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Fig. 1 Eﬁecl ol repeated administration of METH on performance in NORT. (A} METH-induced

in the ion session 1Thr or 24 hr after the training. One day after the last
treatment wt(h saline (n=24) or METH (n=24, 1mg/kg, SC, for 7 days), NORT was performsd.
Retention sessions were performed either 1 hr (n=12) or 24 hr (n=12) after the training session.
Values indicate the mean = SE {n=12-24). *P<0.05 versus the corresponding saline-treated group.
(B} METH-induced cognitive impairment following various periods of withdrawal fom METH. One, 7,
14 or 28 days after the withdrawai of METH (1mg/kg, SC, for 7 days), NORT was performed. Values
indicate the mean:SE (n=10-12). "P<0.05 and **P<0.01 versus the corresponding saline-treated
group.
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Fig. 2 Effects of clozapine and haloperidol on METH-induced
cognitive impairment in NORT. Clozapine (3 mg/kg, PO) or
haloperidol (1 mg/kg, PO) was administered once a day for 7 days
to mice that had previously been treated with saline or METH (1
mg/kg, SC) for 7 days. NORT was performed 24 hr after the last
treatment with clozapine or haloperidol. Values indicate the
mean+=SE (n=14-16). *P<0.05 versus vehicle-treated control
group, #P<0.05 versus vehicle-treated METH group.
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Fig. 3 Changes in ERK1/2 phosphorylation in the prefrontal cortex of mice
exposed to novel objects. Control (C); mice were not exposed to novel objects in
training session, Exposure (E); mice were exposed to novel objects in training
session. Values indicate the mean = SE (n=5-6). *P<0.05 versus control group.
#P<0.05, ##P<0.01 versus exposed group.
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Fig. 4. Effect of repeated METH treatment on performance in
the test phase of the delayed SWSh task. Delayed SWSh
task was carried out 1 day (A), 4 days (B), 7 days (C) and 14
days (D) after the last treatment with saline or METH. Test
phase performance was examined 5 to 60 min after the
training phase. *p<0.05 compared to the corresponding
saline-treated group. #p<0.05 compared to the corresponding
5-min delay group.
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Fig. 5. Effect of CLOZ on METH-induced memory impairment in
the delayed SWSh task. CLOZ (3 or 10 mg/kg, p.o., 7 days)
was administrated repeatedly after the cessation of repeated
METH treatment. (A) Training phase error. (B) Test phase error.
(C) Within phase error. (D) Across phase error. (E) Response
time in the training phase. (F) Response time in the test phase.
Values indicate the mean = S.E.M. (n=8-14). *p<0.05
compared to saline-vehicle-treated group. #p<0.05 compared to
METH-vehicle-treated group.



3-3. 1) L ERK1/2 129 % METH O 2%
Training phase #& 7%, saline ZLiB#E & METH 4L
BHFEOWEBIZHBITDY DB ERK12 OFHBED
Z{bZEt L /2. Training phase 5 5 5BLU
60 TRITHB T, saline WERDOHEHFICRBITS Y
> E{L ERK 172 D383 &3 control BHIZ LB L TH
Eiz¥ml/z. —7%. METH LE#E TI training
phase N5 5 B LV 60 #EDOBRICHBIT S >
Bt ERK ORIREICHBLREITRD s nan
27z, 51T, training phase /N 5 60 FMEICHBNT
METH EHO#EE ) Bt ERK OB EIT
saline BB IZLEREFEICHA L Tz (Fig. 6).

A 5 min after the training phase 8 60 min after the training phase
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Fig. 6. Effect of repeated METH treatment on phosphorylation of
ERK1/2 in the hippocampus 5 min (A) and 60 min (B) after the
training phase of the delayed SWSh task. Values indicate the mean
+ S.E.M. (n=7). *p<0.05 compared to the saline-treated control
group. #p<0.05 compared to the saline-treated training group.

3-4. MEK FEANC & 2 ERfEEREE

EIRAY MEK FHZE#AID PD98059 (2 pg / 1 wl) %
WS PN EEA L delayed SWSh SREEZ 1T
D7z, PDI8059 Z %5 LB T3, B EEIC
FEX test phase error 347X across phase error 73
BHEICHWIMLU7=. —J. within phase error 8L
response time {ZH B ELIIRD s mho .

3-5. BE

Delayed SWSh #8813 training phase. 4L K fE
B I test phase K DR DI > TH O, within
phase error & across phase error Z¥5HE & LU TaglE
i 51TEIRB TdH 5. Within phase error 13

B —fTHNICEALC 7Y —AICEA LR ZRT
LOTHD., Ty bOEELEZRBL TS,
LU, test phase DEFE O fTEIIIE R IZERIFT
BTTHIEMNS, BBERETREERNEL,
ZOOIMBEREOREEZITICS NEE
Z 585, —7H, testphase [ BT B D TE %
BREELITODIZIL, training phase D1FH % B
ERFFRIORREL TWALENH D, ZOHEN
across phase error Td %, Across phase error HE3¥
REERBL TWS EEZ 5N 50, BERED
H 5717, within phase error & U & fitaEIE %=
WZxt U TEB/siaiE & 72 %, F72. response time
137y FOBSHIREREE 1| 7LD OHER
RlIZRLADHOTHD., Ty bOEFKERIZHE
BEZT5, APKICBNWT, METH OREES
12 O training phase error 132 1L, test phase
error BAMEM L7z, £7/2. METH 12X % test phase
error F D NN across phase error # & IFIF—FH L
TWz. 51T METH IZX 5 Z OB EITARE 14
H#E THREIN/z. Lo T, METH I3fE%
RiEEEEL. ToREIRNHERETHD &
AHbND,

Clozapine {3 METH FFMEFEECIBREE 2 E
L7273, haloperidol 23S ERNRAFED 5370
o7z, ZO#RFRIL, FEFT TP U MREREERIC
BT clozapine 13 METH FHR MR M BEE %
% L. haloperidol IZZNRAVZNE VWD B4 DR
HEPLUOHEAERREORABEEICHL T
clozapine WWENRERT L WD BREME & —
HITBHDTHo7. Lehi> T, AHEKIZBN
THERLUEERBEEETIIVIL, EEAKED
BT 5 THREAKRIEDRAEEZ KB L 7= 8
EFINELTHERAENEWEEZSNS,

ERK1/2 3R BICB G L, B ¥EICE
BTHDH T ENASN TS, Morris KEEEXER
WBWTIRRICHER O VB ERK1/2 A3
T5HI &, U E{L ERK12 OIS E



BETLIENREINTNS, FHHFEICBNT,

wBEDY Bk ERK12 OB,
BT 60 pBETRDENZ, Z3UE, Tv b
training phase #& T 60 3% % T training phase D%
BRERFTEDENWITHEROBERE—FL
TWwa, —7%, MEK HEHITH S PDI8059 % ifj
R BEIE AT 5 &, across phase error 2V
Bic¥mliz. L7zdio T, delayed SWSh ZREEIT
BT L ERHWEERBORFICEBRE TO ERKIZ2
EHALDBEE L TWD Z &R N/,

T4iE. METH OE#H# 5L 0 K/Y2 > DI
ZAREMEERICHE I N, TORE, MEEE
WHWT /N2 2 DI ZBMK-ERK 12 > 7 FILD
BWREA2NEL, RAREEENRZ S Z & 248
BLTWD (R 16 FE). FHFRIIBNTH
METH % X ##%5 L 72 5 v b Tld training phase %
D AL ERK12 OBMNED s5nzh o7z,
L7275 T, METH IZL B EEREEEIC DN T
H ERK12 7 FI)VOREAREME S L TnbH]
BEMEDI D B

ERK12 7 FIOBEREDOBE SR I N
5HDND, METH #F MR EEOM 20
FAHNZZALIIFRHTH 5. METH 13#EE O EH
H58 (long-term potentiation: LTP) Z[EE T 5 &
NHRESNT NS, —F. LTP DOFEIZIZ NMDA
ZREKREN L7z ERKI2 OIFEHAEE L TW5
ZEMRBEINT NS, /=, #HEHEMRICS
WT F/S2 > DI ZEKIINMDA ZEK EE A
Z L. F/N2 2 D1 25467 NMDA Z244K0
BREZHIETLSIEDHMEINTNS, Lidto
T. METH #FREZHEEEE S Fk,. RS2 >
D1 Z%{K-ERK 172 27 )L OHERER 27 METH
FREMEEREEFICES L Tha RSN
B, ZORIZDVWTIHSHBOBRETH D,

training phase

4, BEBBRUBIZRIETAY > T7253I 20
EZEH

TRk 18 R, BREERUEBEEICNT S
METH QOEBZFLNIT DD, TR %EH
WTHRIBICH T SBERIEO T L /)L Z

(PPD) IZBHE T SR EIRZEBFR L. [FEEHE
AEICRIZ 9 METH OERZBE L7-,

4-1. FRIBIZ K D EMWIBALITHBIT D c-Fos DFEH
1L

PP1 OHlEICRIS T 2 MREEIRE R D720,
a2 ho—)LEE, JNUVAEE. PPLBE BXU 7L
INIVABEIZ BT S c-Fos & 2 /N7 DR EHRNT -,
Somatosensory cortex (SC) . nucleus accumbens
(NAc) shell 3K 7) caudal pontine reticular nucleus
(PnC) Tid, a2 bO—)VBEE LB L T/N)V AR
® c-Fos RIMIIHEITHEM Lz, ZDHH, NAc
shell BL TN PnC 2BV 5 /8)L Rl aE 5 i
c-Fos EHUL, TL/INARBOFBACLOEE
MR E NIz, —F5, PPl BRIV T LI B
O lateral globus pallidus (LGP)IZHW T, a2~
O—)L# LB LU THEICE W c-Fos DGR
5 #1172, 7233, medial prefrontal cortex (mPFC), NAc
core, caudate putamen (CPu), ventral pallidum (VP),
CAl subfield (CAl) and dentate gyrus (DG) of the
dorsal hippocampus, substantia nigra reticular (SNR),
pedunculopontine tegmental nucleus (PPTg)3 & T8
locus coeruleus (LC) Tl c-Fos FIRIC IR D 5
Nzno 7z,

4-2. LGP B} 3 c-Fos & GAD67 O —EH:fA

LGP IZ1d GABA {EBIEMRENEBICHEREL T
WBZEPREEINTNS, ZIT, IR
RIBIZ L > THEEML TS LGP O#llE)Y GABA
FEIEMRBRRNE SN EFRANDZD, c-Fos &
GABA {EEHE R DY —H—TH 5 GAD67 & D
TEREETO.

32 hO— VBT ART L 2OV ABETIE c-Fos
FIMESEML (p<0.01). ZD%E< 1L GAD67



Btk O GABA 1R 4% T3 - /2. LGP O GAD67

BSOS 5, SLIVABETIZ62.1 + 32%

7Y c-Fos IRMEMIRETH O, a2 bo—)LEED 419
+ 41 %EHB U THEICEEZR L,

4-3. LGP O lidocaine DI EIEAIZL S PPI DR
1t

PPl BiT%5 LGP #ROERFNZHASMNIT S
DIZ. LGP NHFAFREr¥E TH 5 lidocaine ZHE
#A LT PPl DAL Zf#HT L /=, Lidocaine 12X O
PPl IIEE I N/, BIEMEIIMSE{LLiah
-7z (Fig. 7).
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Fig. 7. Effect of bilateral microinjections of lidocaine into the
LGP on PP of the startle reflex in mice.

Values indicate the mean = SE (n = 9-10). (A) PPL
F(1,17)=5.978, p<0.05. (B) Acoustic startle amplitude.
*P<0.05 vs. control group.

4-4. FITHE B L —Y — & B - SRR O fE AT
BEREOHNCEETH S PnC ~\IL PPTg i
5OMBRBENHREINTNSEM, LGP & PnC

EDOBOMRERIZOVWTIIFRHTH B, =T,

HTHE R L —B— T3 FG £TMINEIZ PnC ~B
BIEA L THEIRH £/, TORE, PPTg

T3 FG BHEMIREDERD 57z 03, LGP Tld Btk
MRIIRD S Nedh o7z, —H. FG % PPTg N\l

BEALZESE. LGP IZBWT FG BiEHIIR AR
VoNTo. —ERERADHKERLD. LGP N5
PPTg IC#59 2 MIR2IZIZ GAD67 BtED GABA
EFIEMRNE EN TS ZENRB I N7z,

4-5. PPL}
(i

XTS5 GABAZERY >ZT=2ZA FD

PPTg ~\ GABA %A% >4 I M EWMEE
AU, PPLIZBE 5T 5 GABA AT D WTHRT
U7z, PPTg "\ GABAL BBEEKY >F TZA D
picrotoxin & % I GABAR ZREKT > ¥ T

@ phaclofen ZWMEICHEEA LR, B
{£ AR & phaclofen{¥ AR & O TPPLIZE BED

WO 5N (p<0.01). —7. picrotoxin {F AR &
BREABREORICERREIRDSN/ANMD
Too 728, BERREIZI I BRATEEREMLIZR
0 5 3NRMNo Tz, FIERIZ, WD PnC N\ picrotoxin

(25.0 ng/0.5 pL/side) & % \1id phaclofen (2.5
ng/0.5 uL/side) ZBIEA LA, fAINOEMD
PPl BRUNERERISHEICHEE Lixh o/,

4-6. PP1 IZx9 % METH DOER

METH (1-3 mg/kg) D H[a#% &5 TI3 BB REITE
L L7spo 7278, FEEKFEN: PPL OEENFETR
N7z, FEEIZ, MK-801 (0.3-1 mg/kg) D HEI#} 5
THHAEKEN: PPl OEENED SN/, HE
5 TIL PPLICEE Lz 27z METH (1 mg/ke)
ZEG 1AM E T2 &, PPl OEENRD SN
7zo T METH Hifi# 512 X % PPl O EIIMEE
7THBETHERS NN, MARZIEOY ho—
L ~)VETHE L7z (Fig. 8).
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Fig. 8. Effect of single and repeated METH treatment on PP
of the startle reflex in mice.

Values indicate the mean * SE (n=7). (A) PPI. F(2,18)=9.152,
P<0.01. (B) Acoustic startle amplitude. F(2,18)=0.793,
P=0.4678. *P<0.05 vs. saline-treated group.

4-7. PPIFRBRICE D FERIND LGP BLUPuC T
@ c-Fos IR DELIZH TS5 METH OIER



PPl HEICANZZTO O b O—) VBT g
LT, PPIEETII LGP M c-Fos FEA\HEZE 12 #m
L7z. —%. METH (3 mgkg)B X MK-801 (1
mg/kg) DEEILED 5 id METH (1 mg/kg)DiE
B GICK D PPIEEINALHTIE, BiEks
BEICHLB U T LGP IZB1T % c-Fos BIRNE BT
TU. PnC T c-Fos FEMNEML 7= (Fig. 9).
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Fig. 9. Changes in c-Fos expression in the LGP and PnC
induced by PPI test in mice that were pretreated with METH
or MK-801.

Values indicate the mean *= SE (n=4-5). (A) F(3,14)=60.936,
P<0.001. (B) F(3,14)=14.43, P<0.001. #P<0.001 vs. control.
*P<0.01 vs. saline-treated group.

49 EBE

BRAMICXo TIERIIN2BERIED
FEAEIT, MRS FREEE, PnC BIUGEBHREENL
THREERICEDFIHEIN TS EZEZIENT
WD, XHFETIE, BIERICZFRET 2 EARL/N
VAR EL 2 T PaC IZBIF S c-Fos ¥ /87 D
FEMEML, L7V ZREO#E AL D c-Fos
FEM MG SN EZAH Lz, Lzt T,
PnC {ZBT 2NV ARIBIZK S c-Fos ¥ > /XTI D
FREEIMT, BEAOBERGZHIEL THh5H
REEREOEMELZ R L TS IREENH 5,

INETOMFIZELD, PPI ICEEEEZ 5 M
%L, PP ORI E R G 9 2 EfTE IR & PPI
ZHIET 2HIEERD 2 DICHITTIRA S Z &N
ARETH 0., ZNETNOMREBEVHF L TRE
BHRAEEE SO hOo—J)la3NTnWd EEX
5NTND, EfFEEIL. BTV AR Z
=iZ9 5 F E (inferior colliculus; IC)., E R

(superior colliculus; SC) BLU PPTg Z2F T AT
HOEREMRRE, HBICHFEET 20 5
FRENTWS, —F, PPl OHFIEIEREIRIKICE
EL. BiC#ER. mPFC BIXURHkE & Dl
REEM PPl OKIEICEE R ZRZLTNS
EEZENTNS,

AR TIE. TV 7OV ZARIEICE D c-Fos FH
D3I U 7= ERAZIE LGP DA TH D, LGP TiE
HAL X N2 WRT GABA EBMEME THD 2 &
DR XNz, F/z. lidocaine Z FFTMEIEA L
T LGP Oz —i@tkic il 5 &, PPl OEE
MFEFRSINZZ M5B, LGP D GABA fEE#E
#21 PP OFIHICEERERZR/ LTS EE
AbNd, Fz, ¥TERL—Y—TH3 FG &
GAD67 DREFRBEZHAGOEIZERID, LGP
D GABA EBIMEMRRIL PPTg ANBF L TNEH T &
WS MITIRo7z. 51T, GABAg ZEMKTY >
& I=Z b T® % phaclofen = PPTg N EIEAT
5 & PPI NEESIN/ZIELD. LGP 5 PPTg
NS U T 5 GABA EBIME I, INER IS TETE
9% PPl DEFTEIRE & FIlKICHFTE S 5 HIfHEERE &
EZORSA I —Tz1AELTHEELTHO,
REBHRUEEBOREICEE BRI EZRLL
T3 Z EHUREE Nz (Fig. 10).

Fig. 10. Possible neural circuit underlying PPI of the
startle reflex in mice.
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ZEMBESINTNDH, ABFFK T LGP LA D
FHERAL T c-Fos HEICEITIRD SNz o 7z,
L7255 T, mPFC RMER EOMOEAIT DN
TIE PP OFIIC T B F 50KV, H L <1 PPI
DHNN AR TAL TIE D B0 c-Fos ¥ /N7 8
FE N5 EMEE TIEER LS 0o 218
HNH D, HBWE, PPLIZKT B LGP S DK
AL OERISE MK T3z <. BEREEOHIH
THBEIENEZ LN S,

METH 3. HE#5 T3 PPLICEED/RVWED
IREARTY, ERRET 5 LIk DRERR
WEAZEET LI ENASMERO T, THIT,
METH E#i# 512 X % PP DEZIBENTH D,
BB HEENHERIND ZENRBINZ, 3
512 METH I2 & 5 PPl DREEIZ13 LGP O GABA
B HREROBEAENVEG L TNnE I &N
N 2= gV
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