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Hs 4
JRAETHBR AR A A (L WE ) 2 7 BF5ed3E)
(FE%ES : 22KD 100 2)
AN 6 AEFERFERCR A

ATZHEAMP SEHW-E b i P SHERMPEHIIC L 20 E sk 0Bl
e REE  LETA  ENLEERSLEMEANERT KR =R
SHIE - AEFWEO e MERELFHMI T 5720 in vitro RERERIED
FERIZ T 72 Helk - MRS

WFIEST A SARARRE SRAE TR T %

MaREE

bt MBS LRI (iPSC) Hk==—m A L in vitro BUNEMT LA (MEA) FFAfiL, Pk
FHB O EE L TAETH D, HxldT7AZ—7 0y NEBOFSELZSE Lz AL 23U 27 Bl
EEBF L TER, FEEICESHEMROMRNEL W WO ERH L Z b, K0 Bl N\—=x
FREHL ST A — 2 & TR FIE AT 2 2 LIk, IS ORIEMIRZHRET L TE T, T A—
AT IZANIDRT A —Z OFEIFM E 725720 MEA T —Z IR 5T, DM OFHnRIC L D E 2 3T 2
—HZ L L TEMTAZENAETH Y . MEA T — X |2 X 2 MBEREIFIRICIN 2 T, FOMEMRIC X 2 HRE
G LA m RN AIRE L 22 D, ARBFTETIX, 3T A —% AL |2 X DR BT H kOGS L K
FREED T2, MEA RIZ8538 L7zt b iPS fifu) HEUS L 72 shiRIEE N7 A —Z 2 L T, b b ~ORFEE
BRME SN TWAILFEWE R L O, RS OmE TR 25 Lz, N—A NEHE T X —2 Dh %

FAWT=m TR AL =5 A4 TIE, 13{EEMOFRMEE PSS Z ENTE T,

A. HFEEB

b FAEL RN (1PSC) Hk=a—w A
FAL7- in vitro #uNEMT LA (MEA) #EffiZ. FiE
MO FEE LTHEETH D, HAIFZTARF—T v
NEE ORISR AR LAl 2 W3 Y 2 7 R
HEEBE L CTE N, B RIS < HER RO
DEELWEWIRIENH D Z &b, kv HtiZ —
A NRHERT A —H 2 AW TS FE AR T S
ZEICEY, ZTh L OMBERRERF L TE, T
A—% AL IZADDBRT A—Z OBEERE 2 D120,
MEA T — 2 (2R 53, Z DM O TR IZ K 5 fRpT i 2 <
TA—HELTEMNTAHZENARETHY MEA T —X
2 & DR RE S I 2 T, F OfEHERIC L 5
WAEEA LTRAWI RG2S fTRE & 72 D, AAFSE
TlE, 2XT A—H AL T & DRV T O REEE &
FEEERREED T DI MEA FIZEEEE L=k b iPS fifas &
HUG U728 T A =X 2L T, & h~Df
FRENME SN T DIEFEWE B L, BRI
B OFME TR & i L7,

B. Bt

b MiPSCH ¥ == —m > |ZiCell Glutaneruons (FU
JIFILM Cellular Dynamics Inc.) Zf#fH L7=, 48-well
MEATZ L — k It fifn 2558 L, §5&4-58 B2 H
TGN I L OEH ARG 5-% O M s EAL &2 BUS LT,
FHNINFIEO b F ~OREFZENRE STV 51k
FWE 2o bEM AN Lz, B LEmIX,
Bisphenol A, Chlorpyrifos, Fipronil, Fluoxetine,
Haloperidol, Tebuconazole, Tributyltin, Deltame

thrin, Rotenone, B -Cyfluthrin, Metaflumizone?%
fFR L7, Bt i{b&% & LT, Acetaminophen, As
pirinZAFH L7z, =T O HH| OB 1ZDMS0 % 5
L7,

B U7 BAL NS AR, 7 B L, A4 0
RE RN T — & D/X3— A Mg 21T o7, 73— A MEHE
T A= L LT, OIEE. OFRIMINN—2 MM,
@/N—X MNEE, @3—RX PR, ®&N—RX BN
FRE, O KRIEKJEW L, D KIE KR DA )
245, @ KFE KBRS OMME. @ KI6 kB
ROMBOZEERE, O N—R MEFOEEFRK, @
N—Z N FRRERE R O ZBIER AL, @/ 3— 2 FNFE KD
EERE, @ N—2 FOFAIME, @/ —R SRR
DOWSNLEIPH, B/3— A N RHGRE O R K2 FH L
77

Pt b G a T — % . B R OB ENH
HEIN TV EOERE A BET — % & LT,
FMETHAIT T VA ER L, BB LA 3 5
FMEAR 37 OFEHE R 2 L b U -2 E Bl &
E LTz, WIT, REET—2BILORFZBLLEDITR
LT, ER L72ALIC K B mtEplE 2 92k L, R EERRGIE
% S L7,

C. HFgERER

b F OB ENRE STV AL EMEBS IO
FErEst PRI &I L D HRIEEN ST A —2 D& {LE b
— b~y PHEERTDHIETHR L (K1) , 11758
DORBALE D 5 L 10FEFH O G TR KNS
KER L ORI AN— X AT A MmN EE SN
oo FTALEMIZ L o THEABEDO/NT A — K TRE
AP 72 BAb B STz, 7272 L, RIS EY
T& DAcetaminophen, AspirinlZBWTHEHD T
A= TR HiT==0, RAEBRLEW & Rttt



ALY DAL DFER 2 R 5N HAIER S BEE & B R MR AN . S 15[EI R 7 U — = o F RS
25, =

e L7z St PIALE 7 A Tl L 7R 8 7 — ¥ 2. ARHER, KFEHRE. ABBA, A, £k
BLUORFEACEDIIHAT D@mMEA 2T 2X2RT, iPSHHAR R 3 = = — 7 > OMEAGHINZ 35 1F 2 2% th Al
BRIE LA TIE, IREICED O PRV EER a7 Ofhig R & R TH 5E500A] B AR EME
ZHERF L7, RBRILAW T, REET—Z B LUK FRMER
FEEEYOFIICEO T HIRERFICEHEEA 2T
A SR B A S, G. ST HE D TURIR L
BT MALE T M L 5 BIEHER RREBBIORT, | gearmoa
Rt UL SISk 2 B2 = 7 028D & k) E 7oL

BEE LCHAT S L. T _TOREET— 4 TLE

D RIREI ) CRILRIT 5= baicar, g 2 FARRER
T BV R A IR s B B IR EE 12 281 < 2 "
PRI X P, TE L < BFEHET 5 = L W& -, 3}%@{
& 51T, REBALAWITR LT HARREEE D & i e I L

I CHEMERIT B = L ST 7,

G L LT, BB AMER L O, & ko

ERER S N R S T\ B LM L LR O 2 3134

BT SR TCHREE TR 5 - LN TE -,

D. &%

SNR— 2 FHE T XA —F DI % AW =BT HIATE
FATIE, 1Mk oFtE2 TRIT S Z N T,
PARTORREETIXI DD /N— X FHERT XA —FZ Dl %
EA L2, SRIOKEHETIZ6 DD /8F A —F 28I L
7231685 A—H 2fEH U=, LLETOMIETIIE M2
BHTXWMEE R H - T8, S EIOKRIETIZ TR
TOBEY THEMEEZ TR TEZZ b, RNTA—X
AT L CTPHRENM LT 2 Ehrmaniz,

RT A—=ZANIANTINRT A—F OFETFR E 72D
72, MEAT —Z 2[R &3, Z O ORI R I XK 5 T
fExENRT A= L L CGEMT D2 ENAEETH Y . MEA
T —H X D MBERETE RIS 2 T, Z OMEFAMRIZ
KXo EEH LA e m il fRe L 72 0 |
AR & TE DAL AN IEEITIAL 72D 2 LR
HERIC& D, ST IIMEAT — & LIS OFHH SR /3T A — X
e LA s i HIAT OS2 B R34, £7-.
% CHUfS L 72MBAT — & & ARHBFZE THEE L 7= R F
A—=HALIZ AT L, FlE PR ROFIM 2 BT 5
LAbiC, EHEBEER TR LT — A R—R 2R E L
T A=A EVER L, RHFIEOAT & 5 TR ORS E
A4 5,

E. #

ARFFEIC L Y, B MPSHIRH SRR Y hT—2 O
SNR—Z NEE T X — & 2 W= m M PHIATE T L O
IbEMBIETTRNEE L CogRMRN R EN=, £/~
IRTA=H AW L TP ER N LI D5 R
DELNTZ s, S%EROFMART — & 258
G5 Z L TMEAT — Z LS DOl R /N T A —X 2 & H
L= A M7 B Al ORI T X 5,

F. ME%ER

1. @XHER
Yuto Ishibashi, Nami Nagafuku, Yasunari Kanda,
Tkuro Suzuki, Evaluation of neurotoxicity for
pesticide-related compounds in human iPS cell-
derived neurons using microelectrode array,
Toxicology in Vitro, Volume 93, 105668, 2023

2. FRRR
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AW E FPS= 2 — 1 L OMEAZHANZ BT
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5 = M E
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EA BB M EEME (LEWE ) R 7 EEE)
GRFEER S :22KD1002)
S 6 FEEMERERESE

AlXZEAMP SZRHAWZE b i P SHRMEMIC X 2R3 ERRIEOBRR
MEARERE ZEITA BExEELRMEEFFER XKEE =R
SHEIRE - Invivo FEMEELME

WIS EE B8 B ENRFEARRBLRE K¥ERk BEWNER 8WmAaftF2Enm 202

MEEE

AR T, (LFWE DA v v b e RSB ERHMmE OS2 B L L, OECD &L LT\ Ak WE
DY A MEY L IZE IR X DMREMEFHME AT 5, EWEILe MOk 2 EENBEEEDE CH DL 7
At F NV U A LRERRT CE =T A KO F TTOREHMREEENBEINTVWA XA =aF /4 NRE
HDOL1OTHDHAIX 77 RIMINE LT, 7y FEHWTHIE6 HH2 O 0% 21 H B £ CHRIEZEHREE
ATV, WEMW OIS #ERENC 31T DR A IS k3 2 8% Rl ik & 5 TRFTT 5, REEEDOSFE
X IMI DR EBRFERE R IOV TG T 5, URT — X 22512, IMI X0, 83, 250, 750 ppm D CIRET#
H L7, Rz A% 21 B & 77 B BICHE L, S EM7rImS. B 3BT O T O M2 84 LTz,
BESLI (PND 21) (12, B ORI A= v FIZBW T, 750 ppm O IMIBEFE X, #hRRRTERHIIL (NPC) D HaFH
& ERK1/2-FOS %4t L fERIIRD > F 7 A [ VM2 I35 Z L2 k0. %81 NPC & 538444 O AR R ERL
Ffa D% AP K72, Reelin O > 7 FARERIIGI S 2 &3, BISR SNTAPRET A & v T AR D
B DR vy, RS ORAES] (PND 77) (238 TiZ. 250 ppm BLED IMIBREFEIZ, FhiREmmL o
HIEA IS L7 AR b= ARSI E 5 2 &0 K0 phkerfifa e i) <, Rk EIE NPC 43k
N X v L=, 17817 2 b i, sIEEIIZ I T 750 ppm T HBEIFEEBOTTENRD Sz, IMI XS
DT EFNa) AT T —EiEEEEIREITOTvFLa ) U2 RKIED Chb2 EinFis5EY L~ & §
I L OB T S /70, IMUZEEALINC R BRI 3510 % astrocyte & M1 % microglia 202 ¥4 h0 & ,
MRESIE & R LA b L ABE R A F 2 R L7 S, Az VLTI, IMI 13 malondialdehyde L~L- &
M1 % microglia £tz HAN & &, MRRIE EBRL A N L ABEBE T ORBAIL T S, b OERND,
IMI EERERIC = U SAEEIE S 7 F AR IR 2 KT L. IMI BRI MRS IS B THIRE & (b 2 - L
A B iHE L BEERITEEORIEA N L AR DA ER S, IR T D 2R TE & EITHED
PR AR A B X T 2 AR E N, B O1TE) & S O MRS AT 5 IMI @ NOAEL % 83

ppm (5.5~14.1 mg/kg KE/H) L7x o7z,

A. HFEEB

LS E DA B b e RN HIE OB A2 By
L LT, OECD &AL TWAILEMED Y 2 L&
CCEN IR K DR R 2T O . AR gEE
%, BV ER CRE OB EM G 21T O .

PR 8 AR R R I D B OB HAE 0 . FERAT
BAMHAR OHTE - s b, BEh, B DK B O Rk S
U, AR RE DMER) & T DR MR EIE I IR
OLOBREOWT N NEELZT 5, MRFTAETENR
LATORERBEL G-, EBRITIHEE HUEE O/
TR A TR 2 72 F AR B MR B D FEE IR R 1Tk L
TIRREZ WA R T RN GV, 72, A TH=2—
12 DAELFRRHERFIC B 2 0 TR I IE, MR B
BT HMREESL T T ADER., BTG ROMT &
HIBTDE DL, F DT, AR T 5 5
PE R 135 T 2 R T ATREME N B D,

BRAEE L Mok 2 BEEMEEREEME TH D
T oAb Y U A LIEBERBRT =T AR e R T
DR EMREENRSESh TSI R A =aF ) F%
BIEDLIO>THHAIX 707 K (IM)IZ2ONTT
b Z VN T I8 EHIRREE 21T\ VEES Stk | oo fee g AR 1
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x4 B A Rk & TR 2B L=, &5
I INaF & APOFS IR ROV TG L2, &
FI64EEE I ZIMID FE FEMR A F DWW TS T 5,

B. WAk

W ~DIRFEEE & LT, OECD DI jEMitmik
BRATA KT A 426 [THEL ., #F0E SD 7 v b (F4E 1
ACTAFE, AR R /LY —) X LT, —HEH-Y
12T 5L LT EIE6 HENOOME 21 HEETO
HARI. IMI 0, 83, 250, 750 ppm D E ClRATE 5 L 7=
(Fig. 1), IMI Dim &I, WBED IS 2 b & 12,
RE) ~ DB 2t & & ISR D#ERE & R B~
DOEBERFFMED M WIREICRE Lz, RFEBRTIL,
HAER 4 B BICHEIE 2170, A REMIC 8 P4 el
T2 &0 REWMEEFE L-, RS, —Bekae
1A 1EBIZEL, KE, BEELOEKEZEIC 2
[EIOBERE CHIE L=, HE% 21 HH (BESLEE, PND 21)
(VBB D e A ik U7, S RE 10 PCLL ool
FW A& CO/OHEE T T4%PFA0.IM U VR 7 7
—\Z &V EREE 21TV, SRR R LT,
KB 6 VL EREVEENY) 2 CO/O I F Tl L, Ak



B AR — PRI TCHEE L, Bia BT It L7z,
HIZARE 6 LU EORERBIMIZ OV TIRMNER LA b L
Z(MDA L) KON AChE IEMEEDRIE D=6, AP
B THERBEE 21TV, WEEZEM L,

70 o EEIIEL PND 77 72V L PND 79 % T IMI
EEEn0fEHC I VEE L, —BkEEZ 1 B 1 8]
2L, (KEZEIC 1 EOFE THIE L7z, PND 77 LT
PND 79 (Z&-8£ 10 PELL L O 1ER B %2 CO/0. B T T
4%PFA,/0.1IM VU VBN 7 7 —I|Z L 0 FEWLEE 21T
U, SRR SRR RS U, AT B R ER b B X
PND 79 (24 TERRBR DRI T D 90 /3 2\ S HELIE E %
Fhti U7z, &HE 6 VELL EOREVEENMY) % COJ/OJREE T
B L., Mz A X 1 — I CREE L, Bin - REU7E
Mricft L7z,

WS35 B Sk T O 72, PND 21 (T
BERBRIEEEEY) & PND 77 (ITEIRBRIEFNME )
72 L PND 79 (ITEhERBRFEMEEIY) o PFA HELE E
Iz oUW TIE, KM bregma D J5#-3.5mm @ 1 7
FT ChRbREIE 2 /ER L C, E ORI OxFRmE (2 BIE)
DU E 72D XN T 7 o ML, 3 um JEDHE
O ZER U7, YR IR TH (SGZ) 7>
DIERGEIAE (GCL) (24343 2 BERiAIE Rk 0 43k
BEPE DFEIE (GFAP, BLBP, TBR2, DCX, TUBB3, NeuN),
HAREI P ER IS AT D M E= 2 — 1 DI (CCK,
SST, RELN, PVALB, CALB2, GAD67), i IR[EIFIEETD
ERMIE OFREE (GIuR2) | SGZ TOHMfaEEFHIENED R
1 (PCNA) . SGZ & GCL TOT R b— ADIEIE
(TUNEL),GCL Tkl ¥ DFEEE (p-ERK1/2, ARC,
FOS, COX2), B ikEIFERIZ 31T % microglia 615 (Ibal,
CD68, CD163)iZxt¥ o Huik% T, DAB FEIZT
ABC EIZ X D5 Yett % 1T > 7= (Supplementary Fig. 1
and Supplementary Table 1), ¥#FE Ik [ElD SGZ 1ZHWV\ T
HAR S Y72 0 OGRS E 72 13RStk B P R L
BT DA HEFE S 72 0 OB EcE FH Uiz, ik
AIPEDFREEIZ DWW CIE, 1TEEBRIESE D PND 21
iy L 1TENRBR E MO PND 79 Bl A 5% & LT,

WS DB FHBUENT D= PND 21 & PND
77 DA B T3 — 2 EERE VT KK bregma D% 7
K22mmao2mmERAT A ALY B FEZ T
RS B IER S 2 BB L=, 2 D% BB © total
RNA ZHlii L, cDNA Z &5k, U 7/v% A L RT-PCR
W2 X0 BRI BUENT 2 550 L=, AlH . RNeasy® =
& v b (Qiagen, Hilden, Germany)% i\ T, 0 ppm %}
B & s & (750 ppm) FEO SR [E#ILHR 2> © total RNA

ZRH U7z, Bl U 7= total RNA OJEEE L2 HIE L.

6 ng/uL @ cDNA % SuperScript™ 111 First-Strand Synthesis
System (Thermo Fisher Scientific Inc., Waltham, MA, USA)
WCCTHM LTz, 116 LSO T T A ~—FEFIE Primer
Express (ver. 3.0; Thermo Fisher Scientific Inc.) F£7-1%
Primer-BLAST b4 IV
(https://www.nchi.nlm.nih.gov/tools/primer-blast/) 2 H \»
Takat L 7=(Supplementary Table 2), 116 ®~7" 7 A ~—d
L. DARTOWIFE CTHE SN b D E iz, 2To
Y 7 L4 A A RT-PCRIZ.1 ul ® cDNA & 19 ul  Power
SYBR® Green PCR Master mix [10 ul Power SYBR® Green
(Thermo Fisher Scientific Inc.), 0.4 pl @ 75 A ~—
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(forward & reverse), 8.2 ul UltraPure™ Distilled Water
(Thermo Fisher Scientific Inc.)] =& Tr 20 ul DE£&ET,
StepOnePlus™ Real-time PCR System (Thermo Fisher
Scientific Inc.) M\ T4T-7, PCR ¥4 7 LS,
95°CT 10 4y MO WIHIZE M, 95°C T 15 B D2 60°C
T1HMOTIA4~—T == T ALV RII—T A
Ty TG 5 40 FIOEIEY A 7 L& Lz, 750 ppm
FED 0 ppm xFHBEEIZ 3 D AR 2R R T REY) L~ Vi,
RLCY 7 VoNKRESRERTFELTHWE
glyceraldehyde-3-phosphate dehydrogenase (Gapdh) % 72 1%
hypoxanthine phosphoribosyltransferase 1 (Hprt1) ™ EfE 5
A7 (CrEZHWTERL LT, £Dik, 28254
FVarybho— CrEICH T D MEZ R L, %
fHIE L7z,

PND 21 & PND 77 O#EE 25T 5 IR E @ ERL L~ L
1%, Lipid Peroxidation (MDA) Assay Kit (Abcam plc) %z
W TF AN EY —UREIZ IO JIE L, F A ey
— VI ROGTE E O FFE 2 W E L. malondialdehyde
(MDA) L)L & LT Lz, MWEMEEY 7 i,
TissueLyser 11 (Qiagen) % i\ CTIAfE/N v 7 7 — TUs iR
L. 13,000xg C 10 syl oo B L C Lis&2 it L. =
D% DTN, MDA-FA 7L B — LRI
N7 S =Tt L, b7V oRtE &
~ VT ~A 7 a7 L— kU —4&—(Powerscan® HT)
Z T 532 nm TG ERHT L0 JIE L7z, Ak
R D 2 o8 7 B 1L, BCA Protein Assay Kit
(Thermo Fisher Scientific Inc)ZfE/H L CHeE L, Yo7
LD MDA JEE (nmol/mg ik & > X7 E) D ERYE
T o7,

PND 21 & PND 77 D512 51T 2 AChETE 1%, AChE
Assay Kit (Abcam plc, Cambridge, UK)Z VN CHlE L7,
i Lo AERL (20 mg. &#E N=6) %400 uLo> ¥
NIBUIRN Y 7 7 —THREDFA A LT, REV R —
k %600xgT1043fH], =R Tl L7z, \IZ, 7T
FA 2 ) URSRAYS0 uLE, 967 = /L7 L— KO
FIAROAChEERER L O 7 v ByFICiRin Lz, =
T30 A ¥ aX— LT, v VTRt~ A 7 1
TL— b U =& =% T410 nmO G & Fi B -
7=o AChEIEVEIZY v It & X 7 B i -CIEHL
L7z (mU/mg#% > R78) ,

FTARTOTERABRICB O T TERBRAH @8k S
HEOFE) (K8 N=10) ZEWEEE =) S TERERE
(AR E) S, SRERBIARRTICIA L S 72, A5UBRE)
MR & = T SO RHEIRRE T s B2 70% =% /) —
NV Tl L, IR R R ZRE Lz, B T
%9 <Ilc, RBEMITHR— 2y —JICRE N, T O%E)
MEERICR I NI, TN TOERRITFHIBRED b 1%
19RF DN TN L AATERBRIZB I 2R Y 28T 57
O B EREN) O BIIEFF & SRR A R 2 BER] TN 27
VAL U, WBRT A IXOECD DR EM R R BR
A RZ A2 (TestNo.426) #5517,

F =77 4 —/v FiBRIZPND 18 (HEFLHT) . PND 38
(F4H) . PND 62 (RfAd]) (C3f L, EBEME & A~
LRRATEVZ M L7 (Fig. 1), ZEEIE, RENSBAKRY
Ui 27 o L ARIE S b LA (I 900
mm) &, BT T AFy yEAR, RS 500 mm ()



JRPE RS, D) AL TR, BEZPOET
20V 7 AR T, HLREIERIXEE ) 5180 mmBfiLz 1E
H & Uiz, BHREMITIEE DR C 2 —F—IZBEIZ M)
Do THATED, 7 4 — /b R E IR E S
CCDW A7 (WAT-902B ; kAT 7 v 7 | #B[i) %
FAWTL0 I OB R EE & BB, SRR Eh R |
BIOFREERERLZEHELEZ, X7 XA —X T
TimeOFCR1Y 7 h 7 =7 CUNFPEEHKASH) 2 H0
THBWE L, ORI, b= [ (F.
FEIIRTERER]) +1043] x100DXCHEH L7,

A zE M EEE 2 R 5 72 oI Yk T 2 B ZPND
272 FEE LTz, HEII3ADT —24 (F X600 mm, BAT
%250 mm, L¥BONE250 mm, FEOWEE0 mm) OO
AENRL1200 DY FRIC, FEEEKIT~y hZL—0DRY
Co VT TAF /T hH o, REITEE PR T
I ARk T2, IRDT — L& ZNENGERA, B, CL
L7, BeBREN A BEIZ[A1v > T, TOWRDTH AL HD
T—LDMEICEE, BEHICH AT (WAT-902B ; kil
2T T v BB 1IZ8LINDET — A ~D T b

U — DNEFE & kA 7k LTz, € OB & B R AFRIT,

TimeYM1Y 7 b =7 (NFREFEKASH) 12X -T
BB STz, BT, 3 oDRR DT — AICE
BLTADZ L LEFR LR (Blx1X, ABC, BCA, CAB
DA DTN 7 h L7273, BCB, ACA. BAB/Z
AUy BN L) o RERIFUTOXTHEB L
7o R = [ (RBRE) 7 (BT —2%-2) ] %100,

SCHRES RS04 1 38R0, PND 753 XL UPPND 790
RIS U7z, TRV AT BERE ) . TR LR
FEAGERRE ) | TRUGRCEMELIA B . TRUMEECIEIE 22
HE) . RYGTEIENEZE3H B OIECSEORITEIT -
7-. RBEWIT, ZH LI H T ARBIERr—
(30x37x25 cm)& . v 3 v 7 ¥V xR L—&— (SGA-200;
INERFEZE) A8 E L7221K0 0 — 7 T EN - 8K F IR
N7 DR RS (CL-4211; /NEEEMRASE) N
TR AT o7, BREZIF50dBDOR T A kA X L2000
7 ADWREIRE LT,

R S At T 308k (PND 75) Tld. #RBRENM A 8 < (2
B — VI A, SBOKRNL22BMO7 v hva v
7 %5 % 7o (FREE0.3 mA, IRFfH]AR A > 188, 148, 238F),
F3lE), wEDOT v b a v 7 b1k, WERE A
K= —I IR LT, LIz - T, 1WWEH7-Y oAE
5o TH o7,

R 45 H (PND 76) 3 X OV e = H1-3H
(PND77-PND79)D#ATTliL, 7 v h¥a v 7 2529
W UBREE « EFF 50 MR CBERr — I AL, @
DiTEN & 7 U — 2 JRERIIZCCD A A 7 (WAT-902B;
INFEZER RS AL) CRiER L, TimeFZ2Y 7 R o =7 (/b
JFPEREMRAS ) THERNT LT-, 7V — v 7 HEIE5
EOFITH, B3 280 Ll BB e ho 7o RFEIFIR] &
Lz, 7V =0 TREERIZUTORXNTEH LIz 7 )
— DU R = [ (R7 UV — 0 7R 1 (3008)) ]
x100. F72, 1 3HEHOMHEXZ V=T 7RiX, 71U —
Dy TR A RSO 7 Y — 2 R CEl o 7 E
L7,

R FLIENS 223 H H (PND 79) D3 ATIC BT, #BaE)
W % R R Ok D IR T B 90 1R 1T 223K S |
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GCLIZHK T B v 7 AR BE & N7 B O3B %
SRR A0 IZ 0 R U ATERI IS U738
BORRKFEZ G LT,

Wt AT I B LT i T — Z 13RI EESEM CToR
L7, WO E, EE, EKE, RO EEIT,
B BN 2 SEBR AL & U CRRAT L7z, IREM DR E J Y
fidss BB, A PURIC KT 2 RSl E, TUNELTT
A b= AR, BRLA N LA LUL AChE i1 L
SOUIZBT A T — 2 X A 7 v — 7 B FEER AL E L
CTHRHT L 77, 0 ppm RFRREE & KL ERER O EZITLLT
DXl L=, T — XTI BOBEENEIZHONT
Levene DIREZ W T LTz, Y —THiL,
HAET— # 1% Dunnett & % WO CRMEE L 7=, R¥B—72
T—HIZOWTIE, Rr7zuo—=@ME%>
Aspin-Welch’s O -1 E Z 3@ H L7z, 2 DOEAREE)N S 72
LEAET — 2 1%, B O — 72881 Student’s
DOt REEFZHNTHH L, T — 2 BARE—RgG A1
Aspin-Welch’s @ t BREZIT o7, ZEIEBOLGIT 0
ppm X HREE & B GREE O T, 2 BERIIIR OG0
ppm xtHREE & 1000 ppm BEE O Tl AT -7, T
TO5HTIE. IBM SPSS Statistics ver. 25 (IBM 1, Armonk,
NY, USA) Z i\ P<0.05 Z eI A B & 72 LT,

—

(PR OB E)

B G EITHOAKE G N EERTHY . B OETR % i
INRIZEE D T=, F1=. LT T COJOEMEE R T
OWEFREE 2 ST L B L, 8ic5 %25
ERITER/NBICE D, £, BT, EFICh o
TiE, ENLRFEAN B T RFOEMY ERSE BT
BHIE 7 BN B EBRIREHHE - 7=,

C. WrEemER
BARNRT A —F

250 ppm FED 2 lLOREMIL, 5% 21 A RICT
HNSOREIRDIMENBIE SN o172, IR
LT Lt STz, 76> T, A REM 80 0.
83, 250, 750 ppm #ETENE4L 12, 12, 10, 12 LT
bolo, BYRBHRT, SEGEHEONIBYOKEIZ
HEREEIZED S~ 7= (Supplementary Fig. 2A
and Supplementary Table 3), #EEF & 750 ppm #£T GD
6. GD 10, GD 17 (ZZNZ4 21, 21, 14%F E (D
L7273, 83ppm RETiX PND 19 (Z Oppm XfHERE Lt
#: LC 20%A & (2880 L7~ (Supplementary Fig. 2B and
Supplementary Table 3), fik /K £1% 750 ppm #£ CiX GD 6,
GD 17, PND 9, PND 16 T #4117, 16, 13, 15%
A EITHA L., 250 ppm BT PND 16 T 0 ppm i PR
&g LT 15% A EICIA L7 (Supplementary Fig. 2C
and Supplementary Table 3), REI# O B HEIETIE,
THUOREFHIZE N TH ST EITENC R T IIERO
DI oo, BHE/NT A— 2L T, FRERAL
BB I OEFBICAEEREENIRE O b noTons,
HEH X 83 B L U8 250 ppm BETH EICHEIML -
(Supplementary Table 4),

83, 250, 750 ppm FEDORFENMIL, SRR IS IMI &
FNENTFH) 55 +0.1, 16.8 £ 0.3, 425 + 1.1 mg/kg &
Filday ZEH L7z (SEM &) . oikthBffLE co



ATV T, 83, 250, 750 ppm BEDREEMIL IMI %
ZNZNOFE 14.1+05,39.7 + 1.4, 116.5 +3.0 mg/kg &
/AR ER LT,

KRB DAEE T A —2BLOHIRT —4

{KEEIE. 750 ppm BT PND 9 725 PND 21 £ THEIC
Jk A U 7e (0 ppm XFRREE L VK 9-11 % 4
Supplementary Fig. 3A and Supplementary Table 5) , 750
ppm F£ Tl PND 33 CTHfE& & K ENARICHED L.,
ZTNEI 0 ppm XRREEL Y 19% & 12% D72 ho 7
(Supplementary Fig. 3B, 3C and Supplementary Table 5),
PND 21 O Cl, AEIL 750 ppm #E THEICHD L
7= (Supplementary Table 6), PND 21 33 2 OYPND 77 O

BTIE, WThOREGHTHIMERICAHERZEBITR
Hoehote, HFEBETIE, WTINoREHETYH

HATATENC R E RO b ieino Tz,

BRI OMIRENC I 1T 2R R SMaE e 748 b —
T Ak ER
O SGZ/GCL iz 2RI R~ — I —

PND 21 (28T, SGZ 5 LT GCL @ DCXHHfiusk
B X O TUBB3 #lIa%E 750 ppm RBECAHEICHAD Lz
73, SGZ 5 LN GCL @ GFAPHHIIa%L. SOX2+HIIa%L .
TBR2* R 44 £ O NeuN fIfR I VW9 L 0 B 5-REIC
BWTHLEH L2 > 7= (Fig. 2, Supplementary Table 7).

PND 77 {28\ T, IMI & 250 ppm LA_EDORET SGZ @
GFAP* type-1 NSCs 35 L 1 SGZ & GCL ™ NeuN* A 4%y
S TR IR 2 A RIS S 720, SGZ B LW E
721X GCL ® SOX2*, TBR2*, DCX*, TUBB3*#lliuikix
EORERETHEE Lo 7= (Fig. 2, Supplementary
Table 8),

(2 wREIMEICEIT S GABA {EEBMMENE=2—n
—h—

PND21 (23T, HRRIEIFT#EE D RELN*ME= 2 — 1
> HE 750 ppm BECTHEICHE L7 A3 PVALB*, SST*,
GADT*ME= a2 —r U EITEDOKREHTHHERE
#ix7eh -~ 72 (Fig. 3, Supplementary Table 7),

PND77 TiX, RELN*#fifu, PVALB* MG, SSTHHIAD,
GADG7* Ml DEIT E DGR THLEB L o7
(Fig. 3, Supplementary Table 8),

@ GCL TR} 3 v 7 A B E s T Y

PND 21 |28\ T, GCL ® FOS*}: L " p-ERK1/2*FH
KAl fd 4503 750 ppm BETAHEICHED L7223, ARCHBS &
O COX2"FMIAI ST N T DR ERICB W TH A E
7R EENIRO e o 72 (Fig. 4, Supplementary Table
7)o

PND 79 Ti&. FOS*, p-ERK1/2*, ARC*} J T* COX2*
MR E L, CoRERETHLEB L2 72 (Fig. 4,
Supplementary Table 8),

@ SGZBIWE7-ILGCLIZEIT BAMMIE /-1
7R b— A KM

PND 21 {23\ VT, SGZ ® PCNA*HFEANI%IT 750
ppm BECTHEIZHA LA, SGZ £7-1% GCL »
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TUNEL*7 7R b — 3 2 AT E OB GRETHLHER
2L 720> 7o (Fig. 5, Supplementary Table 7).,

PND 77 Ci. SGZ @ TUNEL*7 7R b — 3 A Hifa %
750 ppm BECAHBEIZHEM L72A%, SGZ ® PCNA*HAFHN
fa%dks L OV GCL @ TUNELY T 7R b — o Afifa%kix & o
BeHIECHAH) Lo 7= (Fig. 5, Supplementary Table
8)o

® WREMEHICEET 7Y 7SR 0%

PND 21 (2B T, #REIFIEDO CD68* M1/M2 7
microglia/macrophage %¢/3 83 ppm UL ECTHEIZHN L,
GFAP* astrocyte & & Ibal* microglia/macrophage #13 750
ppm BECAH BN L7~ (Fig. 6, Supplementary Table 7),
L7 L. CD163* M2 %! microglia/macrophage #%i%. & ®
BEHTOAEEREBIIA LRI oT,

PND 77 Ti%, CD68* M1/M2 %! microglia/macrophage
X 750 ppm BECHEISHN L7223, GFAP* astrocyte,
Ibal*microglia/macrophage CD163* M2 iy
microglia/macrophage D% ¥ OEHRETHEH L7232 »
-7z (Fig. 6, Supplementary Table 8),

HEREW OWRENCI T 2EEEY LNV ORBEE(L

PND 21 (24T, BRLiia ARG~ — I — &I 7D 9
. DpysI3 & Tubb3 DEREFEY) L~LiX, 750 ppm Ff
TliX Gapdh TIEHUL L=t A EIZEA L7z (Table 1),
Reelin ¥ 7 F VAR B EE AR 1 VIdIr DG FEY L~ )L
1. 750 ppm £ Tl Hprtl TIEHME L= ICF Z IHN
L 7, Ao 2 (A 1 BEEE AR 7 Ntrk2 OEREpEY) L~ )L
I%. 750 ppm #£T Gapdh & Hprtl TIERYL L7-#%ICA
BT L7, 2V AEEMEZ AR L OBREER T
D 5B, Chat DEEEFEY L ~L1X 750 ppm BECTHEIC
N L, Chrnb2 OEREFEY) L ~)1 1% Gapdh 38 XL OV & 7=
I3 Hprtl (& &5 EBULEZICAEICED Lz, ke
BLOEEA b L AR EEAFIZBI L CTiX, Gfap B &
W AIfl (77U 7T~ —nF—&E71) . 4, 116, Tnf,
Tgfbl 35 L O Nfich (7 S WV AF ¢ =— 5 —35 J O
1) . 72 B TNT Hmoxd, Nfe2l2, Mtl, Mt2a L
Gpx4 (FRfb A b L ABEE{R ) DG EY L~V
750 ppm HEIZFBUVN T, Gapdh 38 LU E721% Hprtl 12 &
L IEHEBRICHBEICHM LT-, GABA {EBI{ENTE= =
—n v RHEER T, MEE~ — I —8E T, v
A Al EAMEBE R AIIEE T (IEG) | V2 X VSR
KEIORN TV AR—F —BEFOEEEY L ~LT
750 ppm #E CTHERZEET o7,

PND 771235 C, BRI R B ENER T D 9 B
NesD#L G PEY) L~ )L (X750 ppm #E CTGapdh & Hprtl ©
ERUL L7=th, AR Lz (Table 2), Hifasgsii~
— 1 — i sfPcnak K OHLT &R b — ¥ A E s Bel2ll
DERBPEY) L~L1X, 750 ppm ¥ TGapdhds L OfHprtl
(XD IEFALRICHBIZRD Uiz, 2 ) AR A
BLOEREIETD Y B, Chmb20#EEEY L LT,
750 ppm #ETIFHprtl TESUE L7 RICAEIZHED LT,
T AREMEBEIEGS D 9 B, Ptgs2 DERG PEW) L
JLIX, 750 ppm #ETiEGapdh & Hprtl TIEAE L7=#IC
BEICHEM U 72, MR ARES L OEE A b U ABEEE
FIZE LTI, 1658 L UTgbl (7 I AAAF 4 =—X



—B L OB ) | 72 5 ONTHmox1, Nrf23s L U'Gpxl

(BALA b L ABERRT) OBEEY LT, 750
ppm B Tl Gapdhis L OV & 7= 13 Hprtl TIE#ME L7214

ICHEIZHEA Uiz, GABAEENE M E= = — 1 o BiidiE
P aNE i kT NI SR (i SN N [ S N S
FO T U AR—=Z—@5F. 7 THild~ — 0 —&I5
FDERBFEY) L ~ULE, 750 ppm BE TITA BICEE) L7
Mmootz

KRB OWmBEET — 4

PND 2123\ T, #HBAChEIEME L~/11E750 ppmﬁi‘
THEIZIEF L7 (Fig. 7, Supplementary Table 9),
BERETHBEMDAL ~LICIIHE R EET
N moiz,

PND 77 CliX, ¥FEMDAMEIX750 ppmit CTH EIZHMN
L. VB AChEIEMEAR X750 ppmiE ClRMEM 2R~ L7z

(P=0.06) .

HILA&)%

KRB DITEIRER 2T
O F—Fr 74—V FFHRBR

PND 18D EfEFL I3 L O'PND 38D FEHAFE B D
ZBW T, EEEIEICRE T 2 BB R, R E)
WFfE], PR ENEE . B X ORLHEITEN A K3 5
b%ﬁ%mﬁ\mfﬂ®&5ﬁ IEWTH &G ICBE
Bt i =3 DE S = WA AL U 85?) b7 (Fig. 8,
Supplementary Table 10), —7J5. PND 62D A # ¢TI
wommﬁﬁﬁfﬁ%%%ﬁ%®%m@ﬁmﬁw¥w
BEIEENGEICHEMLZ (P=0.07) 23, BRBEIRRY]
BIOHLEERICOWTHIWT OB GEIZB W T
HEGICEE LA B REHIRD ol

© YRR

YRR IIPND 2712 i S 41, AR L LU
7= AEEAFEIZONTIE, WTHOERERHIZHEWT
HbRGICHELTCAEREHIIR DN RN - T
(Supplementary Table 11),

@ SCAREYEM ST T 3Bk

PND 757> 5PND 79D AR I8\ T, 2plfTIc k1T
57—y 7RI, WThoR 5B N T
&"Efﬁfﬁﬁbf:ﬁ%ﬁﬁ%@ mu&b%ﬂfiﬁ)of_
(Supplementary Fig. 4 and Supplementary Table 12),

D. &8
ARBRICIIT D 750 ppm O IMI R IISE LT, £
7 v MIERFP OB EOPRD . EIRE 1 &5 3 M
DEKREDOWA, BLORAMOF 2 B L 5H 3 HOE
KEDHAZR LTz, REMW~DIRE DI DN T
ktmowmanmn%ﬁﬁfﬁ%%%iPNDgﬁ%PND
DT CTHERENBA L, Zo®kEIE L, UL,
t@%%ﬁ@%@*ﬁ%%@@@ﬁ@ ZBT B ERAR Y
WlEIIBE S22 Tz, 1E> T, ALFHEORBRIC
B4 % OECD # A KT A > GRERES 426 : =R
FPERER)  OHELEICHEV (OECD, 2007), J&iEME R
HEmt T o27-0oRBMAE S LT, WEF 750
ppm @ IMI NEENY) £ 7 X IREIC T e B s
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FTRAREEHETHD LB LN,
ARBRICHT D IMI O RLARTRE R~ 0 58

{22V, PND 21 @ 750 ppm (23 T, DCX* #ilj
ks LY TUBB3* AfaZik 234 L, Dpysl3 35 L OF
Tubb3 DORBUK T Z > TWzAy, TBR2T Mifadiicix
RN T2 o Ty WSS IR [E] o0 BRI % Tlk, DCX
IEFEIT type-2b HHFRATBEMAL (NPC) 225 AR A& T
HERE A~ D 43 A% O AR BRI £ C O MR TH B
LCTW2% (Kempermann et al., 2015), TBR2 3 type-2b
NPC T¥H.L (Hodge et al., 2008), TUBB3 |&#1 L < 4=
iR E T KRB A R 8% O BRI O~ — 1 —TdH
% Z & 725 (von Bohlen Und Halbach, 2007). 750 ppm @
MW%W&WW3WC3£UﬁﬁAW%®%%&%M
AR Loz R Eni-, ZOHSTHES
L7 SGZ @ PCNA* HFEAIfE DD & BT 5 & |
DCX* ffiflads L OF TUBB3* MlA DA%, sk o
NPC O HEFFIMHENZ LK T2 £ E 2 Hivbd, L L.PND
21 725 IMIBEZE 2 ik L7=#%. PND 77 OREIKRHICIT
DCXHH 4L > TUBB3HHI 4L 2 %3~ 5 Frfsc ) 72 52
BIIBE SN D> T, XAYIZ, GFAP* type-1 NSCs
& NeuN* f 5%y B TRRIAII OFIX, 2 OFFAT 250
ppm LL_E T L. 750 ppm T ;’r[zHJkIEIO) NSC ~—7
—iBfxF Nes DRBUK T A > Tuz, TUBB3* ffiild
DENEE Lol Z & 2EBET H L IMLTER O
PR BT A A W HE A ISP L, iR HIZ 381 % type-1
NSCs & pl BRI DI % 51 &L 2 L 7 rTREME S
Hb, IHIZ, 750 ppm O IMIZIEFE L7-%. GCL T
1372 < SGZ TTUNEL* 7R b—3 A OE S EEIN L |
B~ — 7 —Pcna LT AR F—3 AT HET 5 Bel2ll
ORBURTRBEI N, ZNUHOPTRIE, 7R Fh—
VAEFHEL, BIHAIGIT 52 L2k o T, NSCs D
BaWh &5 IMI OBIERRZ /R L TN D, ﬁ%
@ﬁ%@%ﬁé BlFD=2—orofBuliElx

W IR 7 B D DT, Ek%&%ﬁ*i%ﬂiﬂ@@fwﬁ
M\Xﬁ%:;—ny%@f—wﬂ%wu&w~bm
55D THD (Kempermann et al., 2015; Kozareva et
al., 2019), L7273-> T, PND 77 CTHIZ S 7= R EAERL
FIRL I 13, PND 21 T type-3 NPC & SREMERE A A3
WO LI LTk DBIELEERTHD EBEZDHDN
U TH D,

KIUEH X7 D —FETH 5 reelin 1%, KRR D
PR AR\ BRE L CHERS 12046 5 GABA fEEIESTTE
Sa—r UL I, MO, ok, B,
i E B AR AR DRk 4 7o Jey T CE B AR 2 R
LT\ % (Pesold etal., 1998), FEHRAVIZ reelin Z KK &
HoH L, AXFE o T RASERAIIE OE & Al G E MK
T U BRR 2SR OB S 2332 (Lussier et al., 2013),
X 51T, reelin ZEFEIE DB R & NSC D43bA%EN,
KA =ma—a BN ELTHENRBEIN TS
(Massalini et al., 2009), A BIOWFSETiX, 750 ppm @ IMI
23 PND 21 O #REIFEIZ 351 5 RELNY S fE= =
YO EAEL ﬁ@éﬁtobﬁ#of\WDﬂﬁﬁ
5 IMIIZ X D AREVERLHIAL & type-3 NPC DI/ 1%
reelin > 7 MREDREEICL > Tl &R Z SN, H
SRR D & D NPC OHYFEMN ] & LI IE I K32
EBZ bV, S HIT, WEHITTE & RLEBR O



EHIENCEE 2 ZEH E R L TBY, ZIULEIC IEG
DRI T IE N ORI B LRT 52 L ic kD0
FRAMAE D AT MERE NN/ AF L T 5 (Minatohara et al.,
2016), ZHLE TOMIET, 7 AL A[EMEDRE I
reelin > 7 F VN EERZRE ZRZ L TWD Z LR
T D reelin 3R ZF 25 & reelin K171 D ERK1/2

U UEBEDBAE S A, F OfES, BRI Tl FOS
X° ARC % & 1 ERKL/2 IRTFHED IEG % v /37 B DF B
DI END E VI HENRH D (Lee et al., 2014), AHF
ZEClE. p-ERK1/2*F LY FOSTHERIfMIm DL, 750
ppm @ IMI B # D PND 21 THEIZEA L=, ¥
T, IEG ORIUR T IX, Y KK, HarRbigidE, X
WREOEME ST T 2 M2 k> TR T X A 1BEKTF
WS BT8O B % H 72 © 9 (Minatohara et al., 2016;
Murray et al., 2021), 750 ppm @ IMI Bg#E#% . BEILEIC
% RELN. p-ERK1/2. FOS TSkl 00 72 Byt
JLEF O &M AT LCT,PND 27 |12 Y XKD H R
BRENFE TRV DOT N T T 5 Z EREERS
e LU, BARHNZIZ. reelin & 7 FUEiE L IEG
FEHLAEE L7729 IMI BRI SRR S0 7
A NDIRT A—=RIZEBE 5 20007, ZHILH DR
Bnb | BEAS O IMI R TR (750 ppm) (2817
% IMI #EFE D reelin & 7 FIVREOREE X, Z O A
W DR S J 7 AR O ME] & b B L
TV D A[REMES RIB S 7=,

PND 21 (2 IMI B§E 2 52 1 7= [RE i B\ C L MR
REID RELN*ME = = — 1 U W3 5 Bk 72 B
WEEARBPATHEN, Z X7 4 v 7 BBV
A Vv y, BT e —2 —EH O A F Abn
Reln BBUL TFTO—KTH 5 /et 2 R~B 3 2% S &
% (Grayson et al., 2005; Qin et al., 2011), NFHE & LT
B, RIEPE(LA N RIGEZFHET 5 HRGE
RO IR IEMEACIR 7 CTH D U R EHE~D HARTE 72
WA R OB BB ORI 1T D RELN Y
Foa—ua OV EFE L L E2RELTWDHHF
Feh3d B (Nouel et al., 2012; Ardalan et al., 2022), L 7223
o> T ARBFFRIZE T D RELNME= = — 1 O I,
IMHZ K> THERINTEMBRRIEICLDBDOTHY £
D% RIESIED PND 77 £ TIZIEH L~LICRS & &
HICEE L= RIS 5,

AMFFE T, 750 ppm @ IMIIEFE 7S PND 21 & PND 77
O THIREI D Chrb2 2B T35 Z & &= RniE
L7z, R OMBREN = F Tt =a2—um 3 FiIc 2
B o=—aF  E#ETEFLa ) U ZRIK,
07-nNAChR & B2-nAChR %% L Tk, Th<Th
Chrna7 & Chrb2 [Z X > T=a— RS TWw% (Hogg et
al., 2003), Zi bl = U AFEPE S 7 S AR
BrAEOHREICEE CH D, Bz, Chmb2 / v 77
h= 2T, MREFEAMIOBEENE LK TFT 5
(Harrist et al., 2004), L7=23-> T, 750 ppm @ IMI I#gE
# @ PND 21 £ PND 77 T#I£2 X 17= Chrnb2 O3 HUK
TiZ. PND 21 @ NPC #4%5E & PND 77 ¢ NSC 5 D4
HHCRE L TV B ATEME R B 5,

AN I1T D 7 ) 7RI ~ DB OV T,
750 ppm®1IMIiZ, PND 21135V CGFAP* astrocyteds L T
Ibal* microglia/macrophageft Z =&, T b % 2 —
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KT 281 (Glapk L OAIfL) DIEEEY 1L~ L%
5 & 7=, B ClEmicroglia/macrophage DiE AL I3 AR5 —
ThY, 220K T LR TE S . MLEX
JEME, M2IZHIRIEN:ETH D (Okano et al., 2022; Klein et
al., 2018), AHFZETIL, PND 2LCH W THEMEAL L7=ML
B X O"M2 ¥ A 7 @ microglia/macrophage % X 3 %
CD68 A OHix. 83 ppmbh EDIMIBEE I X - T HIN
L7=, —JF. CD163* M2% A 7 ®microglia/macrophage
OEUE, IMIBFEK TIRFICBWTIIEE Lo Tz, =
NOORERNS, HEMOIMIEEIX, HIKHAETH-
TH, BEK TEHCMIE microglia/macrophage % 7% 1L
THI LK TRIERIGEFHFET 52 NI
2o ZOPFFRIE, 750 ppm @ IMIEE & % . M1%
microglia/macrophage(Z £ > CTiFE X 520D FEFE /R
FEMEY A NI A BB T THDHIN6 L TnfORBL LA & —
# L CT\W5 (Tangand Le, 2016), 1 > ¥ —1z A F > (IL)
-6 & TNF-aD 38l EF1E, NPCOHESHE & /b DK T Iz
5 1LTED (Keohane et al., 2010), ZN5HDHA Mo
RF75PND 21 CTHIEE S 4L 7-NPCHISHIM G5B 2 -
RTZATREMEDS R S 417z, FHRAYIZ, 750 ppmDIMIT
N4 & TofblD# B A Bl iz, TGF-BLIL, T&ME
{bastrocytelZ & > THHE I 419 D HLAIEME IS K O %
YA N A > Th D (Cekanaviciute et al., 2014),
IL-4% F 7=, astrocyte DAFFRERFEIG V(LA FHE ST H 2 &
MWTEDLIRIEET A N IATHY, 2D ORR
AR M L S Fu7-astrocytelXIL-4, 1L-10, TGF-B% At
T2 A[REM: 3 H 5 (Kwon and Koh, 2020), L7228 T,
PND 21 @ IMI U & #& 7 R |2 ML 3R B 12 R i L 72
microglia/macrophagefE (23822 S L7223, 2 DORFAUT
FUF 5750 ppm TDOGFAP* astrocyte DML, & S
To PR IAE S T K3 2 AR PR SO C & 2 RTREMEDS
&5,

IMIBEE % 1 L7-PND 77 Cid. # kA D GFAP*
astrocyte & Ibal* microglia/macrophage ®# i3 1E & L~ /L
(mE L e, #Bl % S 7z CDe8t M1 Y
microglia/macrophage ¥4 1750 ppm CTHEgE L7243, %
JEME (111b, 116, Tnf) & HUZIENME (1110, 114, Tgfbl)
DA M A VBB OEEED L ~LIX, Z O
T T 20, BT 2mIch o7z, Z O
O, RIEMELUGR & HFUORAEMERS O M7 2330 S 4. Bk
B ORIERMET L7z Z EDXRB I N5, AHFFED
FERE =BT D LT, FolEEW A W ER T,
IMIS SRR . BRIGTE. EbrE, 1 M A Vs
FREOMA], Bl A b L ADOBINR O m /E
A ST %  (Badgujar et al., 2013; Mohany et al.,
2012), &5612, Ty FEIMICIRET S L, REHO
g N A U 7= B E I 2842 U7 (Gawade et al.,
2013), — . AChB X O'=aF L, IMID EEH /2 fEK
Z KT8 Hmicroglia EDa7-nAChR & #EAT 5 Z LT
£ Y p-ERK1/233 & U'p38 mitogen-activated protein kinase
DIEPEZ IR T &4, microglialz & % U RLHEEEMED
TNF-apEAZ 3% 2 L 3T % (Shytle et al., 2004),
W FLEE DONAChRIZ K9~ 2 IMIOBFItEIX R oo 2 h &
DX DR, IMIZZ T > M FEIE D a7-nAChR
ICHEA L CHEBFENZ RS 2 EBREH I ATV
(Keohane et al., 2010), AMFFETiL. 750 ppm D IMIEEE



#% . PND 213 X O'PND 77 O Ik [EZ 38 W T Chrna?
(a7-nAChR% =1 — K4 %) DOEREMEY L~ ITEH) L
o 7od, Chat (AChE KR THAH 2 »0O-T k&
FNWVRT AT 2T —BEa— RT5) OEREEY L
~YLIIPND 21C EH L7, & 512, AChETRMEITES ©
FREEHIZHNH S 4, AChORREEHI SRS R X iz,
FEHOIMIEFZEIC L 0 AChHRiIIICER SN D &
PND 77 COH A kA U FRBLIH S 45D O TR
MEHER D,

LB K DEEA B U ADROFIERLRIZ S &
SERNIGEERER T LT L MBEN TV DA,
IMIZZE OBEAZREF TH Y | Ik > T F & F
IAERAREN TV D (Wang et al., 2018), AHFSE Ti.
750 ppmDIMNIIETE S - HED IREMWIZ BT, 1S
BRE O PR R R R E RO LEE 2~ LT,

PND 21128\ T, IMIZER(L A b L & BEEE 1R T-Nfe2l2,

Hmox1, Mtl, Mt2a, Gpx4DFEH L~ & EH X¥7=,
AAaFEFA - (MLEMRalZZ— RER5) &
TNEFF o FF o —E4 (Gpdll = — K&
) E, ZUV—F VAN EHEEL, TOAEKRENSZ
LIZE > TEEA P L RIZKHET D Z 3 TE 5 (Dar
et al., 2024; Ruttkay-Nedecky et al., 2013), = 5 Di&/x
T O3Bl ESIX, PND 2101281 5 MDAERE % [
SO OHIELY AT LB Z R L TW5b, —17,
PND 77D IR TlL, ¥R OMDAL LA EH- L
Nfe2l2, Hmox1, Gpx1DEE G FEW) L~ /L AME T L CTH Y |
PLERALRE OPIHNC X 0 g O ARG ) 2 IEss
PR EFLTWD I EDREINnk,

AR X 912, ARWFFETIL, PND 210750 ppm®IMI
BEICLD, FIINAT 4 =— X —BETEIT TR
<. Z< OPBALBEE R T ORI AR S,
NAChRAIMIZIEZ M TH D Z L 2 EET D & B
FEPE T L3 7 INTF ¥ ROV IMIEE % D Ca?t | 5% B8
T HEEIZ R LT\ D (Jepson etal., 2006), A 4> D
AEERCa2t D EAITIL A ML A Z B EE D LA
WD Ca* O KIF 7 i ITIEEREER (ROS) O fit %
% L. astrocyteemicroglialZ 351+ HNrf2 & i&MAL4 5
(Yamazaki et al., 2015), FFZEDFE R, IKEDHEITH, Nrf2
VRIEPERR SR PE A OIS ) U TR B B CTRUS
THNR, LA N UVARRE DITONTED L~
KF9 2% 2 &2URE 72 (Kanninen et al., 2008; Ma et al.,
2024), IMINT X 2 1P 55 Rl 0E A= O RRRFIIFFE 0~ 6 |
TEPERR R O EAITRRKFR TH L Z RS T
VW5 (Wang etal., 2018), FLlER{LEEE OTEMES £ 72, IMI
BRETICAA T I v 7 ICEHT L enHEESITE
0. BEEYHNIEEVIEEZ R T, RER IS
METT 5 (Geetal, 2015), L7223 T, AFZEICE
7 5PND 21T Hi b B E s OB L F 1T,
NAChRDIERIFFL OFE R & LT, IMIRERIZ X Db A
L RISE OB 2 R L TV D D0 LILRVY,

Ak o> X 912, PND 77 12 750 ppm @ IMI IZIEZE S
7o HRIR[E T, Nfe2l2, Hmoxl, Gpxl DOHEzEPEH) L X
D LTz, 2D 95, Nfe2l2 1X NFE2 like bZIP
B2 (Nrf2) 2 — RFLTEY, BBfbA h LRI
kF LD TR PED @ < L R x I bt kg R Ol b
A B U RIZKRT DMRRE IR G35 & X H D3

38

BL& 3 285K 7 Th D (Loboda et al., 2016),
Hmox1 X, Nrf2 |2 & - THilfHl 41 5 HE R M itiEis 1
D—>TdHh 5 (Loboda et al., 2016), kEx 72l T <,
HN EH Lie~b A X7 —F 1 (Hmoxl 12k -
Ta— RFand) T BLEEND OREE T T2,
PL7 AR b= ARG, B OFIE, RIEOFE & E e
A7 o 2265 LT b (Loboda et al.,
2016), ARHWFIEIZIUVNT, Nfe2l2, Hmoxl, Gpxl OFH
KF2Y MDA Effiznlx 8L 705 2 LITHiEN
720, X B2, PND 77 Ti&, Bel2ll DR BUK FifE-
T, TUNEL*7 K h—v A flila D350y SGZ CTHEMN L T
V72, Bel2ll X BCL2-likel Z#=2—RL, 2 b= KV
TEITATHRRN—=V AR R AN IRGET H&E &
HOPT R b= 2Z N7 ETH 5 (Boise et al,
1993), F&fbA b L AIZ I b2 R 7 ORERERE 2 3
¥ L, Mz TR =22, UL, Hmoxl %
KESED L, B{EA NV RAFERERT AR b— AT
HAMROZ N E D Z ENFEH STV S (Lin et
al., 2012), Bel2l1l DI EHUTER{L A L ZADEINE & 612
B+ % (Soma et al., 2024), L7=723-> T, IMI 25EME
FRFFEOMREFEL & FIR LR OMmEl 2/ LT, I b
a RYTOHRTHR N— 2% 378 BCL2-like 1 %
HLETSZLII2XD ., type-1NSCs DT R h—3 2 %3
HMLEZEIIRYTHDLIEEZEZDND, ZNHLORER
X, 7 v M2 IMI 2595 LN O LEEDME T
L. $i7 R b—3 A Bel2 OFHANBAT 5 &9 LLA]
DL —F L TWD (Abd-Elhakim et al., 2018),
AChE X2V UMEEMEY AT LD EE/RHEREFRT
HO., ZOEFEEOFLNITFI/TEREEIC SRR D
(Ansari et al., 2012), EEXM; - ZEPEREE (ADHD)
E DR MR EREDOVLSOTHY | £H)
PR CH Y, BEI2ERE Tol LT
52 L OREES AT (Kus et al., 2023), ADHD OJE[A
ITELZDD> TWRWA FrAERMO =Y A~
AT LOFHEFEED ADHD BIEDO+/3 72N TH D =
& ERBT DAL H 5 (Hellmer and Nystrém, 2017),
Bl IE, BBl == F U BRERIL. ACh RO D
T2 HEFHO ADHD JERDFIEIZ D235 & Shvd
(Xavier et al., 2022), AMFFETIL, 750 ppm D IMI I
%, BAEENCIIBEHE N HS 2D =TT 4 —
v KB COBREEN R < 72 2237 H v, AChE JiEE
DOFEFG 22 3MH & Chrnb2 OFBUK T 2 £ - T, &
MFROFER E—FK LT, iR~ 7 A2 IMI 2855 2%
& REW oA DIEBEES EH Uiz, 5
STUAMINZ LD 2 Y AEENME S R T B OREEED R
TOEBELELG SR LRSS, SbIC,
b A b L ZARRE D R 5% DFEE 13 ADHD &
BE# LT 5 (Verlaetetal,, 2018), L7=28->C, IMI|Z
Lo THERINDRBMOLENEORF RN A =X
LEWHONCZTDHDICE, SORAMENLETH
%,

7 v MW EosEmREERRIC L S &
BEFLAT O R EIE N OJ I L O 80 mg/kg (AFE/H TO
B A HEEBEEOR FIZESN T, IMI O &
(NOAEL) 1% 20 mg/kg ARHE/H (AU O iRER)
To 5 (Germany, 2005), AMFFETIL, 250 ppm (23517



DRREID NSCs $ids X OV 54 4 2444 BRI AR AR AL 0D )
PTFESE | FEWIRE % O B O1TE) & WEE R
BFACET % IMI @ NOAEL % 83 ppm EIRE L7- (7
v MREEMW OBEFR B 5.5~14.1 mg/kg A/ HIZARY),
AV 7 x =T MOFHFKRNS IMI ZRr Lod@isic
X% & IMI B B O sl 5.97 ppb T v | 283 ppb
X0 EOBRIEIERA~OBRERH D LB BT
% (California Department of Pesticide Regulation, 2021),
L7ehi» T, AWFTEDFER CTHREMREEZ I S Z
TN SN AEZ, BEATE T RAICIREE
SNDOHELVENTE,

E.
BONTREND, 7 N OIMIBREE X, R
A Pz R B ) o BERL AR A O £ # 43 (b & ERK1/2-FOS
BN LT T T ARBN AR L35 2 & T, WE
RHEZIHIT 5 Z EOVURBR STz, MR L v
AR OIME NEE I N O, reelind > 7L
REDWD BRR DS LIV, IKEEE O UK T
1%, IMIENSC & 55 2T A AR ] 2 X [F) Tl S
oo ATENFRIRA CIX. ARIEEICEIT 2 B RIGE DL
HENRFRD BT, WS TIE, BEOIMIEEZE X2 ) AE
B I AREIC L R e B A KT L, BES
R TR RIE L BB (LA R L ADW T AFER L, £D
#% . RABICITERL R B LRk BRGSEMER EH L
7o BEINTZME OB, AR BEE S =0
FEHTAE OHEIT PN & 2 BYIE DR AR O R A
Livzpwy, BE ofTE) & AR A ISR T 5 IMILD
NOAEL (%83 ppm (5.5~14.1 mg/kg AFE/H) ELRES
iz,
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Mated female rats, GD 1 (N = 12/group)

GD PND
(weaning)
1 6 0 ¢ 1821 27 38 6275 7779
A A A A =)
| 0-ppm IMI controls |
[ | 83-ppm IMI in diet | |
| 250-ppm IMI in diet |
[ | 750-ppm IMI in diet
A A AA
Culling Necropsy Necropsy
(preserve 8 offspring/dam) (Dams, offspring) (Offspring)

A Open field test or Y-maze test

Fig. 1

¢ Contextual fear conditioning test

Fig. 1

Experimental design on developmental exposure study of imidacloprid (IMI) using mated female rats.
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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 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 11 (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. 3

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. 4

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 pm. 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. 5

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. 6

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 1
Transcript-level expression changes of neurogenesis-related genes in the hippocampal dentate gyrus of male offspring
on PND 21

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 2
Transcript-level expression changes of neurogenesis-related genes in the hippocampal dentate gyrus of male offspring
on PND 77

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. 7

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. 8

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
Bonferroni correction.
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Supplementary Table 1
Antibodies used in this study

Antigen Abbreviated Host Clonality Clone Dilution Antigen retrieval Manufacturer
name species name (City, State,
Country)
Activity-regulated ARC Rabbit  Polyclonal 1IgG n.a. 1:2000 Microwaving?  Synaptic Systems
cytoskeleton-associated GmbH (Géttingen,
protein Germany)
Cluster of differentiation CD68 Mouse Monoclonal IgG:  ED1 1:500  Autoclaving BMA Biomedicals
68 (Augst,
Switzerland)
Cluster of differentiation CD163 Mouse Monoclonal IgG:  ED2 1:500  Protein digesting ¢ Bio-Rad
163 Laboratories, Inc.
(Hercules, CA,
USA)
Cyclooxygenase-2 COX2 Mouse Monoclonal IgG:  33/Cox-2 1:200  Microwaving®  Abcam plc
(Cambridge, UK)
Doublecortin DCX Rabbit  Polyclonal 1IgG n.a. 1:1000 Autoclaving ® Abcam plc
Fos proto-oncogene, FOS Mouse Monoclonal IgG1  2H2 1:1000 Microwaving®  Abcam plc
AP-1 transcription factor
subunit
Glutamic acid GAD67 Mouse  Monoclonal IgG2.  1G10.2 1:200  Autoclaving® MilliporeSigma
decarboxylase 67 (Burlington, MA,
USA)
Glial fibrillary acidic GFAP Mouse  Monoclonal IgG1  GA5 1:200  None MilliporeSigma
protein
lonized calcium-binding  Ibal Rabbit  Polyclonal 1IgG n.a. 1:300  Autoclaving ® Fujifilm Wako
adaptor molecule 1 Pure Chemical
Corporation
(Osaka, Japan)
Neuronal nuclei NeuN Rabbit Monoclonal IgG  EPR12763 1:500  Autoclaving ® Abcam plc
Parvalbumin PVALB Mouse  Monoclonal IgG:  PARV-19  1:1000 Microwaving®  MilliporeSigma
phosphorylated p-ERK1/2 Rabbit Monoclonal IgG  137F5 1:100  Microwaving?®  Cell Signaling
Extracellular Technology, Inc.
signal-regulated  kinase (Danvers, MA,
12 (p44/ps2  MAP USA)
kinase)
Proliferating cell nuclear PCNA Mouse Monoclonal 1IgGza  PC10 1:200  Microwaving?®  Agilent
antigen Technologies
(Santa Clara, CA,
USA)
Reelin RELN Rabbit  Monoclonal 1gG:1 G10 1:1000 Autoclaving® Novus Biologicals
kappa (Littleton, CO,
USA)
SRY-box transcription SOX2 Mouse Monoclonal IgG: 9-9-3 1:4000 None Abcam plc
factor 2
Somatostatin SST Rabbit  Polyclonal 1gG n.a. 1:200  Microwaving?  Abcam plc
T-box brain protein 2 TBR2 Rabbit  Polyclonal IgG n.a. 1:1000 Autoclaving ® Abcam plc
Tubulin, beta 3 class IIl  TUBB3 Mouse Monoclonal IgG:  TU-20 1:500  Microwaving?®  Abcam plc

Abbreviation: n.a, not applicable.

290°C for 10 min in 10 mM citrate buffer (pH 6.0).
b 121°C for 10 min in 10 mM citrate buffer (pH 6.0).

¢ Proteinase K (40 pg/mL) at 37°C for 15 min.

4.90°C for 15 min in Target Retrieval Solution (pH 9.0; Agilent Technologies).

€ 90°C for 10 min in Target Retrieval Solution (pH 9.0; Agilent Technologies).
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(A)

(B)

Supplementary Fig. 1

Overview of the hippocampus of a male rat stained with hematoxylin and eosin. (A) The number of cells in the hilus of the
dentate gyrus (as enclosed by the dotted line) displaying immunoreactivity for parvalbumin (PVALB), reelin (RELN),
somatostatin (SST), glutamic acid decarboxylase 67 (GADG67), glial fibrillary acidic protein (GFAP), ionized calcium-binding
adapter molecule 1 (Ibal), cluster of differentiation 68 (CD68), or cluster of differentiation 163 (CD163) were counted.
Neurons of the cornu Ammonis (CA) 3 region were excluded from counting. (Inset) Higher magnification of the granule cell
layer (GCL) and subgranular zone (SGZ). The distribution of immunoreactive cells for GFAP, SRY-box transcription factor 2
(SOX2), T-box brain protein 2 (TBR2), doublecortin (DCX), tubulin, beta 3 class 111 (TUBB3), neuronal nuclei (NeuN),
proliferating cell nuclear antigen (PCNA), activity-regulated cytoskeleton-associated protein (ARC), Fos proto-oncogene,
AP-1 transcription factor subunit (FOS), cyclooxygenase 2 (COX2), phosphorylated extracellular signal-regulated kinase 1/2
(p-ERK1/2), as well as terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) * cells, were measured in the
SGZ and/or GCL. (B) Insets show representative areas of each immunohistochemical image of the GCL/SGZ and the hilus of
the dentate gyrus in Fig. 3 through Fig. 8.
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Supplementary Table 2
Sequence of primers used for real-time reverse transcription-PCR

Gene  Accession no. Forward primer (5' — 3") Reverse primer (5' — 3")

Aifl NM_017196.3 TTGTGCTATG GAACGTCTTT AAC TGTTGCTCAC CGTCTTTAATGAT
Arc NM_019361.1 AGTGTCTGAAAGGCAATGAAAAGTAG CCTTCGGCCATCTCTGATTC

Bax NM_017059.2 AGGACGCATC CACCAAGAAG CCAGTTCATC GCCAATTCG

Bcl2 NM_016993.1 GGATGCCTTT GTGGAACTAT ATGG CAGAGACAGC CAGGAGAAAT CAA
Bcl2ll NM_171988.3 GCCAGGCCTT CAACCATTAT C GGTTCCTCCT GAGACTGCCT TAT
Bdnf NM_001270630 CACTTTTGAG CACGTGATCG A TCCGCGTCCT TATGGTTTTC

Caspl NM_012762.2 CCTGCCCAGA GCACAAGACT CCTGGAGACC ATGAGACATG AA
Casp3 NM_012922.2 ACAAGCTGGAATTCATGCAC AT CAAATTCCGT GGCCACCTT

Casp9 NM_031632.1 CATGGTGGAG GTGAAGAACG A TGCGCCATCT CCATCAAAG

Cat NM_012520.2 ATTGCCGTCC GATTCTCC CCAGTTACCATCTTCAGTGT AG
Chat NM_001170593.1 CCAGAAGGCT GAGGTGGAAA CTCTGCTGAG GAGGCGAGAT
Chrml NM_080773.2 CCATCCTCTT CTGGCAATACCT GGGAGAGGAA CTGGATGTAG CA
Chrm2 XM_039108421.1 CCCAGTTAAG CGGACCACAA CCCAGAGGAT GAAGGAAAGGA
Chrna7 NM_012832 CGTTCGCTGG TTCCCTTTT GGACCAGGAC CCAAACTTCA
Chrnb2 NM_009602.4 TGTGGACGGT GTACGCTTCA CCTCACACTC TGGTCATCAT CTTC
Dabl NM_153621.2 AGCAACCCTG GCCAACTGT TGGCAGCTGG TAAAGGCATA

Dcx NM_053379.3 GGATTGTGTACGCTGTTTCT TCTG TCAGGTCAGC CAGCAATGC

Dpysi3 NM_012934.1 CATGTGGTAC CTGAACCTGAGTC GCCCACTCAC GCCACTTTT

Eomes XM_017596193.1 GCCGGACTAC CATGGACATC TTTCTCCTTG GCAAGCTGAT C

Fos NM_022197 CAACGAGCCC TCCTCTGACT TGCCTTCTCT GACTGCTCACA
Gapdh NM_017008 GGCCGAGGGC CCACTA TGTTGAAGTC ACAGGAGACAACCT
Gfap NM_017009.2 AACCGCATCA CCATTCCTGT TCCTTAATGA CCTCGCCATCC
Gpxl NM_030826.4 GCTGCTCATT GAGAATGTCG GAATCTCTTC ATTCTTGCCATT
Gpx4  NM_001039849.3 TGCATCCCGC GATGATT TCCTTGGCTG CGAATTCG

Grial NM_031608 GTGAGCGTCG TCCTCTTCCT TCTTCGCTGT GCCATTCGTA

Gria2 NM_001083811.1 CATCACACCT AGCTTCCCAACA CTTTGAGGTC AGGTCGCATC T
Gria3 NM_032990 GAAACATAAA GGACGTCCAG GAA TTCCTGCCTT CTGTCCATTTCT
Grin2a NM_012573 GGCTGTCAGC ACTGAATCCA GGTTTAGAGAATCCTGGCGT AGAG
Grin2b NM_012574 TCGTCAAGAC ACAAGATTAAAACCA GGAGGATAAA GGAACGGAAG AAA
Grin2d NM_022797 TCGTGCTCAC ACCCAAGGA GGTCACTGCC ACAAAGGATG T
Hmox1l NM_012580.2 GCTCTATCGT GCTCGCATGA TCTTCTGTCACCCTGTGCTT GA
Hprtl NM_012583 GCCGACCGGT TCTGTCAT TCATAACCTG GTTCATCATC ACTAATC
I11a NM_017019.1 GAGGCCATAG CCCATGATTT AG TGGAAGCTGT GAGGTGCTGAT
111b NM_031512 TGACAGACCC CAAAAGATTAAGG CTCATCTGGA CAGCCCAAGTC

114 NM_201270.1 CAGACCGCTG ACACCTCTACA AACAAGGAAC ACCACGGAGA

116 NM_012589.2 GACTTCCAGC CAGTTGCCTT CTTG TGGTCTGTTG TGGGTGGTAT CCTC
1110 NM_012854.2 TCCATCCGGG GTGACAATA GCATGTGGGT CTGGCTGACT
Keapl NM_057152 CAGAACAAGC CATGCCTTCT T TCTGGTCTTC CACAAGGTCCTT
Mtl NM_138826.4 GCTGTGCCTG AAGTGACGAA TCTGAGTTGG TCCGGAAATTATTT
Mt2a NM_001137564.1 GCGTCCTCAC AATGGTGTAAATAA GAACCGGTCA GGGTTGTACAA
Nes NM_001308239.1 TTGGCTTTCT GGACCCCAAG CAGGAAGGCT GTCACAGGAG
Nfkbl NM_001276711.1 CACTAAATCC AACACAGGCATCAC GGCACAATCT CTAGGCTCGTTT
Nrf2 NM_031789.2 TGCCCCTGGAAGTGTCAAA GGCTGTACTG TATCCCCAGA AGA
Nos2 NM_012611.3 TTGGAGCGAG TTGTGGATTGTT TAGGTGAGGG CTTGCCTGAG TG
Pcna NM_022381.3 CTCACGTCTC CTTAGTGCAG CTT CGATCGCAGC GGTATGTGT

Ptgs2 NM_011198 CTCAGCCAGG CAGCAAATC ACATTCCCCACGGTTTTGAC

Pvalb NM_022499 TCGCCACAAAAAGTTCTTCCA TCTTCACATC ATCCGCACTCTT
Rbfox3 NM_001134498.2 TCTCTTGTCC GTTTGCTTCCA CCTCCATAAATCTCAGCACC ATAA
Reln NM_080394 GCCAGCTTTC GACTACCCTATTAAC CGTAGTGGCA CAGAAGCTAT CG
Slc17a6 NM_053427.1 GGCAGACCCT GAGGAAACAA TCCCCCGTTT CTTCATCCA

Slc17a7 NM_053859.2 TTGTGGCTAC CTCCACCCTAA CGAAGATGAC ACAGCCATAG TGA
Sodl NM_017050.1 CATTCCATCATTGGCCGTAC TA TTTCCACCTT TGCCCAAGTC

Sod2  NM_017051.2 CTCCCTGACC TGCCTTACGA CTGCATGATC TGCGCGTTA

Sox2 NM_001109181 GCGGCAACCA GAAGAACAG CCCGCTCGCCATGCT

Sst NM_012659.1 ACCCCGGGAA CGCAAA CCACACCATG AAGGCATTCA

Tgfbl NM_021578 ATCGACATGG AGCTGGTGAAA CGAGCCTTAG TTTGGACAGG AT
Tnf NM_012675.3 GCCCGAGGCAACACATCT CCAGTTCCAC ATCTCGGATC A
Tubb3 NM_139254.2 AACGTCAAGG TAGCGGTGTG T CGTGCTGTTG CCGATGAAG

Abbreviations: Aifl, allograft inflammatory factor 1 (also known as Ibal: ionized calcium binding adapter protein 1); Arc, activity-regulated
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cytoskeleton-associated protein; Bax, BCL2 associated X, apoptosis regulator; Bcl2, BCL2, apoptosis regulator; Bdnf, brain-derived
neurotrophic factor; Caspl, caspase 1; Casp3, caspase 3; Casp9, caspase 9; Cat, catalase; Chat, choline O-acetyltransferase; Chrml,
cholinergic receptor, muscarinic 1; Chrm2, cholinergic receptor, muscarinic 2; Chrna7, cholinergic receptor nicotinic alpha 7 subunit;
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; 1l1a, interleukin 1 alpha;
l11b, 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; Nfe2l2, nuclear factor, erythroid 2 like 2 (also known as NRF2: nuclear factor
erythroid 2-related factor 2); Nfkbl, nuclear factor kappa B subunit 1; Nos2, nitric oxide synthase 2; Nrf2, NFE2 like bZIP transcription
factor 2; Pcna, proliferating cell nuclear antigen; 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; Sodl, superoxide dismutase 1; Sod2, superoxide dismutase 2; Sox2,
SRY-box transcription factor 2; Sst, somatostatin; Tgfb1, transforming growth factor, beta 1; Tnf, tumor necrosis factor; Tubb3, tubulin, beta
3class I1l.
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Supplementary Fig. 2

Body weight, food and water consumption of dams during the exposure period. (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 3
Maternal body weight and consumption of food and water

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 4
Maternal reproductive parameters

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. 3

Body weight, food and water consumption of male offspring during the exposure period. (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 5
Offspring body weight and consumption of food and water

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 6

Body and brain weights of offspring at necropsies on PND 21 and PND 77
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 7

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

offspring on PND 21

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 + 0.92 397 £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
Ibal 68.36 + 2.88 75.33 £ 4.23
CD68 16.24 £ 2.04 255 + 3.09*
CD163 8.41 + 1.48 11.15 + 1.83

467.21 + 23.85
73.73 £ 3.07
24.78 + 2.10*

6.82 = 0.80

492.15 + 13.25*
86.94 + 2.30**
24.64 + 2.19*

8.33 + 1.32

Abbreviations: ARC, activity-regulated cytoskeleton-associated protein; CDG68, 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; 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 8
Number of immunoreactive or TUNEL" cells in the SGZ/GCL or hilar region of the hippocampal dentate gyrus of male
offspring on PND 77 or PND 792

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; CDG68, cluster of differentiation 68; CD163, cluster of
differentiation 163; COX2, cyclooxygenase 2; DCX, doublecortin; FOS, Fos proto-oncogene, AP-1 transcription factor subunit; GADG67,
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.

a 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.

63



Supplementary Table 9
Levels of acetylcholinesterase activity and malondialdehyde in the hippocampus of male offspring on PND 21 and PND
77

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 10
Changes in open field test of male offspring

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 11
The alteration in spatial short-term memory in Y-maze test of male offspring on PND 27

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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Day 1 Day 2 Day 3-5 Day 5
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Supplementary Fig. 4
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 12
Changes in contextual fear conditioning test of male offspring

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.
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