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RFZERRE OB (FASC) : AHFZEIE, GABA IR EI O FIZ L 24D K82 > (DA) iE
B DR BN 2 GABA 2 BIKY 7 2 A4 7T OMG- DO LIRAT 512017 7=, £z, IS4
G TeRRIRIRTEHI D GABA % L DA RO EEH OMEIZIAS A b b XU e %
D, ZABIKT T =2 kD SKF38393 DFESARA~D R &+ 512 X % RIERAL D DA EHEREAE I
W, Catt LN DA 7 — L OB DOE I SR LT,

WFPERR SR OBEEE (3£37) @ The ventral part of striatum called nucleus accumbens is one of the terminal
areas of the mesolimbic dopaminergic neurons. It has been shown that the GABA receptor subtype
agonists failed to decrease, but its antagonists increased the accumbal dopamine (DA) efflux. Since the
GABA synthesis inhibitor enhanced the accumbal DA efflux, but the involvement of accumbal GABA
receptor subtypes are unknown. Therefore, we investigated the roles of GABA receptor subtypes in the
increase of accumbal DA efflux in freely moving rats by using the in vivo brain microdialysis technique.

SKF38393, a benzazepine derivative D; receptor agonist is widely used in order to examine the
GABA-DA interaction in the striatal structures. SKF38393 is known to increase the striatal DA efflux
when applied locally into the dorsal striatum. We analysed the roles of the Ca®* and the intracellular DA
pools in the SKF38393-induced striatal DA efflux.
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1. WHEPHAR S MO 5 PERERI I ~DFE LG A mE STV D

IAEZIE, IR ST IR 2 B D
kR K782 > (DA) ko 7= % Bt
HALTH D, T O DA MRRORETLIHEE, 10
KR RIEMEFRIEOE L E RO RKERG
2 X DA EFEBRORM - HIBRIKAFOT R~
5435 LMBEINTWS (Narta et al,
Pharmacol. Ther., 2001), fHI#&#%1Z1% DA feifk

GABA Z &K, 7 RLF V) U RIK, 44
A RZRERENENSALTWD, ZiE
THEEE B O J N — 713 IBEE D DA RN
OREARCHE B R CTHW AR Y UT 8
v R EY) (Murai et al., Eur J. Pharmacol.,
1994), 7"'m AR —/L (Yoshida et al., Neurosci.
Res. Comm., 1999), 7 = > % =/l (Yoshida et
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al., Neuroscience, 1999) @ FHEEHEBLLDO O &
OTHDHI EEFEHLTET,

GABA,, GABAg ZHIEDT v 2 T=A |
ILIALEE D DA B = = EnEm+ 5, =
D Z EITRIALEZIZ BT GABA FHEEAS DA f#
BEMBIMICHIET S Z 2 RLTWVD, &
DT o HZ A=A NDONRE —RFIET DN,
GABA Z KT 2= A MIAIARE D DA
NEBE B 270D, B LAZREREINT S,
DL EHRDT X T = A ORI,
M2k ONKME GABA (EHBIZAR S
GABA Z K%/ L TIEREZRET 5
GABA) Dird h—3xX A (BEEFE) @]
REMEZ R LTS, 2F D, HIAEONRE
£ GABA @ b —X R I @\, 7o 2=
A MEBENHNC XV DA f s RE 2 e dE4 5
2, T A=A NI, T LARTT A
HOZAERZHE L GABA FH#flic kv
DA HHfRHEEE 2R HE T 2 IREMEZ HEEE DI
e L C& 7= (Aono et al., Eur J. Pharmacol.,
2008; Saigusa et al., Eur J. Pharmacol., 2008) , —
75, M D p SRR ERTALO DA iIF
Bt & #1945 (Yoshida et al., Neuroscience,
1999; Okutsu et al., Neuropsychopharmacol.,
2006), HGEHE DL, M D GABA S 1EAf
RRICIRTET D nZHFEPF SN TZ D=
— 5 DAMFE~D GABA A ME T
LGS, DA P&~ i M A3 R S
A ATHEME 2 # LT\ 5 (Aono et al., Eur J.
Pharmacol., 2008; Saigusa et al., Eur J.
Pharmacol., 2008), L2 L723 5, fAIALEZIC
BOWTOEBICHNREME GABA OA K T2
DA MiREREZ TLHET 205D, £z, @2
DONIKME GABA D& AR T 23555363 % DA+
PEHERETLE I BT D5 GABA IRV 7 & A
T OEBOFEMINTHEH SN TR
7=

2. WHEOHM

AREFZEIL, invivo DR TIzB W TRl
@ GABA #IIEEN MK T L 72355 @ DA 7k
DOFBIEREIZOWT, B 59 % GABA &K
YT A TOENOALMNITHZEEH
& LTIiToT-, F£7-, IS E2ETREE
I D} 1T 5 GABA f#1fR & DA R DFH A AE
REMRETDEICIE AV SERTWnE Ry
PEE R D ZRET T=2 | ® SKF38393
DRFERRA~D JFFTR R G FE T 5 [FE
KL DKL DA BRSSO\ T, Ca®
EHAN DA 7 — VOB OE I B F I FR
fREA 2% = L 2 ARSI EHIE LT,

B, AW » k% B Cin vivo i
INBHTIEIZ LV, DGABA A kIR L ERHK D
allylglycine (AG) Z1{AIAEZ~JEWIEE- L, [
HRALD GABA DA% HE L7-34 Ol
S+ DA BEDOZEALIZ DWW T, GABAA SRR &
O GABAg L RIRDEEI OB Z I HZR

KOBBRWT A=A NET VX IT=R %
FAWTHRI L7z, 512, @SKF38393 (2 &
% HHNaS DA BB, HERIEDN B D Ca®t
DOFRE, F720, DiZRET X IT=A D
SCH23390 DR 52 X » THIfl < 2 H
Likat L, £7-, Q@UERIKRD Ca® D
DT A A PR &8, fiiask DA O I~ D
BITERERODLZ ENHENIENDEDT, a 7K
VYRR E Vi EROT A=A K
(oxymetazoline, felypressin) % FHuCIfil % %
WG SHT-3A1C, CIEFIE T TR LI
7= SKF38393 # & Alask DA 23HIINT % 27
MIZOWTHLRFEMATZ, kIZ, @D
SKF38393 D SR I~ D Jaj T % 5- 2057
5 U7z DA BN I 2 v 7 A/ & i
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N DA FE 183K O reserpine & HIIRE TOHi 7=
72 DA AR E 4 5 DA Gkl AL E
D o-methyl-p-tyrosine (a-MPT) % VT
LT,
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(1) HA RH==a—LORES T : EBRIC
I% Sprague-Dawley RHEMET » & (KA 200
9) ZHW, X b e#—L (50 mg/kg
ip) IS K DT REAE R LT=T v b &MEN
FEEREEICEE L, MNET 7 e — 7 EHE M
HA R =a—VvihE~<w=F oL —%—"TH
ARG F T TR SRR ISR ST L 72,

(2) Wi/ INBATFEER - B /N FiF LD 7
~10 H%, 7 v MV EEBRS — Y N%E B HICH)
XFEDLNDEMET CTHBUNENT EBREZ1T -
7o £, 7 v FEHET TR R L TN
INBT T 0 —T WA Fh=a— IO
BEL, T70rFa—TEHERLIZ, OF
(2, 7 v hiE 30x30x35 (cm) O7 7 ULl
B —CNICIUE L, MBI e —>
~HBY AN EREA T a— Vg VR
XD 1 FEF 2 sy TR L C, BT
AL CHIIEANE 2V 7 v & L C R
WCEIR Lz, 2OV T NiEd4— b, o=
7B —wHWT, mERks a~ 7T 7
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IV % BT R A 2 7 BN B AT 7 e —
T ERAW, BT AERRERICERL, =
DO/h=— RNV &I L TREER~RITE S
LT, DA BEOZAL%E 3 RIChi= v BlgZ L
Tro EAFEIX, 05l &L, ~f 7y
Yoo T30 MnTTEE L,
2H 5 : Reserpine & o-MPT %, WIiLd
APEIERICER L, BERNRGICE D ey
B L7z,

(4) HREFRIRRES

JMt BT 7 1 — 7 ORESIALENE, o
AT FERAE T ATHERK L 72 JE S 50 pm D D
HEY TR LT,

4. WFFERR
(1) 7 v Fo allylglycine #F 38 MIAAEE K83
VEEETCHEIC I 1T D GABAg ZARIRDRE 5

T4 139 TIZ, morphine DYEF A B = X 2
(BT —HEOFEICB W T, SO
BARDIEEALIE, [RIFBALO GABA MEHEREIR
T %4 L C DA R 2R3 2 FrRE Mk & s
L 7= (Aono et al., Eur. J. Pharmacol., 2008;
Saigusa et al., Eur. J. Pharmacol., 2008), L2>L,
GABA #ifIHEIME T L7256 OMfI44E% DA
WEEEORER L, ZHUcx3 % GABA ZF K
THEATOEGIZONWTIEHALNTRY, £
I CARFZETIX, GABA A kiR EKD
allylglycine (AG) Z1{lAEZ~JEWIEE- L, [F
LD GABA D& A BLE L7286 DAl
4 DA BEOZEALIZ DWW T, GABAN ZAIRE &
O GABAg S AR DB DIHEI N DI L 72,

ZDfER, AG (50, 250, 500 nmol) 1
AR~ DRV 5-1%,  [RIEML D LM% DA &%
FHRRIFAIITHK 200%IC F TN L 72 (KK A),
Z® AG (500 nmol) DZhEIL, BALKTE
Na"F v R/LPLESEKD TTX (720 pmol) Dff
ATIREZEICHEL L (K B), i DA &
(B .2 700D GABAN ZBIRD T =
= K [muscimol (25, 250 pmol) | &7 > %
== K[bicuculline (50 pmol) ] 1%, \WFi
% AG (500 nmol) #% DA FRfEICxE L TiZ &
hEFRE RS2 2vo7- (] C, D), —7,
AG (500 nmol) DzhHI%, A DA EIZEE
BHZRWED GABAg ZHRKT =2 K
[baclofen (BAC: 2.5, 5nmol) ] (2 X -~ CHuiil
Ik, o BAC oMz HRIL, i DA &
L AG %% DA FFEICEBEZ B X IRV ED
GABA; % BRIk 7 v % 2 = % |
[2-hydoroxysaclofen (10 nmol) ] (Z &> TiH
kL7 (KE, F),
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== L.allylglycine 500 nmol
== L-allylglycine 250 nmol
=+ L-allylglycine 50 nmol
““~Vehicle

-40 -20 0 20 40 60
Time after allylglycine onset (min)

Effects of infusion of vehicle and allylglycine
into the nucleus accumbens on basal extracellular
levels of dopamine (DA) in the nucleus accumbens.

—8—L-allylglycine 500 nmol
=>=TTX 720 pmol — L-allylglycine 500 nmol
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Time after allylglycine onset (min)

Effects of perfusion of TTX on a 25 min-
infusion of 500 nmol allylglycine-induced increase in
dopamine (DA) levels in the nucleus accumbens.

== L-allylglycine 500 nmol
~B-Muscimol 250 pmol + L-allylglycine 500 nmal

~Muscimol 25 pmol + L-allylglycine 500 nmol
—&—Muscimal 250 pmol
~—Muscimol 25 pmol

-40 -20 [\ 20 40 60
Time after allylglycine onset (min)
Effects of the infusion of muscimol on the
allylglycine (500 nmol}-induced increase in dopamine
(DA) efflux in the nucleus accumbens.
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Effects of the infusion of bicuculline on the
allylglycine (500 nmol}-induced increase in dopamine
(DA) efflux in the nucleus accumbens.
+L-allylghlcmo 500 nmol
fen 10 nmol — Baclofen 2.5 nmol + L-allylglycine 500 nmol
- - 2.5 nmol + L-allylglycine 500 nmal
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Time after allylglycine onset (min)
Effects of the infusion of 10 nmol 2-hydroxy-
saclofen on the baclofen (2.5 nmol)-induced reduction
in accumbal dopamine (DA) efflux derived from
allylglycine (500 nmaol) infusion into the nucleus
accumbens.
&= L.allylglycine 500 nmol
=o=Saclofen 10 nmeol — fon 5 nmol + L-allylglycina 500 nmol
240 ~=-Baclofen 5 nmol + L-allylglycine 500 nmol
10 nmol — L-allylgly 500 nmal
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Time after allylglycine onset (min)
Effects of the infusion of 10 nmol 2-hydroxy-
saclofen on the baclofen (5 nmol)-induced reduction
in accumbal dopamine (DA) efflux derived from
allylglycine (500 nmol) infusion into the nucleus
accumbens.

PLEDOFERNS, AG 1T RIEENMK IS
MIAkEE D DA W2 L L, ZORhHEIE, [
AL GABAN TR TIL/2< GABAg &
KENLIZLDOTHD Z EDIREBI T,

(2) _UYPEBE LR D ZAKRTT=A F
D SKF38393 D#RS IR irs«@)%):)ﬁ%@ﬁx
FEHT DMK DA BOBINZE T 5 Catd
B 5

D, KK 7 =2 h® SKF38393 (0.5-1.5
pe) 1%, 7 v b OBRREERE RTG53
% &, [FEAL OIS DA &% amphetamine
VAL U 7= VE RS CaZ JERAEME I N &
% (Tomiyama et al., J. Neurochem., 1995)
L7 L, amphetamine $Hi% Ca™ (K71 Ot
TH ALt DA BZHMSE 5D T (Gray et
al., J. Neurochem., 1999) , SKF38393 ®#h & 4,
Z O—#IF Ca¥KFMETH B WHEME N B 2. 5
b, & 2 CTARBFTETIX invivo BN/ INEHTIE
ZHAWT, £, SKF38393 (2 & A #lifinst DA
BOBMNN, HERE DO Ca¥ D%, £1-
1%, DS BIRT & 2= ¢ SCH23390 (2
LoTHHl SN ENERF LTz, KIZ,
Ca®* O LM & JriE S, Mifast DA
MR ~OBITEFED D Z EBHEH DD
T, a 7 RUF U UZRERE Vi, ZBIKDT
=2 K (oxymetazoline, felypressin) % >
T & I S B34, Ca* I-fF(E F T
P b7 SKF38393 73 Mot DA 2384
T HPENITONTHIRE LT,

Z DFER,

(D SKF38393 (0.5 ug) DRI HE~D
5 X, I_JDBQ@{*EH”% DA &3 5-1% 20

TN EZD, 180 /MICH > THEMARL
7. $E1% 40~180 4y D> DA EDOINL, #
IR B Ca“%[&%%ﬁ“é LIZXKVIERL,
HHE DA 2T B % 5 2 728D SCH23390

(0.1 pg) DPFH TESE DWW 2 L= (KA,
@ MR D Ca” & FRrE L, SKF38393 %1’-%
FRERE A~ LA, &5% 20 &

@ DA #I% oxymetazoline (0.1 ug) DOPHFAIC
FvomL (MB), #H54% 40~180 73D DA
B felypressin (15 plU) OFFAIC LW EL
<#L7 (o),

A

o ~SKFIENG05 g

~o=SCHZII90 0.1 g + SKFIEX93 0.5 pug

== Catfres Ringor solution — SKFI8393 0.5 pg
—h—SCHZIA90 0.1 g
=C=Saling 0.5 pl
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Time after intra-striatal injection (min)

Effects of co-administration of SCH23390 (0.1 pg, open diamond) on the striatal
dopamine (DA) efflux induced by intra-striatal injection of SKF38383 (0.5 pg. closed
squara). The dala expressed as the mean + §.E.M. of dopamine levals (pg)20 min
sample {ordinate) and time (min) after the intra-striatal injection of SKF38383,
SCH23390, and saline (closed square, closed triangle and open circle, respectively:
abscissa). The data were corrected for the SKF38393-induced contamination, where
appropriate. SKF38393 0.5 pg, n = 8 (closed square); SCH23380 0.1 pg + SKF38393
0.5 g, n = 9 (open diamond); SKF38393 0.5 g with Ca**-free Ringer solution, n = 8
(open square); SCH23390 0.1 pg, n = ‘J [closed truangle; saline 0.5 pl, n = B (open
circle). The i p the S5KF38393 0.5 pg
versus SCH23390 0.1 pg + SKF38393 0.5 yg which turned out to be statistically
significant (post hoc Scheffé's test: P<0.05).




- Cafree Ringer salution — Onymatazoling 0.1 s + SKF38X0 0.5 g
== Ca™-free Ringer solution — SKFIX3 0.5 pg
=CmCares Ringer soluticn — Oxymatazciing 0.1 g

~#- Ca”dros Ringer solution — Saline 0.5 ul

A
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Effects of co-admini ion of oxy lina (0.1 pg, closed squara) on the striatal
dopamine (DA) efflux induced by intra-striatal injection of SKF38393 (0.5 pg) which
was seen after the intra-striatal perfusion of Ca®-free Ringer solution (open square).
The data expressed as the mean £ S.E.M. of dopamine levels (pg)/20 min sample
(ordinate) and time (min) after the intra-striatal injection of SKF38393 (abscissa). The
opened bar above the abscissa indicates the period of the Ca*-free Ringer solution
perfusion that commenced 120 min before the intra-striatal injection of SKF38383.
The data were corrected for the SKF38393-induced contamination, where
appropriate. Oxymetazeline 0.1 pg + SKF38393 0.5 pg with Ca®-free Ringer solution,
n =5 (closed square); SKF38363 0.5 pg with Ca’*-free Ringer solution, n = 8 (open
square), oxymetazoline 0.1 pg with Ca?*-free Ringer solulion, n = 7 (open circle);
saline 0.5 pl with Ca®'-free Ringer solution, n = 8 (closed circle).
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Effects of co-admini of felyp 1 (15 pIU, closed square) on the striatal
dopamine (DA) efflux induced by intra-: smalal injection of SKF38393 (0.5 pg) which
was seen after the intra-striatal perfusion of Ca®-free Ringer solution (open square).
The data expressed as the mean £ S.E.M. of dopamine levels (pg)/20 min sample
{ordinata) and timea (min) after the intra-striatal injection of SKF38383 (abscissa). The
opened bar above the abscissa indicates the period of the Ca*'-free Ringer solution
perfusion that commenced 120 min before the intra-striatal injection of SKF38383,
The data were corrected for the SKF38393-induced contamination, where
appropriate. Felypressin 15 pll) + SKF38393 0.5 pg with Ca*'-free Ringer sclution, n
= 8 (closed square); SKF38393 0.5 pg with Ca™*-free Ringer solution, n = B (open
square), felypressin 15 plU with Ca®-free Ringer solution, n = 8 {open triangle); saline
0.5 pl with Ca*-free Ringer sclution, n = 8 (closed circle).
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SKF38393 (0.5 ug) | ;5c£@f&@m%
A DA HEIMZ I, —F#8Tixd 228 Dy HIED
ML % Z LR &z, £7-, Ca
DIEFFAE T T, SKF38393 [Tk~ THIML
7= MifE4t DA OIME~DBATNE E > T D
e E T,

(3) RFEE LR Dy ZAEKT A=2
@ SKF38393 DRI M ~D Ja T % 5- 73
FHIT B AL DA WEEE D H Sk

Tx X7 AN DA KB ED
reserpine & DA & Rl A B 3 L E FE o0
a-methyl-p-tyrosine (a-MPT) % FV 7= #2270
5, ®EET I O dexamphetamine i, &k
D DA LR D LT 7 R/ N D T 72 B4
JAZE 26 ¢ DA ZHilas A~ 425 2 & &=
&L Twa (Watanabe et al., Neuroscience,
2005), NUHPEURADZRET T=Z K
?® SKF38393 17 » b ORGARTS M~ R T
#5475 L, dexamphetamine & JE{EL L 7= k%
TRENIEIRAEME ORI X 0 [FIEBAL O DA D i
HAEEHET 25, 20O DAIZY T A/NEE
MIEOWNTNERKETHENEHGNT
RN, F T, BERREMIERIR T > b OREGIK
RS~ SKF38393 DR 5355 L 7=
DA Mz 1F 5 v 7 A/ a & fiha g o
DA 77—/ /L DEEZSU T, reserpine & a-MPT
% FClin vivo I INBHTIE I L 0 BRET L7,

Z DOFER,

D Reserpine (5 mg/kg, 24 FEREET) £ 721
a-MPT (250 mg/kg, 2 FERIET OeFEE D
AR, BREIRTE AR~ SKF38393 O JmHTE
A (1.5 ug/0.5 p,l) Wk LT[R O DA ik
HiIZ, reserpine (2 & V49 82%723%, a-MPT (2 &
DK 62 o EnENHMEl s, b
reserpine & o-MPT DI %h D& EHE 100%
BERZ DL 148%IZE LT (F#),

@ MK DA % e St 5 728 reserpine &
a-MPT % #¢5 LCH, SKF38393 %% DA
HHIEIR 86% FE T LI TE 2oz (T
),

Summary of the dopamine efflux of baseline in the striatum (control) and SKF38393
(1.5 pg/0.5 pl) injected rats without or with pretreatment by reserpine (5 mg/kg ip.,
24 h before intrastriatal injection of the drug), alpha-methyl-para-tyrosine (250 mg/kg
ip., 2 h before intrastriatal injection of the drug) or both,

‘Without With pretreatment
pretreatment
Reserpine Alpha-methyl- Reserpine and
para-tyrosine  Alpha-methyl-
para-tyrosine
Control rats ~ 5.0+0.36 0.8+0.20 21+047 0.4+0.10

(100%: n=25) (17.7% n=7) (447% n=6) (7.5% n=5)
SKF38393- 84.0+£1203 148+7.48 3234864 11.8+7.32
treated rats  (100%: n=7) (176%; n=7) (385% n=6) (14.0%; n=5)

The data were expressed as means + 5.EM. of dopamine level (pg)/20 min sample and
corrected for the SKF38393-induced contamination, where appropriate.
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(D Sekino R, Saigusa T, Aono Y, Uchida T,
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Dopamine D:-like receptors play only a minor
role in the increase of striatal dopamine induced
by striatally applied SKF38393. Eur J Pharmacol,
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