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WBITBHAEERE, BEERITBWTHEANERELZ BN D OMBRBEKEIZ DN THERET
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R OBEE (3£30) : Dopaminergic neurons, which arise in the ventral tegmental area terminate
among others in the nucleus accumbens. The detailed mechanisms of rewarding effects of opioids
remain unclear, but the pharmaco-behavioural studies suggest that enhance of accumbal dopaminergic
activity plays a significant role. Therefore, in the present study, we investigated the mechanisms of the
increase of accumbal dopamine efflux in freely moving rats, using the in vivo brain microdialysis
technique. We also studied the noradrenaline-dopamine interaction in the nucleus accumbens and the
intracellular origin of extracellulary released striatal dopamine.
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BIMOEBNTHAWSNTWVWSY, REMTRK
EHEREOTINE RORTHRVWEHKE
DRIV RRE A9 ZHBF & 0 Ak~ 3%
592 N0 % DA fRHEEE D TUENE S
TE5HOEEEINTWVS (Narita et al,
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FIZAET 3 u ZEEOE L DEEMNTE
FEaNTOER, ABZKIZSHLTHS u %
BIEOFEMEENEEA O DA HREENCRIZ
TERIRIZASN Thaho . MRS DA BEEE
I3 DA HREBOEENBIEEDVEDTH
55, BEESIE pnZE G T I X S04k
BAD BETEGR &G FEEA OHIES DA £
ERETHERICIDONT, v 2BAWVWT in
vivo Bf/NEIRIC L st &7 o2& 25,
nRERTIZAIDT7 07 =)V, K
ERIBEEZET DRSS OERER
B 5 THHLZIIBIT HHIIES DA E &80
THIEEREMILTER (Yoshida et al.,
Neuroscience, 1999), & HIZHEESIL, p %
BEOHEMEY I-A MEFWEOT R
TN T7 4> (EM) -1 BRAAKICERKRS T
5 EFREAL OIS DA BOBMEEERE Z
TIEBHEL TE A (Okutsu et al,
Neuropsychopharmacol., 2006) . Z3 5 DL
W, IO j SAKFIBIIEEALO DA #
REBERETAIEEZRBETEIHDTH
S,

—%, GRE TIIEDOELZAES ERE O
BRERAEEEHOOABE S AFX 7ML
LIRSS, OEDAFRITIIH/N—
FVUREORER G EDPIE DA FHR
EMHEZE-EMBEHEDOEMERELTD
BIBIEND, OEDAFXIVT HAEICHE
THMER, ZOEMOEBEREA EHE
Bz KHEEZAZFT T2 BEBRENE
F DA HRICERZYTTEDSNTER,
UL, BIRE, BEBREE DA RO
BEIZCIAN—F UV UROBEDO-DM
MO DA HRIEHEEZO 2 EME/RETH L,
IN—=F 2 RERN K ET 5 LARTIC OB
PVAFXTUTHRRETRHZEDMENTNY
B, ZDIEMSKIMEEKI D DA ##%
DOBIFBORER, OESAFXCTNRET
LUREENEZ SND, ERICHFEESDY
=T TII AR D DA #RIERETIEN T v
MNCABYAFXOTROEEEG2EER
T EEHELTWS (Cools et al., Eur J.
Pharmacol., 1995) .

2. WO BER

EBREMERAWVCEBOBMFEORRIC
HOE, QIO DA #ROTLE I REER ¢
BEOKFEERRICBEADLZ 2L, £/, Ok
PAFRTUTROEOEEBOREILITHE
EEBEBOFRERD I EMFNFNHES
NTW3, LHLANRS, invivoe DEETIZ
BT D RLED DA HRIEBIDITEA =X
LDFEMIIAS M TRV, £ THEHEIILS
v ORI DOHMS DA BEEEE DA RIS
BOEEEL, in vivo BT 2040 DA
HRIEEMEEEE 2 SN T 372 invive
B/ NEITIEIC X B RFEETo /=,

7, HILEZD DA #READATINIEE X
TS GABA FH#ZIZ X 2 I FdE oo 1
Bl (BEMED 12X 3 DA R OIEE TTEHE
IZDWT GABA ZREKY T4 7OHEMNS
BRETEIMA . p ZEREHBNEEL TS DA
HREDTTEICIT GABA #ROMWFIAEEH S
ZEBRNSNTVWBOT, DI, RWEHY p
RERAT I X MEFHME D EM EDOR T4
A% DA EBEEED A 71 = X L = RERALIC 4
9% GABA ZREY T &1 TOREOHE
MR ERA . T, QI DA #EEH
Wb ZENEFaINTWRENS, Fn
B O HIH R O 2 MATE 5 0 Tl LW ElAk
B NA #EICDWT, MRS NA Bt
WBIFB7RLFY UBEGKY TS TO
BE|OHEMN SKRETL 7=,

—7%, DA SRKYT Y1 T OMBEEDRE
WELAWSENTWBERYYE % D, Z
BET I=AM®D SKF38393 13, v hO#
BEEUMNBE~ARAITEET S &,
dexamphetamine &2 A= AL T D, BE
&N &I FEM OMAES DA B & BT
% (Tomiyama et al., 1995). Dexamphetamine
1, FRRROT T T ANROHZS TR
BHINS5OD DA EBEDERT AN, 20
SKF38393 ALEIC L D FR S/ DA DMl
ANHEREIZHESMATHEW, FIT, T0
SKF38393 DBEEEMEIANDOHEENFHKL
7= FERALD DA BEEEAS, T 7 A /Nf MR
BOWTHERARKELTWLANZIDWTRKR
FE{To .

3. HIEDFHE

(1) A RAZ2—V O FH . ERIC
Id Sprague-Dawley R#EEE T v b (KEH 200
g) ERWE., X MNIILES—)L (50 mg/kg
ip) CKDEFMEEEZHB LTy hEREN
EEEBICEEL, BNERTO—TEEA
HA RAZa—1%2I_Fal—%—TH
ABIATHENL LTz,

(2) BATU/NEITEER : fiRDNEMRID 7
~10 B, v MERFy—CREBEHICEH
FXDONDEMT THM/NENERETH
7o 7, Ty FNERFTRLEFL TN
INEHT T O—T %A Rhoa— LIS
BEL, F70>Fa—T7&2#EELE, DF
12, I w M 35%x35%35 (cm) OF 7 U)LE
HEy—DHIcHBMINAL, NBUNERS
O—7AHB) UHINEEA 72— 3
SR ED 1~2 WHTERLT, B
BEE4LUTHRNANEEZY T E L TER
BICENR L, 2OY > 7INidt— ka2
T —ERNWT, Gk aT TS
25 ¥203 20 A EICHEAL, ESLFRE
BTYTIFODAXIINAZERLT-,



(3) Yo FFHRKE : Kg/NBEHR So—7
EE 4RMULENRBL, Y7 IHD DA
FIINA BEN—FITR -7 T & 2 FEREB,
W h ERIRICEMR LSBT I X 5 R4
ADFFERBS 2TV, DA X/ENA B
DOEE ARRICHEDBR Lz, AT
< BREAERASERGRE LEZ—EDE
BT, EYRE5RAOMN— RIVE2BHIE
FREIHE A =M NET T o—T 280N, Z
DYNZ— RV ER LI EYDOBREEAND
B S 217> T DA BOL{LE 3 BRICh
EDBRLU -, W/NENT T O— 7 ORENLAL
B, RBUNERERKTRICERLEES
50 um ORI DEFE VI THER L 7%,
EHETOD 7 FICBITFBZTRTOE
Bid, HEREEETNIMEREBSDER
DOF, EMERIESHIHES TV, EEREMY
DEFERPLIOFERBYORBICE D,

4. PIERR
(1) Endomorphin ¥ FE421% DA B ICH
WT GABA ZBEY T &1 TMRITRE

NEHE P SEE7 I A MREEHED
endomorphin (EM) -1 & EM=2 1%, S5v h®D
Rl EREE T E, WINESALD
DA #BEERET 2, p FBEFET7IZA M
£ BB DA #REEELIL, n SEREREE
St L7 GABA #REHREDOHMFIC KD Z &
ARBENTWBA, EM ENER U7 fls
¥ DA IEBEIC BT 2 RS D GABA A Y
T 54 TOEEOEMIIAS N TRV, AT
ZETId EM-1 & EM2 TN EFNOERR ST
BRINS AL DA BB BT 2 FEEAALD
GABA ZBEKYTH A TDRENZHS NI
THHNT, |BHEIEHES Y FE2AY, in
vivo BT/NBITEIC TR 2175 7=,

b5, A OER DA B S, EM-1
BLUVEM2 HF DA HEEEICHN LT, GABA,
SZAKRZEY(F T MO muscimol &7 >
& = Z b ® bicuculline) B XN GABAg &
EREY (F7IZA MO baclofen &7 > T
ZZ M@ 2-hydroxysaclofen) @ FFTERRS
DR EFNTNR L=

DA FEBEDHIEICIE, BILRICEA LN
WANEHT 0 — 7 %4 U TR L 2 #igs
BPEDDA %, BERILFEREBEHAEDE
EEERE IO N TS T THBEEEL
o BYNINWTNHERBRIEMRL, MY
INGHT T O — T B U S 4T TRl
RFTERZS Lz,

T DFER, GABA, ZBEEREYEZR NV
MEXLD,
@ GABA, ZAEKDOT7 IZA b+ (muscimol;
2,500 pmol) &7 ¥ T=ZA b (bicuculline; 5

BL 10 nmol) &, FEICERE DA il %
KE®7.

@ Muscimol (2,500 pmol) FHEF DA B D
K13 bicuculline (50 pmol) IZ L DHEH I NS
ZEMHSMNMEo T,

® EM-1 # % DA 83 muscimo] (250 pmol)
L DEE I N/=AY, bicoculline (50 F=id
500 pmol) IZ K BEEIIZ T AN > T,

@ Muscimol (250 pmol) IZ & % EM-1 #3E DA
HEEEDIELENL, bicuculline (50 pmol) DHEH
ko THRINE (FRA,

® Muscimol B & bicuculline I, WTNd
EM-2 (25 nmol) A3FEFE L7 DA EEEICEE
ZHEZlahol,

Muscimol & bicuculline & 2%, W§ b i
DA HEEZBARITEIENS, THHOHE
M3 ENENERBEAICER Lz v 8EME
MEZ SN, D5, muscimol 1, DA
HEEMHE T2 GABA BN EHBE LD
GABA, ZEMKICERAL T DA WRREENZ B
&2 DIZx L, bicuculline 1&, DA ##% L
D GABA, ZEMICEREER LT DA R
MBI ERET DI ENRBEINE, £
7, GABA, ZEKDY I A Mid EM-1 D%}
REREZREN, 74T AMTRZED
XORIRITED NN EMNS, DA
FRREKRICHTET 2 GABA, ZARMFITHTS
EM-1 OPHRIIBEESICELTHYD, Wb
WAHRKRDREZFZRL TWERREEENREIN
7= CRERB)., 52, EM=2 (25nmol) %
ZE3R L/ DA FEEICY U T muscimol &
bicuculline 1%, WIFNHEHLRFEEE 2/
Mokl EME, EM2 I3 EM-1 &3 &5 A
A= AL TRILED DA B Z{EETS Z &
WREINT=,

A —rr=EBt-1 25 numol
—8— Muscmol 260 pros! — EM-1 25 nmed
500 4 == Blcuciting £ pmol -+ Musclmol 250 peot — EM- 28 nmol

% of basal DA feval

o ¥ T T T T Y T 1
80 60 4D 20 0 20 40 6¢ 80 4100
Timse afier EM-1 onset {min)

Effects of the infosion ‘of bicucuiline (50 pmol) on the increase in.
accumbal dopamine (DA) efilux.induced by the co-administration of 250-pmol
nwiscimol‘and 25. nmol efidomorhin. 1 (BM-1; n=6, open diamoids). The dafa
are expressed as the.inean of change in 5:min obsexvalion periads after onset of
endomoarpliin-1 infusion. Vertical bars indicate'S. EM. The filled bar aliove the
abscissa indicates the.period of bicuculline perfusion {50:min) that commenced
25 miin hefore onset of endemorphin-1 infusion. ‘The open bar-indicates the
‘perind of infusien: of muscimol (25 min) that commenced 25 min before anset of
endomorphin:1 infitsion: The hatched bar ahove the absoissa indi the period
of endoiniérphin-1 perfusion {25:min).
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GABAergic Interneuron
mu-opioid recepts
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Dopaminergic nerve ending Dopamine

A’model i.udicaﬁng how GABA-ergic interhewron and doparniriergic
neuron (dopaminergic nerve ending) interact by mediating GABA, s well as
- oplm.d receptors in the nucleus accumbens The ghal cells which may

"\ fe 1o the régulation of extracethilar neur T levels are not
inchuded, The arrows are indicating the GABA and. dopamme release froms the
aerve endings:

—7%, GABAg
MELUTORERERE
® GABAg %"”ﬁk? c T2 RO
2-hydroxysaclofen (100 3 427X 500 nmol) /3%
DA WEBEERE KL /=,

@D GABAs ZAM&ET =X M ® baclofen (2.5
BLU5mmol) 1, ERE DA FHICEEEE
A7xINo Tz,
i DA BEECEEE5ALVED
2-hydroxysaclofen (1 3 & 7} 10 nmol) &, EM-1
(25 nmol) #FHFE DA Wl & B Bz,
©® Baclofen (2.5 BX X5 rmol) {4, EM-1 (25
nmol) FHF DA BBEICIIEE L5 2 hoT-
H DO, 2-hydroxysaclofen (1 33X T 10 nmol)
12K 3 EM-1 (25 nmol) #HF DA WD EHE
PDREHFL (FED.
@ 2-Hydroxysaclofen (10 nmol) 3 & T8
baclofen (5 nmol) I, V3§ #1 % EM-2 (25 nmol)
WEEF L DA EBEICREE R 5 X aho Tz,

’;‘%ﬁﬁi%:é‘ﬁ% % W

—fr—EM-1 25 nmol

—<O—2-Hydroxysaclofen 10 nmol + EM-1 25 nmo!

- 2,5 nmol — 2-Hy
500 9 —9-

~®—Baclofen 5 nmol — 2-+

10 nmol + EM-1 25 nmol
10 nmol + EM-1 25 nmol

450
400 4

% of basal DA level
N
g

-80 -GO 40 20 0 20 40 60 80 100
Time after EM-1 onset (min)

Effects of the infusion of baclofen (2.5 nmol; n=8; open circles, 5 nmol;
n=6; closed circles) on lhe in bal dopamine (DA) efflux

i d by the co-ad n of 10 nmol 2-hydroxysaclofen and 25 nmol
endomorphin-1 (EM-1; n=5, open diamonds).

The data are expressed as the mean of change in 5 min observation periods after
onset of endomorphin-1 infusion. Vertical bars indicate S.E.M. The filled bar
above the abscissa indicates the period of 2-hydroxyseclofen perfusion (50 min)
that commenced 25 min before onset of endomorphin-1 infusion. The open bar
indicales the period of infusion of baclofer: (25 min) that commenced 25 min
before onset of endomorphin-1 infusion. The hatched bar above the abscissa
indicates the period of endomorphin-1 perfusion (25 min).

NS DFRNS, D GABA &4
fRIZEERE DA BB X O EM-1 55 DA e
OFEAICBNTHRNLRE ERT &
MR ENnkE. 7z, 2hydroxysaclofen &
baclofen DWW T L HA EM-2 (25 nmol) FEF
DA HEEICEEEE XMool NG,
GABA; ZEBOBAESICDOWTOERERNMNS
H, EM-2 13 EM-1 &3 B2 BB TRIAED
DA B Z{EET 5 Z LRI NI,

PAED GABA, ZARBRREY B LT GABA;
SREZEMERVWERFEOERLD, EM-1
SRR ICERZR ST 5 &, DA #RKEKIC
FFET 5 GABA, ZAMKITH T 5 GABA AN
DEWRIZFDZN LT, BB DA HEE%
BRTBURENREINZ £, 2O EM-1
FERAAR DA BBEOFIEICBWT, A4
@ GABAg ZAEKIIHHN 2 &E|ZRZTZ
EMTRBENE, T5IT, BEEAD EM2
DERFZEIT, EM1 OBEEGEERERD,
GABA SR %N T ICREAL O DA 8%
WREEBIENRBEIN.

(2) Reboxetine % F | 4:4% DA EBEIC B W T
B EAMMNRI-ITREICET 205

FWILENS O NA #RIL, FROER
DA #ROBTHT HMALEAATT S, {4
D NA i & DA ik & ORI B #E o i
BERUARE AR H D, ZOWBRICTHHTD P
SZRROEEEIC X BFEEIIFERTML DO DA
WEEEZE T B, —, NA WDRAHEEE
WIS REIBRIC BT NA DAL ST DA D
BINT 54, FORBAHEEE L TNARDA
AU Z N L 7= DA OMIBRABITOREDE
EMRRBINTNB, LML, NA RDAA
FHEEDRT DA HEBEHEEER MRS NA
HEOEMICL 3 ﬁﬂ*ﬁmﬁﬁﬁxﬁabaﬁ\%
MIZDWTIZFES N TRV, FITEMET
i, FERE B ZAMEWE D propranolol % H
WT, ZOEMMPERN NATRDAAREE
@ reboxetine DR R D DA FEBETES)
REMNETE2NENTDWTHREL 7=,

ERITITEMBEIEMR S v b EAW, 4
BN S B/NER o —T %24 U TERL
7o MREA R D NA BXLUDA l;t HPLC-ECD
ETHEE - FBL. EHI3WTNHERK
PICEREL, MNE Ta—T&2 ALz
B CTRISEIC HFTERKRS L.

Propranolol I, 4D B ZAEDIEENE
I & BIEHEEDFER T 2 R D DA HEEED
TLEZHIFIT 2 HEZ A,

FORER,
@ RIS OERENA BL DA ERITWTH
%, reboxetine (1.2, 12 pmol) DEFH 51T
X#EALE,
® Propranolol (300, 1200 pmol) DHEHHZS



1d, ZHE NABEBE, EFE DA i, reboxetine

FHNAEBIIINWThEAREER 52
720 o 778, reboxetine M EEFE L 7= DA 1ERED
HAkEEIHILZE (FE A, B

A =~ Reboxeting 12 pmot
~&—Reb Ine 12 pmol + prup 300 pmol
2004 & 12-pmol + pi 41200 pmol

% of basal NA level
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(A) Effects-of a 60 min-infision of J-propianolol {propranolal; 300 pmol (n=9;
closed triangles) and 1200 pmol [n=7; opened tri )} on'a 120 min-infusian of
rebaetine (12 pmol)-induced increase in noradrenaline (NA) level in the nucleus
accumbens (1n=6: opened diamonds) The-'data are expressed as the mean change i
20 min-observation prriods after onset of a 120 min-infusion of rebaxetine (12 pmol).
Vertical bars indicate S.E:M. The filled bar above the abscissa indicates the period of
reboxetine: perfusion, The opened barindicat u [he period nf mfusnon of l-propranolol.
(B) Effects of a 50 min-infusion of 1-prop ) [prap 1: 300 pmof (n=9; closed
triangles) and 1200.pmol (n=7; opened triangles)] on a 120 min-infusion.of reboxetine
(12 pmol}-induced increase in dopamine (DA) lovel in the nucleus accumbens (n=6;
opened diamonds). The data are‘expressed as the mean change in 20 min abservation
‘periods after onset ofa 126 min- -infusion of reboxetine (12 pmol). Vertical bars indicate:
SEM. The filled bar above the abscissa indicates the period of rébaxetine perfusion. The
opened bar indicates the periad of infusion of I-propranoloL

LI ED#H RN S reboxetine D3EEFE L /=04
B DA EBETTEIZIE, RIBBALICBLTEM
U7-#ifast NA 1T X % B AR OEMELAE
b2 TREENREI Nz,

(B) RYEFELED,ZFEFR7I-A D
SKF38393 DREREMH~DBFTZKGNE
9 DS DA EEBED S IZEE S A5

BL2RBFTANEBHN DA HBED
reserpine & DA BB EBEREED
a-methyl-p-tyrosine (a-MPT) % F W =HgEh
5, BEEY X > (@ dexamphetamine 13, ##5k4&
@ DA KDL F T 2/NNEDO A7 5T
fAE N5 B DA ZHIAANANKHT S 25
&L T35 (Watanabe et al., 2005) . N
EORDZAET IR b D SKF3839313 5

v hPOBREGCEMENRFRHEEFT S &,
dexamphetamine &8l L 7= IR IEENIEIKTF
HEOEEIZ L D RIEMID DA O #{BE T
20, ZODARIFTA/MNLEMBEEON
ThEHAKETINMNIASN TRV, £IT,
ERBIEHER Ty POBREERERAHLAD
SKF38393 D RxGMNFEFR L7 DA BHI
BIFBLFTANBEMBRED DA S—)VD
B2 DT, reserpine & a-MPT ZH W T in
vivo FRI/NEITIEIC X DRRET L 7. T DR,
@ Reserpine (5 mg/kg, 24 BFfRG) /=it
o-MPT (250 mg/kg, 2 KRR O2H®RE5D
R, BEBREAREAD SKF38393 D FFIE
A (1.5ug/0.5 D) WFERL =FEBLLD DA K
HitE, reserpine I X D #) 82%%Y, a-MPT I X
DK 62 sMNEhETnH|MElcH, b
reserpine & o-MPT OMFHZNR DA EH 100%
ZBIBK144% 1 2E LT (FR).

@ HIBEAN DA ZHiB X 5728 reserpine &
o-MPT {5 L TH, SKF38393 5% DA
BRI 86%F TL N RITE a7 (F
o

y of the d ine efflux of baseline in the striatum (control) and SKF38393

{1.5 ug/0.5 W) injected rats without or with pretreatment by reserpine (5 mg/kg i.p..
24 h before intrastriatal injection of the drug). alpha-methyl-para-tyrosine (250 mg/kg
i.p., 2 h before intrastriatal injection of the drug) or both.

The data were expressed as means = S.E.M. of dopamine tevel (pg)/20 min sample and
corrected for the SKF38393-induced contaminarion, where appropriate.

URED#ERMNS, Tv bOBEREHRRA
@ SKF38393 D /&, RELoT -7
A/MNBEMPREDORSMNS DA ZRHT S Z
EMREI N, Fi-, TD SKF38393 LB
HIBEN D DA O 7 Z/MNEEMBRE DR D
BEERERTHIE, I5ICHEES DA O
JERNNOBIAAEEZEET 2 Z &NTh
THRB Nz,
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(FaFER) G148
QO UHFET, FHKE, =& #, KH#HE
Z, SJIFEH, Allylglycine @ v MMl R
INS VIEBEHEESIRICBIT D GABA THME
DRE 200047 B 11 B, £ 120 BIEAE
HESEERE, REERERKE/5 58
HEE, HREHBXEK
@ =t ¥, FHKHE, HEEET, /L7
RLF) CBERDAAHEEEDORT Iy b
DORIAERE RIS 2B EEE R~ B AR
FENRETER. 20006 H6-7H, &1
BIHEFLHES 5 ZFRERELE 24 BIEEX
EROEEZSRE - 2R, REERY
=54, REHTFREX
Q HHEET, FHKE, =K #, k#E
Z, BJIEHRA, T b alylglycine 35 FAI4
B RIS IEBEFUEIC BYT D GABAR SA K
D%E]. 20094E5 8 16 A, F 61 BIHAKRE
BERBE - ZWARE, HERFEHEEE, K
EHTFRAK
@ FHKEB, = 8, BEHFET, CoolsA.
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