ DOV TIX, ABFZE Tl
300 ppm LL LD AP BRFEIC K 0 | BEFLEI O B EI P IC
F1F 5 CNPase il OL s L=, L»L., AP g
¥213 Z DB STl NG2* OPCs <° OLIG2* OL Filtffa
AL IH9 . CNPase* MIRE I X AR L 7=,
oz ki %%@@AP% ZONBEFLI O OL SRREAMI
DR AA — W L7 2 E &R LT, L L
RIND Eizﬁxﬂﬁ WX EEMRR A (MR & BT DRk
WOEEE AL D) O FRICBE L2 23 852
SNTc, ZNH ORI, FEW AP IREEIC L - TR %
I D BEFLI DR OL DA 23, OL FSC A 73—
PET AP IRZEIF IEZ IZITHE LD b b b, ik
ERHICHBIZZ2 572 H ’%ﬁﬂf‘i%ﬁk@@lf&;éﬁ EME%
RIELTW5, HlJJiFO)JE 9 2. 7 v NOFEEH O RRER
FERBA TAE X, KAMEZE I D CNPase* ik OL %5 & ik
2L A b R %I%{HZ/)\ &4 % (Long et al., 2021;
Salas-Lucia et al., 2020), i 6 DOFERIL, 7 v FDFEE
H> AP BEFZN OL RO —@M oMk Z#8 | =& Z L,
AN O BRI ARICHE RO W= Z L2 RIBLTEY |
ZHUET y FOFEEMIHFIRRAITH L 7 e LT
F TN (PTU) RA F~ Y — LgE#ET 5 = & T8l
T Z &5 FIR ISR IR TREIZ K DM~ 52 L [F)
RThHdEBEZDONRYTHD (Shibutani et al.,
2009;Shhakietal 2014),

AT T 1T 2 HREIFTE O GABA EEMENTE= =
—u OFEM & ERMIEIZ OV T, 1000 ppm D AP
MR I XEEALIIC SST M HE= =
flL> GABA 1EENEIT{E= = ~DV®%%HEGWT§
AN L Z OB TIEE L Lo T2, iR

SSTHME= = — 1 > OO E e L . ax*fu

= —11 > O 1000 ppm THEIN L 72, %E‘J%E;HEF'%H%’FA%

HEIK MAEDY GABA 1{EEIMENTE= 2 — 1 v OFKEMIC
;’tﬁ"%’iﬂ ZOWT, FexIZLRETNIZ. PTU ~D3& %,ﬁ;ﬁﬂﬁ'e
B BRI ES ETT v NEEWOHRREIFTEIZ BT
% SSTM{E==a—u v OHOFHGMEMZBE LT
(Shiraki et al., 2016), HIREIDIIE =2 — v NIBIT D
SST OH#BUL, FAE/ R & OMRRFEEFIRIES, BB
ED BRI L > T/LET 2 (Tallent, 2007), #IR[E]

FHER D SSTNME= = — 1 o ORI E L B 5k
BAENLTVEN, HiLOD%&iT I, #IREIFEERD SST*
NE==2—n8a | ﬁém/b*ﬁﬂaﬂ%ﬁkﬁl%

(PDGF)-BB @%%fﬁimbmx WS ARSI B 1T 5
NSC H85ifi & FiA = = — 1 OBRIRZEE Ok 2 BN S
D ENAHESNTWS (Lietal, 2023), ZiL 5Dk
HiE. BEAH L A O SST M fE=a—r 2Bt b
PDGF %# 4 L7-3 7 F L DIEMEALDS . BEZLEI 26 0

— 1 AN S TN,
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type-1 NSCs D Fiferis | iﬂ“éﬁf‘%}iﬁi & L“C@K
AIREME A R LT D, IARIC R 1T 5 CCKMTE=
— OB LTI, Wﬁ@?&ﬂ:f\ GABA 1/@5
M =2 —a b0 CCK o mMman, 7 a 3
VIR A S E R T RETT A ha A R OiEME A
ﬂuéﬁé & T NSCs ORI AR AT 2 & AUR

B ENTW5 (Asrican etal., 2020), FEAESICIZ, 7 % b
mﬂ’ ks OO, IEHEAL 2R T SR Kb, HD
U Cek2r O3B ERITEE SN o 7203, iR EA I

BITS CCKMMIE=a—a ok, LSO
type-1 NSCs O FHGEAII x5 2 RE R 7 e SOG C
D AREMENIER T X B,

P4 I XLIRT, EBRINTFHR U 72 S BRI R T
JEZS, BEFLHIC RELN* GABA {EEiENME =2 —1 > D
BAEMSE 52 & &R\ L (Saegusa et al., 2010;
Shiraki et al., 2016), = = & (X, ABFZE TR S 725
W AP BREFR% OBEALYIC RELN'NME=2—1 D%k
BB 72 DRER L I3 R CTH D, LIRTBE L7 L 9
2 FEEH RS RRIR MEIC Lo TREE SRS RELN
7V O, type-3 NPC DI % TR 5 72
R OB B 2 R D REHE D Lzhrt.cu\
(Saegusa etal., 2010; Shiraki et al., 2016), L7>L. Riko

. FEIEW] AP BREE 12 OBEFLINZ L type-3 NPCs @
ﬂt iﬁﬁé’?éi}’bﬁf)\of_oﬁEO’C\/\@@%%ﬁ*ﬁ:’C
RAERERE & L CDRELN ¥ 7' /L% AP BEFRIZ & o“C%E
Lol EZLND,

FEFEINTERINC 3 7 FRZIE F 721X R AR
THEAFHEHETDHE. 7y MK =2 —a > (WREIERL
Ml ZZTe) BV TREEME® (LTP) MEESN., ¥
T AR EME DR T & D I IR 1 EEY DI EBLD
J&9"% (Dong et al., 2005), F&x (XLAATIC, FEEEMIC
PTU #IE#ET 5 &, BELBICHS #ERENC B W T T
7 A AR B D S HIEAR - EEM O ARC F 721
COX2 Tkt U CHE Rk S B 2 7~ 3~ BB
NPT % = & A3 L7z (Shiraki et al., 2014,
2016), AWFFETIL, FEHO AP BEFEIZL Y | BEFLY
@ ARCHlARE T A EKAFHNABR Ao L7223,
DT AR B EFERE & 2 X D S KRR
B 72 B PER R I T2 L L e v o T2y T B DFERIE, F
IO AP WEFEDS | FE ] F R IR REAX T E D22 & B
H LT, ARC ZIr Lz 7 Am[iM 2kl L7-2 &
AL TW5D, SREIOMETHERTEIE, ARCHIl
R B DM 23 AP IR FZ % AT E TR e 2 & T
HY . LRANZ R L7z PTU BBEBEZ IR S
7= ARCHH@ Xk OIS COX2 Atk DAL & 1 87
TV 7= (Shiraki et al., 2014, 2016), LLETO#HAAE Tl
JeAEW 6 HEMDA% 30 B H £ TOMEKIZE D AP
DI EHEFE L RIRERSC BT 2MWHEDO 7 4 —/V N
MIZBITBER—=ZTF A D F T AREDWDHR &
L7z (Gilbertetal., 2017), BHERZ L2, X=X T A
DT ARFEOWIE, 30 ppm OHEALHE L ~Lh
B KA _Eﬁ é?{bfb\é (Gilbert and Sue, 2008),

T3 1% OL Rz BT 2480l b AA » F OEER
WERFTHY OPC ~OERIZ L v Ml E oK T
Lok & REd % (Lee and Petratos, 2016; Pagnin et al.,
2021), F7z. OL FEAEDOEMITIL, T3 (Tmi&nfb & &



BRI H B 5795 (Younes-Rapozo et al., 2006), ik
DX DT, RBFFETIX, FEY AP RFE A KT L72BEL
B, VRS HRIREIPER 2 35 1F % CNPase* i3k OL A3
52 EEALIZ LI, BxdLIEL, 7 v b OFREEH
D PTU BRI L 2 FURIRBEREAR T, E4% 77 H BT
R U T KIS R 23 T, CNPase* il OL 2337
LTWDZ EEBIZE LT, AR T, M AP IREE
ZAET LToBERLIRE L BIREIFTERIC 381 % Olig2* OL &
REHA B AT R S e o 7273, NG2 OPC i34
s AEEmABE SN, 2O OR B, HER R
RILE L LUV DAY OPC D4 b Z2MfI L. & D
B, OPC DENHEZ ., — T, mEH& T# D OL R
JREE A 2 7R LT TREME 2 RIE L TV D,

FUR IR REAR T E I X 2 3B O I~ DBz D0
Tix, RBEHO PTU BRFEICX Y 7~ b OWEE TRRLA
FUARFEEIND Z ERFESN TS (Cattani et
al., 2013), L2 L. AWFFETIL, FiEH DO AP IRFE%,
BEFLI OWEEE O MDA J O} GSSG/IGSH L ~LIZ 28kl
BlE SN oTo, o, BERLENZ T D kA OFTEE
(LR BB PR LEEE OB B TGS EY L~ L DO EAL
LB SN oo, TS ORERE S | AR TR
L7 & T, BENO AP EBERICH OBt 2 b
LV ADFENRIRNT EDRIB I Nz, ZOEWE, PTU
& AP ~DIRFEIC K > THE% S5 FUR SRR TIE D
I DEWIZE DO LiLZey, Cattani & OHFFE
(2013) T, MiEFHD T3 LN T4 UL DD DR E &
6T LT AHFZE THIV - S8 H 00 AP MRz & Hoig
LC. FEHD PTU MEFEIZ X > Tl Bk IR
TRENFEI Stz S C& B, ARIFZE TR L 72 BRMb
AN VABEEETO OB, Gpxl OEREFEY) L)L
FEEM AP BRE#OA% 77T HH TR T L7z, ZOfE%
LA b L RIC T DD A2 Rl T b
LRI Z L B ARETH DA, Gpxl DIEHELE(LD
REIP/PSNWZ & MOEE(EA L AR T XA —F
B SRZAER RN &0 6 Z DBIG T I EZEL
OFEFHERIIENEZZOND,

AR O & 9512, AElORERIL, HEM O AP g % &
T LB EIC W T, BERMERFED 9 6 type-l
NSCs & type-2a NPCs 2304 L. AR L > ARC
A LTc o T 7T ARMERIS S D Z L 2R LT
W5, Z O E T HRIRENC I T Efnb3, Vegfa, Ntrk2,
Arhgef2, Robo3, Gria2, Gria3, Grin2b O FILHE A ]
£2 X741, Robo3 OIEHBINNITAR% 77 H H £ Thil 2,
Efb3 (2=~ V> B3 VAN KEa— KL, TOZHEIK
EphB1 & & IR ICE T D NPC D5l & B Eh % 1
AIZHI4E LT 5 (Chumley et al., 2007), Vegfa (&ifi%
WEHEHEIN - A 22— R L, SO E= v T
B 5D NPC DOHEFE % i C & DRI 72Z BIRZ R
UH e RTHD (Jinetal, 2002), Ntrk2 [TFHFEEZ A
KFovr¥h—¥2&2a— KL, WML, &
b, > 7 A RTEANE | AR A A SN S D A ER SRR
KA K DR RN R 2 I35 (Qian et al., 2006),
Robo31ZT7 U KT NN A XU AZRKRIZa— K
L. HERFHE i 2 f 52 2 N TE D
(Pak et al., 2020), Gria2 & Gria3 |% ) 7 A W[4 B
43702 I 0AF ) ba ey 7%/ AMPA 7Y
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7=y F2FERIFIZT— KL TS (van der Spek
etal., 2022), Grin2b |%, WD N- A F)L-D-7 AT F
VB ERRO FERHEHY T =y hEa— RLTE
D B RS RIS R A R ESHR TH D (Shipton
et al.,, 2013), > T, 4tk 21 H HICE T 5 ERLHEN R
REIZ IS8T D NSC DR & iAERI AN 0 3 J 7 A vl 3
PEDOWIFHI DLy A T = X LI E NI TE 2o T2 M3,
Z OEEATO Efnb3, Vegfa, Ntrk2, Robo3, Gria2, Gria3,
Grin2b OFEEHINNIEL, type-1 NSCs & type-2a NPCs D
B 7 ARBBYE O N 3 B ARUE S O AT RENE
DFERTE 5, £ 77 B H T, type-1 NSCs Db %
R DB FRBEITBIE SN2 o To, ZORER
Tl&. Robo3 DiffkfeHY7e R HL LF(ChNZ T, Notchl &
D4 DERE L~V DB LA NBIEZ I, 2D Z LI,
NSCs Dbzl L, Rao(REBICHERF 92 Notchl
v 7} /v (Ohtsuka et al., 1999) M3 2 = & T, type-1
NSCs DAt 2 fRUBESILZFHE L TV 5 ATREME A
AR LTS, Nes DFEH LH 1T, ZORERIZEIT S 2
DODREIIEZTIT 5 D0E Lz,

<IMI IR FTER>

ARRERIZF T D 750 ppm O IMIBRFEIZISE LT,
Z v MIFEIRF OB EORD . (RS 1E L5 3
DEKREOWA, BILORAMOE 2 L5 3 HOE
KEDORDZ R LTI, R ~DIREDLEITONT
1£.750 ppm @ IMI BgFE 1% | 1EVZBi%13 PND 9 7> 5 PND
2L 2 TIRER A L, 20%BEIE L7z, L,
FRE 0 BB DAL TeF OO TENC B 5 B KRR
HiEiFBlE N o7, o T, LFMEORRIC
4% OECD #A KTA > GRERE S 426 : JEEp#E
FERER)  OHELEIZHE (OECD, 2007), & EEfRRtTE
HEHRHT-0oRBAEL LCix, f@Ef 750
ppm @ IMI A REENY) E I IXRBIIC DT R A
IR RYekEHARETHD EE X DN,

ARRBRIZE T D IML OB ARUE S iR T A=~ D 5228
[ZOUV T, PND 21 @ 750 ppm (233 T, DCX* Hifia
Bk LY TUBB3' fllfa#k 237> L. Dpysl3 &5 K Y
Tubb3 DFRBUK T & fE - T =23, TBR2® i
BB 72 7o T2, RS SR O BRI AL R TlE, DCX
X EIT type-2b HHRATERMAE (NPC) 2D A RSHET
I~ D 3 bt DA RERLHIE F COMAn LR TR B
L TCTwW% (Kempermann et al., 2015), TBR2 |X type-2b
NPC CT¥ 5l L (Hodge et al., 2008), TUBB3 (#7 L < 4=
B S IV R Ry % O BRIl O~ — 1 —Tdh
5 Z &5 (von Bohlen Und Halbach, 2007). 750 ppm @
IMI B 1% | type-3 NPC 35 X OVE 56 7y 2414 O AR 8072 B kT
MRS L2 2 LR &z, ZOHBETHIERS
L7 SGZ @ PCNA* HFEHIFE Db &2 BT 5 & |
DCX* i ds L OY TUBB3* il DX, k%o
NPC O EFHIMHENZIK T 5 L E 2 BN D, LA L.PND
21 5 IMIBREE 2 H ik L7=1%. PND 77 OAHIZIX
DCXHHIILE <> TUBB3SHIIELER %3~ 5 Fifet 72 2
BIIBIE SN o7z, XTHRAYIZ, GFAP* type-1 NSCs
& NeuN* B4R 2% IR OB, Z ORFAT 250
ppm LA BT L. 750 ppm TIEk[EI O NSC ~— 7
—if5 1 Nes OFBUL T &L Tz, TUBB3* #lilla



DENEBN L2 o722 E2EET 5 & IMITHER O
PRI AR 2 eI B E L, UAIIC 1T 5 type-1
NSCs & R AL O & 5 & 2 U7z Al getEn
Hb, 52, 750 ppm @ IMI (ZBEFE L7-#%. GCL T
1372 < SGZ TTUNEL* 778 h—3 A DE A I L |
Wi~ —7% —Pcna & HLT R b — RZBHES 5 Bel2ll
ORBULTONBIEINTZ, ZNHOFTRIE, 7H Fh—
VAEFHE L, HHAMEITH Z LI2X 5T, NSCs D
BaRH»EED IMI OBIENRZ "R L TWD, S
DR AEICBIT A =2 —0 L OSERIT. F
SHHETIIR 7 BRIDND O T, ARENVERGAD O
I, R = = —a Uil T — b DY 7 b— MT
L£D5HDTHD (Kempermann et al., 2015; Kozareva et
al.,, 2019), L7273 T, PND 77 T8IZ S 7= ik B k:
O 1E, PND 21 T type-3 NPC & A EFERT Al iE 23
WAL Z LK DBIE LR THDEEZDDON
Y ThHD,

KIEVE R R EO—FETH 5 reelin 1%, B RED
PR A I BB L TR IS /0419~ 5 GABA {EEh I 7E
Za— LWL, RO, sk, B,
il % B TP BT A DRk 4 7 Jey T CE AR AR A KT
LTW5 (Pesold etal., 1998), EERAYIZ reelin % KK &
w5 &, AT T RN D% & plaE FE MK
T U BHRZSE DM S 23849 % (Lussier et al., 2013),
S 5T, reelin ZIEEIE N HERLS & NSC Do EAEIL,
KA =a—a U PREDT L ERRESNALTVD
(Massalini et al., 2009), 4 [EIDOAFZETIE, 750 ppm @ IMI
73 PND 21 O #REIPIEIC 3517 A RELNY fifE==2—1
YO EREICWY S, Lo T, PND2LI2E
% IMIIZ & D RASERI AL & type-3 NPC Db 1%,
reelin > 7 F MGEOEEIC L > T EEZ SN A
SKRTHBED B D NPC O HEFEIN ] & /3L IE 2R K 35
LEZ N, 52, MWEITFEE LB O L
LA mEELAAE AR L TRBY, UL EIC IEG
DRI 2GRN ORISR L HT 52 Lok o4
AR oo AT VM IR AE LTV 5 (Minatohara et al.,
2016), ZALETOWRET, T 7 AL APEEOHREIC
reelin > 27 F VN EEREEIZRIZL TNWD Z MR
STV D reelin 3RZF 25 & reelin K171 ERK1/2
U VAL DB S 4L, F ORGSR, A REHIAE TlX FOS
X° ARC % & 1 ERKL/2 IKTFHED IEG ¥ v /3 7 B DF B
DI END LW I HERH S (Lee etal., 2014), AHF
ZEClE. p-ERK1/273 KX OY FOSTHERIFMIE O FUL, 750
ppm @ IMI B2§&71% O PND 21 THEIZHA Lz, WS
T, IEG ORIBUK T IX, Y KKK, HrariebagidE, X
RIS AT T 2 M2 ko TR T X AEKT
M BT8O B % © 7= © 97 (Minatohara et al., 2016;
Murray et al., 2021), 750 ppm @ IMI BE&E#% . BEFLEIC
% RELN. p-ERK1/2. FOS \Z# i #HAkAL 00 72 Bt
FAE DD & 3047 L CLPND 27 12 Y K& D H 3 #948
BENPAETIERORDTNUE T 5 2 ERERS
iz, L L. BEWIZIZ. reelin & 77 UiniE L IEG
FEIMNEIE L7272 IMI BRFE T SUIR R ST 7
A NDIRTG A—=BRIZEEE G2 o Tle, ZIUH DR
Kb, BEALSH O IMI R TR (750 ppm) (23801
% IMI 3D reelin & 7 FIVREDOREET, Z OERE
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(2B D BRI D > 7 A AT o4 & b BE L
TWD ATREMEDS R STz,

PND 21 {2 IMI BEE & 52 1 7= IR B2 3 W\ O VRIS i
HIE D RELN*ME= = — 1 U AT 2 BAREY 72 B
BEEARHATH LN, TP =T 4 v BT
AL KT e — 4 —BA O A F kD
Reln FBUX T O—KTh 5 WJREMEZ RET 2058 &
% (Grayson et al., 2005; Qin et al., 2011), NFHHE & LT
HHAL, RIELCE(LA bV AIREZFHET 5 HIRLE
ROFRIILIEMEACIR FTH D U R EFE~DOHARTE -
TR OBREEDS . WEMW OS2 1T 5 RELNYY
fEma— O EFE L E2@E LT D
Feh3d B (Nouel et al., 2012; Ardalan et al., 2022), L 7273
S T AT 5 RELNYITTE= =2 — 1 DO,
IMHZ &> THRESNIMHRRIEIC LI DD THY | £
D% RIEREH PND 77 £ TICIEE L-ULICR S & &
HichE Lz EHERI S 5,

AHFZECTIE. 750 ppm @ IMI BEFE A PND 21 & PND 77
D5 THIREID Chrnb2 Z R BUK T35 Z & & f e
L7, MEOMRIREME=y FTlE, ==2—mr 3 FEIZ 2
MEO=aF U {EEME 7T ra ) U RIK,
a7-NAChR & B2-nAChR #EHL L THY ., ThEh
Chrna7 & Chrb2 2k > Ta— RS TW% (Hogg et
al., 2003), Z# B X = U AAEENME S 7T S < pk
BrAEOHEICEE TH D, HIZIEX, Chmb2 /v 77 v
h~ 7 AT, MR AEMEOEENE LK TT 5
(Harrist et al., 2004), L7=73-> T, 750 ppm @ IMI &%
% @ PND 21 & PND 77 THIZ &7z Chrnb2 DR BUK
TI%. PND 21 @ NPC H4%E & PND 77 ¢ NSC O
HIZBEG LTV D a[REMER & 5,

AT IT 2 7 ) T ML H A~ DB DOV TIE,
750 ppm®DIMIiL, PND 21{Z8 VY TGFAP* astrocyte s L T
Ibal* microglia/macrophageft Z M &, b a3 —
K3 2iEfs T (Gfapds L OAIfl) OEREEY L~ % |
5 &4:7=, 4 ClImicroglia/macrophage DiE AL IZ A —
ThY., 2200MKTHRIBICHFHTE S MUTHK
JEME, M2IZBIRIEMETH 5 (Okano et al., 2022; Klein et
al., 2018), AHFZETIL, PND 2LIZRBWTIEME(L L7=ML
B X O'M2 # A 7 @ microglia/macrophage % [ B9~ %
CD68*fifia > %iE. 83 ppmbl L DIMIBEFEIZ X - THIM
L7-, —Ji. CD163* M2% A 7 ®microglia/macrophage
OFUE, IMBRFEL TRHZB W UIEB Lo o7z, 2
o ORERNS, REWOIMIBRE X, RIEAETH-
T, BRFEK THRFIZM1A microglia/macrophage % 7% 141k
THZ LI Lo TRIERIGEFHFEST 52 LRI
2o Z ORI, 750 ppm @ IMIBE & % . M1
microglia/macrophage(Z L > TFFE I 520D EH R
JEPEY A N A BIETFTH D6 L TnfORBL A & —
L T2 (Tangand Le, 2016), f > Z—nr A1 > (IL)
-6 L TNF-aDZEHL 513, NPCOEHE & /ML DOIR FICH
H.LTEY (Keohane et al., 2010), ZIHDHA KB A
»[KFA3PND 21 CHIZE S ALT-NPCHAFEINHI 5B 4 -
R T ATREME DS R S u7z, FRRAIZ, 750 ppmDIMIT
N4 & Tofbl DB EH Bl iz, TGF-BLIL, TH M
{kastrocytelZ & > THHE I 419 D HLRIENEIS K OFh#%
RV A N A > ThD (Cekanaviciute et al., 2014),



IL-4% F 7=, astrocyte DFFRRRGEIS ML A FHE ST H 2 &
MTEDLPRIEMET A N IATHY, 2D DORR
FNZTEMEAL S dLu7-astrocytelZIL-4, IL-10, TGF-B% hxH
T 5 AN H 5 (Kwon and Koh, 2020), L7=23-> T,
PND 21 @ IMIBg E #& T B (2 M1 2% 3180 |2 i Lf:
mlcroglla/macrophage%l75\%%% nfn, Z -2 IRF A

F1F A750 ppmTOHOGFAP* astrocyte DHENNIL, #FiE X ﬂ
ToARRRENE BT 50 2 AR GE SO T & D FTREMEDN
b5,

IMIBE R %2 1k L 72PND 77 Cix. # kAl GFAP?
astrocyte & Ibal* mwrogha/macrophage@éiﬁ IXIEH L
WML . Bl S - CDE8t M1
microglia/macrophaged)iéﬁbﬂ I%750 ppm THfE L7223, &
SEME (111b, 116, Tnf) & HiZeSEM (1110, 114, Tgfbl)
DA I A BT DEFED L ~IVIE, 2Ok
RTHEADT 20, BT 2EmICH -T2, ZOFTR
b, RIEVEROS & FLRIEMESOG O T 5 A3l v, ik
K D5 RMET L7i ZEDIRBEIND, ARAFFED
FERE—ET DL 0T, TowEEImAE 2325 T,
IWﬁ@%@%\ﬁﬁﬁi\%m@\ﬁ4bﬁ4/hh
FHRELOMG], B b L 2AOEINZ: & Doz i
HEiE s Twb (Badgujar et al., 2013; Mohany et al.,
2012), 52, 7y FEIMICHBTET D L, BEHO

S\ TINER IARAF L 72 dIER 234 U 72 (Gawade et al.,

2013), —J7. AChB X O'=aF L, IMID FEE/R2E
ZRIKTdH Hmicroglia b Da7-nAChR & FEET 5 Z L 12
£ Y p-ERK1/23 X UMp38 mitogen-activated protein kinase
DOIEMEZIET &, microglialz X % U RZBEFHLEMED

TNF-aE4 24045 = L 23 T& % (Shytle et al., 2004),

L OnAChRIZ T 5 IMIOE itk I B o Fh &
DL IRV IMIZY T DR O a7-nAChR
WAL CTHEBEREZ AT ZENEH IR TND
(Keohane et al., 2010), AAF5ETiL, 750 ppmDIMIMEER
#% . PND 2138 X O'PND 77 D Hi Ik [E] {2 F W C Chrna?

(a7-nAChR%Z 21— R4 %) DEGHEY L ~VIIEE) L
o723, Chat (AChEEERTHH 2 »0O-Tk
FNVET AT 2T —BEa—RT2) OREEYL
~ULIIPND 21C EH- L7, & 512, AChETREITIES C
%ﬁ%m%ﬁéﬂ\Am@%ﬁM*&#TWénto

EEHDOIMIBEREIZ L D AChHEifmlc B/ s b &,
PND 77 COH A ~ A FRBLAIH S 4D O TR0
MEHER S D,

LB X DL A B L ADBIMOHIEL RIS £
SERNGEFER T Z LT EMBEN TV DR,
IMNZZE OHAZREF TH Y | FEIC L > TS E S F
IFERMREN TV D (Wang etal., 2018), AHFZE Tl
750 ppmDIMITIRTE S - HED IR BT, S
BRI OPIERIL R D RE R L RO EE 2R LT,
PND 21123\ C,
Hmox1, Mtl, Mt2a, Gpx4DRHE L~ % EH X¥7,
AZaFFFA - (MLEMRalZa— RERD) &
TNETFEH NN FFH—E4 (GpxdlZl=z— FE
%) X, 7=V NEHEEL, TOAEKERSZ
EICESTBEA LV RIZHISET HZ ENTE D (Dar
et al., 2024; Ruttkay-Nedecky et al., 2013)0 b OEs
FORBL_EFHIT, PND 2101ERIZE 1) 5 MDAERE %

IMUZEE{L A b L A B 5 7-Nfe2l2,
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ST=DDOHBIL T AT LAOE# 2R LT\ 5D, —F,
PND 77O #iIk[a] ¢} \@%@MDAVAwwLﬂL\
Nfe212, Hmox1, Gpx1DHE G REY) L~ /LMK T L TE Y |
PR LRE D INHNC K 0 MRS ORI 5§ 2 Mass
PR EH L TWDZ R ENT,

au#@i:> . ABFZFE I, PND 210750 ppm®IMI
7374k ’7 HIVAT 4 T —H—BR T2 TR
<\ §< @#ﬁ&ft%@@uf:%@%éfﬂiwbm&) ST,
NAChRBIMNZIESZMETH D 2 L 2 BB 25 &, BIIK
T‘réﬁ/l//r?A?‘)r/T\/l/#IMl 77 D Ca?t LA & g
T 5 %E &2 L7 LT\ 5 (Jepson et al., 2006), 1 4> D
Tiﬁfﬁf%Ca“@Lﬁ IEA L AZGI &I L MR
N~DCa% D K72 A iﬁéﬁﬁ&;ﬁ*ﬁ (ROS) Dl %
% L. astrocyteemicroglialZ 33 1) A Nrf2 & & Ak 4%
(Yamazaki et al., 2015), WFZEDRE R, B EOHEITH | Nrf2
VRIEPERE SR PEAE OB 6 L CHRANEF B B A TG
THN, BILA N UVABRRE HICHONTED LULiT
KT 52 &ARENT- (Kanninen et al., 2008; Ma et al.,
2024), IMINC X 2 & VPl 52 e o AR O RE P RO ZE 72 B
TEPERR R D PEL IR RUKF CTH D Z LAV RSN T
W% (Wang etal., 2018), FLEE{LIEER OIEMED £72, IM
H% FICEAFT Iy 7 ICE®T L ERREINTE

. BREBEAHN TSR R T, IREERIC i@r

75%&??6 (Ge et al., 2015), L7=23> T, ARBFEIC
Hémoﬂf@ﬁ@m%@ﬁﬁ%@%ﬁtﬁm
NAChRODIBFEIFFL OFE R & LT, IMIBREIC X Dl 2
b U RIRE DY B 2 KB L TWD D L7,

AR o> X 912, PND 77 {2 750 ppm @ IMI IZIRFE S
7o HRIREICIX, Nfe2l2, Hmoxl, Gpxl D#RGREH) L
VDA LT, 209 5 Nfe2l2 1 NFE2 like bZIP
HRERT2 (Nrf2) Z2a—RFLTEL, @A ML RIZ
xF L CHRD TR MED @ < L AR Zepiie bR ok
A2 ML RCKT DR RGE IR BT D & R D3
Bz flfH 4 2455 K- Cdh 5 (Loboda et al., 2016),
Hmox1 (X, Nrf2 {2 & - THilfl S 41 5 HE R M itidis 1
D—>TdHh 5 (Loboda et al., 2016), kEx 72 Hfil#4 T <,
RN LR LI~ FF 7 —F 1 (Hmoxl 12X -
Ta—Rand) L BEE»S ORERIT T,
TR h = A OR, HIEOSIE, RIEO P & & e
EMFHI T r e ZIZHEE L TWw5b (Loboda et al,
2016), ARHMFFEICEUVNT, Nfe2l2, Hmoxl, Gpxl OFHL
K23 MDA &ffznls o J8e 705 2 LIXFiEN
720, X BT, PND 77 TiE, Bel2ll DR BUK FIfE-
T, TUNEL*7 AR b — AR DO A SGZ THEML T
V7=, Bel2l1 X BCL2-likel Z=2— KL, 2 har KU
TETaT R N— AL R TE NSRS HE A
HOMTREF—YRAZ NI BETHD (BO|se et al.,
1993), &b A ML AIXI b2 v R 7 ORSREREE 23
L., M@z 7R b—T A 2ELS, LirL, Hmoxl %
KESHEDLE, LA NV AFEHRT A b— ATk
HAMROZ N E H Z ENFEH STV S (Lin et
al., 2012), Bel2ll OFBLULFRILA N L ADEME & 1T
ﬁ@#é(%mmﬂﬂjmqoLtﬁof\mmﬁﬁ@
P SR FE O I PE A & PUER LRI O Bl & 1 T b
IR TOPT R =V AZ T E BCL2 I|ke1%
FLET D Z LI2L D, type-1 NSCs DT R b — R &5



MLIEZEEIRYTHDLEEZLND, THHDORER
E. 7y M IMI %579 % L N OHERLREDME T
L. Hi7 & b— R Bel2 OFBLNF DT 25 &9 LU
DOE L —F L TW5 (Abd-Elhakim et al., 2018),
AChE (X2 UAEEMEY 2T LD EER K EE T
bV, ZoEFEEOEIITFITITEEEICSORN D
(Ansari et al., 2012), JEE XM - ZEPEEE (ADHD)
E &b R HREEREDOUNLSOTHY . £H)
PER RS TH Y | WEIZR2ET L Co bk LT
L2 L OREES 2T (Kus etal., 2023), ADHD OJiE[A
FEEDro TRV, FrERMO=a Y e
AT LOFEEEH ADHD IO+ 72 EKNTH 5 =
L BRI DAL S D (Hellmer and Nystrom, 2017),
B2, BBl == F CIRFEIT,. ACh D6
AU D HFEHO ADHD JEIRDIIEIZ SRR D L END
(Xavier et al., 2022), AMFFETIX, 750 ppm D IMI =
B, BAEHICIIBERELPEHS 2D =TT 41—
IV RERBR COBBENE < 72 2 M A3 % H4v, AChE JEME
DOFFEHI 724 & Chrnb2 DR BUR T 2> Tz, &
EOFRER E—F LT, g~ U A2 IMI 2575
&L REW ORI BT DEENE S B Lis, fE
STIUMNZ LD =) AEEME S AT L OREED AR
TOEBLEZ|EEZ Lz LRSS, DI,
(b2 b L ZARBED R R OFEE L ADHD &
BIE# LT\ 5 (Verlaetetal, 2018), L7=23-C, IMI|Z
Lo THEHIND R OLEMEDORF RN A =X
LR ONTT D0, EOLROIMEDBLETH
Do
7 v M HWZEEOREMREERRICL D &
BEFLRTOREIE I OWD 35 LY 80 mg/kg (AHE/H TD
HEEh [ REETEM O T2 T, IMIE O MR
(NOAEL) % 20 mg/kg AH/H (AR o OIRER)
To % (Germany, 2005), AMFZETiX, 250 ppm (ZI31F
R NSCs %k KL OVE ko3 2484 TRl £ oD sk
DZEDE | FEMGRIER O IREWY O1TE) &g E R
HAICET 5 IMI @ NOAEL % 83 ppm LikiE L7z (T
v NEFEM OB RE 5.5~14.1 mglkg A/ B IZHY),
Y7 N=T MOHFTARNS IMI &R LizHiiic
£ & IMIEREE & DS IX 5.97 ppb TH v | 283 ppb
LV EOBRHEIIRE~OBENRH D EEZ BT
% (California Department of Pesticide Regulation, 2021),
L= o T, RO ER CREMRFEEL S S Z
T ENRBESNIHEIR. BEANEC—REICEE
ENDHELVENITE,

E. #&w

NaF I ERTIL, 7 > b OREYIC NaF [ZIgFE T
% & type-3 NPC 2380 L., BEFLIIC 1T & kM > 27
JL DN 38 U T type-1 NSCs & type-2a NPCs DGR
HMAFEIND Z L& R L TWD, I, type-3 NPCs
O IE, AUMERIE & U CRGAER IR O > F 7 A ]
PS50 b Ltz A Ic B L7
ZAbIE, BRI b I I N2 D o7, BERLE
DEEA N L 2T 2 MagstE o RITkHE LT, ik
RN RIER SN FHE S 2 2 L3, isidE=
FIZBIT HMREOE RICH LD LR, ik
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BNz S Calb2 & Reln OZFH EHIL, BEALW O
type-3 NPCs DB 1T x3 2 ARUB SIS Ofl R % sk LT
WHDOMNE Ly, BB TAI ha s KU T
RN A BRI B B3 2 i85 1-(Atp5flb & Sdhd) D FEEL
B IE, type-3 NPC DTG LT D g Lz
W, X5, [RIRFIC RN SRR R ES 7 HK3 2358 5
95 Z & T, type-1 NSCs & type-2a NPCs DLk % B &
T O AERENE S0 Ly, Zh

OOHRERET D &, FEHO NaF BEEITE O
A 7 — IR E L, 2 ORERIE & L TRE
7 hNEFHETDHENREBEEND,

AP IR SRR CIL, #CBKHIZ 1000 ppm £ ToO &
ZETeRELO AP IREITHIRIREEEIR TIEA 5 & &
Z L. FRICHREERE TR OBERLINCH 52N 72 5 ATREME:
TR LT, VS OMREEIC W T, BEFLI ISR
O WWIERE 2 FEA) & L7z NSC/INPC 5 o & |
RAEPENAE= 2 — 1 VIRE & 1F O FRfa o > 7" A
AIPAME DK T AR Sdu, AR A O IR IR I 72
5HE TR LTz, OL R85, BEALEIZIE OL
B — PN S v, AREENZ IR e BB IR
RAVRIB STz, BREINTIMOZEIE, FEEL R
IRASREIR TIEIC K A b O L LI L TEBY | AP IZ L D%
MR R I RIS TEIC LA b THDH 2 b
PRI N7,

IMIBRFEZ SEBRCIX., 7 v NEEMIOIMIBEEE X, WRiE
AR iz R B o BERL A IR 0 1% B 45(b & ERK1/2-FOS
BN LT T T AR AN L35 2 & T, WEM
B EZIEIT 2 2 EAURBR S Tz, MR E L v
7 AREMEOMH BB I N DI, reelind v 7 v
RFEOWY BRR S Ly, K% O RIRERE ¢
1%, IMIENSC & B AR Al AR [ 2 X5 1A Gl S
Too ATENVFRIRRA CTlL, AIEHNCET 2 BRIEEI O
HENFRD LV, MR Tl BEOIMIEZE X2 Y AE
B 7T R bR 7 B A AT L, IRER
R IIARRRIE L LA R L ZD W T E2FHER L., F0D
%, AHNCIEEIE A b L AT DR N ER L
77 BEINTWEOEIL, RESICEHLZE S - af
TR OHEFTHERH] & 2 BHIE DR AR O IR R > b
Liv7ev, WE ofTE) & A ICE T 2 IMIO
NOAEL %83 ppm (5.5~14.1 mg/kg AE/H) &RES
iz,
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Fig. 1
Body weight and food and water consumption of dams during the exposure period in the sodium fluoride study. (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 um. 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 (0O 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 SGZ. N = 10/group. Data are expressed as plots of individual values with their mean +

SD.

71



(A) GFAP

PND21,0pph "~ .~ *PND21,30ppm‘ -7, PND 21 _I(‘l)rgm’) PND 77
i ':'."'\..K-:J ’_;'_ "‘I"\ .* 1‘7 “
DR g TR ity R i ] 350] : ;
) A ;,’.’ \.v:' .‘_z ' i 0
(g S B~ R 0E 30 100 0 30 100
: : t N =t (ppm) (ppm)
(B) Iba1 R
PND 21, 0 ppm. " ..« PND'21, 30 ppm. ] gy PND 21 1(;r:;m) PND 77
-". | 2 ‘.“ | | ".. : | | : ‘ | “ | o | | : | | 60 | ’—!_‘ |—!—‘ 60‘ ’—é—‘ ’_!_‘ ’_!_‘
T B B AR R St s O 0 30 100 O _0 30 1o
> - — R —— (ppm) (ppm)
(C) CD68 , ,
PND 21,0 ppm . . PND.21;30 ppm ““".” " /. PND 21,100 ppm ‘ (i'(‘;m) PND 21 (‘ig'm) PND 77
y ek x i % ‘ 20 ’_L‘ .20
AT K (5 I 0 0
) R Fe e e ; : 0 30 100 0 30 100
—— - . (ppm) (ppm)
(D) CD163 2 2
PND 77,0 ppm’* _ PND 77,30 ppm PND 77, 100 ppm - (1":'“) PND 21 (1/Tm) PND 77
: : 45 7 7 . 3
S s 0 30 100
— (ppm)
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 of male offspring on PND 21 in the NaF study
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 1.02 +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 of male offspring on PND 77 in the NaF study

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; 111b, 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 in the NaF study

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+19.4 50.7+12.2 62.8+21.8
Abbreviation: NaF, sodium fluoride.
@ Mean = SD.

Supplementary Table 2
Body and brain weights of dam in the NaF study

NaF in drinking water (ppm)

0 (Control) 30 100
No. of dams examined 12 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 in the NaF study.

77



Supplementary Table 3
Body and brain weights of offspring at necropsies on PND 21 and PND 77 in the NaF study
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 hippocampal dentate gyrus of male offspring on PND 21 in the NaF
study

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; 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 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 hippocampal dentate gyrus of male offspring on PND 77 in the NaF
study

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.
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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 in the NaF study

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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Fig. 7

(A) Body weight, (B) food consumption, and (C) water consumption of dams during the exposure period in the ammonium

perchlorate study.

*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. 8

(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 I1l (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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Fig. 10

Distribution of (A) proliferating cell nuclear antigen (PCNA)* proliferating cells and (B) terminal deoxynucleotidy!l
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

x 400; bar 50 pm. Graphs show the numbers of immunoreactive cells in the SGZ. N = 10/group. ** 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. 11

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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Fig. 12

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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Fig. 14

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 in the AP study
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 1.00+£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 in the AP study
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 in the AP study

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 in the AP study
AP in drinking water (ppm)
0 (Control) 300 1000
No. of dams examined 10 9 11
Body weight (g) 282.6+£20.8 2 283.4+£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.

97



(A) Body weight

(9)
500
400
300
200 =0=( ppm controls
A 300 ppm AP
100 «@=- 1000 ppm AP
0
4 8 12 15 19 21 26 33 40 48 54 62 68 75
PND
(B) Food consumption
40(9)
30
20
10 =0=( ppm controls
4300 ppm AP
=@8=1000 ppm AP
0
26 33 40 48 54 62 68 75
PND
(C) Water consumption
50(91)
40
30
20
10 =0=( ppm controls
4300 ppm AP
=@=1000 ppm AP
0

26 33 40 48 54 62 68 75
PND

Supplementary Fig. 8

(A) Body weight, (B) food consumption, and (C) water consumption of male offspring in the AP study.
Abbreviations: AP, ammonium perchlorate; PND, postnatal day.
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Supplementary Table 9
Body and brain weights of male offspring in the AP study
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 in the AP study
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 in the AP study
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 after developmental exposure to ammonium perchlorate.
Magnification x 400; bar 50 pm.
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Supplementary Table 12
Number of immunoreactive or TUNEL" cells in the hippocampal dentate gyrus of male offspring on PND 21 in the AP

study
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 hippocampal dentate gyrus of male offspring on PND 77 in the AP

study
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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Supplementary 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.
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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.

108



Supplementary Table 14
Areas of the GCL and hilus of the hippocampal DG and corpus callosum on PND 21 and PND 77 in the AP study
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 in the AP study
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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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 maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. (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 I11 (TUBB3), or (F) neuronal nuclei (NeuN) in
the SGZ and/or granule cell layer (GCL). Representative images from the 0-ppm controls and 750-ppm group on PND 21
(left) and PND 77 (right). Arrowheads indicate immunoreactive cells. Magnification x400; bar 50 pm. Graphs show the
numbers of immunoreactive cells in the SGZ and/or GCL. Values are expressed as mean + SEM. 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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Fig. 17

Distribution of immunoreactive cells for y-aminobutyric acid-ergic interneuron markers in the hippocampal dentate gyrus of
male offspring on postnatal day (PND) 21 and PND 77 after maternal exposure to imidacloprid (IMI) from gestational day 6
to PND 21. (A) Parvalbumin (PVALB), (B) reelin (RELN), (C) somatostatin (SST), or (D) glutamic acid decarboxylase 67
(GADSG7) in the hilus of the dentate gyrus. Representative images from the 0-ppm controls and 750-ppm group on PND 21
(left) and PND 77 (right). Magnification x200; bar 100 um. Graphs show the numbers of immunoreactive cells in the hilar
region. Values are expressed as mean + SEM. 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. 18

Distribution of immunoreactive cells for synaptic plasticity-related proteins in the hippocampal dentate gyrus of male
offspring on postnatal day (PND) 21 and PND 79 after maternal exposure to imidacloprid (IMI) from gestational day 6 to
PND 21. (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 0-ppm controls and 750-ppm group on PND
21 (left) and PND 77 (right). Magnification x400; bar 50 um. Graphs show the numbers of immunoreactive cells in the GCL.
Values are expressed as mean + SEM. N = 10/group. *P < 0.05, compared with the 0-ppm controls (0 ppm) by Dunnett’s test
or Aspin—Welch’s t-test with Bonferroni correction.
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Fig. 19

Distribution of proliferating or apoptotic cells in the hippocampal dentate gyrus of male offspring on postnatal day (PND) 21
and PND 77 after maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. (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 0-ppm controls and 750-ppm group on PND 21 (left) and
PND 77 (right). Magnification x400; bar 50 um. Graphs show the numbers of immunoreactive cells in the SGZ. Values are
expressed as mean = SEM. N = 10/group. *P < 0.05, compared with the 0-ppm controls (0 ppm) by Dunnett’s test or
Aspin—Welch’s t-test with Bonferroni correction.
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Fig. 20

Distribution of immunoreactive cells for glial cell markers in the hippocampal dentate gyrus of male offspring on postnatal
day (PND) 21 and PND 77 after maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. (A) glial
fibrillary acidic protein (GFAP), (B) ionized calcium-binding adaptor molecule 1 (Ibal), (C) cluster of differentiation (CD) 68,
or (D) CD163 in the hilus of the dentate gyrus. Representative images from the 0-ppm controls and 750-ppm group on PND
21 (left) and PND 77 (right). Arrowheads indicate immunoreactive cells. Magnification x200; bar 100 um. Graphs show the
numbers of immunoreactive cells in the hilus. Values are expressed as mean + SEM. N = 10/group. *P < 0.05, **P < 0.01,
compared with the O-ppm controls (0 ppm) by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Table 5
Transcript-level expression changes of neurogenesis-related genes in the hippocampal dentate gyrus of male offspring
on PND 21 in the IMI study

0 (Controls) 750 ppm IMI
Relative transcript level normalized to
Gapdh Hprtl Gapdh Hprtl
Granule cell lineage markers
Nes 1.03 £ 0.122 1.02 £ 0.09 1.18 £ 0.17 1.40 £ 0.27
Sox2 1.02 £ 0.09 1.03 £ 0.11 1.26 £ 0.23 1.45 £ 0.36
Eomes 1.05 £ 0.14 1.04 + 0.14 1.19 £ 0.10 131 £0.14
Dcx 1.02 £ 0.09 1.02 £ 0.09 1.07 £ 0.11 1.19 £ 0.16
Dpysl3 1.01 £+ 0.06 1.01 £ 0.05 0.82 + 0.05* 1.06 £ 0.09
Tubb3 1.00 + 0.04 1.00 * 0.02 0.86 = 0.04* 1.01 £ 0.05
Rbfox3 1.10 £ 0.09 1.10 £ 0.08 0.89 = 0.08 1.15 £ 0.12
GABAEergic interneuron-related genes
Pvalb 1.07 £ 0.18 1.06 + 0.16 1.20 £ 0.11 1.30 £ 0.12
Reln 1.05 £ 0.14 1.07 £ 0.14 1.33 £ 0.12 1.26 £ 0.12
Reln signaling-related genes
Vidir 1.00 £ 0.05 1.00 + 0.04 1.12 £ 0.08 1.26 + 0.08*
Dabl 1.10 £ 0.24 1.08 £ 0.21 1.18 £ 0.25 1.27 £ 0.23
Neurotrophic factor-related genes
Bdnf 1.01 £ 0.06 1.01 £ 0.06 0.87 = 0.05 0.90 £ 0.05
Ntrk2 1.00 £ 0.06 1.00 £ 0.05 1.19 £ 0.05* 1.34 £ 0.08**
Cell proliferation marker
Pcna 1.02 £ 0.09 1.02 £ 0.09 1.21 +0.14 1.36 £ 0.24
Cholinergic receptor and enzyme genes
Chrna7 1.02 + 0.08 1.01 £ 0.06 1.07 £ 0.10 1.16 £ 0.09
Chrnb2 1.02 £ 0.10 1.04 £ 0.13 0.77 + 0.04* 0.94 £ 0.06
Chat 1.03 £ 0.13 1.04 + 0.14 1.90 + 0.25** 2.06 + 0.23**
Chrm1 1.07 £ 0.20 1.06 £ 0.17 1.05 £ 0.15 1.15 £ 0.13
Chrm2 1.06 £ 0.16 1.07 £ 0.17 0.79 = 0.08 0.90 £ 0.10
Synaptic plasticity-related IEGs
Arc 1.12 £ 0.27 1.15 + 0.30 1.36 + 0.14 1.42 £ 0.15
Fos 1.02 £ 0.11 1.02 + 0.10 1.11 + 0.07 1.16 + 0.08
Ptgs2 1.02 £ 0.08 1.02 £ 0.09 0.87 £ 0.10 0.90 £+ 0.10
Glutamate receptors and transporters
Grial 1.04 £ 0.15 1.06 + 0.17 0.99 +£0.13 1.03 £ 0.13
Gria2 1.02 £ 0.08 1.02 £ 0.09 0.96 +0.11 1.00 £ 0.11
Gria3 1.01 £ 0.06 1.02 £ 0.08 1.01 £ 0.13 1.05 £ 0.13
Grin2a 1.05 £ 0.16 1.07 £ 0.19 0.98 +0.11 1.02 £ 0.13
Grin2b 1.01 £ 0.06 1.01 0.08 1.00 + 0.14 1.05 0.15
Grin2d 1.10 £ 0.22 1.09 + 0.20 0.76 + 0.08 0.79 £ 0.08
Slc17a6 1.61 £ 0.70 1.50 + 0.63 0.71 £ 0.13 0.64 £ 0.12
Slcl7a7 1.02 £ 0.09 1.03 £ 0.11 0.89 + 0.06 0.93 £ 0.06
Glial cell markers
Gfap 1.02 £ 0.08 1.02 + 0.08 1.16 £ 0.15 1.40 £ 0.14*
Aifl 0.98 + 0.08 0.98 + 0.09 1.34 £ 0.11* 1.49 £ 0.18*
Chemical mediators
1110 1.08 £ 0.19 1.09 £ 0.21 151 £0.21 1.62 £ 0.18
Il1a 1.16 £ 0.26 1.16 £ 0.25 2.03 £0.42 2.16 £ 0.48
111b 1.17 £ 0.27 1.14 + 0.24 1.18 £ 0.19 1.31 £ 0.24
114 1.06 + 0.16 1.07 £ 0.17 1.47 £ 0.15 1.60 £ 0.13*
116 1.06 £ 0.15 1.06 + 0.16 1.52 £ 0.18 1.64 £ 0.14*
Tnf 1.04 +£0.13 1.05+0.14 1.38 + 0.14 149 + 0.11*
Tgfbl 1.01 + 0.08 1.02 + 0.10 1.20 £ 0.05 1.32 £ 0.04*
Nfkbl 1.01 £ 0.06 1.02 + 0.08 1.16 + 0.04* 1.28 + 0.08*
Oxidative stress-related genes
Hmox1 1.01 £ 0.07 1.02 + 0.08 1.17 £ 0.05 1.28 + 0.05*
Keapl 1.01 £ 0.05 1.00 + 0.04 1.02 £ 0.05 1.13 £ 0.06
Nfe2l2 1.01 £ 0.05 1.01 £ 0.06 1.37 £ 0.10** 1.52 £ 0.18*
Sod1l 1.13 £ 0.18 1.13 £ 0.18 1.18 + 0.06 1.30 £ 0.10
Sod2 1.01 £ 0.07 1.01 £ 0.07 1.05 £ 0.06 1.15 £ 0.07
Cat 1.02 £ 0.10 1.03 £ 0.12 1.07 £ 0.05 119 £ 0.11
Mtl 1.01 £ 0.08 1.02 £ 0.09 1.54 + 0.16* 1.70 £ 0.20*
Mt2a 1.07 £ 0.17 1.06 + 0.17 1.61 £ 0.17* 1.77 £ 0.19*
Nos2 1.07 £ 0.18 1.08 + 0.20 1.16 £ 0.14 1.24 £ 0.12
Gpxl 1.06 + 0.14 1.05 + 0.14 1.32 £ 0.25 1.39 £ 0.29
Gpx4 1.01 + 0.07 1.01 + 0.06 1.15 + 0.04 1.20 + 0.06*

Abbreviations: Aifl, allograft inflammatory factor 1 (also known as Ibal: ionized calcium binding adapter protein 1); Arc, activity-regulated
cytoskeleton-associated protein; Bdnf, brain-derived neurotrophic factor; Cat, catalase; Chat, choline O-acetyltransferase; Chrm1,
cholinergic receptor, muscarinic 1; Chrm2, cholinergic receptor, muscarinic 2; Chrna7, cholinergic receptor nicotinic alpha 7 subunit;
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Chrnb2, cholinergic receptor nicotinic beta 2 subunit; Dabl, DAB adaptor 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; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Gfap, glial fibrillary acidic
protein; Gpx1, glutathione peroxidase 1; Gpx4, glutathione peroxidase 4; 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; Hmox1, heme oxygenase 1; Hprtl, hypoxanthine phosphoribosyltransferase 1; IEG, immediate early gene;
IMI, imidacloprid; Il1a, interleukin 1 alpha; 1l1b, interleukin 1 beta; 114, interleukin 4; 116, interleukin 6; 1110, interleukin 10; Keapl,
Kelch-like ECH-associated protein 1; Mtl, metallothionein 1; Mt2a, metallothionein 2A; Nes, nestin; Nfkb1, nuclear factor kappa B subunit
1; Nos2, nitric oxide synthase 2; Nfe2l2, NFE2 like bZIP transcription factor 2; Pcna, proliferating cell nuclear antigen; 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; Slc17a6, solute carrier family 17 member 6; Slc17a7, solute carrier family
17 member 7; Sod1, superoxide dismutase 1; Sod2, superoxide dismutase 2; Sox2, SRY-box transcription factor 2; Tgfb1, transforming
growth factor, beta 1; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class IlI; VIdlr, very low density lipoprotein receptor.

2Mean + SEM.

*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Student’s t-test or Aspin-Welch’s t-test.
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Table 6
Transcript-level expression changes of neurogenesis-related genes in the hippocampal dentate gyrus of male offspring
on PND 77 in the IMI study

0 (Controls) 750 ppm IMI
Relative transcript level normalized to
Gapdh Hprtl Gapdh Hprtl
Granule cell lineage markers
Nes 1.04 + 0.142 1.03 £ 0.12 0.72 £ 0.04* 0.75 £ 0.03*
Sox2 1.26 £ 0.44 1.20 £ 0.37 0.73 £ 0.06 0.75 £ 0.04
Eomes 1.08 £ 0.18 1.09 + 0.23 0.67 £ 0.04 0.70 £ 0.04
Dcx 1.01 £ 0.05 1.02 £ 0.10 0.90 £ 0.05 0.94 £ 0.04
DpysI3 1.01 £ 0.05 1.00 + 0.04 0.91 £ 0.02 0.95 + 0.03
Tubb3 1.02 + 0.08 1.01 £ 0.05 0.96 + 0.04 1.00 + 0.02
Rbfox3 1.00 * 0.04 1.00 + 0.04 0.90 = 0.04 0.94 £ 0.03
GABAergic interneuron-related genes
Pvalb 1.07 £ 0.21 1.05 £ 0.17 0.92 £+ 0.06 0.92 + 0.03
Reln 1.04 £ 0.13 1.03 £ 0.11 1.06 £ 0.12 1.07 £ 0.12
Neurotrophic factor-related genes
Bdnf 1.01 + 0.05 1.00 + 0.03 1.01 + 0.02 1.04 = 0.06
Ntrk2 1.02 £ 0.09 1.01 £ 0.07 0.99 £ 0.08 1.01 + 0.06
Cell proliferation and apoptosis related
Pcna 1.01 + 0.06 1.00 + 0.04 0.83 + 0.03* 0.87 = 0.04*
Casp3 1.08 + 0.18 1.10 £ 0.23 0.79 £0.21 0.75 £ 0.18
Caspl 110 £ 0.21 1.10 +£ 0.23 1.06 + 0.13 1.10 + 0.09
Casp9 1.02 + 0.09 1.02 £ 0.10 0.97 £ 0.02 1.01 + 0.03
Bax 1.01 + 0.08 1.01 £ 0.08 1.02 £ 0.05 1.03 + 0.06
Bcl2 1.03 £ 0.10 1.04 £ 0.11 091 £ 0.04 0.91 + 0.06
Bcl2I1 1.00 + 0.04 1.00 + 0.04 0.88 + 0.02* 0.86 + 0.03**
Cholinergic receptor and enzyme genes
Chrna7 1.01 £ 0.05 1.01 + 0.05 1.02 + 0.05 1.00 = 0.05
Chrnb2 1.01 + 0.06 1.00 + 0.04 0.90 + 0.03 0.88 + 0.03*
Chat 1.20 £ 0.31 1.22 £ 0.37 0.92 £ 0.15 0.89 £ 0.12
Synaptic plasticity-related IEGs
Arc 1.07 £ 0.18 1.09 £ 0.22 1.06 £ 0.14 1.02 + 0.08
Fos 1.07 £ 0.17 1.06 £ 0.16 1.11 + 0.07 1.10 + 0.09
Ptgs2 1.01 + 0.07 1.00 + 0.05 1.20 + 0.05* 1.20 £+ 0.06*
Glutamate receptors and transporters
Grin2a 1.01 £ 0.07 1.01 £ 0.07 1.04 £ 0.05 1.04 £ 0.10
Grin2b 1.01 + 0.05 1.01 0.05 1.05 + 0.04 1.05 0.08
Grin2d 1.04 £ 0.12 1.03 £ 0.12 0.91 + 0.08 091 +0.11
Slc17a6 1.52 £ 0.61 1.45 £ 0.56 071 £ 0.14 0.71 £ 0.16
Slcl7a7 1.00 + 0.03 1.00 + 0.03 1.01 + 0.08 1.01 +0.10
Glial cell markers
Gfap 1.05 £ 0.14 1.06 + 0.16 0.93 £ 0.09 0.90 £ 0.06
Aifl 1.08 £ 0.14 1.14 £ 0.15 1.00 £ 0.10 1.02 + 0.08
Chemical mediators
1110 1.10 £ 0.26 1.13 £ 0.33 0.65 + 0.08 0.65 £ 0.06
Il1la 1.25 £ 0.37 1.33 £ 0.46 0.99 £ 0.22 1.03 £ 0.24
111b 1.15 £ 0.26 111 +0.24 0.71 £ 0.14 0.79 £ 0.14
14 1.08 £ 0.19 1.10 £ 0.24 0.70 £ 0.05 0.74 £ 0.06
116 1.13 £ 0.25 1.14 £ 0.29 0.51 + 0.10* 0.53 + 0.09
Tnf 1.08 £ 0.20 1.13 £ 0.26 0.72 £ 0.04 0.70 + 0.05
Tgfhl 1.05 £ 0.15 1.03 £ 0.12 0.73 £ 0.04 0.77 £ 0.03*
Nfkbl 1.01 + 0.06 1.02 + 0.09 0.88 £ 0.04 0.92 + 0.03
Oxidative stress-related genes
Hmox1 1.03 + 0.11 1.03 £ 0.11 0.76 £ 0.05* 0.76 £ 0.04*
Keapl 1.01 + 0.05 1.02 + 0.09 0.95 + 0.03 0.98 + 0.04
Nfe2l2 1.02 + 0.08 1.03 £ 0.12 0.79 + 0.05* 0.88 + 0.04
Sodl 1.01 £ 0.05 1.01 £ 0.05 0.93 £+ 0.05 0.95 £ 0.05
Sod2 1.01 + 0.05 1.00 + 0.04 0.93 £ 0.04 0.94 + 0.03
Cat 1.00 + 0.04 1.00 + 0.04 0.94 + 0.03 0.96 + 0.04
Mtl 1.02 + 0.09 1.02 £ 0.09 0.91 £ 0.07 0.91 £ 0.06
Mt2a 1.02 £ 0.10 1.06 + 0.18 0.92 £ 0.12 0.86 + 0.08
Nos2 1.14 £ 0.20 1.16 £ 0.22 0.93 £ 0.17 1.09 + 0.25
Gpxl 1.01 + 0.06 1.01 £ 0.07 0.86 + 0.03* 0.88 £+ 0.04
Gpx4 1.02 + 0.09 1.03 + 0.11 0.86 + 0.04 0.88 + 0.03

Abbreviations: Aifl, allograft inflammatory factor 1 (also known as Ibal: ionized calcium binding adapter protein 1); Arc, activity-regulated
cytoskeleton-associated protein; Bax, BCL2 associated X, apoptosis regulator; Bcl2, BCL2, apoptosis regulator; Bcl2l1, Bcl2-like 1; Bdnf,
brain-derived neurotrophic factor; Caspl, caspase 1; Casp3, caspase 3; Casp9, caspase 9; Cat, catalase; Chat, choline O-acetyltransferase;
Chrna7, cholinergic receptor nicotinic alpha 7 subunit; Chrnb2, cholinergic receptor nicotinic beta 2 subunit; Dcx, doublecortin; Dpysl3,
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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; Gapdh, glyceraldehyde-3-phosphate dehydrogenase; Gfap,
glial fibrillary acidic protein; Gpx1, glutathione peroxidase 1; Gpx4, glutathione peroxidase 4; Grin2a, glutamate ionotropic receptor NMDA
type subunit 2A; Grin2b, glutamate ionotropic receptor NMDA type subunit 2B; Grin2d, glutamate ionotropic receptor NMDA type subunit
2D; Hmox1, heme oxygenase 1; Hprtl, hypoxanthine phosphoribosyltransferase 1; IEG, immediate early gene; IMI, imidacloprid; ll1a,
interleukin 1 alpha; I11b, interleukin 1 beta; 114, interleukin 4; 116, interleukin 6; 1110, interleukin 10; Keapl, Kelch-like ECH-associated
protein 1; Mt1, metallothionein 1; Mt2a, metallothionein 2A; Nes, nestin; Nfkb1, nuclear factor kappa B subunit 1; Nfe212, NFE2 like bZIP
transcription factor 2; Nos2, nitric oxide synthase 2; Pcna, proliferating cell nuclear antigen; 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; Sod1, superoxide dismutase 1; Sod2, superoxide dismutase 2; Sox2,
SRY-hox transcription factor 2; Tgfb1, transforming growth factor, beta 1; Tnf, tumor necrosis factor; Tubb3, tubulin, beta 3 class III.

2Mean + SEM.

*P < 0.05, **P < 0.01, compared with the 0-ppm controls by Student’s t-test or Aspin-Welch’s t-test.
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Fig. 21

Acetylcholinesterase (AChE) activities and malondialdehyde (MDA) concentrations in the hippocampus of male offspring on
postnatal day (PND) 21 and PND 77 after maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. (A)
AChE activities on PND 21 (left) and PND 77 (right), or (B) MDA concentrations on PND 21 (left) and PND 77 (right).
Values are expressed as mean + SEM. N = 6/group. *P < 0.05, compared with the 0-ppm controls (0 ppm) by Dunnett’s test or
Aspin—Welch’s t-test with Bonferroni correction.
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Fig. 22

Open field test in male offspring on postnatal day (PND) 18 (weaning stage), PND 38 (adolescent stage), and PND 62 (adult
stage) after maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. Upper panel shows representative
examples of animal track in the 0-ppm controls and 750-ppm group. Lower panel shows graph data of the total moving
distance, total moving duration, average moving speed, and percent of time in the center region. Values are expressed as mean
+ SEM. N = 10/group. *P < 0.05, compared with the 0-ppm controls (0 ppm) by Dunnett’s test or Aspin—Welch’s t-test with
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Supplementary Fig. 18

Body weight, food and water consumption of dams during the exposure period of imidacloprid (IMI). (A) Body weight, (B)

food consumption, and (C) water consumption. Values are expressed as mean £ SEM. *P < 0.05, **P < 0.01, compared with
the 0-ppm controls in the 750-ppm IMI group; *P < 0.05, compared with the 0-ppm controls in the 250-ppm IMI group; P <
0.05, compared with the 0-ppm controls in the 83-ppm IMI group by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni

correction.
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Supplementary Table 16

Maternal body weight and consumption of food and water in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750
No. of dams examined 12 12 10 12
Gestational day
Body weight (g)
GD1 204.37 £ 424° 20558 + 549 (-1%)° 20251 +3.90 (1%) 205.02 * 5.09 (0%)
GD5 229.41 + 4.26 22955 +£529 (0%) 22659 +4.48 (1%) 229.58 +5.19 (0%)
GD 6 233.54 + 4.50 23288 £ 549 (0%) 231.12+4.60 (1%) 233.41+5.46 (0%)
GD 10 257.11 + 5.07 256.09 + 6.29 (0%) 25444 +549 (1%) 250.85+ 5.60 (2%)
GD 13 269.83 £ 5.12 269.65 £ 6.51  (0%) 268.92+5.38 (0%) 260.95 + 6.05 (3%)
GD 17 302.59 + 6.23 303.36 £ 8.14 (0%) 302.00 +6.32 (0%) 292.13 + 5.50 (3%)
GD 20 339.69 + 7.90 34137 +9.85 (0%) 34014 +7.32 (0%) 323.84 +8.29 (5%)
Food consumption (g)
GD5 16.03 + 0.65 1563 £ 0.77  (2%) 1592 + 0.64  (1%) 15.83 £ 0.81 (1%)
GD 6 15.08 + 0.48 1533 £ 0.69 (-2%) 1498 + 0.51  (1%) 11.91 + 0.51** (21%)
GD 10 18.72 £ 0.43 18.08 + 1.07  (3%) 18.64 £ 0.70  (0%) 14.72 + 0.61** (21%)
GD 13 19.28 + 0.59 18.64 £ 0.70  (3%) 19.05+ 0.69  (1%) 17.27 £ 0.60  (10%)
GD 17 20.05 + 0.60 20.13 £ 0.63  (0%) 20.90 £ 0.86 (-4%)  17.18 £ 1.19* (14%)
GD 20 18.97 £ 0.94 1955 + 0.68  (-3%) 20.11 + 0.58 (-6%) 1598 + 1.29  (16%)
Water consumption
GD5 25.05 + 1.00 2329 +£1.26 (7%) 2344 £ 093  (6%) 22.93 £ 0.92 (8%)
GD 6 29.29 + 1.05 2723 £ 126 (T%) 26.87 £1.00 (8%) 24.29 £ 0.62** (17%)
GD 10 33.43+£1.96 3144 +£1.29 (6%) 30.21 £1.04 (10%) 28.79 +1.02  (14%)
GD 13 3457 £ 1.05 3373+ 141  (2%) 3289 +161 (5%) 31.76 £ 1.08 (8%)
GD 17 41.87 £ 1.56 37.99 £+ 1.27  (9%) 3987 £1.94 (5%) 35.17 £ 2.57%  (16%)
GD 20 3433+£1.72 3444 + 142  (0%) 3457 £1.40 (-1%) 2924 +2.24  (15%)
Postnatal day
Body weight (g)
PND 2 268.76 + 5.72 275.08 + 7.09 (-2%) 27710 +6.65 (-3%) 256.38 + 8.37 (5%)
PND 4 264.97 + 4.93 27344 +7.02 (-3%) 27298 +6.41 (-3%) 257.71 +6.85 (3%)
PND 9 278.95 + 5.36 284.76 + 6.69 (-2%) 286.19 + 6.24 (-3%) 266.39 + 7.47 (5%)
PND 12 289.01 + 3.69 290320 + 7.13  (-1%) 294.95 +7.09 (-2%) 275.98 + 7.83 (5%)
PND 16 290.09 + 4.54 29339 + 6.50 (-1%) 293.97 +6.23 (-1%) 275.58 * 7.64 (5%)
PND 19 286.67 + 4.41 288.19 £ 6.57 (-1%) 292.84 +6.83 (-2%) 279.16 + 8.62 (3%)
PND 21 281.20 + 4.81 283.69 + 524 (-1%) 288.94+530 (-3%) 27213 +7.97 (3%)
Food consumption (g)
PND 2 30,71+ 1.74 3179+ 270  (-4%) 2754 + 167 (10%) 26.17 +0.90  (15%)
PND 5 37.74 £ 1.47 3722 111 (1%) 3416 +1.79  (9%) 3410+ 1.24  (10%)
PND 9 4438 £ 1.72 50.98 + 496 (-15%) 46.05+1.85 (-4%) 40.83 +1.75 (8%)
PND 12 48.74 + 1.58 4961 + 1.14 (-2%) 5229 + 1.45 (-7%)  46.78 + 1.56 (4%)
PND 16 55.23 + 3.02 5532 + 1.81  (0%) 5523 £226 (0%) 52.28 + 2.35 (5%)
PND 19 54.61 + 2.95 65.33 + 3.93* (-20%) 5897 +293 (-8%) 51.75+ 2.08 (5%)
Water consumption (g)
PND 2 44.04 + 1.77 4370 + 249 (1%) 4186 +2.89 (5%) 3935+ 164  (11%)
PND 5 50.31+ 1.79 4987 +1.74  (1%) 4541 +2.01 (10%) 47.02 + 2.08 (7%)
PND 9 63.27 + 2.48 60.09 £ 2.09 (5%) 59.66 + 2.62  (6%) 55.10 + 2.61* (13%)
PND 12 66.22 + 3.70 65.77 £ 2.14  (1%) 68.65 + 2.75 (-4%)  60.41 + 3.60 (9%)
PND 16 87.99 + 2.19 8254 + 357 (6%) 75.16 £ 3.61* (15%) 7459 + 4.00* (15%)
PND 19 87.77 + 3.70 93.31 +2.03 (-6%) 86.56 + 4.27  (1%) 82.46 + 4.70 (6%)

Abbreviations: GD, gestational day; IMI, imidacloprid; PND, postnatal day.

@ Mean + SEM.

b (%) decrease compared to 0-ppm controls.
*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 17
Maternal reproductive parameters in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750
No. of dams examined 12 12 10 12
No. of implantation sites in the ;5 75, g 11.92 +2.84 12.70 + 1.42 1242 +1.38
uterine horns
No. of live offspring 11.75 £ 1.09 12.00 +1.95 11.30 £ 2.79 1192 £ 1.68
Male ratio (%) 34.80 £ 2.99 61.36 + 4.62** 51.15 + 12.31**  39.03 + 21.48
Abbreviation: IMI, imidacloprid.
@ Mean = SEM.

**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. 19

Body weight, food and water consumption of male offspring during the exposure period of imidacloprid (IMI). (A) Body
weight, (B) food consumption, and (C) water consumption. Values are expressed as mean + SEM. *P < 0.05, compared with
the 0-ppm controls in the 750-ppm IMI group by Dunnett’s test or Aspin—Welch’s t-test with Bonferroni correction.
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Supplementary Table 18

Offspring body weight and consumption of food and water in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750

Body weight (g)
PND 4 11.04 + 0.442 11.32 £0.18 (-3%)° 11.11 + 0.30 (-1%) 10.37 £ 0.37 (6%)
PND 9 21.81+0.48 22.33+0.35 (-2%) 2161 +0.64 (1%) 19.46 + 0.75* (11%)
PND 12  28.54 +0.49 29.27 £ 0.46 (-3%) 28.35+0.78 (1%) 25.87 £ 1.02* (9%)
PND 16  36.81 + 0.68 37.33+0.66 (-1%) 36.32+0.78 (1%) 33.32 £ 1.46* (9%)
PND19  43.39+0.73 44.63 £0.83 (-3%) 4272 £1.16 (2%) 38.89 + 1.79* (10%)
PND21  50.46 +0.85 52.92 +0.96 (-5%) 49.73 £1.32 (1%) 4477 + 1.98* (11%)
PND26  77.13 +£1.08 81.24 +1.34 (-5%) 75.06 + 1.92 (3%) 71.46 £3.34 (7%)
PND 33 133.47 £ 2.05 136.50 +2.85 (-2%)  128.71 +2.89 (4%) 124.73 + 4.89 (7%)
PND 40 192.30 +2.94 194.13 +3.93 (-1%)  186.93 +4.01 (3%) 182.52 + 5.76 (5%)
PND 47 252.19 + 4.19 252.44 +5.58 (0%)  247.54 + 4.85 (2%) 24113 £7.03 (4%)
PND 54 308.70 + 4.74 309.88 +6.81 (0%)  305.76 + 5.44 (1%) 298.66 + 8.18 (3%)
PND 61 366.43 +5.70 367.67 £8.29 (0%)  363.24 +6.53 (1%) 357.21 £9.73 (3%)
PND 68 404.76 + 5.70 407.14 £9.04 (-1%)  402.12 £ 6.95 (1%) 397.17 £ 10.69 (2%)
PND 75 435.53 + 6.38 441.76 £ 10.13 (-1%)  433.93+7.38 (0%) 429.05 £ 11.97 (1%)
PND 77 441.87 + 4.48 452.79 £7.50 (-2%) 44470 £ 5.80 (-1%)  435.64 + 8.44 (1%)

Food consumption (g)
PND26  11.97 +0.32 12.49 £0.73 (-4%) 1232 £0.71 (-3%) 10.87 + 0.84 (9%)
PND 33  16.96 £ 0.41 17.31 £0.40 (-2%) 17.19 £ 0.42 (-1%) 13.76 + 1.54* (19%)
PND 40  18.26 + 2.56 21.76 £ 0.81 (-19%)  21.77 £ 0.96 (-19%) 21.01 £ 0.64 (-15%)
PND 47  22.34 +£0.32 22.37£0.64 (0%) 23.55 £ 0.59 (-5%) 21.70 £ 0.74 (3%)
PND 54  26.23 + 0.67 24.76 £0.89 (6%) 26.44 + 0.62 (-1%) 2494 £1.14 (5%)
PND61 24.21+1.16 25.19 +0.68 (-4%) 25.76 + 0.57 (-6%) 2520 £ 1.02 (-4%)
PND 68 2511 +0.44 25.40 £ 0.58 (-1%) 25.46 + 0.41 (-1%) 25.44 £ 0.64 (-1%)
PND75  26.60 + 0.59 26.19£0.91 (2%) 27.05 + 0.48 (-2%) 25.96 £ 0.78 (2%)

Water consumption (g)
PND 26  18.36 *+ 0.62 18.32 £0.76 (0%) 17.40 £ 0.48 (5%) 16.89 + 0.70 (8%)
PND33  27.01+0.92 26.60 £ 0.75 (2%) 25.76 + 0.58 (5%) 23.82 £ 1.03* (12%)
PND40  33.74 +£1.13 31.23 £1.04 (7%) 31.77 £ 0.65 (6%) 31.79+1.11 (6%)
PND 47  37.77+1.15 36.52 £ 1.04 (3%) 36.80 + 1.00 (3%) 36.10 £ 1.09 (4%)
PND54  40.92 +1.73 37.61 £1.53 (8%) 38.20 + 0.95 (7%) 38.83 £1.57 (5%)
PND 61  43.19 +2.39 39.64 +1.59 (8%) 41.60 £1.10 (4%) 40.13 £ 1.50 (7%)
PND 68  47.34 +2.27 42.86 £1.70 (9%) 43.30 £ 1.77 (9%) 4419 £ 1.85 (7%)
PND75 44,61 +3.11 41.74 £ 2.06 (6%) 43.87 £ 1.87 (2%) 43.73 £ 1.65 (2%)

Abbreviation: IMI, imidacloprid; PND, postnatal day.

@ Mean = SEM.
b (%) decrease compared to 0-ppm controls.

*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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Supplementary Table 19

Body and brain weights of offspring at necropsies on PND 21 and PND 77 in the IMI study
IMI in diet (ppm)

0 (Control) 83 250 750
PND 21
No. of offspring examined 51 75 56 58
Body weight (g) 50.46 + 0.85% 52.92 +0.96 49.73 £1.32 44.77 +1.98*
No. of offspring examined 7 10 7 8
Brain weight (g) 1.49 £ 0.06 1.53 £ 0.04 1.51 £0.08 1.46 £0.10
PND 77
No. of offspring examined 23 28 27 28
Body weight (g) 441.87 +4.48 452.79 +7.50 444.70 +5.80 435.64 +8.44
No. of offspring examined 7 8 8 8
Brain weight (g) 2.06 +0.02 2.07 £0.03 2.01 +£0.03 2.06 £0.01
Abbreviation: IMI, imidacloprid; PND, postnatal day.
@ Mean = SEM.

*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 Table 20
Number of immunoreactive or TUNEL" cells in the hippocampal dentate gyrus of male offspring on PND 21 in the IMI
study

IMI in diet (ppm)

0 (Controls) 83 250 750
No. of animals examined 10 10 10 10

Granule cell lineage subpopulations in the SGZ/GCL (No./mm SGZ length)

GFAP 3.86 + 0.36° 3.23£0.34 3.73+£0.38 4.09 £ 0.42

SOX2 26.62 + 2.02 22.68 £ 1.96 235+ 1.67 23.69 £ 2.32

TBR2 4.56 £ 0.43 4.08 £ 0.58 3.66 + 0.39 4.11 £ 0.46

DCX 124 £ 531 110.54 + 4.64 116.51 £ 5.12 102.72 + 5.88*

TUBB3 9115+ 64 75.84 £ 6.51 75.31 + 8.59 66.45 + 4.81*

NeuN 528.48 + 24.87 519.08 + 18.84 523.06 + 25.36 532.32 + 23.43
GABAergic interneuron subpopulations in the DG hilus (No./mm? hilar region)

PVALB 23.87+38 19.88 + 4.16 23.88 + 4.36 20.90 £ 3.49

RELN 84.99 + 3.43 7319 £3.9 82.04 + 6.51 65.41 + 4.51*

SST 64.01 + 4.52 64.14 £ 3.55 67.2 + 3.87 73.74 £ 3.08

GAD67 93.15 + 5.37 88.03 £ 4.45 90.81 + 4.38 94.70 £ 4.01
Synaptic plasticity-related IEGs in the GCL (No./mm SGZ length)

ARC 4.04 £ 0.68 3.80 + 0.52 3.31£0.50 3.88 £ 0.51

FOS 6.51 £0.73 5.13 + 0.83 4.35+0.44 4.10 £ 0.39*

COX2 32.62 £ 2.54 29.54 £ 2.18 27.82 +1.26 26.52 + 2.40

p-ERK1/2 0.96 £ 0.23 0.71 £0.25 0.49 +0.14 0.21 £ 0.12*
Cell proliferation and apoptosis in the SGZ/GCL (No./mm SGZ length)

PCNA in the SGZ 5.07 £ 0.51 5.01 £ 0.92 3.97 £ 041 2.98 + 0.26*

TUNEL in the SGZ 0.99 £ 0.20 0.86 = 0.15 0.85 £ 0.10 1.08 = 0.20

TUNEL in the GCL 0.99 £ 0.20 0.86 = 0.15 0.85 £ 0.10 1.08 = 0.20
Astrocytes and microglia in the DG hilus (No./mm? hilar region)

GFAP 417.57 £ 20.52 42431 £ 14.22 467.21 £ 23.85 492.15 + 13.25*

Ibal 68.36 + 2.88 75.33 £4.23 73.73 £ 3.07 86.94 £ 2.30**

CD68 16.24 + 2.04 25.5 + 3.09* 24.78 + 2.10* 24.64 £ 2.19*

CD163 8.41 +1.48 11.15 + 1.83 6.82 + 0.80 8.33 £ 1.32

Abbreviations: ARC, activity-regulated cytoskeleton-associated protein; CD68, cluster of differentiation 68; CD163, cluster of
differentiation 163; COX2, cyclooxygenase 2 ; DCX, doublecortin; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GADG7,
glutamic acid decarboxylase 67 ; GCL, granule cell layer; GFAP, glial fibrillary acidic protein; Ibal, ionized calcium-binding adaptor
molecule 1; IEGs, immediate-early genes; IMI, imidacloprid; 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; TUBB3, tubulin, beta 3 class Il (also known as
Tuj-1); TUNEL, terminal deoxynucleotidy! transferase-mediated dUTP-biotin nick end-labeling.

@ Mean = SEM.

*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 Table 21
Number of immunoreactive or TUNEL" cells in the hippocampal dentate gyrus of male offspring on PND 77 or PND 79
in the IMI study 2

IMI in diet (ppm)

0 (Controls) 83 250 750
No. of animals examined 10 10 10 10
Granule cell lineage subpopulations in the SGZ/GCL (No./mm SGZ length)
GFAP 5.76 + 0.58° 4.44 + 0.50 3.54 + 0.31** 421 £ 0.28*
SOX2 16.92 £ 0.92 16.67 + 0.83 15.63 + 0.88 16.11 + 0.84
TBR2 2.76 + 0.36 228 £0.35 2.56 + 0.19 271 £0.34
DCX 14,57 + 1.08 17.25 + 1.19 12.96 + 0.82 14,53 + 1.13
TUBB3 18.01 + 1.66 20.24 £ 1.74 16.31 + 1.52 18.22 + 1.68
NeuN 607.82 + 7.96 57495 13.08 561.33 £ 7.35** 534.83 + 11.89**
GABAergic interneuron subpopulations in the DG hilus (No./mm? hilar region)
PVALB 14.16 + 2.34 12.18 + 0.97 15.65 + 1.74 14.24 £ 2.45
RELN 43.76 £ 2.67 42,01 +2.13 46.40 £ 3.11 40.56 + 2.31
SST 38.66 * 4.45 49.43 + 5.30 50.31 + 5.87 45.77 = 4.55
GAD67 2132 +2.16 21.55 £ 1.67 2173 £ 1.72 21.83 £ 2.67
Synaptic plasticity-related proteins in the GCL (No./mm SGZ length)
ARC 5.59 + 0.71 5.82 £ 0.96 6.64 + 0.54 6.17 £ 0.69
FOS 7.27 £ 0.65 8.09 £ 1.27 7.59 +1.20 7.55 £ 0.98
COX2 38.40 £ 3.39 41.24 + 3.20 41.34 £2.02 4197 = 2.74
p-ERK1/2 1.26 £ 0.41 1.33 £ 0.57 1.91 £ 0.55 2.07 £ 0.52
Cell proliferation and apoptosis in the SGZ/GCL (No./mm SGZ length)
PCNA in the SGZ 2.57 £ 0.35 3.00 £ 0.60 2.55 +0.47 2.53 + 0.36
TUNEL in the SGZ 0.03 £ 0.02 0.22 £ 0.08 0.24 £ 0.10 0.26 + 0.08*
TUNEL in the GCL 0.07 £ 0.04 1.05 + 0.72 0.72 £ 0.37 0.69 £ 0.26
Astrocytes and microglia in the DG hilus (No./mm? hilar region)
GFAP 288.49 + 14.39 256.54 + 14.25 302.28 £ 15.19 292.81 + 14.16
Ibal 67.34 + 4.04 71.07 £ 3.18 64.96 + 4.76 75.97 £+ 5.86
CD68 11.83 + 1.55 14.78 + 1.79 12,52 + 1.23 18.18 + 2.14*
CD163 8.30 + 0.72 7.94 + 0.58 7.47 + 0.86 8.43 £ 1.11

Abbreviations: ARC, activity-regulated cytoskeleton-associated protein; CD68, cluster of differentiation 68; CD163, cluster of
differentiation 163; 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; Ibal, ionized calcium-binding adaptor
molecule 1; IEG, immediate-early gene; IMI, imidacloprid; 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; TUBB3, tubulin, beta 3 class Il (also known as
Tuj-1); TUNEL, terminal deoxynucleotidy! transferase-mediated dUTP-biotin nick end-labeling.

2 Synaptic plasticity-related proteins were immunohistochemically examined using animals of behavioral test groups euthanized on PND 79.
Other marker antigens were immunohistochemically examined using animals euthanized on PND 77 without subjected to behavioral tests.
b Mean + SEM.

*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 Table 22
Levels of acetylcholinesterase activity and malondialdehyde in the hippocampus of male offspring on PND 21 and PND
77 in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750
PND 21
No. of offspring examined 6 6 6 6
MDA concentration (nmol/mg tissue protein) 10.86 £0.23*  10.80 £0.17 10.90 + 0.33 10.91 £0.22
AchE activity (mU/mg tissue protein) 39.69 £1.42 39.37 £0.78 40.79 £ 1.90 3455 +1.40%
PND 77
No. of offspring examined 6 6 6 6
MDA concentration (nmol/mg tissue protein) 11.55 £ 0.45 11.90 +0.37 1192 £ 0.19 12.74 £0.25*
AchE activity (mU/mg tissue protein) 261.49 £9.72  263.84 +14.44  267.10 + 20.19  225.55 +13.67

Abbreviations: AchE, acetylcholinesterase; IMI, imidacloprid; MDA, malondialdehyde; PND, postnatal day.
@Mean = SEM.
*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 Table 23
Changes in open field test of male offspring in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750

Weaning stage (PND 18)
No. of offspring examined 10 10 10 10

Total moving distance (103 cm) 2.19+0.512 2.16+ 0.28 2.04+ 0.45 1.55+0.37
Total moving duration (sec) 46.95+11.94 54.06 + 9.52 4522+ 10.34 29.06+7.70
Average moving speed (cm/sec) 43.77+6.80 35.40+ 3.05 35.66 + 4.04 4527+ 4.46
Center region rate (%) 0.23+£0.17 0.79+£0.42 0.70£0.35 0.28+0.24
Adolescent stage (PND 38)
No. of offspring examined 10 10 10 10
Total moving distance (103 cm) 4.11+0.35 3.97+0.44 3.87£0.24 4.00+£0.52
Total moving duration (sec) 201.33£14.10  198.44+20.90 195.14+9.88 187.78+21.57
Average moving speed (cm/sec) 17.85+0.63 16.98+0.65 17.31+0.61 18.10+0.82
Center region rate (%) 7.63+0.96 8.78+1.81 6.76£1.34 7.67+1.38
Adult stage (PND 62)
No. of offspring examined 10 10 10 10
Total moving distance (103 cm) 2.90+0.30 2.90+£0.53 3.26+£0.23 4.03+0.38
Total moving duration (sec) 155.10+16.12 153.14+£27.18 181.41+£15.15 184.68+15.58
Average moving speed (cm/sec) 14.86+0.56 14.55+0.98 15.28+0.56 17.63+0.87*
Center region rate (%) 6.45+1.63 7.72+2.60 8.91+2.10 8.97+1.36

Abbreviations: IMI, imidacloprid; PND, postnatal day.
2Mean + SEM.
*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 Table 24
The alteration in spatial short-term memory in Y-maze test of male offspring on PND 27 in the IMI study
IMI in diet (ppm)

0 (Control) 83 250 750
No. of offspring examined 10 10 10 10
Alternation rate (%) 57.51 + 3.602 57.82 +7.21 57.02 + 5.24 46.48 + 5.34
Total arm entries 17.20 + 1.92 15.30 + 1.70 15.80 + 1.21 23.40 + 3.56
Abbreviations: IMI, imidacloprid; PND, postnatal day.

@Mean + SEM.
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Supplementary Fig. 20
Contextual fear conditioning test of male offspring during the period from postnatal day (PND) 75 until PND 79 after

maternal exposure to imidacloprid (IMI) from gestational day 6 to PND 21. Graphs show the rate of the freezing time in the
fear conditioning, fear acquisition and fear extinction in animals of untreated controls (0 ppm) and each exposure group.
Upper panel shows the summary of experimental design. Lower panel shows the rate of the freezing time in the fear
acquisition and fear conditioning, or the rate of the freezing time in the day 1, day 2 and day 3 extinction trials. Values are
expressed as the mean + SEM. N = 10/group.
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Supplementary Table 25

Changes in contextual fear conditioning test of male offspring in the IMI study

IMI in diet (ppm)

0 (Control) 83 250 750
Adult stage (PND 75-79)
No. of offspring examined 10 10 10 10
Freezing rate (%)

Fear conditioning 32.24+£3.552 28.39+2.44 30.41+4.19 35.57+2.88
Fear acquisition 65.93+£6.20 63.24+5.86 58.73+3.92 65.50+£5.32
Fear extinction #1 59.03+11.74 62.37+£7.77 68.11+£9.16 36.24+8.47
Fear extinction #2 30.45+7.70 39.70+£8.69 33.22+7.70 43.91+6.47
Fear extinction #3 17.99+3.46 22.90+6.08 31.03+10.43 16.59+4.17

Abbreviations: IMI, imidacloprid; PND, postnatal day.
@Mean = SEM.

133



