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#$% : Adenosine (AD) ®ZA 1 (R) FEFRAAEZE (ant) caffeine (CF) @
B/ (PA) SHFEEMH, KU carbamazepine (CBZ) @ PA #4305 6 e #2HA
D 7-® microdialysis # vy, #245{K dopamine (DA) ##ioxtd 2 A1-R, A2-
R O#R A28 L, Fl>T CF, CBZ MHID AD-R 12t 3 2308 2 3T L,
JEF R AD-R EEIE (ago) AD (50 M), 3BIRM A 1-R-ago CCPA (1 uM)
13 DA FEBER 4L, FEERA AD-R-ant CF (100 xM), ZFEIRH A 1-R-ant CPT
(50 M) X DA FEBEREIIL 7, Lo L, A2-R-ago DPMA (5M), A2a-R-
ago CGS 21680 (10 xM), A 2-R-ant DMPX (10 «M) iZ DA #ESCHIR 2R %
oz, —74, CPT pretreatment 2 i3, AD, DPMA % DA #2210, CF,
DMPX 1387, CGS 21680 3R 2R S khotz, CBZ (100 £M) 13 DA HEE*
B, CPT pretreatment OWEETHIIL 72, A 1-R BHETTHEIX DA FEHEIHIL,
W2 A 1-R BEBEIDHI OBRBE T T A 2-R BRI 1X DA IFRE= 8 IL 72, A2a-R-
ago M CGS 21680 3 HHL AL L k-7 2 & d, A2b-REERELHE, HB Wi
A2a-R Y A2b-RAEZEAREEETEN DA EIMT 20 EHEz N5, U
XD CFIZALI/A2 (A2b)-R-ant, CBZ i3 A1-R-ant, A2 (A2b)-R-ago T
b HAREE DI RE Sz, CF 13 PA 2555, CBZ I PA 2G5 &0, A2
-R (A 2b-R) HEREHMN4IAHY PA 5%, A2-R (A2b-R) #EEFL#ED PA MBS
T 2 REME R S Tz,
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APZ 13 TCA WH LHRKBFRZIFERATHL LD,

APZ %5 BOBER, H2WIZhEIRRC A 28N

BiifEE (PD) 12xtd % monoamine oxidase TEROFELEEHE L, carbamazepine (CBZ) 7 &

inhibitor (MAQOD?® kU3 BRFRN S >FE (TCA)'®, OMOEHOPABE 2 LEE T2 e LIFLIE

% 7z alprazolam (APZ)? 7z £ @& J7ffii benzodi-  &ER&h 3%, PDcxts 2 TCA, APZ#&E5I3ER~%

azepine DHE MM IR LRER SN T3, Lrl, EEETEH D, BKRIIZIELT L LB O
TCA IR FEFEBEMELB L, HEFEYIIBERRS ERE R,

D BMFANE (PA) PG EHEL L 23H D, PD %% 13 PA BEBFOSENERICE  OFFF

dropped out S UIE LIXFRE & 72 %, FZick v #Efah, serotonin (5-HT)2”, cholecys-
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tokinin (CCK)'¥, adenosine (AD)V{R &% & 8
RIBENTWE, LylL, BEDLIA, ZhbD
RERD A Tid PD DAALFRRIREDOE S L VL5
HEREMHEN T2 L 3REETH S, 5-HT KBTI,
chlorimipramine (CMI) 7z & ® TCA 3 5-HT H
WYRAHBEESNREET 225, 5-HT-REHED,
meta - chlorophenylpiperazine (m-CPP)? ix PA
2FEHRT L. CCKiX PA #FH T2 bDD CCK-
REFZED PA o3 220 RIIAETIZR S, L
bR RS Shi: CCK O R HEE N OZEBIE Y
FHEHRIZICHEZI N TRV, AD{RSHELT
it, FEFFEN AD-RIEEZE TH 3 caffeine (CF)
O PAFEREAIHRESIATWEY, Lol, #ic
AD-R F81% D PA X3 28R IIMET I LTk
v, —7%, CBZ © PAMIGHWER 283 2 TREMED R
Ex3NTwdpnmme CBZ i AD-R #SHREDEE
HUERIZEAFES T,

Neuromodulator & % \»id neurotransmitter & L
TEHEN TS AD OBRETUEDI T T AP ALER,
EREE, HEREL SRR RBERREE TS
EDHERIN T3S, AD R > THRFES
WEEAEFEAShTHZY, ZOBAOFEREL
T, % AD-R sub-type OEBEDSFEHICRET AN TE
5F, RETHBLEAPRL B2 N LTSN
5, AI-RiZHIHIMEELZET 2 2 LirFsnTn
3205, A2-R B ZDEEMBENTRRINATNS D
DO, HHEHEGEEYEER T 23R8 %
FIWEDRELZ > Tnznom,

A4 Tid, microdialysis % A\ 72 dopamine
(DA) FEHEREHBEIC L A1-R, A2-REkesTHE
%R A, H\T CBZ, CF @HD AD-R sub-type i
X3 HRR % HEHRE L, CBZ,CF @ AD-R Wty
SRR L, PA T 2ROMERORE 2R A4
1z,

) *

1. In vivo microdialysis system

EE250~300g DEHEWistarh 7 v b DR
#% (A=0.2mm, L=3.0mm, V=-3.4mm from
bregma) 2, YEXFILT—F VBT T [-type B
70—~ (0.22 mm diameter, 3 mm expose mem-
brane, Eicom) ##HA L, 7o —~§EA 24~36
KR, 2 ml/min OFRE TENTRER E BB L,
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HMEaS DA 2B L /2, Na*(145.0mM), K*(2.7
mM), Ca®* (1.2mM), Mg?* (1.0 mM), ascor-
bate (0.2mM) %&#&, VY UENNy 77— (10.0
mM) KU Tris/Ny 77— (1.1mM) T pH7.40
WCHBLIEEY VSNV EENKE L TRV,
ET#IE 20 min R TEYY L, ECD-HPLC %
THikES DABEEZREL 1219,

2. ECD-HPLC system

HPLC system iZi%, &> 7 VMD-501 (Yanagi
moto) %, B & 2 X ECD-100 (EICOM) % H
v 72, E #E Id graphite carbon 8 (EC -100,
EICOM), &g @M Ag/AgCl 2 H\», BEE X
750 mV IZHE L7z, 47 AH 7 A1 Superspher RP
-18 (75 mm x4 mm, #H7FE 4 um, Cica-Merck)
ERY, 27 LRBEFISCRFELR. BEHEBI
X15% A% ./ —n, 200mg/L sodium octansul-
fonate, 0.1 mM EDTA-2Na #&A770.05 M cit-
rate/0.015 M sodium acetate buffer # pH 3.2 iZ
FAE LIz DEH WY,

3. Chemical agents

JERFEM AD-R EEIZE AD (50 M), FEREM
FHEZ CF (100 M), 3Ry A 1-R {EEHZE 2-Chloro
- N6 -cyclopentyladenosine (CCPA : 1uM), #
R #9 BE & % 8- cyclopentyl -1, 3- dimetylxanthine
(CPT : 50 M), A2-RZBIRHF B EN6-[2-
(3,5- dimethoxyphenyl) -2- (methylphenyl) ethyl]
-adenosine (DPMA or PD 125944 : 5uxM), 3R
#J [H % % 3, 7- dimethyl -1- propargylxanthine
(DMPX : 10 uM), ZLT A 2 2%k sub-type D
A2a-RFEIR&ESE) Z 2-[4- (2- carbaxeyethyl) -
phenethylamino]-5-N-ethylcarboxamide-adeno-
sine (CGS 21680 : 10 xM), CBZ (100 M) %3&
W IERRE LB L /2,

4. Study design

4 EIQOREEDOFIHE 2 FRRETEH > - b D %
CVEELT, CV5% %HEZ%E (control), &3
HEzaB LI ENMBOEREREL 2.

%Bx 1) AD-RFEHE, HEED I v MEFEK
DA &3t 3 2 R oEt

CV<5% %#HER%E, 120 min [E, JEFEF|2&8MT
BHRL, AD-RD7 v MiskiE DA BRI T %)
RERR LT,

KB 2) AI-REREHERBTICE T2 ADRA
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Fig.1 Effects of adenosine receptor agonists on

striatal dopamine release.

Extracellular striatal dopamie (DA) was mea-
sured in striatal perfusates for 60 min during
pre-drug period (control), and for 120 min
after 504M of adenoosine (AD), endogenous
nonselective adenosine receptor agonist
(closed circles), 1 uM of 2-Chloro-N6-cyclo-
pentyladenosine (CCPA), selective adenosine
Al receptor agonist (opened circles), 10 zM of
2-4( (2-carbaxyethyl) phenethylamino ]-5'-N-
ethylcarboxamideadenosine (CGS21680), selec-
tive adenosine A2a receptor agonist (closed
squares) and 5uM of N 6-[2-(3, 5-dimethoxy
phenyl) -2- (methylphenyl) ethyl]adenosine
(DPMA or KD125944), selective adenosine A2
receptor agonist (opened squares) perfusions. Or-
dinate indicates extracellular DA levels (f mol/
sample) of mean+S.EM(N=6) and abscissa
shows time in minutes. Comparisons were made
between mean values obtained before and after
adenosinereceptor agonists perfusion (*:p<
0.05, **:p<0.01 by repeated measurements
one-way analysis of variance (ANOVA) with
randomized blocked design test and Dunnett’
s multiple comparison test).

The levels of strital dopamine release were
significantly (p<0.01) decreased by perfusion
including AD and CCPA, while CGS21680 and
DPMA did not affect striatal dopamine
release.

FBIEE, WEED 7 v gtk DA SRR T 5
R OB
CPT (50 pM) %#EHL, CV<5% %HEE (con-

trol) #, &FEHF|% 120 min #EH L 72, A 1-R #EE
[HEBRBE T TO AD-R ©F v MRS DA HEEC
T EMREBRE L 7.

5. HEEHHRAT

Hati#EfTIc 1, repeated measurements analysis
of variance (ANOVA) with randamized blocked
design #HVy, &RFEHFZ L35 DA T T 3R
DOBEEEXHEZL, p<0.05 DHE, Dunnett’s multi-
ple comparison test % B WEFIz L 2 EHOHERE
FEHT U7z, p<0.05 ZHEH#REBIIEIMND 5\ i3
YUtz EHEL Tz,

b 2
kEBX 1.
AD-RYEBEED 7 v R%EE DA Mg+ 2%
B (Fig. 1)

JER A AD-R fEEI3E D AD (50 xM) R USEIR
) A 1-R E8% CCPA (1 M) 3EE (p<0.01)
i DA EEEEINEI Lz, L L, SR A 2-R 158
EDPMA (5uM), BIRWA2a-RIEFHE
CGS 21680 (10 uM) X DA FEBEICZNI R %R I dpo
A

AD-R [HEZE KU CBZ 07 v Mk DA #ihc
3 38R (Fig. 2)

JERF M AD-RIREZE CF (100 M) KR USEIRS
A1-RIEEZECPT (G0xM) BEE (p<0.01) &
DA #H#EIE L7z, Lo LEBERWA2-RIAEE
DMPX (10 uM) X DA WBECEHR 2RI L0572,
T#bb Al-R RBERMEE2E T 2EHFid DA ##ic
HEL)>Z2, AI-REEMERXE ST A2-RZD
AEMMEE T 2E X DA BB L ko,

CBZ (100 uM) iFEE (p<0.01) & DA HHE%
JLHEL T,

=EX 2.

A 1-R #AEMEIBE T ICB 17 5, AD-R fEBIED
Z v MEZ&E DA EE et 3%hE (Fig. 3)

B A 1-RHEZE CPT G0uM) w3 Al-
R BTGB T O, FFFFEMN AD-R EEIZED
AD (50 M) KRUBEIRM A 2-R fFE1ZE DPMA (5
mM) BEE (p<0.01) & DA FE#EETHEL 7203,
IR A 2 a-R {EE13E CGS 21680 (10 M) ik DA
FERWRE RS o Tz,

Al-RESBEMEIRE T ICB 1T 5, AD-REEER
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Fig. 2 Effects of adenosine receptor antagonists and

carbamazepine on striatal dopamine release.
Extracellular striatal dopamie(DA) was mea-
sured in striatal perfusates for 60 min during
pre-drug period (control), and for 120 min
after 50uM of 8-cyclopenty-1, 3-dimethylxan-
thine (CPT) , selective adenosine Al receptor
antagonist (opened circles), 100 uM of caf-
feine (CF), non-selective adenosine receptor
antagonist (closed squares)and 100 xzM of
carbamazepine (CBZ:opened squares) per-
fusions. Ordinate indicates extracellular DA
levels (f mol/sample) of mean+S.EM (N =6)
and abscissa shows time in minutes. Compari-
sons were made between mean values obtain-
ed before and after adenosine receptor antago-
nists or CBZ perfusion (*: p<0.05, **: p<0.01
by repeated measurements one-way analysis
of variance (ANOVA) with randomized
blocked design test and Dunnett’s multiple
comparison test).
The levels of striatal dopamine release were
significantly (p<0.01) decreased by perfusion
including CPT, CF and CBZ, while DMPX did
not affect striatal dopamine release.

KRUCBZOZ v &G DATERE T 2 %1E

(Fig. 4)

JERE M AD-R FREZE CF (100 uM) RUSEIRE
A 2-R [H¥E%E DMPX (10 uM) BEE (p<0.01)
W DAFERIHI Lz, $hbb, Al-REAEREE
BUET TI3, A2-RH¥6EITE I DASBEEMLE
7z,
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Fig.3 Interaction between adenosine Al antagonist

and adenosine receptor agonists on striatal
dopamine release.

Extracellular striatal levels of dopamine
(DA) were measured in perfusate for 60 min
before 8-cyclopentyl-1,3-dimethylxanthine
(CPT), selective adenosine Al receptor
antagonist perfusion, for 120 min after 50 x4 M
of CPT perfusion (control) and for 120 after
CPT plus adenosine receptor agonists, such as
50 uM of adenosine (AD), endogenous non-
selective adenosine receptor agonist (closed
circles), 10uM of 2-[4-(2-carbaxyethyl)
phenethylamino]-5'-N-ethylcarboxamide-
adenosine (CGS21680), selective adenosine
A2a receptor agonist (closed squares) or 5 M
of N6-[2-(3,5-dimethoxyphenyl)-2- (methyl-
pheny) ethyl] adenosine (DPMA or PD125944),
selective adenosine A2 receptor agonist
(opened squares) perfusions. Ordinate indi-
cates extracellular DA levels (f mol/sample)
of mean£S.EM (N=6) and abscissa shows
time in minutes. Comparisons were made
between mean values of control and those
obtained after adenosine receptor agonists
perfusion (*:p<0.05, **:p<0.01 by repeated
measurements one-way analysis of variance
(ANOVA) with randomized blocked design
test and Dunnett’s multiple comparison test).
Fifty xuM CPT significantly (p<0.01) in-
creased DA release. CPT plus AD as well as
CPT plus DPMA significantly (p<0.01) in-
creased striatal DA release, while CPT plus
CGS21680 did not affect striatal DA release.
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Fig. 4 Interaction between adenosine Al antagonist

and adenosine receptor antagonists or car-

bamazepine on striatal dopamine release.
Extracellular striatal levels of dopamine
(DA) were measured in perfusate for 60 min
before 8-cyclopentyl-1, 3-dimethylxanthine
(CPT), selective adenosine Al receptor
antagonist perfusion, for 120 min after 50 ¢ M
of CPT perfusion (control), and for 120 after
CPT plus 10 uM of 3,7-dimethyl-1-propar-
gylxanthine (DMPX), selective adenosine A2
receptor antagonist (opened circles), 100 xM
of caffeine(CF), non-selective adenosine re-
ceptor antagonist (closed squares) and 100
1M of carbamazepine (CBZ : opened squares)
perfusions. Ordinate indicates extracellular
dopamine levels (f mol/sample) of mean*
S.EEM (N=6) and abscissa shows time in
minutes Comparisons were made between
mean values of control and those obtained
after adenosine receptor antagonists or CBZ
perfusion (* : p<0.05, **:p<0.01 by repeated
measurements one-way analysis of variance
(ANOVA) with randomized blocked design
test and Dunnett’s multiple comparison test).
Fifty #M CPT significantly (p<0.01) in-
creased DA release. CPT plus CF as well as
DMPX significantly (p<0.01) decreased
striatal DA release, while CPT plus CBZ
significantly (p<0.01) increased striatal DA
release.

CBZ (100 xkM) HE (p<0.01) i DA FEEE*
TLHEL 7z,

% =

EFEEREE R 1T, AD-R & sub-type ® DA &Iz
T AL S ML T3, Hib A 1-R R
A3 DA EEEINEIL, 0 A 1-R BEEIHIE DA
FEATHET 2, Zh e OXBRBERITBEOHSE &
—8T 2, IO A 1-RERETLEC LD DA FRER
LR LT, adenylate cyclase 1M 120,
K" F v ANV OROEED, N-type Ca?” F v v %
WANEP? 2 EOIERREE N TV 3,

—%, AI-REBETFET T A2-RBRIIFRBIX
vy, A 1-R BEEHIGIBNE T Tl A 2-R BEREJL
HEIS DA FEEETHEL, A 2-R BEAEITENIE DA HFEgEx
MET 5. £72, CGS 21680 ik A 1-R BEAEMIGIREE
TTH DAFEBICHRE RS b2 05, A2
a-R DA OHAETUE X DA e R =R LET,
A2b-R OBEEILE, DD Wi A2a-R& A2b-R
RZAEROBARETTHE & 0 DA HEEITIEI DT
REMEDIH D, A2-REEBETUEIL, A1-R &id#iic
adenylate cyclase {EEZ2TUHE LY, MR {GEYE
DEHMEIMBESTB I T, 5-N-
ethylcarboxamido-adenosine (NECA) 7 & A1/
A2 W U T HEHGEIRME OB W EFENEE & BIRAY %
A1I-REBZEL OB EToIRBENETHY, A2
-R OBREE T FIEH S T ho7zd, SE
DEBFR»S, NECA 72X 0IFEFEIREK AD-R 1EH)
T A 1-R #EETERIRIC LD A 2-R BERETUAENE
FISRESERGE L %5 DATHEMEDSH O, A 2-R BEEDRE
FTBVT, FERIRM AD-R fEBISE &8I/ A 1-R
VEEIED EBRFTITEY L EEWH#wEeE 2z 605,
7z, CGS 21680 i& DA HEREIZHTT BRNEDS in vitro
EBREGT TRE SN TE LD, RXOSEOD
FEERERE BT 5, A2a-Rx T 2 BIRWE
Bh 31X CGS 21680, 23R M IH = 3 13 ZM 241385,
CP 66713, KF 17837 2 &% IR IN T3 1D
D, A2b-RIZH¥ 22N LR, FEE, E
EEL DB SNTLRWL, A 2 b-R OHEERER
Wik, A2b-R K U GRIINREBRE L LI 1FE)
%, HEEORELFATZ SRV,

AD-R ¥R EMWIAEED CF iz 2 BH T DA
WedE %L, A 1-R BEEHIEIBRET Tid DA FRt
PHHILIzZ e, s, AL/A2-REEREEL,
Nz T A1-RiMEEHED A 2-R INEIBEEEL D 580
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THLEHEING, —F, CBZ ik DA Tl %7
L, A1-REERENGIRET T DA FE#EITHEL
Z s, CBZ O DA BBEFERIFIT A 1-R #EE
#l, A2H 3z A2b-RBRETESIE LA T 57
REtEpS R X N D,

CFIZPD BED PAFEHRUEXEL, HBEE
T 2RIRBIEMTHE 2 e NWEIA TS,
Uhde (1988) % Placebo-controlled study T, CBZ
12k 0 PABEEDSED LIzwbw 358555 40 %
(4/10), &% HFI 2310 % (1/10), 34 T H 5350 %
(5/10) THYH, CBZiz PD L THEMTHE LI
BVEOLERELTWE®, Lirl, ZOCBZit&
hH PA AL L 7-B£ D2 id placebo &5 HAE,
28T PA BSZBH SN h - 1EFIM I HE TN T
WBZEHDS, BHTLY ORI CBZ it PA #4
EREHILVWERETEBHDTRE L., &5,
ZOWEDOTTEMEEZIL 71 % PEEHREL LT
HY, FOMOIEFIRE TIIFREF63% (24/38) O
HRIEMNIMEIINENTWS, LT, APZ DBl
RN T2 CBZOBEMSE*ERT 5L, 5%,
CBZD PD ¥ 2R % _HEREKICLD IS
FHEMCR T 2L EN DB,

CBZ & CF @ AD-Ricx3 2301813, WAL b
AI-REMLUTIHHEMR*E 55, A2-Riiz
HORERLIZ, BB, PASERER%2ET5CF
FA2-RHPZWVITA2b-RIE#IEEZEL, PAH
IR EE T B ATREMDH 5 CBZ 8 A 2-R HB0iZ
A2b-RIEEIMZIR 2E T 2 A HEME N TR S he.
L EERIE, A2-R (A2b-R) HERRIZ PA S
Ftrigger L% D S BEJEEHENH D, Wi A2-R
(A2b-R) fEEMRIR I PA WGBS 3 2 ATREM:
BREET 5,
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ABSTRACT
The involvement of adenosinergic function in panic disorder.

Sunao Kaneko*, Motohiro Okada*, Kazuhisa Mizuno*, Ichiro Ogiya*, Takeshi Chiba* and Noboru
Tokinaga*.

*Department of Neuropsychiatry, Hirosaki University, School of Medicine, Zaifucho 5, Hirosaki
036, Japan.

To study the mechanisms of caffeine’s stimulatory effects as well as carbamazepine’s inhibitory
effects on panic attack, the effects of both compounds on adenosine receptor sub-types were
determined by in vivo microdialysis preparation. Endogenous non-selective adenosine receptor
agonist, adenosine(50uM), and selective adenosine Al receptor agonist, 2-Chloro-N6-
cyclopentyladenosine (CCPA : 14M) significantly decreased striatal dopamine release, while selec-
tive adenosine Al receptor antagonist, 8-cyclopentyl-1,3-dimetylxanthine (CPT :50.M), caffeine
(1004M) and carbamazepine(1004M) significantly increased striatal dopamine release. Selective
adenosine A2a receptor agonist, 2-[4-(2-carbaxyethy)phenethylamino]-5-N -ethylcarbox-
amideadenosine (CGS21680 : 104 M), selective adenosine A2 receptor agonist, N6-[2-(3,5-dimethox-
yphenyl) -2- (methylphenyl) ethyl]adenosine (DPMA or PD125944 : 54 M) and selective adenosine A2
receptor antagonist, 3,7-dimethyl-1-propargylxanthine (DMPX : 10uM) did not affect striatal
dopamine release. Under the condition of inhibition of adenosine Al receptor function by CPT
(504M), adenosine(50xm), DPMA (54M) and carbamazepine(1004M) significantly increased
striatal dopamine release, however caffeine(100xM) as well as DMPX (10M) significantly de-
creased strital dopamine release and CGS21680(10.M) did not affect striatal dopamine release.
These results suggest that stimulation of adenosine Al receptor function reduces dopamine release,
and stimulation of adenosine A2 (or A2b) receptor function with inhibition of adenosine A1 receptor
function elevates dopamine release. Thus, caffeine is the antagonist of both adenosine Al and A2
receptors, and carbamazepine is the antagonist of adenosine Al receptor as well as the agonist of
adenosine A2(or A2b) receptor. These functions of caffeine and carbamazepine justify the notion
that adenosine A2(A2b) receptor is involved in the mechanisms of panic attack.

(Ann. Rep. Pharmacopsychiat. Res. Found. 1996, 27 : 88~94)



