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2019 FEIZEAFEE L RESNT 12017 FEEREOMI ) Tk, BAROHE
PRIGIBFEBITMERZL DK 329 TN E 2T, BERIFIZ, BRI 21T 07 b
Ay br— A ARREORERFLS & Wb D ZREGHEEL L TH b D MIEESE
JE, MRRPEHEZIIC O, A REMHEZOSEZTZERAONDS, T b DAHF
SEWCINZ T, BERIE B CIIRMEEOREENRETEF L TEH NI EBHE S
D BERIG SRR E DO E T IREMERZ X b D, FERWIC K DR R
BTN AERBBEE 25720 TR BEOTLDDORET Fe 7 7 A2 KT &
D2 b D BERFICE T 2RMIEEDO T X OVEEEOHELITEE O QOL
EHEFET D OB BT BERFICH T 2 ARG EAITO DX CHLEETH D, L
UL BERISICE T DRI EBORIEDFEML AN =X LTI LN > TE LT,
G2 TEiE L ONRIRIE b STV,

tEdE L EMER

BEEROBRECIIHEY taIla=lrr—rav a2 ERRETHDLZ L
O, HEMEMETLTWDLZENBZ 6D, ML ITARESITHEIS L EDOH
THAIET D72DI2, ihF L mU R BREZELS 9 X TRERBDTH D, EEMEN
KT T 5L L@EOREAREES ZEPREICRY, thaE & oBFROELSENR
IZ L DN TR B ORIEICER S Z ENRERINTNnD Y, Lizn-> T, 5
PO TR BRORIEICBWCEHERBER TODLI EEIZLND,

FLREMFSTIZ I T, fh I social interaction test & W TFE T2 Z LA TX
%, Social interaction test Tl E 9 5 sociability (fh=1E) 1T F 129 5 Bk %2 3£
L. social novelty preference (fhXHIBT A7 IRBME) X = I 2 =0 — 9 VRET) & Bk

THEEZLILD Y, L7=M - T, social interaction test {2351 T sociability & social



novelty preference = TN ENMET H = L T, LS E2FEMCTMT 22 N TE
50

MK T2 BEANERS S L OCRkEDOHEE

REEOFRE LTHMONALMWEIZ, HFRVES &S O 2 22t ond, &
B, ZO2ODMAITRRDMAEAF D Z EBRERMINTEY . RS BRI
BE3 ookt L, BEANESIIEBNICEE T2 2R EINTND 9 ThET
o, MR ARET 5 2 LICk o T, MARMERER T T2 2 enmE s D, @M
WS ITHERMEICEET D 2RI ND,

— 7. WA B IS L FARICEBNICE S T2 2 Enme TS, EBEIC,
YHFSEE TR AR BE R BT 2 M B O RICEE T2 2 L 2RE LT
WD Y, Fo, REREBEST S Z L THAEREINT S ERmESNTVD Z
END D RRERITAHESMEICE S T2 ARERB 2 b D,

BRI A RS 2 D RPEE~EE T2 70 2 I Ui 2 LT % LAt
SUEBETTHIENREINTND O, LR - T, Rbkiks L OMEMES D 7
W BRI MEICHEERER E R T b0 LEZ LN D,

Neuropeptide Y 7%

R TEIXERFE MR & Vo =X VX —F I 21T Z LTk o T, &
Oz 3N X —mFHEMELHER L T D 1N, SR TS IIE 2 R T R FE
EL. TOHD 1 ->TH 5D neuropeptide Y (NPY) 1ZEEBREESTF FELTHmbN
% B, NPY #RIZ2HE O VX —RENET T 5 LiEMHEMl L, BRITE 2 (21
TLZLTzRAF—REELMERFLTHD Y,

NPY (3= R F—FHi 7217 T | HHNC LG T 2 At nfEmM ST 2,
ZNETIZ NPY OMENERGIITALIEASCHI ) 2MEHEZRT ZEhHESNT

WD IO S BT, NPY Y R AKRORMITHARZIER 25 L 1, NPY Y, &K D
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L7,

ARBFFED HENILL T OEY ThH S,
ET1E .
Streptozotocin (STZ) FHRIEIRFE~ 7 A B W THSMERZ/L L T D085

L., FOZEALIC NPY BL ORI V& I i n B 54 2 kst L=,

2 E
STZ FHRPERF~ 7 2 2B T 220X TS, BERAEERB X OREKEDO NPY
BLORT LA I VEBHENED LD B R R T 0 RE L,
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WMESNTWAE D, F7- NPY I3 MIcEET 522 L biEfM I T 5 22, NPY

RIS O XX —REIZIVEERFTH SN b BHDOTZRLF—
IREEDA R E S ZAE L TV DHERP TR FHICHAIET D NPY Mt O fE A &1k

L. fESMEREBLT DR EMENREZ LD,
&M, RKIRB X OVERIMEE O 7 v 2 U ERMR N T 5 Z & BN iR &S
NTWb, £72 FRIFE CITEEICBIT 5 AMPA ZRIKOEBNENT D Z &0
EEINTWDZ END 2D PR CIEEARNES B X ORIKIED 7L 2 I 2 B
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HENEALTHZ LIk o THEMREBILT A REEREZ NS,
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EBRM B X OEBRGE

EREY

FERIZIT ICR RlfErE~ 7 X (4-7 HHHn: 18-38 g; WX FEREMY) 2 H iz, FEERE)
MIEAR Y B —RFx— MDD r— (225 x 340 x 155 mm) N T, 12 B OBHKE A
7 v (JSKT:08:00, ¥H4AT:20:00), IR 24+ 1°C, 1B 55+5% OIEREERERE F T
fE L7, fkE (MF; &V = 2 VEERET3E) B L OUKITERICEBIS Y72, BER
5 1% STZ (200 mg/kg) % 3% isoflurane (& £ 7 A /L AF0YEHIER) W ARRER T C 2 (A
FrARNE G35 2 & TpE% Lo, STZ &5 2 # %I pEfE 2 400 mg/dl 2 5
LOERERBEE Lz, £7-. BEETH D 155 M 7 = VU BRIEE R &= FARIC &5 L7z
~ AR E LT,

KWL BT T DI H T2 . BEFRFLEY FZRIGEHIIE V. BER R85
MEBDOERERTZ) 2T, BT 2mAHE +DICEEL TR TOERE

1T-o7,

Ry

FERIZ X, NPY Y ZBKRIEEFK D LP-NPY ([Leu’!, Pro**]-neuropeptide Y; Tocris
Biosciences), NPY Y, % HIR{EE)H D NPY 13-36 (Tocris Biosciences), NPY Y, 52 &K
% 91 3 @ BIIE 0246 ((N-[(1S)-4-[(Aminoiminomethyl)amino]-1-[[[2-(3,5-diox0-1,2-
diphenyl-1,2,4-triazolidin-4-yl)ethylJamino]carbonyl]butyl]-1-[2-[4-(6,11-dihydro-6-oxo-
5H-dibenz[b,e]azepin-11-yl)-1-piperazinyl]-2-oxoethyl]-cyclopentaneacetamide; = Tocris
Biosciences), AMPA = AR {EE) 3K D AMPA ((+)-a-amino-3-hydroxy-5-methylisoxazole-
4-propionic acid hydrate; Sigma-Aldrich), 3 & OV AMPA 52 A (K5 B3 © NBQX (1,2,3,4-
tetrahydro-6-nitro-2,3-dioxo-benzo[f]quinoxaline-7-sulfonamide; Sigma-Aldrich) % {5 /]
L7z, AMPA (20 & ® 1 NNaOH (& -7 A4 )V AFEME) KISWRIZEEME L, 1 NHCI

(8 L7 A NVLFYEHE) KBEW T pH 8 I L%, AHEEWK (0.9 w/v % NaCl



solution) THN L7z, Z=OMOIEY) XA BT WRIZEME L 72,

2= N 5

== N 4% 512 1%, hamilton microsyringe (Hamilton) (ZHX Y 1) 72 #+%E 3 mm o —
Bedt (A BBRAERT) 2 MW, EGMAIFHEEFTTHREID 1 mm [FI2F5 L7z
EEL, ~vUAYZD 4ul OFETHRS LT,

Social interaction test

Social interaction test XI5 DHEITHE - TIT o7 42, ~ U 2 DtESMHATEN
three-chambered social interaction test system (/INREFFEZE) 2 H W TR L 72, %%

IXEHRT 7 U ABOMAE Y T3 DOXE (20 x40 x22cm) (205N TEY,
IV ICIE~ AP AHBICEENEZRBETEHL 9128 (5 x3 em) BENTZHOD
ML, £, EAOXBEORRIZITHG~Y YV AZ ANDLTODF ¥ N\ — &%
& L 7=, Social interaction test |X 3 -2 session CTHi S 5, F 7 session 1
(habituation) TIlX, WO T ¥ L N—([FZEDOIRETHE~ 7 A & F o XKHEIZ A
HEENE HHBICHRE S 72, KIT session 2 (sociability) TIXH H D F ¥ > X —I|TH
YU RAENI, WE~Y T A EZBHRICHER S E 2, f&%IT session 3 (social novelty
preference) TIX /7D F ¥ > /3—(T session 2 THWE~T 2EZ AN, 9 5D
Fx N~ v A AL, MIE~ Y A2 HRICHRESE T2, 7XToD
session X 10 2[HATV, HIE~Y U AN ENENDTF ¥ /3 — THff U 72 FF [ & 3 &
L7z, BIE~ 7 ADOITENTEEN EICRBE IR AT Tigk L, HIE~T 2D
BN T v =5 2 om DNIZIE S WK, JIE~ T ANT ¥ 38— [THil L
7= &M L7z, 7z, interaction time (%) ITHE~ 7 AN F ¥ 3 — |THEfl L 7=
AFEMICHT 2 —HOF v =L OEMEFF OB S L LTHEB L,

T T DO YT session 2 DEGIZHE G L7z, LP-NPY 3 L X NPY13-36 /3 session 2

® 15 43Hii. AMPA 1% 20 4y Bii. BIIE 0246 3 LK O NBQX 1% 30 A Aiic#& 5 Lz,



DREEES LOY A 2 7 EBEOCRE BB 4T o 12 20,

Novel object recognition test

~ 7 ADYIRFEINFES] (novel object recognition) (% social interaction test & [FkE D
$E1E Z IV TH1T - 7=, Novel object recognition test |% 3 > session THEK S5,
¥ 7" session 1 (habituation) TIiE, A O XEOEIZM G ENT ., WE~ Y X Zfk
O RENZAFVEEE N A4 B BICERR S 72, KIT session 2 (familiarization) TIX/AE4
OREIZFE CEE2E S, ME~ T A% B HBIZERR S &7z, il D session 3 (memory)
T, A7 session2 THWEZDO LRI UMEREZES, &9 —HFITIXER WKL E
Wiz, Wik L L Clm o XA LBzl L7z, 3 To session 1 10 43 fH
TV, ME~ 7 ARZENENOMIKIZEMT SRR ZHE L, B, HlE~ T A
DEIEVPIRND 2 ecm LNIZE DWW RE, WRICHEM L7 S L7z, £72. %
time with each object IZHNE ~ 7 A DN WK HEfih L 72 G EFRE RIS K92 — Ok
L OEEMMFFFR ORI G E L THRI L,

Reverse transcription-polymerase chain reaction (RT-PCR) £

BRTES, MEANES B X ORI mEE, REERTHE L, EHT2ETO
M -80 °C THRAEL 7=, KMWELLLY > 7 L )> 5 Nucleospin® RNA kit (¥ 4 7 /34 7)
% AT total RNA % filift L 72, PrimeScript® RT Master Mix kit (¥ 5 7 /34 %) %
FWTWER G 41T 9 Z &1 XL - T cDNA Z{Ef L 7=,

PCR [Jiit&. ¥ > 7 /v iZ THUNDERBIRD® SYBR® qPCR Mix (HEERh) &% .
StepOne Plus™ real-time PCR systems (Applied Biosystems) & H W\ CT{T~>72, 77 A

— XL FOESIO L O % L7 NPY (NM_023456; forward: 5°- CAG ATA CTA
CTC CGC TCT GCG ACA CTA CAT -3, reverse: 5°- TTC CTT CAT TAA GAG GTC TGA
AAT CAGTGT CT -3’), GluA1 (XM _017314275; forward: 5’- GTC CGC CCT GAG AAA

TCCAG -3, reverse: 5’- CTC GCC CTT GTC GTACCAC-3’). GluA2 (XM_006501014;



forward: 5°- TGT GTG GTG GTT CTT TAC CCT -3, reverse: 5’- AGT AGG CAT ACT
TCC CTT TGG AT -3°), GluA3 (XM _017318547; forward: 5’- ACC ACT AGC ATA GGT
GGA CTT -3, reverse: 5°- ACG TGG TAG TTC AAA TGG AAG G -3°). GluA4
(XM _011242355; forward: 5’- GCT GCA GCT AAG ACC TTC ACT G -3’, reverse: 5’-
CCC CTG TCT GTA TCA TAC AGG AAG A -3°) . glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; XM 036165840; forward: 5’- GGC ACA GTC AAG GCT GAG
AAT G -3°, reverse: 5°- ATG GTG GTG AAG ACG CCA GTA -3°), mfJiZ 95 °C T
denature % 20 FP 4T > 72 1% .95 °C T denature % 5 £/, 60 °C T annealing/amplification
Z 30 B DAL A G o T 40 cycles 1T o 72, Fe itz (T Rl Ml B AT (Melting/Dissociation
Curve Analysis) Z#{T- 72, FMEITX T 5 GAPDH O THIE L. AACt &% A

TEE LT,

Western blot £

Western blot % 131 % O A 116 > TIT o 72 2, MGG 1353 B2 IR 236 T
HAs L B35 £ T -80°C THrAF L 72, EMIVES 1 radio immunoprecipitation assay
(RIPA) buffer THE VA X L7=tk, 20,000 x g, 4°C T 20 /rffmLoBEL, 55
nibkiEazrrvb Lz, oo s N7 E &1L, BCA protein assay kit
(Thermo Fisher Scientific) % H W TH#lliE L. RIPA buffer THRT 5 Z LIT L > TH
VR RE R AT (10 pg/2 pl), Y T IVIZEIED 2% SDS & 20% A7 1 — A
Ete2x ERIKEBA ANy 77 —THRL, FFTUARBEST N VA=K IT 7Y
VT X RTIVERIKENIEICHE Y, 5-20% REARO 7 (7 b—) 2T, EX
KENT 52 L CHIRZ VAR 20 FREDEICL > THRELT., SBEE 7%, He0
WV EROM L, EXKEI LR X N R TA AT ey b (T =) & H
VT 5% methanol % & ¢ 10 mM tris-HCI buffer (iR L7==htrtErB—RA X T T
VICERMICBE S 72, §i GluAl HLiKH O A > 7T 21X tris-buffered saline (TBS)

IZ 0.1% tween 20 (Nacalai Tesque) % Iz 7-#&ffii%k (TBST) Tl L 7= 0.3% nonfat

10



dried milk (& =7 A /L A FEHEE) FT60 07 e vX 7 L, itV Bk GluAl
LA @ 2 > 7 > 1% Blocking One-P (Nacalai Tesque) HC20 072 v 7 L
2. T D%, Hi GluAl HU{K (1:1000; Millipore #07-660; RRID:AB_390157) & L O}
Ser845 HRALA U (L X7z GluAl (pGluAl (Ser845)) 12 xt9 % HLiK (1:1000;
Millipore #AB5849; RRID:AB 92079) (2T 4°C T—HAf v F a2 X—T a3 &7 T,
TBST T 1043 x 3 [\IPEH L. 0.3% nonfat dried milk # T 20,000 {3547 R L 7= horseradish
peroxidase #E#& L 7 ¥ ¥ 1gG HLiK (Cell Signaling Technology) & =i T 1.5 Fffi] A >
FaX—T g L7, TBSTT5% x5HFBICTBS TS50 x2 B LEE, 7

I =yl RAEICHEVEFIE L ELE (Thermo Fisher Scientific) Z HW T, H
e 22 0 78 ABH L, %N RO#REIZIE Light Capture (AE-6981C;
7 h—) %, fEHTIZIE Imagel (National Institutes of Health, USA) Z W7z, A7
T030.1% OT VT MY T AEEL TRy X Ny 77— THEE L, 1,000 %
iR L 725t B-actin LK (Cell Signaling Technology) (2T 4 °C T—HWA > F = X —
VarEitol, T0O%k, ZRFEEA U FaX—Ta L, EREFERIZY N

OB LT 24T o 12, 728, B-actin ZEEMEXIRE L, T D N2 K&
ELTtk, T a1T 72,

BT AL ER
T—HFT_NTCEYE + mERETHEM Lz, ol @E 0o (ANOVA) %
1TV, Z D1 Bonferroni {EIC K VKREZIT-T2, F72. “HEM O LEIZIE Mann-

Whitney ® U BREZ1T o7, fGRE 5% LUTOLDOEHFEEZH Y L HE LT,

11
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STZHERBERKE~ U RIZB T 2O Ek

FERIFIZ X 0 RS PEDPME T 3% 2085 L7z, Session 1 (habituation) TII*ff~ v
Z & STZ FHREFERF~ U ZNZBWTHEMDZED F v /N —~ D FE 2 71378
< AR DM FER] 2 7~ L 72 (Fig. 1-1A), Session 2 (sociability) Tidxfffi~ 1w & |
STZ FFEFEHEIRF~ T AL BITH AT~ T ADANSTTF v /8=~ DMl [ 25 22 D
F ¥ N — L OEMEFR LY FEICED o7 (two-way ANOVA, F(is0) = 3.70, p <
0.001; Fig. 1-1B), Session 3 (social novelty preference) Ti&, XM~ 7 2 TIZBEM~
T ALEANTEHAG~ T ASOEMEFENABEICRNST20, STZ FREBERF~ 7 A
DA~ T ASOEMEBEFFIISR~ T AL HXTHREICEL > (two-way
ANOVA, F(1.50)=14.59, p<0.001; Fig. 1-1C), Z DfEF725 . BEFRIF Tl social novelty

preference MR~ 25 Z L BRI Tz,

STZ FRERK~ UV AR T 29ERmEH0OE/L

BEPR IR & 5 social novelty preference DX F NGB OREIZ L 2 L OBRFT 5
7o, STZ FHHBERW~ 7 A DOWIRFEIEE )1 Z W E L 7=, Session 2 (familiarization)
TIER B~ AL STZ FRIERE~ U AZBWTER DO WIER~O R M 221X
72735 7= (Fig. 1-1D), Session 3 (memory) T, B~ 2 STZ#HEERKE~ U
2L IR L N TH TR~ DOERMBRAA BEICR 2272 (two-way
ANOVA, F(1.44) = 1.30, p < 0.05; Fig. 1-1E), Z DR S, BRE CIXLEoREET

RO BIIRNT LIRS T,

STZFHREBERFE~U ZADOBNIZEIT 5 NPY mRNA BHEDOEL
PEPRIFIZ L - TP O NPY mRNA BEENELT D 0Mmat Lz, £ ORERE, STZ

FHRFERIE~ 7 AZB T HHE FEEO NPY mRNA BEE ISR~ X L X TH

12



EAZHE N L 7= (Mann-Whitney U test, p < 0.001; Fig. 1-2A), — 5. STZ #H R FEIR IR~
U A ORISR X ORI O NPY mRNA BEHEIIMB~ T A LR THERE

fBIZ R 6 7e - 7= (Fig. 1-2B, C),

HESMITHICRT 5 NPY Y BLXO Y. ZZEKDOEE

NPY OfEZEICB T ZRENZOWVWTHLNCT S0, EFERF~ T AZHW
T, AR METEICET 2 NPYY 1 BLO V2 ZA KO EIZHOWTHRE Lz, NPYY,
ZARKRIEEIZK TH D LP-NPY (50 ng, i.c.v.) Z#& 5 L T% ., session 2 (sociability) 5
& O session 3 (social novelty preference) (23 W\ THaF~ 7 A ~DEEAREER 12 2L 1%
R ootz (Fig. 1-3A,B), —J7. NPY Y2 Z AKIEENFK TH 5 NPY 13-36 (50 ng,
ic.v) ZHE L7238 A121L, session 2 (sociability) TIZE/LN A oo b DD
(Fig.1-3C). session 3 (social novelty preference) (233N THTAF~ 7 A ~ D B il FE ] 23
HEITHD L= (two-way ANOVA, F(i2s) = 11.75, p < 0.05; Fig. 1-3D),

—7J5. NPY Y2 ZEKIEHIE TH % BIIE 0246 (400 ng, i.c.v.) D51 session 2
(sociability) 35 L U session 3 (social novelty preference) (2351 D Hiar~ 7 A ~DHE
i BE I B E KT X 72 o 7= (Fig. 1-4A), & 52, BIIE 0246 (400 ng, i.c.v.) &
NPY 13-36 (50 ng, i.c.v.) O session 2 (sociability) (231 2 H &7~ 7 A~DHE
fRER I XA T S 72Dy > 72 B3, session 3 (social novelty preference) Tlix NPY
13-36 (50 ng,i.c.v.) |2 X DH &~ U7 A ~DOHilREH O 13 BIIE 0246 (400 ng, i.c.v.)

DO PRI & 0 Il & 7z (two-way ANOVA, F(i26) = 11.07, p < 0.05; Fig. 1-4B),

NPY Y, T EEFEFIEN STZ FHRIEIRIF ~ 7 X D social novelty preference |25 2 5
-4

NPY Yo Z B HEEHLIHD STZ FFHMEIRIF~ 7 A DHSMWATENC 5 2 5 8 2 M5t
L 72, BIIE 0246 (400 ng, i.c.v.) O 512 K U session 2 (sociability) (Z331F 5 %~

T ABIO STZ FHRFERF~ 7 ADH &~ 7 A~OEMRREFICELIT /R S 22

13



- 7= (Fig. 1-5A), — 5. session 3 (social novelty preference) (Z 35T BIIE 0246 (400
ng, i.c.v.) OEEIZI VX~ T ZADOF AT~ U A ~OHEMMEFFICIZZEIT ) T2
23, STZ FHERIERE~ U ADFH A~ U A~OHAFEH O T 2AE Lz (two-way

ANOVA, Fau31y=7.18, p <0.001; Fig. 1-5B),

STZFHREBERF~ Y ADOBAICBIT D AMPA XA EREEDOELL

STZ FHFEMERW~ U A DIEMANERS & RKIEKIZIHB T 5 AMPA B KY 7 2= |k
® mRNA B EZHE LI, STZ FEWEIRF~ U 22BN T, BRSO GluAl
mRNA FHEIIXR~ T X L THEIZHEM L 722 (Mann-Whitney U test, p <
0.05; Fig. 1-6A), GluA2, GluA3 I X ' GluA4 ® mRNA FEHE LT - -
(Fig. 1-6B, C, D), £7=. STZ#HREWERFE~ U A DRPIKIZE T S GluAl, GluA2,
GluA3 35 L Uf GluA4 @ mRNA BHEIIHFHR~ T 2 L HE_XTEMITRD bR
7= (Fig. 1-6E, F, G, H), MEMI#EE 23\ T mRNA EEEOH MR O 57 GluAl
VT a=y bhOX T EERELEE A, STZ FRERB~ U 22BN T
GluAl 7 2=y FOX o X7 EIZEITR N> T=H (Fig. 1-61), pGluAl
(Ser845) DX X7 BT~ T A L L _THEICHEIM L7 (Mann-Whitney U test,

p < 0.05; Fig. 1-6J),

HEEMITEICK T 25 AMPA R KOE L

HESMEATENC T2 AMPA ZREDBEEIZ OV TIERERE~ 7 A & ll v TR
L 72, Session 2 (sociability) (23T AMPA (40 ng, i.c.v.) O EMFE 5, NBQX (800
ng, i.c.v.) OHEMIE 53 LT AMPA (40 ng, i.c.v.) & NBQX (800 ng, i.c.v.) O ffH &
BEOWFNIZEBWN T, ot~ U A~OEMIFFICEITR 6z > 7o (Fig. 1-
7A), —Ji. session 3 (social novelty preference) Tl AMPA (40 ng,i.c.v.) D52 X
D HF AT~ T A SO A ED L (two-way ANOVA, Fi32) = 51.35, p < 0.05), =

D P 1E NBQX (800 ng, icv.) ZOFH T2 Z LI KX - Tl &7z (two-way

14



ANOVA, F33 =4.15, p <0.05; Fig. 1-7B),

Social novelty preference {ZXt3 % AMPA & & NPY Y, S &BZAEDEE

Social novelty preference (23517 5 AMPA 35 X OY NPY Y, & 4K @ B & FEBE IR 5
~ U A& WTHE L7z, Session 2 (sociability) {Z& T NPY 13-36 (50 ng, i.c.v.)
O HEMEE . NBQX (800 ng, i.c.v.) OHMIEE | I X T NPY 13-36 (50 ng, i.c.v.) &
NBQX (800 ng, i.c.v.) OFHfFHEGIZ LV FHar~ U7 A ~OHEMKERICZIT R & 7
Mo 7= (Fig. 1-8A), —J7. session 3 (social novelty preference) TiZ., NPY 13-36 (50
ng,i.c.v.) OEHIZXV FaT~ U A ~OHEAEERH 284 L (two-way ANOVA, F(1,30) =
16.32,p < 0.05). Z DA X NBQX (800 ng, i.c.v.) DHFHIC X » THHl &7z (two-
way ANOVA, F(1.20) = 4.32, p < 0.05; Fig. 1-8B),

—J7. session 2 (sociability) (235> T AMPA (40 ng, i.c.v.), BIIE 0246 (400 ng, i.c.v.)
B L Y AMPA (40 ng, i.c.v.) & BIIE 0246 (400 ng, i.c.v.) OOFAFZEGIC L v Hhiar~
ASDEFREFFICZLIT R 5o 7228 (Fig. 1-9A), session 3 (social novelty
preference) {23V T, AMPA (40 ng,i.c.v.) O GIZ LV Hrar~ 7 A~ 2
W L. Z O I BIIE 0246 (400 ng, i.c.v.) OOHFFIC L 8 A% 5 720> 7= (Fig.

1-9B),

AMPA ZREFEHIIRD STZ HREEIRIT ~ 7 X D social novelty preference IZ5 % 5
-4

AMPA Z BRFEHIHE S STZ 75 FHE RIS ~ 7 A @ social novelty preference (2 5- % %
WA M E L7, Session 2 (sociability) 123V T NBQX (800 ng, i.c.v.) D5 1L%f
B~ 2ABIW STZ FHIEMERF~ 7 ADF AT~ 7 A ~DO MM E 2 KE S
72 o 7= (Fig. 1-10A), —J7. session 3 (social novelty preference) (231> C NBQX
(800 ng, i.c.v.) DEHGIZI VXM~ T ZADH &~ 7 A ~OHEMFMICEITR S
o T Dy, STZ FHFBERFI~ U AT DHAF~ U A~ O ~ O 23
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#= L7z (two-way ANOVA, F(144) = 4.34, p < 0.05; Fig. 1-10B),
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social interaction test
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Figure 1-1. (A-C) Sociability and social novelty preference in diabetic mice. (A) Interaction
time with empty cages in non-diabetic and STZ-induced diabetic mice. (B) Interaction time
with the empty cage and the cage containing a stranger mouse in session 2 in non-diabetic
and STZ-induced diabetic mice. (C) Interaction time with the cage containing the familiar
mouse and the cage containing a new stranger mouse in session 3 in non-diabetic and STZ-
induced diabetic mice. Each column represents the mean + S.E.M. Non-diabetes: n = 15;
diabetes: n = 12. ***p < 0.001 vs. respective interaction time with the empty cage; “*p <
0.001 vs. respective interaction time with the familiar mouse; %p < 0.05 vs. respective
interaction time in non-diabetic mice. (D, E) Novel object recognition in diabetic mice. (D)
Time with each novel object in session 2 in non-diabetic and STZ-induced diabetic mice.
(E) Time with the familiar object and a novel object in session 3 in non-diabetic and STZ-
induced diabetic mice. Each column represents the mean + S.E.M. Non-diabetes: n = 12;
diabetes: n = 12. ***p < 0.001 vs. respective time with the familiar object.

Ueda et al.: Br J Pharmacol 178, 726-740 (2020) £ ¥ —#ck2s
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Figure 1-2. Changes in mRNA level of NPY in the hypothalamus (A), ventral hippocampus
(B) and amygdala (C) of non-diabetic and STZ-induced diabetic mice. Each column
represents the mean £ S.E.M. Non-diabetes: n = 8; diabetes: n = 8. ***p < 0.001 vs. non-
diabetic mice.

Ueda et al.: Br J Pharmacol 178, 726-740 (2020) X W —#fch &
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A sociability B social novelty preference
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Figure 1-3. Effect of the NPY Y receptor agonist LP-NPY and the NPY Y receptor agonist
NPY 13-36 on sociability and social novelty preference in mice. (A) Effect of LP-NPY on
interaction time with the empty cage and the cage containing a stranger mouse in session 2.
LP-NPY (50 ng, i.c.v.) was injected 15 min before measurements. (B) Effect of LP-NPY on
interaction time with the familiar mouse and a new stranger mouse in session 3. (C) Effect
of NPY 13-36 on interaction time with the empty cage and the cage containing a stranger
mouse in session 2. NPY 13-36 (50 ng, i.c.v.) was injected 15 min before measurements.
(D) Effect of NPY 13-36 on interaction time with the familiar mouse and a new stranger
mouse in session 3. Each column represents the mean + S.E.M. Saline (A, B): n = 6; LP-
NPY: n = 6; saline (C, D): n = 7; NPY 13-36: n = 6. *p < 0.05, **p < 0.01 vs. respective
interaction time with the empty cage; “p < 0.05, "p < 0.01, "p < 0.001 vs. respective
interaction time with the familiar mouse; $p < 0.05 vs. respective interaction time in saline-
treated mice.

Ueda et al.: Br J Pharmacol 178, 726-740 (2020) X W —&fch &
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A sociability B social novelty preference
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Figure 1-4. Effect of the NPY Y, receptor antagonist BIIE 0246 on impairment of social
novelty preference induced by the NPY Y receptor agonist NPY 13-36 in mice. (A) Effect
of BIIE 0246 and NPY 13-36 on interaction time with the empty cage and the cage
containing a stranger mouse in session 2. BIIE 0246 (400 ng, i.c.v.) and NPY 13-36 (50 ng,
i.c.v.) were injected 30 and 15 min before measurements, respectively. (B) Effect of BIIE
0246 and NPY 13-36 on interaction time with the cage containing the familiar mouse and
the cage containing a new stranger mouse in session 3. Each column represents the mean +
S.E.M. Saline + saline: n = 8; saline + NPY 13-36: n = 6; BIIE 0246 + saline: n = 8; BIIE
0246 + NPY 13-36: n =9. *p < 0.05, **p < 0.01, ***p < 0.001 vs. respective interaction
time with the empty cage; “p < 0.05, p < 0.01, **p < 0.001 vs. respective interaction time
with the familiar mouse; ¥*p < 0.01 vs. respective interaction time in saline-saline treated
mice; Tp < 0.001 vs respective interaction time in saline-NPY 13-36 treated mice.

Ueda et al.: Br J Pharmacol 178, 726-740 (2020) X ¥ —ceZ:
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A sociability B social novelty preference
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Figure 1-5. Effect of NPY Y receptor antagonist BIIE 0246 on impairment of social novelty
preference in diabetic mice. (A) Effect of BIIE 0246 on interaction time with the empty
cage and the cage containing a stranger mouse in session 2 in non-diabetic and STZ-induced
diabetic mice. BIIE 0246 (400 ng, i.c.v.) was injected 30 min before measurements. (B)
Effect of BIIE 0246 on interaction time with the cage containing the familiar mouse and
the cage containing a new stranger mouse in session 3 in non-diabetic and STZ-induced
diabetic mice. Each column represents the mean £ S.E.M. Non-diabetes + saline: n = §;
non-diabetes + BIIE 0246: n = 8; diabetes + saline: n = 9; diabetes + BIIE 0246: n = 10.
*%p < 0.01, ***p < 0.001 vs. respective interaction time with the empty cage; *p < 0.05, “p
<0.01, ¥ p < 0.001 vs. respective interaction time with the familiar mouse; **p < 0.01 vs.
respective interaction time in saline-treated non-diabetic mice; "''p < 0.001 vs. respective
interaction time in saline-treated diabetic mice.
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Figure 1-6. (A-H) Changes in mRNA levels of GluAl (A, E), GluA2 (B, F), GluA3 (C, G)
and GluA4 (D, H) subunits of AMPA receptor in ventral hippocampus (A-D) and amygdala
(E-H) of non-diabetic and STZ-induced diabetic mice. Each column represents the mean +
S.E.M. Non-diabetes: n = 8; diabetes: n = 8. *p < 0.05 vs. non-diabetic mice. (I, J) Changes
in protein levels of GluAl subunit (I) and GluA1l subunit phosphorylated at Ser845
(pGluA1(Ser845)) (J) in ventral hippocampus of non-diabetic and STZ-induced diabetic
mice. Immunoblots are representatives for GluA1 and pGluA1(Ser845); immunoblots of
GluAl and pGluA1(Ser845) were normalized by B-actin. Each column represents the mean
+ S.E.M. Non-diabetes (I): n = §; diabetes (I): n = 8; non-diabetes (J): n = 8; diabetes (J):
n="7.%*p <0.05 vs non-diabetic group.
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A sociability B social novelty preference
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Figure 1-7. Effect of AMPA and the AMPA receptor antagonist NBQX on sociability and
social novelty preference in mice. (A) Effect of AMPA and NBQX on interaction time with
the empty cage and the cage containing a stranger mouse in session 2. NBQX (800 ng,
i.c.v.) and AMPA (40 ng, i.c.v.) were injected 30 and 20 min before measurements,
respectively. (B) Effect of AMPA and NBQX on interaction time with the cage containing
the familiar mouse and the cage containing a new stranger mouse in session 3. Each column
represents the mean = S.E.M. Saline + vehicle: n = 9; saline + AMPA: n = 10; NBQX +
vehicle: n = 10; NBQX + AMPA: n=9. *p <0.05, **p <0.01, ***p < 0.001 vs. respective
interaction time with the empty cage; ““p < 0.001 vs. respective interaction time with the
familiar mouse; **%p < 0.001 vs. respectlve interaction time in saline-vehicle treated mice;
p <0.01 vs. respectlve interaction time in saline-AMPA treated mice.
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Figure 1-8. Effect of the AMPA receptor antagonist NBQX on impairment of social novelty
preference induced by the NPY Y receptor agonist NPY 13-36 in mice. (A) Effect of NPY
13-36 and NBQX on interaction time with the empty cage and the cage containing a stranger
mouse in session 2. NBQX (800 ng, i.c.v.) and NPY 13-36 (50 ng, i.c.v.) were injected 30
and 15 min before measurements, respectively. (B) Effect of NPY 13-36 and NBQX on
interaction time with the cage containing the familiar mouse and the cage containing a new
stranger mouse in session 3. Each column represents the mean + S.E.M. Saline + saline: n
= §; saline + NPY 13-36: n = 9; NBQX + saline: n = 8§; NBQX + NPY 13-36: n = 8. *p <
0.05, **p < 0.01 vs. respective interaction time with the empty cage; “p < 0.01 vs.
respective interaction time with the familiar mouse; $p < 0.05 vs. respective interaction
time in saline-saline treated mice; Tp < 0.01 vs. respective interaction time in saline-NPY
13-36 treated mice.

Ueda et al.: Br J Pharmacol 178, 726-740 (2020) k£ ¥ —ceZ:

24



A sociability B social novelty preference
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Figure 1-9. Effect of the NPY Y receptor antagonist BIIE 0246 on impairment of social
novelty preference induced by AMPA in mice. (A) Effect of AMPA and BIIE 0246 on
interaction time with the empty cage and the cage containing a stranger mouse in session 2.
BIIE 0246 (400 ng, i.c.v.) and AMPA (40 ng, i.c.v.) were injected 30 and 20 min before
measurements, respectively. (B) Effect of AMPA and BIIE 0246 on interaction time with
the cage containing the familiar mouse and the cage containing a new stranger mouse in
session 3. Each column represents the mean = S.E.M. Saline + vehicle: n = 7; saline +
AMPA: n =T7; BIIE 0246 + vehicle: n = 7; BIIE 0246 + AMPA: n = 8. *p <0.05, **p <0.01
vs. respective interaction time with the empty cage; “#p < 0.001 vs. respective interaction
time with the familiar mouse; *p < 0.05, %5p < 0.01 vs. respective interaction time in vehicle-
treated mice.
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Figure 1-10. Effect of the AMPA receptor antagonist NBQX on impairment of social novelty
preference in diabetic mice. (A) Effect of NBQX on interaction time with the empty cage
and the cage containing a stranger mouse in session 2 in non-diabetic and STZ-induced
diabetic mice. NBQX (800 ng, i.c.v.) was injected 30 min before measurements. (B) Effect
of NBQX on interaction time with the cage containing the familiar mouse and the cage
containing a new stranger mouse in non-diabetic and STZ-induced diabetic mice. Each
column represents the mean + S.E.M. Non-diabetes + saline: n = 12; non-diabetes + NBQX:
n = 12; diabetes + saline: n = 12; diabetes + NBQX: n = 12. ***p < 0.001 vs. respective
interaction time with the empty cage; "*p < 0.001 vs. respective interaction time with the
familiar mouse; p < 0.05 vs. respective interaction time in saline-treated non-diabetic mice;
"p < 0.01 vs. respective interaction time in saline-treated diabetic mice.
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UL EDAKRWIZEDRE S HEIRIFN TIEAHIK THE O NPY M OFEMENJTHE L. NPY Y,
SRBEN LTIV I UBMBEEREZ LET 5 2 L 12 X - T, social novelty
preference MR T35 Z L BRI LT,

J
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F1ELID O FERE CIXPUR T O NPY M OIEMENTTHE L, NPY Y, Z B KO
FIAE I LT, Z ¥ I vimikiee &2 i3 5 2 &I X o T social novelty
preference ME T 5 = & &R 5 5 H & 157,

MRS KOS O 7L 2 I IR EERE R ST 5 L Z 2 b
NNH, ZHETIZ, BAMESICRA T 5 7 V5 I VB2 TGRS 5 &t ER
ETFL., TOETIL AMPA ZAEEHRETMH S LD Z LRHEI LTS 1O,
Fio, RRIKICBRAT 2 702 I VEBHRETEE L L THUHESMENE T 5 2 &8
WHESN TS Y, 512, YRS TR RIEA I O AMPA 32 KK %
VLT 5 & STZ FERBEIRF~ U ZZET 2 BMFLEOMEMAME s 2 &2 HeE
LTWb D, Leho T, BERWE CIRAkIR S X OMEMNES © AMPA A KZ I L
THESMEPRT T2 RBEREZX N D,

—J7. NPY i IZRIEZ G MRS T2 Z L RHESHTWD 2D,
Fio, BHBCRREICIE NPY 2 ZBERNRET L2 ERRENTND Y, &5
IF. 1 EIZBWT, NPY Yo ZAERORIEIC LY 7L 2 I it B Re 23 JLitE 5
HZEERBTHMREEHRTCNDLZ END, FERF CIXRRS X OMEMEE O
NPY Yo S BERZ N L TSR BT DA RERE X N D,

Z ZCH 2 TETCIE. BERISIC X B social novelty preference DK T I M AIHES 35 &

WRHEIE D AMPA 33 X IONNPY Yo e BIEN ED X 9 7o B 2 Rl 3 it Lz,
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EBRMENR X OEBRGE

EREY

FERIZIX ICR R~ w7 2 (4-7 M 18-39 g; B EREINY) Z2H\\, F1FEL
FIRED S TEE Lic, E HRF~ U 2AOMERGE 1 EERERDO G ETIT 7,
¥, AMMEEBITT 2 HT-0 . BRERRKFZEWERIEEHCE ., BRI K7
MEBREBEOAREEB O 2T, BT o HHEELZ FOICEBLTETOE
BRaiT-o 72,

Ry

FEBERIZIX. NPY Y2 ZAIRFEHIH D BIIE 0246 ((N-[(1S)-4-[(aminoiminomethyl)am
ino]-1-[[[2-(3,5-dioxo0-1,2-diphenyl-1,2,4-triazolidin-4-yl)ethylJamino]carbonyl]butyl]-1-
[2-[4-(6,11-dihydro-6-oxo-5H-dibenz[b,e]azepin-11-yl)-1-piperazinyl]-2-oxoethyl]-cyclop
entaneacetamide; Tocris Biosciences). 35 X TN AMPA = A HL3 D NBQX (1,2,3.4

-tetrahydro-6-nitro-2,3-dioxo-benzo[f]quinoxaline-7-sulfonamide; Sigma-Aldrich) % fif

A L7z, WIS ERICEMS L=,

HA RH==2— VHESFHR

& DWAAENHE > TIT - 7239, ~ 7 A % sodium pentobarbital (60 mg/kg, i.p.; Sigma-
Aldrich) BREE T T, BMEN B EHEE (LR ICHEE LR, 7 h 7 2 3 (1TH
W, HA Fh==2—1 (JEMUEE: EKC-0502A; kAL E/IEE: EKC-0504A;
AF VY —F kv &—) 2WMOEAES (BEFRREY . #75 0.40 mm, FEET7M
4.00 mm, ZAMR LD MG 3.25 mm) F o IXRAELESMUE (BB K Al
2.34 mm, MEEFGE 2.20 mm, KIKREE V@I 2.75 mm) (AN L2, &GO
REER/NRICED D70, BET MO 1.2 mm EHFICHA FH==2—L D

IR RKD LT LTc, WA R =a— LT, FHAT 22 &R
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M A2 b THEE L, Fl0 53 HEU EORIEHR Z B Wik ERE1T- 7,

b A% B ¥ B

BEREET T~ X2 0kE L, PASM P44 L, hamilton microsyringe (Z##¢ L
7o =— R/)L (BE%E: 0.27 mm; Hamilton) 57 A R =2 — L O%&E 5 1.2 mm DAL
EIZFA L7z, 0.2 OFHEAE 20 REN T CTHEE L, BEOWREHIET 5720 X
HIZ20 HEBEEL L, MEARCEZER LT,

Social interaction test

F1E L RERDOJTETIT - 7,

NPY &0 HIE

MRS B T ORI oM, WA ERTHR L. BT 5 FE T -80 °C TEr
17 L7z, B> 711X Bio-Plex Cell Lysis Kit (Bio-Rad Laboratories) % W\ TAHE Y
FTA XL, 4500xg, 4°C T4 nMELDBEL, RiEE2Y T Lic, 7L
H O NPY &= O H|E 1L competitive ELISA kit (Phoenix Pharmaceuticals) % F\»T 7' &1

FanilftoTiTo 77,

MR AL B

#1 L RERD FiETIT - 7,
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e R

FEMMERR D AMPA Z AR OFEHLBBERIKRIZI T 5 social novelty preference DK T
5258

NGRS O 7 v & I ERR RS RE S BE R W 12 38 1T D social novelty preference DK
FICBET 20, AMPA ZREEHEHIEEZ AW THF L, BUMERICB T2 04 K
=2 — L ORENALE L, Fig. 2-1A, BIZ/RL7-1@Y Td 5, Session 1 (habituation)
BN THM~ T 2B LT STZ FRMERF~ U ACBIT 2ELEDXEDZEDTF ¥
VON— DRI ZE X 72 o 72 (Fig. 2-1C), F 72, NBQX (800 ng/side) % JIE
MBS L& 2 A, session 2 (sociability) ([ZBWTH I~ 7 28 L STZ # %
FERFE~ U AZBT DA~ U A~OHEMEERICE(ITA bR o 72 (Fig. 2-
1D), — 5. session 3 (social novelty preference) (235 T, ¥~ 7 A TiZ NBQX (800
ng/side) & MEMANEHRICHE LG L THH G~V A~OHEMBHITEELZ T o0k
73, NBQX (800 ng/side) & GMIEIF 15 Lz STZFHEREMERE~ U A TlIH#a~ v
A ~D R O WD Nt E L7- (two-way ANOVA, F(22) = 5.44, p < 0.01; Fig. 2-

1E),

RHkEEENME DO AMPA ZREEOR TN ERIKICIB T 5 social novelty
preference DI& T2 5 % 3 B 5

B R IE 12 31T 5 social novelty preference DK FIZ Rk IR ILESMAIE D 7L & 2
FRAPIREERE N BE 59 2 RS Lo, RAKIE LSBT D20 A R =2 —1 D
FESTALE 1T, Fig. 2-2A,BIZ/R L7218 Y T&H 5, Session 1 (habituation) (Z31F 5 A
DXEDZEDF ¥ /N —~DHEfFFFIT R~ 7 2AB X STZ FHRBERF~ 7 A
TEITRD 5N 720> 7= (Fig. 2-2C), NBQX (800 ng/side) % J Pk 14 ik B S A 1% 1o #%
H L7=& Z A, session 2 (sociability) (ZHB W TxifR~ v 238 X O STZ i3 B R E ~

T AZBWTH AT~ U ASOEMEEFNIZZIZ A b - 72 (Fig. 2-2D), —H,
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session 3 (social novelty preference) (23 T, NBQX (800 ng/side) % %ff~ 7 2D
R EEAMUEZ IR G L T~ U A~ ORI B 2 2 T R o T3
STZ #HFEHERIT~ U AT BT D ar~ v A~ O A HE O 13 NBQX (800
ng/side) # WU EEAMEEZICE G T2 2 LI XV k#E L7 (two-way ANOVA,

F(i,28) = 6.29, p <0.01; Fig. 2-2E),

FERIR TR 2 EHMER B L OREHkED NPY O 1L

PERI I B W CREMESS 3 X VR HEA O NPY &3 2 2 it L7z, Table 2-
L IZ/RLTZ@Y , STZ SFRBERF~ UV ZAORPETIIH M~ T X L L THER
NPY BEOHMAR A b7z, —F5 . BEAMES T STZ F BRI~ 7 2 D NPY & &

M~ 2D NPY BICAEREITIR OGN o T,

RIS D NPY Y B DOFER B FEIRIFITIE T 5 social novelty preference DK T
B2 5%

FEARIE S O NPY BERE S BE IR IZ F 1T % social novelty preference DK (2B 59
00 NPY Yy BRI Z D THRES Lz, BAER ICR T2 04 R =2 —
L OFENIALE 1L, Fig. 2-3A,BIZ/R L72i# Y TH 5, Session 1 (habituation) (2351 T
S~ 2ABIW STZ FRERF~ U AZBTHLELGDXKBODZEDF ¢ 78—~
O BRI R 12 221X 72 v o 72 (Fig. 2-3C), BIIE 0246 (400 ng/side) % &I S 12 % 5
L7=& Z A, session 2 (sociability) (CB W TR~ 2B LN STZ FRERIE~ ¥

BT DA~ U ASOEMEERIZE/ITR bk - 7= (Fig. 2-3D), F 7.

session 3 (social novelty preference) (28T H ., %~ 7 A Tl BIIE 0246 (400
ng/side) Z MEMHEHIZIEG L CTHHiar~ v A~O@MEHE I 2210 9. STZ#
FIERFA~ T ANBT DT~ U A~OEMEEHE O{K T $ BIE 0246 (400 ng/side)

DS ~DO L HIZ L0 B EZ T e o7 (Fig. 2-3E),
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REEEENMZDO NPY Y ZBEOFEHBHEIRIBICEIT 5 social novelty
preference DX FIZ 5 2 2 &

BE PRI 2 31T D social novelty preference O IK T IZ R Mk £E I AMAIEZ O NPY e
DRGS0 e Lc, RIREEREMIZICBIT D204 R =2 — VORI ALET,
Fig. 2-4A, BIZ/R L72i@ Y T %, Session 1 (habituation) (233> T /=45 0 X [ 0 Z¢
DF ¥ N —~OEMEFRII I~ 7 2B LW STZ FRERF~ U ZIZBNTE
(X727 > 7= (Fig. 2-4C)., BIIE 0246 (400 ng/side) % Rk LA ICIR G LT &
Z A, session 2 (sociability) [ZBWTx~ T 2B X STZ FHRIERFE~ 7 A TiX
Brar~ 7 A~OREMIFRICELIT R S e h o 7o (Fig. 2-4D), — J7 | session 3 (social
novelty preference) T, BIIE 0246 (400 ng/side) % xf MR~ 7 A O @ Hk A & I S %
ICEG L THHa~ T ASOEMERENIIEEEZ 2 T 2> 7223, BIIE 0246 (400
ng/side) % @HLIRILIEAMUEZIC S L STZ FRERFE~ U 2 TIEHia~ U A~

D BEfREE I DD N E LT (two-way ANOVA, F(126) = 4.76, p < 0.01; Fig. 2-4E),
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Table 2-1. NPY levels in ventral hippocampus (vHC) and amygdala in non-diabetic and

STZ-induced diabetic mice.

NPY (ng/mg tissue)

Non-diabetes Diabetes p
vHC 6.21 £0.27 6.97 +£ 0.45 0.166
Amygdala 10.44 £ 0.57 13.06 £ 1.05 0.047

Data are expressed as mean + SEM of 8 mice per group.

Ueda et al. Behav Brain Res £ ¥ 5| ]
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Figure 2-1. Effect of the AMPA receptor antagonist NBQX injected into the ventral
hippocampus (VHC) on sociability and social novelty preference in diabetic mice. (A)
Schematic illustration of injection sites in VHC according to the atlas of Paxinos and
Franklin (2001). (B) Representative brain section indicating injection sites in VHC. (C)
Interaction time with empty cages in session 1 (habituation) in non-diabetic and STZ-
induced diabetic mice before they received either saline or NBQX into the vHC. (D) Effect
of NBQX injected into vHC on interaction time with the empty cage and the cage containing
a stranger mouse in session 2 (sociability) in non-diabetic and STZ-induced diabetic mice.
NBQX (800 ng/side) was injected 30 min before measurements. (E) Effect of NBQX
injected into vHC on interaction time with the cage containing the familiar mouse and the
cage containing a new stranger mouse in session 3 (social novelty preference) in non-
diabetic and STZ-induced diabetic mice. Each column represents the mean + S.E.M. Non-
diabetes + saline: n = 6; non-diabetes + NBQX: n = 6; diabetes + saline: n = 7; diabetes +
NBQX: n = 7. ***p < 0.001 vs. respective interaction time with the empty cage; "*p <
0.001 vs. respective interaction time with the familiar mouse; **p < 0.01 vs. respective
interaction time in saline-treated non-diabetic mice; 'p < 0.01 vs. respective interaction
time in saline-treated diabetic mice.
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Figure 2-2. Effect of the AMPA receptor antagonist NBQX injected into the basolateral
amygdala (BLA) on sociability and social novelty preference in diabetic mice. (A)
Schematic illustration of injection sites in BLA according to the atlas of Paxinos and
Franklin (2001). (B) Representative brain section indicating injection sites in BLA. (C)
Interaction time with empty cages in session 1 (habituation) in non-diabetic and STZ-
induced diabetic mice before they received either saline or NBQX into the BLA. (D) Effect
of NBQX injected into BLA on interaction time with the empty cage and the cage containing
a stranger mouse in session 2 (sociability) in non-diabetic and STZ-induced diabetic mice.
NBQX (800 ng/side) was injected 30 min before measurements. (E) Effect of NBQX
injected into BLA on interaction time with the cage containing the familiar mouse and the
cage containing a new stranger mouse in session 3 (social novelty preference) in non-
diabetic and STZ-induced diabetic mice. Each column represents the mean + S.E.M. Non-
diabetes + saline: n = 8; non-diabetes + NBQX: n = 8; diabetes + saline: n = 8; diabetes +
NBQX: n = 8. ***p < 0.001 vs. respective interaction time with the empty cage; **p < 0.01,
###5 < 0.001 vs. respective interaction time with the familiar mouse; **p < 0.01 vs. respective
interaction time in saline-treated non-diabetic mice; 'p < 0.01 vs. respective interaction
time in saline-treated diabetic mice.
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Figures 2-3. Effect of the NPY Y, receptor antagonist BIIE 0246 injected into the ventral
hippocampus (VHC) on sociability and social novelty preference in diabetic mice. (A)
Schematic illustration of injection sites in VHC according to the atlas of Paxinos and
Franklin (2001). (B) Representative brain section indicating injection sites in vHC. (C)
Interaction time with empty cages in session 1 (habituation) in non-diabetic and STZ-
induced diabetic mice before they received either saline or BIIE 0246 into the vHC. (D)
Effect of BIIE 0246 injected into vHC on interaction time with the empty cage and the cage
containing a stranger mouse in session 2 (sociability) in non-diabetic and STZ-induced
diabetic mice. BIIE 0246 (400 ng/side) was injected 30 min before measurements. (E)
Effect of BIIE 0246 injected into vHC on interaction time with the cage containing the
familiar mouse and the cage containing a new stranger mouse in session 3 (social novelty
preference) in non-diabetic and STZ-induced diabetic mice. Each column represents the
mean + S.E.M. Non-diabetes + saline: n = 6; non-diabetes + BIIE 0246: n = 6; diabetes +
saline: n = 6; diabetes + BIIE 0246: n= 6. *p <0.05, ***p <0.001 vs. respective interaction
time with the empty cage; “#p < 0.001 vs. respective interaction time with the familiar
mouse; *°p < 0.01 vs. respective interaction time in saline-treated non-diabetic mice; T'p <
0.01 vs. respective interaction time in BIIE 0246-treated non-diabetic mice.
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Figure 2-4. Effect of the NPY Y receptor antagonist BIIE 0246 injected into the basolateral
amygdala (BLA) on sociability and social novelty preference in diabetic mice. (A)
Schematic illustration of injection sites in BLA according to the atlas of Paxinos and
Franklin (2001). (B) Representative brain section indicating injection sites in BLA. (C)
Interaction time with empty cages in session 1 (habituation) in non-diabetic and STZ-
induced diabetic mice before they received either saline or BIIE 0246 into the BLA. (D)
Effect of BIIE 0246 injected into BLA on interaction time with the empty cage and the cage
with a stranger mouse in session 2 (sociability) in non-diabetic and STZ-induced diabetic
mice. BIIE 0246 (400 ng/side) was injected 30 min before measurements. (E) Effect of BIIE
0246 injected into BLA on interaction time with the cage containing the familiar mouse and
the cage containing a new stranger mouse in session 3 (social novelty preference) in non-
diabetic and STZ-induced diabetic mice. Each column represents the mean + S.E.M. Non-
diabetes + saline: n = 8; non-diabetes + BIIE 0246: n = 8; diabetes + saline: n = 7; diabetes
+ BIIE 0246: n = 7. ***p < 0.001 vs. respective interaction time with the empty cage; “p
<0.01, #p < 0.001 vs. respective interaction time with the familiar mouse; **p < 0.01 vs.
respective interaction time in saline-treated non-diabetic mice; T'p < 0.01 vs. respective
interaction time in saline-treated diabetic mice.
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AREETIX, BERIF I T D social novelty preference K F 24 2 MRS ¥ &

EHEAR D NPY Y, S FIRE L OV AMPA Z FARDO G I >\ CTRE L7z,

9. BEMAVESIC NBQX ##& 5 Lt 2 A, X~ 7 X2 Tid social novelty
preference ([ZELITFBD N2 -T2 M, STZ FH 3 BEIRF~ 7 A TiX social novelty
preference DX TN E Lz, TN E TIZ, WK S MEAVES ~FHT 5714
UMM ATEMLT D SR T L. ZFOE TITEMES I AMPA AR
A E G T2k milsns ZEnMESNTND O Zh b &
L BERRIE CIZIEMMES IS AT 5 7 2 BRI N IEMEIL L. social novelty
preference NIE FT 2 Z L NEZ BN D,

F7z. STZ FHRMERFI~ 7 A DRFHAKIEESMAEE ~D NBQX OFEHIZL->ThH
social novelty preference DK T3k # L=, MBI TIX STZ #HRHEIRFE~ 7 A
BT B2 R FLE O #5803 [ Pk IR SR SMIlEZE ~D NBQX D512 L - T
MH SN EZHRELTVD Y, 26D EE, FERF~ 7 AICEW TRk
(NI SR 1 Z G Y 30 #E L AMPA 5 5 {K % 41 L T social novelty preference
DETLRMERIEOWMBEZ VIR T ENEXDLND, £72. RkE S IE AT
BA~BET 2705 I VB OIEE LTS EETIE 5 2 L0056 19 Bikik
?D AMPA ZEEROREIL WAL O REUVEIE ~I T 5 7 v 2 I iRk & I
&85 Z &1 & - T social novelty preference # & F S ¥ 2 A[REMRE X BN D,

WAz, BAVES B X ORRE D NPY &2 HIE L7z& 2 A, STZ FHFEIERF~ U

RHEIRIZ BV T NPY EOHINARO vz, 1 EIZE W T, NPY mRNA &
X STZ FEHRFERWFE~ 7 ZAORMANES I X R TIZELD o 7o dy HIRT
HCIIEIM L7z, 72, BUR TS RRMAKIC NPY MR T 5 2 &8 HE S
NTWD Z &G 2D BERP TIEBUR TE ) b WA~ 25 NPY #ifk O 1E M

MILHEL TWA Z LR RBRINT-,
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5T, EREE LRI D NPY Y, ZBIKD STZ FHRIERK~ U ZIZBT D
social novelty preference DX FIZRH G T 20t L7z & 2 A, BEARES ~? BIIE
0246 @ $¢ 5Tl social novelty preference |2 ZALIZFR D H LR Do 7o 3, KA ALK
SMAIEZ ~@ BIIE 0246 O 5 TlX STZ #FRBERPI~ U A2F1F 5 social novelty
preference DX TR E L7, 2D Z &6 FERIFIZI T 5 social novelty preference
DR TITIT R ESMUEE D NPY Yo 2B EWPEAET L2 R anic, ThE
TIZ, ATEARTRE 0 D RIKIE A~ T2 70 # I VB DNIE LT 5 &b tER
KFT2ZERHESINTND D, 5T RKIED NPY Y, Z B EROHKIL GABA
W2 IHT 2 2 LB ME SN TVWD Z EnD M BERIE TR~ 5
NPY #i#R 230EMEL L. 2428 NPY Yo S AR %41 L T GABA Wl 2 3l L, Z Ok
RELTRIMED 7 vz I Uk &ML 5 2 & T social novelty preference 7%
KTFT2Z2enEZXLbNS,

VL EOARRFIE O 55 FERE TGS I L ORI D 7L 2 I v B ik b ae
DAILHE L, 2Dy AMPA S BRAZ HIIMT 5 Z & T social novelty preference 723K 9
DT ENRBEI NI, I HIT, FERP TR DO NPY MRS TLEST 25 2 &

T NPY Y, % &K % L T social novelty preference 23M& F9° 25 Z & BN/RIB I iz,
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ARFIETIZHERIFRICBITOIHEHEDODERTB I ORZDA T =X LEHLNIT D
ZEHHEME L, BERFICRBIT DS EDIK TIC NPY B O L& I v Fl i
BAEDX ) 2RI rRF LA, LTORREET,

B1E:

1 ETIE, BERBICBT DAESEMET T 208 6200 L, £ DI NPY
BEOTNZ I RN EET 50 F Lic, TOR/ME., STZHFEEIRP~ U X
Tl social novelty preference 3K T2 2 ERHA LN -7z, £z, STZ FHXbE
JRIG~ T 2B DK FEd NPY mRNA REETHEMLZ, E&MickiT 5
NPY O&E| Z MG L7-LE Z A, NPY 13-36 #IMENH G 3 % & social novelty
preference 2ME T L. £ D% FiX BIIE 0246 Z# 45 Z L Tl shiz, &51(Z
STZ I WEIR I ~ 7 AT BIIE 0246 % M= N# 59 % & social novelty preference @
KT Lc, —J7. STZ FHREWERM ~ 7 XA DOEMVESS O GluAl mRNA &3
MU, pGluAl D% X7 EHEIN L7z, 72, AMPA D= N # 5-1% social novelty
preference # i F &, & OfK FiX NBQX O ffH THIfl 47z, & 512, NPY 13-36
IZ X % social novelty preference D N NBQX (2 & 0 il S 723, AMPA IZ L 5
social novelty preference ®1X (% BIIE 0246 O GfH Tl Sz ino 7=, FEEIC
STZ &% FHE IR ~ 7 AT D social novelty preference D& T ¢ NBQX D fii =& N %
HiokvdeE L, DLEORRLD . BERM TIIAEK TEO NPY #HE O &M 23T
ELNPY Y2 ZAKREZIT LTI NE I UERMBRHEREN TTHET 5 Z L I2 & o T social

novelty preference 3K T35 Z & BRI N7,

%2 E:
%2 E Tl MERIFICZE T D social novelty preference DK (2 %3~ 5 JE RIS 35
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AR D NPY Yo 2 B 1K 3 L OV AMPA BB OB G2 >\ Tlst L7c., I
B ETITRREESMIZIC NBQX 2 G LA, EHLH~OREIZL-T
%, STZ R FEIR~ 7 AIZE T D social novelty preference DK F23ck#E L=, +
7o, STZ FHHWERIF~ 7 A DEANESS TIE NPY &AL O bR o T2,
AIRIZE T D NPY &IZI L7z, &6, BAWESIC BIE 0246 ##& 5L TH
STZ &R BRI~ 7 A2 BT D social novelty preference DK T IZZ(LILFR O B A7z
Do TS RPkIRZEESMAIEZIC BIIE 0246 % 5 L7285/ 121X, STZ SR B IR IR ~
7 2121 % social novelty preference DI F A8tk L7z, BLEDRER L 0 | BRI
TIHENVES B K ORAED 7V 2 I BRI RES ST L. 2y AMPA %R
K% H#% 4 5 Z & T social novelty preference 2ME T4 5 Z & AR STz, &5
BERIF TIERAEIAR D NPY #hid R 23 ST+ 25 2 & T NPY Yo &K% L T social

novelty preference 2ME T35 Z & N/ RIEB I L7,

R
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