I ALKE D & 254K % S L 7= dopamine HtH I LY

FH¥ acetylcholine FEHIIZ BV T GABAg AN B 7= % E

H AR K22 RSB b P 8 S FE R ol o S K
woBom Ror

(P58 /e IEEZEIR, =80 #HER)
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B =

RAARZ I, FIRNE (e 25 B 2 kL 4pk% & 3 2 I % R dopamine R D 72
L REHE TH D, Opioid ZBERDOUOESTHD § ZTRMEITIL S, &P 2 &
¥H D subtype NFAET D0, (KD § F 721 8, L BAR O BIRAIEMEALIX
WIS [FIHRAL O dopamine U 22T 2 Z LB TN D, ZHLHD b
TAWIE, AR TIE GABA STEMRICHEILL TWD, MIAZIZEWT
GABAp Z & 1K1% dopamine FH Z HHIAIICFRET 35 DT, § £721% S AIK
DRI K D AEEZ D dopamine FUHEME D —[KIZ GABAg XK Z I L7
R EOR T AEE SN D, LEEN-T, & £721F 8§ ZAME agonist
12 L % dopamine W DIEEIZWTILEH GABAg X AKHITE TH HIHEND Z
EMBROND, LU, ZOMREAZ R DM LT 223 72
W, —F, IABICE VT GABAg AKX GABAy T HIK & FARIC
acetylcholine M EAFARIZHEBL L TV 5, Ml 44 4% D acetylcholine #1#% & dopamine
PR I 2 7o B REROAR ALE Z2 7R 9T REME DN & 5 7Y, GABAg X AR DRI A,
[F5RAL D dopamine X HZ M IF T RIT A TH 5,

2 TCHIEDOHNIETIE, 8,3 L U8, 2 B MHIEL % 7 L 72 A2 8% @ dopamine
EHIZ x4 5 GABAp % &K agonist @ baclofen DY FAZ SN, & 2 BEDOHF
ZETlX, baclofen 23MHIALE%Z D acetylcholine 5 & O dopamine it i M 1E 3 %h F
[ZOWT, WIS EBRIIER R T v & W7 in vivo IFUNENTIEIZ KV
Mgt Uiz, %52 T ClE, o HAY T GABAL Z 21K agonist © muscimol D%
Kbt Lz,

AL EIE U T2 N @ 7 e — 7 2 4 L TR L 7= 5l fa o4 ik oo
dopamine 3 X TN acetylcholine 1%, FEXALFHE Hias & L AG OE 7o @ik o
n~v M7 77XV DEELER L, &6 2 EOMNZETIL, M acetylcholine



DR D 72 O BETEHIAKIE O physostigmine (50 nM) Z¥#M L 7=, 5 L 7=
DTN S ETIR TR L, WU INENT 7 e — 7 &g L7zl A Tl
A RZ I SR PTHESR ¢ 5- L 7=, Physostigmine % & < HYy o &G 81X, BERM S
IZEG SN EYOKRE (mol) TxRLT,

FORER, 1 EOFEERTIE, i dopamine EIZEEEZ 522 WHED
baclofen (2.5, 5.0 nmol) %, & 5% 1K agonist ® DPDPE (5.0 nmol) 23#5% L
7= dopamine JZH O K A2 il L7, F7= baclofen (2.5, 5.0 nmol) 1%, 8 %
AR agonist @ deltorphin II (25.0 nmol) 723#57%8 L 7= dopamine ¥ Hi D HE & #1
il L7=, Z @ baclofen (5.0 nmol) (ZJ % DPDPE (5.0 nmol) F 72/% deltorphin
II (25.0 nmol) 23§57 L 72 dopamine i H T 5%t~ 2 il 513, EAE dopamine
BMEIZEELZ LTI 720K HHZE DO GABAg & %& {K antagonist @
2-hydroxysaclofen (100.0 pmol) (Z X D ¥T HH S 472, 5 2 DO LR TIiL, GABAA
XK agonist @ muscimol (3.0, 30.0 pmol) 1%, fHI444Z D FMIESF acetylcholine
O &2 SR AR L7z, £72, GABA S 1K agonist @ baclofen (30.0,
300.0 pmol) &HIALKE DAL acetylcholine Ji H % F EAKFHIICIKR T ¥ 7=,
H B acetylcholine EIWZCH L > 72 EBIIRIT IR WVHED GABAy, X AIK
antagonist @ bicuculline (60.0 pmol) %, muscimol (30.0 pmol) DFHEHE L 7=k
i acetylcholine D JHD 2 T HIH L 7=, HHE acetylcholine fIZFE L \WEEEN 72
WHE D GABAg % 214 antagonist @ 2-hydroxysaclofen (12.0 nmol) /%, baclofen

(300.0 pmol) (2 & % KA acetylcholine DK T EFTHIH L=, —JF, Kk
acetylcholine & % J8/) & 7= muscimol (30.0 pmol) 33 & OF baclofen (300.0 pmol)
%, A% dopamine ®ITIZH Lo 7B L 5 2 72 o7, [FAIERIZ, bicuculline

(60.0 pmol) ¥ X T 2-hydroxysaclofen (12.0 nmol) &, A dopamine & IZ 5
B RIE S Te oz,

UEDE 1 BB LXOE 2 EOERERND, 8 721X S, ZHMEE I L7zl
A k%D dopamine FLH OB KIL, WL GABAp S B MHKIC X 0 ] =4

2



DT ENTRENT, £7-, WABEED GABA A EMRE DM E 72 1 3R &R
DWFT NS D WITHFICHEL L TWD § B L6 2 AEOIEME{LITZ GABA
i &2 S, dopamine FFFRHER D GABAp 2 &% 4 L 7= #1iil A il 48] &
KN &5 Z & T dopamine U A {EET 2 Z LR S Lc, 612, M4k
B2 T GABAL B X T GABAR X &K1 acetylcholine #H#3TEE) DRI 1235
W e Bl 2 Rio T Z R EnTe, 7z, M D acetylcholine fX
H 2 & 5 5T GABAL F 7213 GABAg Z A KHIEL 1, dopamine Ji
T E L B2 N2 LR EnT,

ITENV SRR S, 4% D dopamine fH#8TE B O TLUE X opioid (2%} 7 2 FfH
KFEORBUCEG T2 LEZ LN TWDHIED, MO acetylcholine #HF%IE
FoOMtIIFE L B ORMERAE TS LESNTWD, RIF5EIT,
opioid % 7= 3T il i o0 22 2k o [ BT D72 78 D GABAR Z AR DFEHEIZ B
TOHREBENRMAZRET L0 TH D,



1=

18] 22 %% D GABAR Z BARFIE I RIERALD 8, 8 L V'8, Z B K% I L 7= dopamine
B Z 5

i

il

M AAEZ & BRARRITIE, ERZ T ISR R & BE 2 et &5 5 P
Wik F I L OVEER SRR dopamine R A LTV, 2L b OFEIKITIT,
GABA SR FEBL L7 Al K OVERR oD 2 FHH D GABA & A #1823 58
D HALS (Schwarzer et al., 2001), Z @ GABA #fEMilaD 9 &, Ri#H IXH )
¢ (Chang and Kitai, 1985), #& & 1L 7EAF#% (Bolam et al., 1983; Kita and Kitai,
1988) THH LS TW5D,

WP D26 < OFENR & BRI, MIAREIZIE GABA &K subtype @ GABA,
& GABAp ZFERN /34 LTV 5 (Matsumoto, 1989), 478521 B> 5 1 44
£ D GABAp % BIRILIFHEBALD dopamine 14 #%75E Bh o il 4112 38\ THIHI A 22 8%
WaeRlT NI NTWS, BID, - dopamine 52 B D FITIZ
X0 EBREW) OB FTTENIMEE S S 2 (Pijnenburg and van Rosum, 1973), {H
D GABAp Z AR OFIMIIBATET OMEl 2 Z 32 L AREN TN D

(Wong et al., 1991), ffALFAIFEER D 51X, GABAR Z & KIT cocaine 2375 %%
L 7= 444% @ dopamine [ ZFHEIT 5 Z & N A[HETH 5 1F D> (Ashby et al,,
1999), HIAAE%E D GABAg % AR O HEWH X [RIFAL O dopamine fixH 22T % =
ENREN TS (Rahman and McBride, 2002), I A1 5 O #fifk SR 2 ) B 58
DFERE, MAEED GABA M TEMRED GABAp 2 AR % i L TNl if) 72 4 &
ERETZEEZBMIREL TWVD,

THETOHENL, MAE ~D GABAg % & K antagonist O

4



2-hydroxysaclofen D #EF# 5- 12 R AL D dopamine i #1213 573, GABAg
AR agonist @ baclofen [TIAAE% D dopamine MHIC B 5 2 702 &0
REIITW S (Saigusa et al., 2008), {HI44EZ D FEHERY 72 dopamine (2 |3 52 %8
 RIFE S WK baclofen 1% 2-hydroxysaclofen 7335 % L 720 A4 % 0
dopamine i HH DL % ] L 7= D T, Z @ 2-hydroxysaclofen D% 1% GABAg
SZREEN LD EBZEXOND, 2L ORERIE, FINIB R dopamine #
18R DMK E D GABAp Z F RO W 1T = D4R st~ 2 Ml /4 72 il 40
T S5 2 & THIEZ O dopamine i 2R T 5 Z & 2 BT 5 H DT
bbH, IHIT, MABIZITADCHEIEL 9 2 GABARAENGMA L TWVDHZ
& &, GABAg X 1K antagonist (TR AR LT Z & 2E 2 HDOED L, GABAg
Z 2K agonist WL TdH > 7= DIL GABAMED b =X ANEWNZ & 2B LT
WhHEHERIND,

AL EZ 1213 opioid 52 1K subtype DONE D TH D B ED /AL TWNWAH D
EREI BTV S (Mansour et al., 1987; Gouarderes et al., 1993; Svingos et al.,
1998), 8 ZAHERITH —FE LB ICL Y = a— K& 5) (Evans etal., 1992),
KPR EANT A RTRE R 81, 82 D 2 FEA D AR subtype SFAES 2 Z & 3515
LTV % (Dietis et al., 2011), 8; 521K agonist ™ DPDPE & 8, 52 251K agonist
@ deltorphin 1T DA AEE~DEEF K H1X, W I [FFNAL O dopamine % H %
T 5 2 LN TITHE STV S (Aono et al., 2017; Fusa et al., 2005), =
LD D § AR agonist DINIRIT §) 2 1K antagonist O BNTX F 7213 8, 2 &1
antagonist @ naltriben IZ X VT HIE SN Z L0056, § B LV & HF K DR
IR AT L7 b D B2 Hitd (Aono etal, 2017),

7 v N E WG E e DAL O § ZARIRIX, GABA 5 H
LT o MR ds X O R O MfEiE BIZHBL L TWD 2 EnRENT
W% (Svingosetal., 1998), Z D § ZFEDRIEDFHEN G, TiILbDZEFR
XA T 7 AZERE LTHIET 52 2 ER/RB STV 5D (Svingos et al.,
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1998) , 8; % & 1K agonist ™ DPDPE & &, % & 1K agonist @ deltorphin 11 2375 % L
T2l 4% D dopamine HtH O HIZI VT GABAA S BERB F 72T &%ENBE 3
5 ZNETOMNFEND, GABA ST{EMRE DML E 72 ITHREAER D &6 &2
—HEFEFITREBLL TV D 8 TIE2e < AR ORLIZ X Y GABA it
A L, dopamine #FHFRAEH IZKE T2 GABAA 2K % A L 7= B il 4
PME T L C dopamine i AMEET 2 Z & MBIRIE S LTV 5 (Aono et al., 2017),
AL, & OFRRIEEDBIRICIE VT GABAg ZRKRN BT HENCE S %
M,

G RARRAL B 3 BT 0 SR E 0T 8§ S A [REBAT O Ml AR R AR
BT IR REMEN R STV D (Svingos et al., 1998), GABAg % &1k
1% dopamine it % Il F 2@ & 8 D DT, § ZHEEAEE N LI A D
dopamine i D — K2 GABAg X KRNI O TR B X b D, LTehR - T,

8 AR DIEVEALIZ & % dopamine i H X GABAp Z A MHIFHIC L 0 Ml S h
LT EBEFEZIDBND, LLRDBD, MREHFPOmN D Z ORGE & X7

EERGERLL e o7z, T ORDARBIETIE, ERFIERHR T v b &
7= in vivo IMUNEHTIEIC 81 B L 8, K agonist 2336 L 7 AL E%
7 dopamine S 2% 9% GABAp = &4 agonist DRI DV THES L7,

AMFZETIL, XL ®IZ DPDPE F 721X deltorphin 11 23353 L 7= {4284 D
dopamine L HHIZ % 9% GABAg % 21K agonist @ baclofen ™ %h F > H B A7
IZDWTHENT LTz, D &EIZ GABAg % &K antagonist @ 2-hydroxysaclofen %
VY, baclofen OMIAEZ D dopamine HHIIZ %t 3% 50 R D 52 AR R RE Bl & f it L
Too RFFETIZ 24D O GABA 2K ligand 1%, T4V E TOHE (Saigusa et
al., 2008, 2012) ([ZXS %, KMt dopamine EIZITHEL 5 X720
D OARE D GABAg Z HRFF RN 2 RITFR CE 2EARAERM L,



MEtR X U5k

B

FERBALGIRF D RE DY 200~220 ¢ (6 M) @ Sprague-Dawley (SD) R
7 v b (BRERDY) 2Mwiz, WEE, [ERER (23+£2°C, 55+5%),
AR 7 RESLT, 12 REREIBARE A 27 L OfREETIT, SMEHRFZ v b - <
7 Z M MF ERERE () = 2 VR T3E) LoKiEKE BHRICERS 7,

Fir

Z v MZ isoflurane (3%) TS BREEZ it U, &L [E E LR TS LTz,
74 (Aonoetal., 2013,2015, 2017; Saigusa et al., 2012) (ZfEV), ¥ =E = L —
ZNWHERF LTETHHOAT VERITA NIZBROAT T A R hi=a—Vv %, 7
k2 A (Paxinos and Watson, 1998) % &35 (ZAHI OB DO T 0T B (1l
Al E 41 7> 5 antero-posterior 10.6 mm, medio-lateral 1.5 mm, dorso-ventral 4.0
mm) (ZAIINEE DG AT 2 72D IEHF K0 18° OMIG R Z 5 L CTHESZ L,
BAER (TurTrry Ay =3 LERAEREALYCE2MWT, MEE
HUZRWIESITHES LR AT o L 2Bl e R L S 3508 21 B
B Lo, $BREIT THi% 7~10 B OREHIM 2B\ /%, BHERICHE
ML, A R =a2—LIZi3Es LOBHKTHAELRWE S ITAT &~
LABIOZ I —Ta—T &AL, ¥y v 7y hTHEHELEZ, SHBREBY
I, 1 EOHFHT BRI Lz,

EBRIT A ARRFAIR P B EREE S OEKROT, B FEBIEEHIE
S TATVY, FEBREMW O RS K OE A B o R 5 D 7z,



FHT EBR

ZhEToOHE (Aono et al., 2017; Okutsu et al., 2006; Saigusa et al., 2001,
2008,2012) & [FERDGIET FREOE Y BT R ZAT > 72,

Tm—2BENE (B E 2mm, B 0.22mm, &> bA 758K S5 )
RMETICAE T 2 MROBEEROEN 77 —7 (A1-65-02; =A 2L) %%
MEBRICHW -, HBOLUDBALTEBWEAY I —Tu—7 2RV RE, &
W7m—=T%0A4 Fh=a2—LD%hH L0 ENEOLDBHMNICEE I D X
WAL, v vy FTTy MOBEEIZEE LT,

BT BB B 2 W E R EWN T 2 Vv — (30 cm x 30 cm x 35 cm)
WIZINE L, iy — VIR0 eTr7aerFa—T%B 7 a—70
inlet 3 & Y outlet (TN T H4HE L TIT o 72, LB U 7Lk (NaCl: 147 mM,
KCl: 4 mM, CaCl,: 1.2 mM, MgCly: 1.1 mM; pH 7.4) % & 2.0 ul/min TEHT 7
n—7~JERL, @EREs n~ 7T 7 A7 A (HTEC-500; = A =2 .4)
ZT 7m T a—T7 R LI,

Dopamine /& PP-ODS column (KLf-% A X 2 um, # 7 LY A X 4.6x30 mm;
T A 2 L) THHE L 72, BEHEIZIE decanesulfonic acid (2.0 mM), EDTA (0.13
mM), 1% methanol Z& A L7= 0.1 M U iR E R (pH 6.0) Z v, iK%
0.5 ml/min & L 7=, Dopamine D412 VN2 51 5 A% 25°C (Z3% 7 L 7= E I AE
IZIAE LT L7z, Dopamine @ JE&IZIE, X EMEEZ+400 mV (Ag vs
AgCl) & L7-BXRULFMaE AW, KT AT 5D dopamine O HER 5 I
VT T A R 2:1 TELZ 0.02 pg/sample TH o7z, BT 2—7D in
vitro DA T TD iR amine DEUERITK) 12% Th o 72, AK#E T, Z
DAL HIZ I SN2 in vivo DA T TO amine O EIZI TR o7,
NIZTZOMENEMSEZ R EENTWVWDHD THS (Benveniste et al.,
1989 ; Lindefors et al., 1989), AMFIE & [AIER D FER M TIx, B S
dopamine |7 v — 74 AN 5 16 R LA TRINEA M RZE L THBY, 70%

(Y
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LLEDS tetrodotoxin JE&ZMETH o722 &b, ZOREINIIZEALED
dopamine [ZHHREIE MK ISR~ SN2 b D THD Z ERENT
V5% (Okutsu et al., 2006; Saigusa et al., 2001, 2012)

FRBOBEIEIE 5 oy fEIC UL L, dopamine DEREEZITHZ, 7 u~ b7 T
DEARN=yFarCa— 2 LizA 7 7 L—% (Power Chrom: AD
Instruments, NSW, Australia) Z AW CHI L7z, FEHITT T v —7 /A%
20 BEFEI DL Bl LT s, BMISUNENT 7 1 — 7 A A LT N R T~ D B2
TS X DG LU, A% dopamine &L, W& G- EAT 3 BICEIIL S L7 HEDT
Iz E £ 5 dopamine DR & LT,

Ky
RIS & L C, DPDPE (D-[Pen2,5]-enkephalin hydrate, Sigma-Aldrich, St.

Louis, MO, USA), deltorphin II ([D-Ala2]-deltorphin II, Sigma-Aldrich, St. Louis,

MO, USA ) , baclofen (- R(+)-baclofen hydrochloride;
R(+)-B-(aminomethyl)-4-chlorobenzenepropanoic acid hydrochloride;
Sigma-Aldrich, MO, USA ) , 2-hydroxysaclofen ( 2-hydroxysaclofen;

3-amino-2-(4-chlorophenyl)-2-hydroxypropanesulfonic acid, Sigma-Aldrich, MO,
USA) % fiv 7=, DPDPE, deltorphinII, baclofen, 2-hydroxysaclofen |Z\ 7 41
LB T VIRIZERE LT, 203y 5 5, DPDPE, deltorphin 11,

baclofen |% 25 47, 2-hydroxysaclofen (% 50 43 [H]{Z , WD N AT R
I LTI RE ~E R 5 LT=, 7272 L, DPDPE & 721 deltorphin II O 5-
BR 44 D 25 43 HiTlZ baclofen, 50 43 Hif I 2-hydroxysaclofen O i #% 5- % B hh L 7=,

R EEY) D FE 5 51X, DPDPE & deltorphin II (Aono et al., 2017; Hirose et al.,
2005), baclofen (Klitenick et al., 1992; Santiago and Westerink 1992; Saigusa et al.,
2012; Smolders et al., 1995), 2-hydroxysaclofen (Saigusa et al., 2012; Santiago and

Westerink 1992) Z Wi EDOREFIZE DWW THRE LT,



WY O &b, BERME ISR SN ZEY O E (pmol F 72X
nmol) T7~x L7z (DPDPE, 25 43f#]: 5.0 nmol/50 ul; deltorphin II, 25 43 f]: 25.0
nmol/50 pl; baclofen, 25 47ff: 2.5-5.0 nmol/50 pl; 2-hydroxysaclofen, 50 47 [H]:
100.0 pmol/100 pl) ,

FIHT 7 1 — 7 i ANLE OB TR SR

FERHE T, & D Na pentobarbital (80 mg/kg, i.p.) & X DFEMEEZIT /20
10% /v~ U R Z DI LTz, ARt L TR S 50 um O FiEHET O
TERLARAE AR ZAERL LU, cresyl violet TH A ZHE L, HH 70— 7 O ANEL
FHAR YIRS LT,

et 403

T X T R CHEBMEICR T2 EORTE LI, BT &2 R (time)
DHEFAZDWNTITYY, 38 L TR L 723 > TV R B W TR EMIICH &
IREEVDBO DALRMP ST HEITRY, EMELRE L, BEHRT—Z D
Ll TlIALE  (treatment) & time DR FIZDOWTHRV IR L D& 5 ol E
B AL (two-way ANOVA) % W24, post hoc fiE & L T Scheffé’s test
EMES L TIT o 70, ABKEITWTN S P<0.05 & L7z,
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TS

BT 1 — T AL E ORISR

AR PR B ORER, MABIZE W TE 7 e —7 10t A10.60 (F
[FIR 72> HRIJT 10.60 mm OWiE) A @i LTIV, ZOEmITERB ORI
10.00~10.95 mm OFIPHIZH > 7= (Fig. 1), RAEBRTHEM L-@EHK (KE 2
mm) TIEMAEED core #B & shell # 2 BAMEIZIZX B TE 2R o7, AHFET
FEHRALZ 110 BTy b5 L, Ta—7OMEBENEBHOEHEMCS 72 b
DX 15T o7, 7 r—T70 BRINLEIZ D -T2 95 Bl D5 R O I % fig it L
7o

RIAEZ T BT 5 EER 72 M fd St dopamine &
RIAEZ D> B [N S dL Tzt o 7L O SEMALBEEI O FL ) 72 dopamine &I,

0.52+0.04pg (=0.34+£0.02nM) /5 min TH->7- (mean+S.EM.;n=95),

Baclofen (Z X % DPDPE FFEZEH|244%% dopamine B H D #HI 2R

I BT A, A ALEZ D> B 45 B 4L T2 FEBfE dopamine &IEZE L Tz (Fig. 2),
R & D baclofen @ 25 43 OFEFRFL G (2.5, 5.0 nmol) X EERERY 72 I AAZ D
dopamine ®|ZFE L KT I 72> 72 (Fig. 2), 44~ DPDPE (5.0 nmol)
% 25 S RRERR G- L= & 2 A, RIEALOMIES: dopamine it H X HEFE 4 25 H»
5 55 /3T THEAN L 7= [Fig. 2; two-way ANOVA, treatment X time interaction:
F 6,63y = 2.61, P < 0.05], f144%~~ baclofen (2.5, 5.0 nmol) % 25 5y [M#EITEH
5 1L72& 2%, DPDPE (5.0 nmol) 723&5%E L 7z [FIHSAL Ol st dopamine fi H
DRI 60 727z FEMEAARIITHNH S A7 [Fig. 2; two-way ANOVA,
interaction: F 30, 139) = 1.60, P < 0.05], Scheffé’s test DFEF:, 2.5 F721% 5.0 nmol

baclofen & 5.0 nmol DPDPE O 5% & 5.0 nmol DPDPE O Bl 5. EED
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MICENETNEHEEEZNRD S (2.5 nmol baclofen: P < 0.05; 5.0 nmol

baclofen: P < 0.05),

Baclofen (2 X % deltorphin IT 3538/ 428% dopamine 5 H D HNHIZh R

il 4 4%~ deltorphin II (25.0 nmol) % 25 /r#EFEH G- L= & 2 A, [REML
DSt dopamine A IZHETEE 5 225 70 57270 F THEHN L 7= [Fig. 3; two-way
ANOVA, interaction: F (13, 161) = 4.34, P < 0.001], Il 44#% ~ baclofen (2.5, 5.0 nmol)
% 25 Sy MERR 5 L7- & 2 A, deltorphin IT (25.0 nmol) 3% % L 7= [RIERAL D
Ff@4% dopamine fHI DHERIT 60 5712072V H EAKAFRIIZHIH] S 472 [Fig.3;
two-way ANOVA, interaction: F (g5, 447) = 3.17, P < 0.001], Scheffé’s test D& 5,
2.5 nmol baclofen & 25.0 nmol deltorphin II ®ffH ¢ 5-#% & 25.0 nmol deltorphin
I OEMEGREOMICABEZDBO bivic (P<0.05), £72, 5.0 nmol baclofen
& 25.0 nmol deltorphin II O F#¢ 5-#£ & 25.0 nmol deltorphin 1T @ B 5 5%
DOICABEEZNBO b (P<0.05), S 512, 2.5 nmol baclofen & 25.0 nmol
deltorphin II @ f i $¢ 5-#F & 5.0 nmol baclofen & 25.0 nmol deltorphin II @ i A
BEHOMICABENPRD b (P<0.05),

Baclofen (2 X %5 DPDPE &% % fll 2 ¥% dopamine # tH @ #1 #l] 2 & %
2-hydroxysaclofen 13T B4

2-hydroxysaclofen @ 50 43 [H] O G- (100.0 pmol) (X, FEAER 724 EZ

h

@ dopamine E(ZE A MIT X 72025 7273, baclofen (5.0 nmol) (Z & 5 DPDPE

(5.0 nmol) FFHFEM A dopamine FHI O Il &R 2 134T BIE L 7= [Fig. 4;
two-way ANOVA, interaction: F 30, 156 = 1.81, P < 0.001], Scheffé’s test D 5,
571D 2-hydroxysaclofen O %5 (100.0 pmol) (%, DPDPE (5.0 nmol)

D FEAEE dopamine FHIIZ K9 2 S RAICITHF FIICH B R B2 Z LI L TV

Mo 72, F7z, 2-hydroxysaclofen, baclofen, DPDPE O ffH# 5% & baclofen

12



& DPDPE Off B G ORICHEEZNRD LI (P<0.05),

Deltorphin II 3% %l &% dopamine FH @ baclofen |2 X 2 #IHI R %
2-hydroxysaclofen X7 H1H 9

FEHER 70| AL K% @ dopamine EIZ A N AX 72 W H & D 2-hydroxysaclofen
D 50 sy OFER G- (100.0 pmol) 1%, baclofen (5.0 nmol) (T & % deltorphin
I (25.0 nmol) #FHFMALEE dopamine F ) D BN %h R 2 T HIE L 7= [Fig. 5;
two-way ANOVA, interaction: F (¢5,412)= 3.14, P < 0.001], Scheffé’s test DGR,

57 il @ 2-hydroxysaclofen D ¢ 5- (100.0 pmol) IZ, deltorphin I1(25.0 nmol)
D FEAEE dopamine L HIIZ K9 D RICITFF FHCH BRI RIE S eh o
72, F£7=, 2-hydroxysaclofen, baclofen, deltorphin II ®ffH % 5-#f & baclofen
& DPDPE Ot HEGREORICAEADB O biv7e (P<0.05),

13



Fig. 1. Schematic illustration showing locations of the beginning (closed squares)
and tip (open squares) of the membrane of microdialysis probes in the nucleus
accumbens for all 95 successfully placed probes. The plane is taken from the atlas of
Paxinos and Watson (1998) and the approximate coordinate indicated is mm anterior

to the interaural line.
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—&— Vehicle

={= Baclofen 2.5 nmol

=O— Baclofen 5.0 nmol

—il— Baclofen 2.5 nmol = DPDPE 5.0 nmol
170 - —@— Baclofen 5.0 nmol — DPDPE 5.0 nmol
—/x— DPDPE 5.0 nmol

160 -

150

140

130 A

120 +

110 o

% of basal DA level

100 SN

90 +

80 -

70

e e e P S et I
Time after DPDPE onset (min)
Fig. 2. Effects of 25 min-infusions of vehicle (n = 7, closed diamonds), baclofen (2.5
nmol, n = 7, open squares; 5.0 nmol, n = 6, open circles) and DPDPE (5.0 nmol, n =
6, open triangles) on basal extracellular efflux of dopamine (DA) in the nucleus
accumbens. Inhibitory effects of baclofen (2.5 and 5.0 nmol) on the DPDPE-induced
increase in dopamine (DA) level in the nucleus accumbens (2.5 nmol, n = 5, closed
squares; 5.0 nmol, n = 7, closed circles). Data are expressed as mean change in 5 min
observation periods after onset of a 25-min infusion of DPDPE (5.0 nmol). Vertical
bars indicate S.E.M. The filled bar above the abscissa indicates the period of
infusion of baclofen (25 min). The open bar above the abscissa indicates the period

of DPDPE perfusion (25 min).
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—&— Vehicle

={= Baclofen 2.5 nmol

=—O— Baclofen 5.0 nmol

= Baclofen 2.5 nmol — Deltorphin I 25.0 nmol
250 - —@— Baclofen 5.0 nmol — Deltorphin I 25.0 nmol
240 1 —/x— Deltorphin I 25.0 nmol

% of basal DA level

. e
Time after deltorphin I onset (min)
Fig. 3. Effects of 25 min-infusions of vehicle (n = 7, closed diamonds), baclofen (2.5
nmol, n = 7, open squares; 5.0 nmol, n = 6, open circles) and deltorphin II (25.0
nmol, n = 8, open triangles) on basal extracellular efflux of dopamine (DA) in the
nucleus accumbens. Inhibitory effects of baclofen (2.5 and 5.0 nmol) on the
deltorphin II-induced increase in dopamine (DA) level in the nucleus accumbens
(2.5 nmol, n =7, closed squares; 5.0 nmol, n = 6, closed circles). Data are expressed
as mean change in 5 min observation periods after onset of a 25-min infusion of
deltorphin II (25.0 nmol). Vertical bars indicate S.E.M. The filled bar above the

abscissa indicates the period of infusion of baclofen (25 min). The open bar above

the abscissa indicates the period of deltorphin II perfusion (25 min).

16



—&— Vehicle

={7= 2-Hydroxysaclofen 100.0 pmol

=O— 2-Hydroxysaclofen 100.0 pmol + DPDPE 5.0 nmol

—@— Baclofen 5.0 nmol — DPDPE 5.0 nmol

—l— Baclofen 5.0 nmol — 2-Hydroxysaclofen 100.0 pmol + DPDPE 5.0 nmol
—Zx— DPDPE 5.0 nmol

170 -
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40 20 0 20 40 60 80 100
Time after DPDPE onset (min)

Fig. 4. Effects of a 50-min infusion of 2-hydroxysaclofen (100.0 pmol, n = 6, open
squares), a 25-min infusion of DPDPE (5.0 nmol, n = 6, open triangles), or a 25
min-infusion of vehicle (n = 7, closed diamonds) on basal extracellular efflux of
dopamine (DA) in the nucleus accumbens. Inhibitory effect of 2-hydroxysaclofen
(100.0 pmol) on the baclofen-induced reduction in DPDPE-induced increase in
dopamine (DA) level in the nucleus accumbens (n = 6, closed squares). Data are
expressed as mean change in 5 min observation periods after onset of a 25-min
infusion of DPDPE (5.0 nmol). Vertical bars indicate S.E.M. The hatched bar above
the abscissa indicates the period of 2-hydroxysaclofen perfusion (50 min) that
commenced 25 min before onset of DPDPE infusion. The filled bar above the
abscissa indicates the period of infusion of baclofen (25 min). The open bar above

the abscissa indicates period of DPDPE perfusion (25 min).
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—&— Vehicle

={= 2-Hydroxysaclofen 100.0 pmol

=O— 2-Hydroxysaclofen 100.0 pmol + Deltorphin I 25.0 nmol

—@— Baclofen 5.0 nmol — Deltorphin I 25.0 nmol
_ —i— Baclofen 5.0 nmol — 2-Hydroxysaclofen 100.0 pmol + Deltorphin I 25.0 nmol
240 { =/~ Deltorphin I 25.0 nmol

% of basal DA level

. e A
Time after deltorphin I onset (min)
Fig. 5. Effects of a 50-min infusion of 2-hydroxysaclofen (100.0 pmol, n = 6, open
squares), a 25-min infusion of deltorphin II (25.0 nmol, n = 8, open triangles), or a
25 min-infusion of vehicle (n = 7, closed diamonds) on basal extracellular efflux of
dopamine (DA) in the nucleus accumbens. Inhibitory effect of 2-hydroxysaclofen
(100.0 pmol) on the baclofen-induced reduction in deltorphin II-induced increase in
dopamine (DA) level in the nucleus accumbens (n = 5, closed squares). Data are
expressed as mean change in 5 min observation periods after onset of a 25-min
infusion of deltorphin II (25.0 nmol). Vertical bars indicate S.E.M. The hatched bar
above the abscissa indicates the period of 2-hydroxysaclofen perfusion (50 min) that
commenced 25 min before onset of deltorphin II infusion. The filled bar above the

abscissa indicates the period of infusion of baclofen (25 min). The open bar above

the abscissa indicates the period of deltorphin II perfusion (25 min).
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0, or 9, opioid receptor

GABAergic interneuron

0, or &, opioid receptor GABA

GABAG: receptor

Dopaminergic nerve ending Dopamine

Fig. 6. A model indicating how GABAergic interneurons and dopaminergic neurons
(dopaminergic nerve ending) interact in GABAp and deltal- and delta2- opioid
receptor-mediated processes in the nucleus accumbens. Glial cells that may
contribute to regulation of extracellular neurotransmitter levels are not included. The

arrows indicate GABA and dopamine release from the respective nerve endings.
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%

AL & RO FEBR G TIT e > 72 2 E TOWAIZH VT (Okutsu et al.,
2006; Saigusa et al., 2001, 2012), A& BN L 72 #ERKIZE TV 5
dopamine (% 70% LA 75 tetrodotoxin &=z (Di Chiara et al., 1996) T > 7=,
L7e3o T, ARUFFE TR U 72 I EZ O M St dopamine IXAF#EFE KIZ K U
HENboThsrEEZ LN,

RAEZE ~D & S F51K agonist DFETLH G113, [FEAL OIS dopamine &% &
ZREREZNSRVEETLHMESES Z LR/ M5N TS (Saigusa et al.,
2017), i z 1 Z{A44 %~ DPDPE DO #E Wit 5-1%, [ O, dopamine &
OZBEDOHBIL LT p ZHEE LN LT REE 5 (Hirose et al., 2005), [F
BRI A~ deltorphin 11 OFEFREG-1%, REAOMIES dopamine &%
naloxone &5 4D opioid ZHFEDOHNH AN S TITHEMISELZ BRI NT
% (Murakawa et al., 2004), L2>L7Z22 5, A4 & [F U4 T DPDPE &
deltorphin 1T 23#5 3¢ L 7= M4 4% D dopamine Jift H DAEHEIL, &) 5 1K antagonist
® BNTX & 8, % & 1A antagonist @ naltriben |2 & W T ZNIELT D Z & 0T
FREFE I TS (Aonoetal., 2017), L7203 - T, ARSEHR CHIALEE ~FEPT
5. L 72 DPDPE & deltorphin II |2 & % dopamine it D{EE L, [RIEBALO &) F
TolX S ZBIRDOBBINARIEMAL NG LT b D EBE X BN D, BBRENT &
(AR AL R ~FEVR B 5- L 7= deltorphin 1T (X, [RIEALIZIVT _FAPED dopamine
B O % 5. & & L 7=, Z @ deltorphin IT @ dopamine i H (2 %192 Zh R 23,
PR AR PN 0D AL B 2 B AR D 8 Se AR OBERE &, deltorphin 1T O
HEAEHOWTNIZE DL 00, HD VI GIZE D OOV TIEAH
ThY, SBOERIBHAPNLETH D,

ARWFFERE RAT, EZ D GABA A RRIHIE &) 7213 & AR 2 v
U 72 [FIEAE @ dopamine fLH 2 #1925 Z & 2R LT\ 5, 2 (1) GABAg
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= 2% 1K agonist @ baclofen 1%, §; 5 &K agonist ® DPDPE & 7= (% §, % 2K agonist
? deltorphin 11 733%% L 72 dopamine U Z 8l L7z Z &, =512 (2) KA
dopamine L IZ 22 % H- 2 72y GABAg 52 4K antagonist @ 2-hydroxysaclofen
OOF A 5-1%, DPDPE % 7213 deltorphin II 2335 % L 7= dopamine 2595
baclofen OIFHIZNREZFITHIE L7272 dThH D, T OFEEIX, DPDPE
F 721 deltorphin 11 {Z X % dopamine At O KIZIE GABAg = & 1K % 1 L 72l
A% D dopamine fARMIH OIK TAEOL Z L2 RTHDOTH S,

ZIVE TOMZED S, AR D GABAA S B RAITIL FEEALD 8 TiX 7 < 8,
AR % A L7z dopamine St O K & M4 5 = & BSHE S TS (Aono
etal.,2017), ZH O DLURTDOWME & ABFER R D, I4E TIT GABAA &1
B720) GABAg ZAME~D GABA AJJDKFRFEFALD § ZREEZN LT
dopamine fXH OIEHEICRE G325 Z LRz, F£72, 4D GABAL £
721% GABAp ZFEIR~D GABA AFTDOKFRREALD & ZHEEN LI
dopamine U OIMRHEIZEIE T % 2 L RS T,

81 Z AIK agonist & 8, Z AIK agonist TR DR EFERTH I LBREN
TWAHD, ZiLH D agonist D] THDONEPRBDO LD Z & HH D (Mitchell
et al., 2014), Bz 1%, & Z &K agonist 1T §, Z 2K agonist & X2 0, M4
% D dopamine #FRIEENARIE LI A D= AL TT v FOEEITEIZHRT D
(Matsuzaki et al., 2004), F7z & &K agonist (X7 /L =1 — )UAKAF D IR D
BRI Td DA, 8, 245K agonist 137 /b 3 — MKAF R4 2 W REMEN 5 =
ENT v M EMWTATENFRMIZE BRI S LTV 5 (Mitchell et al., 2014)
ZHUTHFL &y, 8 MK agonist DAL ~DRETEE 51X, W3 4L H dopamine
B ERET 5 2 ERREIN TS (Aonoetal., 2017), £72, 20§ 71
8, % 1K agonist |2 K B {HIA4E% D dopamine i DIEHE TlE, GABAA Z KD
RIIRENELRD ZERERIN TS, Bl 8 Z&IK agonist 1% & &
& agonist &1XH72 Y, GABAy A ZAN L7 thRHEAME I L 0 A O
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dopamine it ZH K 72 (Aonoetal.,2017), TN HOWE L ITRRD, KR
WIEARE R DD 8 & 8 TR D agonist VT4 & IR D GABAg 2 HIK % 4
L 72 MR 1 1 0 [FIEBAL 0 dopamine FUH Z RS 5 2 & B BN ITRE N
726

AHFZER L OFERED ST/ » o e df OAFZE DG F 1L (Aono et al., 2017),
MAEE D &) 3 I Y8, 52 BAR M AEIEBAL O dopamine fgH % B 72 5 A H D GABA
AR subtype A3BEI DA RRHEREZ A U CIRIET D 2 & A HAHT DAk SE B
FHRFHLEZ T O TH D, Bb, § SAREOIEMILILZ GABA, Tik7e<
GABAp S B IRITIKTE L 7oAkt 2 70 L CHIlA4 % D dopamine Ji i 4 Hi0 &
e, LLRRG, R EROEMNIT GABAL, & GABAg O M5 AARIZKL
17 L 7o MR A% 2 - L Tl AL 8% @ dopamine Mtz RdE L7z, Z DX oI
GABA Z &K subtype DG AERUTEWRED SNZHIKE LT, MILED
dopamine f%H DO FHEIZ B> H GABA M TEMFE | TD § 245K subtype DFEHL
M—HETRVWZ ENEBEZ DN, BlZIE, § &MWL, dopamine #RFEAK L
D GABA) AR T2 < GABAg XA {K %S L T dopamine fi i Z #Ei 9~ %
GABA M 1EARRE BIZ43 4 LT 5 D12 %E LT (Aono et al., 2017), 8, % &K 1%
dopamine #fEHEK LD GABAL BRI 1T Tlix7e < GABAg ZAHE LI LT
dopamine iz % FAHi 35 GABA M TEMFRE LI L TWHZ ENEBEZHND,
45 k% O dopamine FHH OIEHEICBI D 5 FTREM N HE SN D § ZRK &
GABAp X B DM AANEM Z T LI I DWW T, ITICS bR BR %
177257,

Fig. 6 1%, I ZIZ BV T § ZRIKE L OV GABAg AR %Z I L T GABA Jt
TEAR#E & dopamine MRS AR A & ORRIZAHAAER T 2 WIREIED & 5 M2 DT
RLTEbDThD, REDOHEIZHRT@Y, A D GABA ST EMRRIC
RIS 7 ARS8 ZREERBREILL TV D, SRR RARIZE 6, AR
D § ZAEEDIEMACIZFREAL O MHIEMR R ELE T I L REMNH 5 2
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EMMREE LTV S (Svingos et al., 1998) , fl44E%2 D GABAg % 241X, DPDPE
F 7213 deltorphin 1T 2355 % L 72 [EEB{Z. 0> dopamine 7 HE E/E ) oD SR ES 78 T RE
Th DI ENAFRBERN ORI NIZ, GABAgZHMKIL, HOZHEKEIX
ANT ORI T T AZEREE UTHERET S 2 L4 e (Xietal, 2003),
OO fE  (Bettler et al., 2004; Davis et al., 1997; Mouginot et al., 1998) (2350
TENENHESNTND, LrLAaERD, 7y FORMT GABAg Z AKX
GABA 4 k%35 @ glutamic acid decarboxylase F5 A fRAMAN L2133 BL L T L
727n o 7= (Margeta-Mitrovic et al., 1999), Z OfEH|FHIFHEIZ B3 5 W5 125
5< &, DPDPE Z 721X deltorphin IT 23§55 L 72| 444% @ dopamine JiZ {2 HEAE
Mz 8T 5 GABAg X A 1L GABA S EM#E Tld72 < dopamine FfE &A1
JRAET D2 ENBX DILDH I TEMREE L TUSMIMIAEE D GABA ##RIZ1%
il 52 KL 2 % 72 HODRRAE, B B W IR AR & R < D RRMEDIE DS, IER
RBEERAEZIL L O & T DA O ORI EBE N 2 AL & D, Zi
5 DA REHRHMEIL glutamic acid decarboxylase BitE & & 2 b b, L= - THl
ik D Margeta-Mitrovie 512 X 2 S/l kb 7B 58 (1999) D RITHS &,
I AEARRE LS DA EZ D GABA #R#EIZ & GABAg TARITFEH L Tzl

REMEDN D D, £ Dk, T b DI AEMIRLS DML D GABA ##& 12DV T
1%, 8 ZREMBIEILL TV D H, F7- dopamine MIFEFE R A 5 D dopamine fig H
IR CTH D NENTOVWTIEIAHTH D, —T7, %D GABA I {E
PRI T T AZREE L TH< 8§ ZREDFEB L TWDHZ L IEH 50
IZREFN TV D (Svingos et al., 1998),

AHFFED S (1) MIAEED GABA SHEMRR RIZHBLL TWD § £721% 6,
Z KD DPDPE #7213 deltorphin II |2 X 2 #I¥I% dopamine fifEf&R Lo
GABAp X BME~D GABA AL L, 612 (2) dopamine #f
TRAKR FICHBL L Z oM 2 LT\ b 2 5 O GABAg % 754~ baclofen
PERT DR, (4448 D dopamine ##& D IHIHIEEI S KT 2 2 L B2
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FHoRB SN, WAEO § B & ZEREORIPATTIX A < filE% o
dopamine T X9 % baclofen DZNRIX, FIFALO dopamine AR LD
GABAp ZHFEZ I L THRIELL TWoAlEEMER H D, Z O baclofen DEHFEIZHD
WU, MI448% D dopamine MFRFERIZHEEL L TV % GABAp AR ~TEH ]
BEZR NIKIME agonist © GABA EOZE LIk 2 b EtE2 b K 5, ANHER AT

REZ2 NIRME agonist @ GABA i, § &K subtype DHNKATIZIZZ VDY, §,
FE S ZRERANEBZICITBD L2 ERB2bND, ZODZRFEKET
DONEME GABA & DA DI FIZHE - T, #MAM: agonist D baclofen 7% § 52 %
RO R RT Tl 72 < FIFEE AL EE D dopamine MR HEKR EIZHoAf LT\ 5
GABAg Z AR & BINMICHAEH Lz iR ans, 2oL, Eiio
A = R LIS LR D dopamine FHFEFE R D GABAg 5% 214 o i W
%8 £720F 8§, B E N LTZREALO dopamine i HH Z 22 = & N F4E
b, Lo L7en 5 2-hydroxysaclofen 1%, DPDPE & 721X deltrophin 11 O#;
3 LT A4 % O dopamine BUHIZIT A RIT S e oz, ZOJREIZDOWT
1%, MIA4E% D dopamine MR FE AR EIZ /04 LTV D GABAg = BRI VEH FIHE
72 NIKYE GABA DD O HHATE 5, IS, GABA ST {EARE LD §,
F20X 5 ZEEROBRIOHIILIL, GABAp Z AR O IHERK T dopamine ftH D X
572 D BMEl ZFHR TERN LV E THRERMED GABA 28D S22 &M
Exbhd,

ARERFEN S, 8 F721E 8, T HIK 2 A L 7= 44 8% D dopamine Jig H D HE K12 1%
[EE432 D dopamine %D GABAp X B Z I LTMIHIOIK T2 5 2 &7
RENTZ, FIARMIEN G, MAKED GABA N TEAFE O MM £ 72 1T4R A&
KONWTNNH D VIEHEFIZEIL L TWD § BELW & ZREMBOIEMEIIX
GABA it Z 38 &, RENLD GABAg Z &K% I L 7= dopamine #if#& R
OIHBIHIE 2 KT S8 25 2 & T dopamine S ZRET D Z LR ST,
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) =

I448%2 D GABAL 3 X O GABAp Z AL [FEIEALD dopamine B IZ X E %
5. 2 91T acetylcholine i H Z #1#]35

i

il

IR RZ T, A I AR 25 B LS AR L 8 & 2 H KL f% 5% dopamine FH#% O 4% 5+
AT LDV E D TH D, HIEMMAL ORI O A 2RI
acetylcholine /M EAFRE N0 L T\ D Z E2VUREN TS (Bolam et al., 1984;
Meredith et al., 1989; Phelps et al., 1985), 7=, {HI441% D acetylcholine 4 #5175 &)
O F 721 3IHNE, T ZENBATER) (Akiyama et al., 2000; Saigusa et al.,
1995) & 3B EnfERERE S (Laplante et al., 2011, 2012, 2013) % EER#EIMICHE =i
TZENRMBLNTND

42 % @D acetylcholine SM{EMRHR X, GABA MEH J140#% (Meredith and Chang,
1994) & v R HE AR 4 25 B 2 5 e fth D M I~ & O GABA P A JJ##% (Brown et
al., 2012) L F T RAERE L TNWDHZ EDNRINTWD, o, A
acetylcholine /M EMFRIZIL, GABA MEOHIH Z 555 T 5 DICHE 72 GABAA X
BRENPFEB L TWDZ LEHHMBILTWDSD (Gonzales and Smith, 2015;
Rodriguez-Pallares et al., 2000), 7 v b OG22 Tix, 24 4) GABA
I3 A48 @ acetylcholine WEBE 1T IZF B A 5- 2 70\ & & 2 BT W 228 (Stoof et
al., 1979), =D, GABAx Z %K agonist ® muscimol [FERSIRD H I H) 722
acetylcholine ftH % 21 L (Login et al., 1998; Scatton and Bartholini 1980;
Supavilai and Karobath 1984), 1 U o7 AAG NI LIZHSIK D acetylcholine
X4 5 2 & 23R &7z (Supavilai and Karobath, 1985), % 72 #ERREEIE

W Z v FTlL, GABAA &K ligand (X144 EZ D@4 acetylcholine #IZH
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Brhb x5 ERPGMNIRoT, BID, GABAA AR agonist @ muscimol
F 721X GABAA Z &£ antagonist @ bicuculline DAL K% ~DHEFT & 1%, [RIES
f\Z.? acetylcholine % Z N Z NI F 713N &7 (Radaetal., 1993),

PLED Z L%, acetylcholine 8%k Z #1925 GABAs Z &K & GABA4
ZRAK ligand DA AEAER T2 7JREMEE — AR T2 Xk 5 Thod, Ll
7275 & muscimol & bicuculline O ff I F2ER D 1%, muscimol 75 GABAx Z %
(RDIEMAL & LTI O acetylcholine it # b S 2 L 24T L b
RLTWR, 2287 51X 2 @ muscimol (2 K A {|44£% D acetylcholine fi%HH D
WA RT, HEHE acetylcholine /it & B4 S & % W A& D bicuculline % ff
AL EIZDORHERT DL EDRRENTNDZD TH % (Rada et al., 1993),
SF 0, fAZIZ I T muscimol 23#5%E L 72 acetylcholine #f&1EEN DK T 1C
[FIERAL OO GABAA ZBIENBH 35 2 & 2R T SRBL S AUREILIT in vivo O
FEFTIHEIR L LTHELA TRV, FEERIZMAZ IS S 72 muscimol
I%, A% D acetylcholine MFRAKAFIED T » kN DEIHEITEI Z GABAA A IK
antagonist @ bicuculline S MEDOFME TR S 2 2 & & EKBATEN FAIMFE

MHREFL TS, F 72 muscimol 1%, bicuculline FEJES P DOHE & BT 5
AN ®H 5 GABA HUARMAL AN EZT 22 bRREN TN D

(Johnston, 1971, 2014), % Z TAMFFE TILEEAME acetylcholine EIZFEE L 5 2
72V & O bicuculline 73, HEFRELIEHIR T > & T muscimol 23578 L 7l 44
£% @ acetylcholine Jift H O KAT TR ICOWTHHT LT,

MIAEZ 11T GABAA DA 72 5T GABAg X K1A 6 434 L (Matsumoto et al.,
1989), [FIEAZ D acetylcholine ST 7EAF#RIZIZ GABAg X AR FEELT 5 Z &2
LTS (Yung et al., 1999), GABAg % %K agonist ¢ baclofen (F 144 %
® acetylcholine M#fIEFENIHEL 5 X HZ RSN TWD, FIZIXT v b
DRMEI % AV 72 BR AR IE DX, &A% LA o

acetylcholine JT7EAFFE D B FE I K DIHNZIEL GABA TIE72 < GABAp Z &K
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MBEET25Z ENRRENTWND (Xieetal, 2014) . In vivo BEH/NEHTIEIC
e 1, BRERIER T » b O D GABAg 5% &R ILIR E AL Ol fa st
acetylcholine EDOHINZIB W TIHIR L ZFNEZ R T N RBINTE
(Rada et al., 1993), FEATERHEHZAIBITEN O 1F, MK D GABAg &K
AN AEEZ D acetylcholine FFFRIZAKAFE L 72T v M OEIERITE 2 B 52 =
EMMRENTUWD (Akiyama et al.,, 2004), Z D7z, O BHHT, HHEE
RO T > b OMAEEO IR acetylcholine /it~ GABAg % &{A agonist &
baclofen 23 KA TN RICHONT HMFTZ M X 72, Z @ baclofen 7% acetylcholine
i &2 D S SERICR LT, ZEHE acetylcholine &2 % H 2 /W&
? GABAg % 2514 antagonist @ 2-hydroxysaclofen 75 & IE 9 8h FAZ > THENT L
7o
AHFZETIZE 512, GABAA B L GABA Z &K ligand 78 4 dopamine i
HIZKIETHRICO VT OB E2MA T2, IR/ N BT R &
acetylcholine ! Z it 4% b CHETRIKIZIRINT 2 {K#EE D cholinesterase FH.
“EK D physostigmine 25 (Noori et al., 2012), GABAx 3 £ T8 GABAg Z A {KIC
X 2 A% D dopamine #HRIEEIOFHET (Aono et al., 2008; Saigusa et al., 2008)
B DAEBENBEZOND O TH D, MAEZD dopamine S H 12 %t
T % GABA Z K ligand ONRZ 0T 566 5 O & DO, AR T
acetylcholine #1#¢ & dopamine M F R AN 2R T Z LA SN T
WDHTZDTh D, Bl ZATM AR & & TR S NI Tl acetylcholine ##% 15 &)
DZEAbIE dopamine MFRIEENC LB L KT T Z L DRI AL TV 5 1E0> (Exley et
al., 2008; Exley and Cragg, 2008; Threlfell et al., 2012), acetylcholine fH#&{% &L

Pc

dopamine #FEER DAL DOHELZ T H 2 &L b RSN TS (Wedzony et al.,
1988; Consolo et al., 1999), L7223 > T, Z 4L 5 @ acetylcholine f##% & dopamine
PR DM BAEMNE GABA PR O DR 2 %2 1T % "I REMES HERI S %
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MEtR X U5k

B
F1EEFE CRMETHEM LM E W,

=+

%}

1 EORLE & RRICIT R 72,

HHTEER

BT FEBIL ZAVE TOMIE TE M ST & 72 51 (Aono et al., 2017; Kiguchi

etal., 2016) (2> TiT7e 72,
F1ELFELBEN Y —7%27 vy FOBEBICEELZOL, 7700 F =

— 7 H B UT- AFZE CRERIR E L CHWES R Y 7Lk (NaCl: 147 mM,
KCI: 4 mM, CaCl,: 1.2 mM, MgCl,: 1.1 mM; pH 7.4) (Zi%, cholinesterase |2 & %

K2R T S HD Z & TN 4172 acetylcholine DE & Z K512 T
% 1= 8, {2 £ @ physostigmine (50 nM; physostigmine hemisulfate, Tocris, Bristol,
UK) #/ %72, Z ® physostigmine (%, acetylcholinesterase D #HIZF51F 5 ICs
WZIEWREE 28 L7z (Noori et al., 2012), 77 0 F o — 7 [ EmERE 7 1

~ NZ 7327 & (HTEC-500; —A 2 h) (T8 L, LikoR Y 50
WE % P 1.0 pl/min T&EAT 7 1 — 7 IZHENE L 7=,

Acetylcholine (% Eicompak AC-GEL column (Ki %A X 4um, 77 LY A X
2.0 x 150 mm; = 3 L) ([TTHBELZ, BERIZIZRBAKEL Y 7L (50
mM), decanesulfonic acid (2.0 mM), EDTA (0.13 mM) % & A L 72 RELKEf#
" (pH 8.2) Z M\, i % 150 ul/min & L 72, Acetylcholinesterase & choline

oxidase Z [EE(L L7=FE%E Y 7 7 # — (AC-ENZYM II; Eicom, Kyoto, Japan) %
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FHNT acetylcholine 7° & FEAE S W7z @ {bk R 1L, BREMETEZ+450 mV (Ag
vs AgCl) & L7T-BXRULFERHARICE D EE LT, KT AT LD acetylcholine
DORHRIIL Y 7 v ) A4 Xk 2:1 TE L% 5 fmol (=0.7 pg) /sample TH >
72. Acetylcholine D4FEEIC W2 h T A LR Y 77 X —ZW b 33°C 12
RE LTCEIEMAICINAE L TEA L, &t LTA— M Y27 2 —RHI
B U 72 BERHRIC 1, R Y 77 ¥ —OiEME & Aa&EmE Ho - Ex b FH
s DR & 789 2 B B CINEBER Y E @ isopropylhomocholine (IPHC) %
= hHEERERWTEHEML 72, B O acetylcholine =1L, tEMEME O
acetylcholine & IPHC O &' — 7 [EFffE & FIZHH L 7=,

% 2 BEOWFSE T dopamine |%, Eicompak CAX column (Ki{-¥ 1 X 5um, #
7 LA X 2.0 x 200 mm; TA T A) (ZTHHEELZ, BEMRICIIETS N
v . (50 mM), EDTA (0.13 mM), 30% methanol &4 L7z 0.1 M Effi27 >
=0 LR (pH 6.0) Z AV, Ji# % 250 ul/min & L72, Dopamine @ &
B2, REMELE 2 +450 mV (Ag vs AgCl) & L7=EXALFMHE 2 -,
Dopamine DO 43HEICH N2 T A% 35°C 1T E L7 EIRMEICINGY L CfEA L
Too AR AT LD dopamine DRI 7T v/ A4 Xk 2:1 TE XL Z 20
pmol (=0.05pg) /sample TH > 7=,

AMFSE & FIER O FEBR S TIX, [ S 47z acetylcholine & dopamine (37 =
—7fAND 16 FFHLUECHIRELZHMRLZEL TEBY, 80%LL L2
tetrodotoxin J&ZMETH 722 &6, HEINTZIT E A E D acetylcholine &
dopamine |FHRIEEKAFEICHIfANA S~ SN DO THL Z EBNRENT
V% (acetylcholine: Kiguchi et al.,, 2016, dopamine: Saigusa et al., 2012),
Acetylcholine @ & &IZ W 723 EHT 15 43412, dopamine O & &2 H W 7230k
20 pEBICENENENR L, H1EHEEEBLLS 7~ 7T AT =Y F 0
AL = RITEG LA T T =2 VT L2,

NI T T m— T AR 20 B LA ERE LT s, MU NG 7 1 —
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7 % Jr UE BRI~ O EBEHERIT & 0 85 Ui, J5H# dopamine ft1X, 34
B G EAT 3 BHCEL L7 EHZ & £ 5 dopamine D ¥ & L, M
acetylcholine =%, ¥ G E AT 4 [FIZEUL L 723 08HZ & 41 5 acetylcholine
BOTVHL Lz, 2o OEBEOREOBRITIE, ANOVA &17-7 (FiF
RLERZ )

Ky

PeBREEY) & L C, muscimol (5-aminomethyl-3-hydroxyisoxazole; Sigma-Aldrich,
St. Louis, MO, USA), bicuculline (1(S),9(R)-(-)-bicuculline methobromide;
[R-(R*,S*)]-5-(6,8-dihydro-8-oxofuro[3,4-e]-1,3-benzodioxol-6-yl)-5,6,7,8-tetrahyd

ro-6,6-dimethyl-1,3-dioxolo[4,5-g]isoquindinium bromide, Sigma-Aldrich, St. Louis,

MO, USA ) , baclofen ( R(+)-baclofen hydrochloride;
R(+)-B-(aminomethyl)-4-chlorobenzenepropanoic acid hydrochloride;
Sigma-Aldrich, MO, USA) , 2-hydroxysaclofen  (2-hydroxysaclofen;

3-amino-2-(4-chlorophenyl)-2-hydroxypropanesulfonic acid, Sigma-Aldrich, MO,
USA) %\ 72, muscimol, bicuculline, baclofen, 2-hydroxysaclofen [F\ 7 41
bRV U TFNVIRICEE LT, T 6 DY D 5 5, muscimol, baclofen |
0 77 [, bicuculline, 2-hydroxysaclofen |3 60 73 ft]iZ , WIS UNEAT
Bz U T ~FESR B G- L 7=, 7272 L, muscimol % 721X baclofen D% 5
BR#AE D 30 43R bicuculline F 721 2-hydroxysaclofen Dt #% 5- % Btk L 7=,
W B Y D ¥ 551X, muscimol (Aono et al., 2008, 2017; Ferraro et al., 1996; Yan,
1999; Yoshida et al., 1997), baclofen (Klitenick et al., 1992; Santiago and Westerink
1992; Smolders et al., 1995, Watanabe et al., 2018), bicuculline (Aono et al., 2008,
2017; Rahman and McBride, 2002; Yan, 1999), 2-hydroxysaclofen (Santiago and
Westerink 1992, Watanabe et al., 2018) % HI\W /il &= DR EIZEES W TRRE LT,
WEEY OB 58I, FERPETICRE S Y ORE (pmol £/
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nmol) T7~ L7z (muscimol, 30 47ff: 3-30 pmol/30 ul; baclofen, 30 47 fi: 30-300
nmol/30 pl; bicuculline, 60 47fH: 60 pmol/60 pl; 2-hydroxysaclofen, 60 47 ff: 12

nmol/60 ul) ,

BFHT T 7 — TR ANLE O HIERR
#1 B EFERRICAT R o T2,

Mt

Bl EEFRRICT — 23T R CEBMEIC T 2 EaR TR L, F2ET
13, HEPALEERTICE L7z 4 30BHZ & £ 415 acetylcholine & D), 3 3k}
IZ& £ 5 dopamine D)% Z N E VB & L TEHMH L7 (BT ERS
). 206 OEREEORE DB, e L TEIL L 725308 @ acetylcholine
F 721% dopamine D ED BN FHFMICHBERENRL, BELTWDH I L&
time DEFIZOWTHEYIKL D& D ANOVA Z17 > THER L 7=,

R 727 —Z O TIE, 51 L E L <AE (treatment) & time DK
FUIZOWNWTHY IRL DB D ZJulliE o BmotriE (two-way ANOVA) Z /-
#, post hoc #RE & L T Scheffé’s test Z LT U TITo 72, ARAMETNT
Nt P<005 & L7,
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TS

HT 7 v — 7B AN E ORISR

AR B ORES, MAZIZE W CEI 7 e —7 130Tt A10.60 (F
[FIRR 2> B ETS 10.60 mm OWiHE) @i L TR0, T Ok BRI DG
10.00~10.95 mm OFPHIZH > 7= (Fig. 7)., AEBRCTHHA L7-BHIE (EE 2
mm) TIEMAEED core B & shell # 2 BAREIZIZX B TE R o 72, ARHFFET
FERLE 102807y hOH>L, Ta—TOMENBHORPEIMIH 72
DIX15FITH T, Ta—T7BNHBINEIZSH > 7= 87 i (acetylcholine & & D
57 5, dopamine E & D 34 f5l) DL R DI w M LT,

RIAtZ I 3B 1T 5 MR 72 MfuSt acetylcholine &
M AEEZ 2> B UL S Tz o 7L O FEM LB O FERERY 72 acetylcholine &
1%, 3.23£0.26 pg/15min (= 1.47£0.12nM) T&H - 7= (mean+ S.E.M.; n=53),

Muscimol ¥ 7z 1 baclofen Dff| 44 5% ~ DFEF B 5-1X [RIFAL D acetylcholine fik H
Zi$ 5

HIEHIE T, WAEED B 15 6 FL 7 2L acetylcholine #IXZE L T\ /= (Fig.
8), MA444%~ muscimol (3.0, 30.0 pmol) % 30 yREFRKELI-L 25, [
AL D HIRE AL acetylcholine A H X 60 4312472 © H EARTFHIIZ ] & A7z [Fig.
8; two-way ANOVA, interaction: F (5 39) = 4.57, P < 0.01], Scheffé’s test D& R,
3.0 pmol muscimol % 5-# & vehicle #& 5-#£ D], 30.0 pmol muscimol % 5-#f &
vehicle $¢ 5-#E D, 30.0 pmol muscimol £ 5-#£ & 3 pmol muscimol $¢5-Ff O[]

IZZENENAEEZNRBD LN (P < 0.05), HIA4E%~ baclofen (30.0, 300.0
pmol) % 30 7RG L= & 2 A, [REALOMAESL acetylcholine fig Hil% 45
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T DT 0 HEKAFHICINE U7z [Fig. 9; two-way ANOVA, treatment: F (5, 2g)
= 14.46, P < 0.001], Scheffé’s test DfEH:, 30.0 pmol baclofen # 5-#f & vehicle
5 HEDOM, 300.0 pmol baclofen #%5-#f & vehicle & 5-# D, 300.0 pmol
baclofen % 5-#£ & 30.0 pmol baclofen £ 5-HOMIZZNENAEEZNHD B
7= (P<0.05),

Muscimol DI 4:% acetylcholine B HINHIZI R % bicuculline 13T HIET
Bicuculline @ 60 7 fi] D ¥ it ¥ 5 (60.0 pmol) (3 K& A HY 722 ] A2 &% D

acetylcholine ftHIZ A & 72 8% M IF S 72 7o 72753, muscimol (30.0 pmol)

D FE LI 8 @ acetylcholine i @ #1120 i} % T H 16 L 72 [Fig. 10;

two-way ANOVA, interaction: F (9, 57y = 7.52, P < 0.001];

Baclofen D1 2£#% acetylcholine S HH# I ZI R % 2-hydroxysaclofen [ X¥] HiE T

2-Hydroxysaclofen @ 60 4r[H DG (12.0 nmol) (I HAERY 72 M 44 HZ D
acetylcholine FtHIIZ H S » 7o 8288 % X S 727> 72738, baclofen (300.0 pmol)
DI LIl A 4% O acetylcholine Jift H & il 25 R 2 T HH L 7= [Fig. 11;

two-way ANOVA, treatment: /' (3, 40) = 14.97, P < 0.001],

A% I I 1T 5 KR 72 AT St dopamine &
M ARZ Dy B B S AT 3 o 7 r i O K AL HT D FER%E ) 72 dopamine (T,

2.35+£0.15 pg/20 min (=0.77£0.05nM) TH-o7- (mean+S.EM.;n=234),

|45 %% @D dopamine K H X FEEAL~D muscimol, baclofen, bicuculline,
2-hydroxysacolfen DL 5 DFEZZ 1T 2\

30 43 Z . % muscimol (30.0 pmol) 7213 baclofen (300.0 pmol) DFEi
B HIT LR 72 A4 D dopamine BT IZ 6 R BT RIT S e o T2
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(Fig. 12; muscimol: n = 8; baclofen: n = 7), ¥ 72, muscimol NFEF L7z
acetylcholine fix i O il % FT HE L 72 60 43 [EI1Z H. % bicuculline (60.0 pmol)
DT 51%, SRR 7248 4% D dopamine I IEE LW BT KT & 720
-7 (Fig. 13;n=5), & 5HIZ, baclofen 23758 L 7= acetylcholine % Hi @ il %
FIHE L7z 60 4712 E % 2-hydroxysaclofen (12.0 nmol) DOFEW# 513, Hbf
1 72 A0 A5 8% D dopamine i HIZ X H SE - 728 % B 2 72 v > 7= (Fig. 13; n=16),
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Fig. 7. Schematic illustration showing locations of the beginning (closed squares)
and tip (open squares) of the membrane of microdialysis probes in the nucleus
accumbens for all 87 successfully placed probes. The plane is taken from the atlas of
Paxinos and Watson (1998) and the approximate coordinate indicated is mm anterior

to the interaural line.
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-~ Vehicle
140 4 % Muscimol 3.0 pmol
-O- Muscimol 30.0 pmol

% of basal ACh level

60 30 0 30 60 90 120 150 180 210 240

Time after muscimol onset (min)

Fig. 8. Effects of 30-min infusions of vehicle (n = 6, closed diamonds) or muscimol
(3.0 pmol, n = 5, open triangles; 30.0 pmol, » = 5, open circles) into the nucleus
accumbens on basal extracellular efflux of acetylcholine (ACh) in the nucleus
accumbens. Data are expressed as mean change in 15 min observation periods after
onset of muscimol infusion. Vertical bars indicate S.E.M. The filled bar above the

abscissa indicates the periods of infusion of vehicle or muscimol (30 min).
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150 - -®- Vehicle

140 - -/ Baclofen 30.0 pmol
-O- Baclofen 300.0 pmol

A42n |
19V A

120 -
110 -
100 ¢
90
80 4
70 4
60 -

% of basal ACh level

10 4
7
60 30 0 30 60 90 120 150 180 210 240
Time after baclofen onset (min)

Fig. 9. Effects of 30-min infusions of vehicle (n = 6, closed diamonds) or baclofen
(30.0 pmol, n = 5, open triangles; 300.0 pmol, n = 6, open circles) into the nucleus
accumbens on basal extracellular efflux of acetylcholine (ACh) in the nucleus
accumbens. Data are expressed as mean change in 15 min observation periods after
onset of baclofen infusion. Vertical bars indicate S.E.M. The filled bar above the

abscissa indicates the periods of infusion of vehicle or baclofen (30 min).
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-~ Vehicle
=/ Bicuculline 60.0 pmol

150 -
140 4 -O- Muscimol 30.0 pmol
130 4 -@- Bicuculline 60.0 pmol — Muscimol 30.0 pmol

% of basal ACh |

60 30 0 30 60 9 120 150 180 210 240
Time after muscimol onset (min)

Fig. 10. Effects of infusions of vehicle (n = 6, closed diamonds), bicuculline (60.0
pmol, n =7, open triangles) and muscimol (30.0 pmol, » = 5, open circles) on basal
extracellular efflux of acetylcholine (ACh) in the nucleus accumbens. Bicuculline
(60.0 pmol) inhibits the muscimol-induced reduction in basal acetylcholine (ACh)
efflux in the nucleus accumbens (n = 5, closed circles). Data are expressed as mean
change in 15 min observation periods after onset of a 30-min infusion of muscimol
(30.0 pmol). Vertical bars indicate S.E.M. The filled bar above the abscissa indicates
the period of bicuculline perfusion that commenced 30 min before onset of muscimol

infusion. The open bar indicates the period of infusion of muscimol (30 min).
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-9 Vehicle
150 - -/ 2-Hydroxysaclofen 12.0 nmol
140 - -O- Baclofen 300.0 pmol

420 | - 2 _Hudr
i

19V T - =11

120
110 -
100
90 4
80 4
70 4
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50 4
40 4
30 4
20 4

10+ —:
60 30 0 30 60 90 120 150 180 210 240
Time after baclofen onset (min)

% of basal ACh level

Fig. 11. Effects of infusions of vehicle (n = 6, closed diamonds), 2-hydroxysaclofen
(12.0 nmol, n = 5, open triangles) and baclofen (300.0 pmol, n = 6, open circles) on
basal extracellular efflux of acetylcholine (ACh) in the nucleus accumbens.
2-Hydroxysaclofen (12.0 nmol) inhibits the baclofen-induced reduction in basal
acetylcholine (ACh) efflux in the nucleus accumbens (n = 7, closed circles). Data are
expressed as mean change in 15 min observation periods after onset of a 30-min
infusion of baclofen (300.0 pmol). Vertical bars indicate S.E.M. The open bar above
the abscissa indicates the period of 2-hydroxysaclofen perfusion that commenced 30
min before onset of baclofen infusion. The filled bar indicates the period of infusion

of baclofen (30 min).
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Vehicle

% of basal DA level

10 [ 1

60 30 0 30 60 9 120 150 180 210 240
Time after treatment onset (min)

Fig. 12. Effects of 30 min-infusions of vehicle (n = 5, closed diamonds), muscimol
(30.0 pmol, n = 8, open circles) and baclofen (300.0 pmol, » = 7, open triangles) on
basal extracellular efflux of dopamine (DA) in the nucleus accumbens. Data are
expressed as mean change in 20 min observation periods after onset of a 30-min
infusion of muscimol (30.0 pmol) and baclofen (300.0 pmol). Vertical bars indicate
S.E.M. The open bar indicates the periods of infusion of vehicle, muscimol or

baclofen (30 min).
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60 30 0 30 60 9 120 150 180 210 240
Time after treatment onset (min)

Fig. 13. Effects of 60 min-infusions of vehicle (n = 5, closed diamonds), bicuculline
(60.0 pmol n = 5, open circles) and 2-hydroxysaclofen (12.0 nmol n = 6, open
triangles) on basal extracellular efflux of dopamine (DA) in the nucleus accumbens.
Data are expressed as mean change in 20 min observation periods after onset of a
60-min infusion of bicuculline (60.0 pmol) and 2-hydroxysaclofen (12.0 nmol).
Vertical bars indicate S.E.M. The open bar above the abscissa indicates the periods

of infusion of vehicle, bicuculline or 2-hydroxysaclofen (60 min).
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GABA

N
GABAx or GABAs receptor

Cholinergic nerve ending Acetylcholine

GABA

GABAx or GABAG receptor

Dopaminergic nerve ending Dopamine

/

Fig. 14. A model indicating how endogenous GABA appears to interact with
cholinergic neurons (cholinergic nerve endings) and dopaminergic neurons
(dopaminergic nerve endings) through GABA and GABAg receptors in the nucleus
accumbens. Glial cells that may contribute to regulation of extracellular
neurotransmitter levels are not shown. The filled arrows indicate strength of tonic
GABAergic activity required to activate GABA or GABAg receptors on cholinergic
and dopaminergic nerve endings in the nucleus accumbens. The open arrows indicate
acetylcholine and dopamine release from the respective nerve endings in the nucleus

accumbens.
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%

Acetylcholinesterase PR HE1X, in vivo MU INEATIEIZ &0 [ S AU 72 HEVR IR
H1 D acetylcholine % /& 7~ % 7= O H @4} acetylcholine DR FIRH 2 K T =+
% AR CHEERIRICHRIMEN S (Noori et al., 2012), AHFFETIX, neostigmine
IZHEARTIRIREE T % acetylcholine M~ NTA/EHT 5 Z & Mb TV D
physostigmine % & L 7= #Ei 2l L 7= (Noorietal., 2012), ABFZE & [H T
FERSAETHEME L7 LR O (Kiguchi et al., 2016) (ZHBW T, BALKFEME
Na'F ¥ R /VBHESK O TTX (Di Chiara et al., 1996) (2 X 0 A% O FLRER) 72
acetylcholine | 80% LA ERHKRT D Z ENRENT WD, ZODAMET
FrHy U7 259 72 acetylcholine gL, B KICLVFERINTZHDOTH
% EEZ B, BRI~ physostigmine D NN % B3 & [7] U 5 41 T3
L 7= LRTOMFZE (Aono et al., 2015) & RKBFZEOFE R % bl 35 &, FEGKF
® physostigmine {Z £ ¥ ZEH dopamine BN Z T 72 BIL << b Tho T,

AHFZED B GABAA % B AK agonist D muscimol DRIALEE ~D R 51X,
FRIEFEFI R~ b DOIAAEE D acetylcholine fitH % H BARFAICHIHIT 5 = &
DRENTz, T DRI muscimol 23 EERENW DO BREG x5 0 H 3
7% acetylcholine WEHEZEET 5 &\ 9 #Hi4s (Login et al., 1998; Scatton and
Bartholini 1980; Supavilai and Karobath 1985) & (X572 2 A3, {AIA8E% (CHE TR % -
S 472 muscimol 23 FERRER T~ kN ORI ALEZ O FEER) 72 M AR 4% acetylcholine & %
B SED T &R TR O R (Rada et al., 1993) & —E
THHLOTH T, [ARZIZEE S U7z muscimol (X, [FIFBALD acetylcholine
RIS EEAEME OB ITITEI Z GABAA AR DIEMEACIZTIRAE L 72 Wi 2
L THIHlTE 5 2 & PMMTEREEE AR B RS TV 5, BIS muscimol D
ARG ~D G, {I-EED acetylcholine FHRRIEENAKIFE L= T » b DElEL

ITEYZ I3 5 A3, Z @ muscimol DZNHEIT GABAA % &K antagonist D
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bicuculline D 21T 1} 725> > 7= (Akiyama et al., 2004) , FZEEIZ muscimol (3,
GABAA ZAEMRLSMNT GABA BUALENL & bAHAEIEH T2 Z LB H b TV
% (Jonston, 1971, 2014), L 72> L727A% b AHFSE TR b AL 72 muscimol D44
E% D acetylcholine T %t 2 R DOFBLTIL, RO GABAA 52 A T
NBE L TWDATEEMEA &, Z 4L muscimol @ 5% L 72l A2 %
acetylcholine K OB 1T, GABAA 2 251K antagonist @ bicuculline THHH &
Ntz Th b, @mHED bicuculline O {fl 42 k% ~ 0 FE i £ 5- 13 [F BB AL D
acetylcholine fit i Z# K X% (Rada et al.,, 1993), Z Lo OFERIL, A4
D GABA 5 5 251 1Z [F B AL O acetylcholine ##5% % Bh il 48112 33 U CHIHIAY 22 1%
ERETZEEZRLTND,

AWFZED G, A ~D GABAp &K agonist @ baclofen DREVLH 51,
HEFRFLIEHI R 7 o~ b OMIALEE D acetylcholine i Z b S €2 Z ENREH
72o 2 @ baclofen D% 1L GABAp % 1A antagonist @ 2-hydroxysaclofen O fif
ABHIZL VKL L2 &2 5, baclofen OEFIZMIALEE D GABAg Z IR D
EHEEEZ T LD TH DL EB2 b, Zb ORI, 4D GABA
SZARARMFEBAL D acetylcholine F#% 1% B o il 811 J6 v THIHI A 7o 5 & 2 SR 72
TZEAERLTWD, B, KRR RIIINETORED I H, (1) I
B% D acetylcholine T EMFRIZIE, MR D> & @ acetylcholine FH % Hl#1 4 %
GABA BRI IEBL L T\ 5 & 5 ik b I 7E  (Yung et al., 1999),

(2) MIAEED acetylcholine SN {EARE D H F& A 22 47 k o v 8 I e X
LT GABAg ZBERZNT LTS & T 2EXEHTFZHNI (Xie et al.,
2014), (3) GABAg %A agonist @ baclofen (44 4% D acetylcholine fi H %
MH 228, Z O%hFIE antagonist @ 2-hydrosysaclofen T HIHE N5 &35
PR PRI O FE R (Rada et al., 1993) ZWI N XFFTDHHLOTH -
7o

BLIRIRNZ &1, BEFRBHAAAN S acetylcholine D KBV AL Z % £ TORET
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ZLIRF AL, muscimol TIX 45 4372 > 7= DIZxf L, baclofen TIL 30 43 Th > 72,
ZORMOENDS, (1) FEMOREELIZILO LT 2 7 —7HAHO
KRR OME, (2) agonist & LTI LR RAMMEDOME, (3) Al
NOENFEIEE 2 Gy VT NMBEBEOHEO N TRIC IV EE b O
MPITONTIE, EOLRDIMHAVBLETH D,

AWFZERE F1X, GABAA £ 721% GABAR 2B IRDIEM:AL % 4 L T acetylcholine
BHEZR T EE5 2 &N TE HIKHED muscimol (30.0 pmol) F 7213 baclofen

(300.0 pmol) DA EE~DHEFF H1%, FFNALD dopamine A H I IZ B %4
BEZBNWZ EERL TS, N6 DR RIE, GABAA £ 7213 GABAg AR
DA AEEZ O FEWER) 72 dopamine U IZ 3T 2 EI R B 2 BT T 5729
physostigmine & & 1 L 72 WEEIR TIT 2 72 in vivo U INEHT BRI X 5 A5
DEREE —EFTDHHLDTH -7 (Aono et al., 2008; Saigusa et al, 2008) , Z i E
THMEINTELL I, AFEMERIT (1) EMARTE RS GARICE
VT DA muscimol (X FERER) 22 AL EZ D dopamine fHIZ B A 5 2 5 2 L
TZ72 & (Aono et al, 2008), (2) baclofen |FEFEN 72l 44 4% D dopamine
BT BB % 5.2 /oo 72 Z & (Saigusa et al., 2008) & —E L7z, AL
o e SR SHIE TIE, acetylcholine #1#8 A 1 D073 dopamine HFRTEENIZ
WEEZHEZDHZENAMLNTWD, FlZIX, == F 1% acetylcholine 524K
%I L 7= acetylcholine #H#%{5 1 @ BN IHI 1L, MBI % —iwmtED
dopamine HtH DN Z Fil 3 2 1E 2> (Lim et al., 2014), {4 O FEi Ry
dopamine & HIFME#E 35 (Exley et al., 2008; Rice and Cragg, 2004), % 7= 51t
i 23#% % LTI EZ @ dopamine ftttiz, LA ANV vBIR=aF
acetylcholine 52 2 {4 antagonist |3 % 412 AU £ 72 1321 T = % (Collims et al.,
2016), D DHE LITFRZRD, AHFSEIE muscimol F 7213 baclofen 737 7
L 72|44 8% @ acetylcholine figH D 1%, RIFAL D dopamine D H 37 - 724

fbEfoTWnWeinoTz, DFE D, AHFFEIE muscimol & baclofen [FAHIAEEZ D
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dopamine g IZ 2% 5. %2 712 acetylcholine i Z K F&+5 2 LN TE D
ZEETRLTVND,

Fig. 14 1%, AR D acetylcholine 33 X T8 dopamine % & [RIEAL D N K4
GABA N EDRRICHEAER Z "3 hE2R LIZHEAXTH S, Muscimol &
baclofen 1% % 11 Z 1l 8 #% 12 B\ T dopamine ®ICITHEZ 5 2 12
acetylcholine ®EZ K O L7z & W\ 5 RUFFEHE R 1, acetylcholine #f #27E &) &
dopamine fH#&TEE 2 #1925 GABA 5 1K subtype 41 L 72 GABA £ k—
XADFENEZREL TWDAREEMENRH S, DFE Y, dopamine RIS H) A H ]
35 GABAx B LT GABAg Z BIKITH A, acetylcholine %1% Eh & #H 5
GABA, B LU GABAg X AR 2 R 9 2 WIAME GABA &30 7202 L 8B R
biLd, 5T 5 & acetylcholine ST EMFRIZIEBLT H GABAA 3 L TN GABAg
SRR L Y b dopamine MK RIZHILL TV D GABAA B L GABAg &
KO N —XANEWAREEND D,

UL EDOFERN G, IR T GABAA 3 X N GABAg % BRI [FEHAL D
acetylcholine FHFREIEEN DO FHETIZ I W THIHIA R & EI 2 e Z LRS-,
FIARMZEDN G, LD GABA 3 X TN GABAR 52 24K O Fill i 73 5 BRI I #0)
WZ v hORIAEZ D dopamine FHIZ B Z 52 % Z & 72 < acetylcholine D%
MED> 52 L E2RTREHLE, in vivo DMRRAL Y EERIZEE DUV TR
THIENTET, 2D OMIAED GABAL B LV GABAg KA, BT
1781 (Akiyama et al., 2004; Saigusa et al., 1995) °5¥ - LB % & Tl AL HE

(Laplante et al., 2011, 2012, 2013) & W\ N> 72N O EIL ORI BB %2 M IFE
T2 ERHM BN TV D acetylcholine DER & EDRRIZBISRT B oW T
LSHBROSLROIMHADBLETH D,
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L.

AL AZ 1 P R R AR 35 87 2 B AR & 3 2 WM % % dopamine A D £ 72 %
P TH D, A2, WA D § 4K subtype %/ L 7= dopamine i
O HLE L OME acetylcholine FHHFRETI O FRERE Z B SN2 T 5720,
MIAERZIZ 34T T D GABAg X BKRDOEENCE R EZ L TTT vy FEHWE in
vivo IMUNEHTIE I KD 21T o7, % 1 |ETIE, 8 7203 s, AR DO R
Bz X B IALEE D dopamine X HIEE D —K & L CRIEMLD GABAg Z AKX %
I LI B A AR O T 22808 U, 8 7213 8, % &K agonist 1 X 544
£% @D dopamine JXH DR A GABAg 5 24K agonist @ baclofen 23T HIH T &
DI OWTHBI LTz, & 2 3 TlX, GABAg %% A agonist @ baclofen 734
£ D KLY 72 acetylcholine 36 X O dopamine i HHZ KAE T 8D T DU THEMT L
720

ZIVH DN D, 8 T2 8§ KA I L2448 D dopamine fig Hi D
KIE, Wb AL GABAg AKRANKIC L v ol & s 2 L AR &z,
F7o, MBEED GABA STEMRRIZHEILT D 8 B & ZBEEROEMALIE
GABA it Z b &8, REMLD dopamine 5% D GABAg 2 K%/ L7240
HlEHI N 2 AKX N &5 Z & T dopamine SHH 2 EHET D Z L RIB S L, &
512, MIAEZ D acetylcholine FUH A K T & ¥ % GABAp S A KHITRIL, [FIERAL
@ dopamine JIHZITHEZ 52 W2 ERREINT,

ARBFSE L 0 A D GABAg Z AL, ML &) F71d & Z B IEHIG %
4t L7z dopamine HtHEMEDREBLIZE G35 2 &, S 512, HH#E dopamine fi%
HIC TR B 2 5 2 3T JEfE acetylcholine ik 2 445 Z L 2R & 7=,

ITENV R ERR DO, 44% D dopamine fH#8TE B O TLUE X opioid (2%} 7 2 FfH
KFEORBUCEG T2 L EZ LN TWDHIED, KD acetylcholine #HF%IE
FoOMtIIFE L B ORMERAE TS LESNTWD, RIF5EIT,
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opioid % F W 7= &I Il D 22 M D[] B2 27278 D GABAR % BAK D HEREIC BY
T LM AR A RET2bDTH D,
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