RERGEPAEE (B 3045 B2
Korean J. of Pharmacology
Vol. 30 No. 2, pp. 145152, 1994

3 sllmloll A Acetylcholine -§2lol v X+

Adenosine F&A4|2] 94

Agrieta sost ofelatnd, 2AY I fATHA
3 8 R4 = 7

= Abstract=

The Role of Adenosine Receptors on Acetylcholine
Release in the Rat Hippocampus

Bong Kyu Choi and Do Kyung Kim*
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As it has been reported that the depolarization induced acetylcholine( ACh) release is modulat-
ed by activation of presynaptic A-adenosine heteroreceptor and various lines of evidence indi-
cate the A,receptor is present in hippocampus, this study was undertaken to delineate the role of
adenosine receptors on hippocampal ACh release. Slices from the rat hippocampus were equili-
brated with [*H]-choline and the release of the labelled product, [*H]-ACh, which evoked by elec-
trical stimulation(3 Hz, 5 Vem™, 2 ms, rectangular pulses) was measured, and the influence of
various agents on the evoked tritium outflow was investigated.

Adenosine(0.3~100 M) and CPA(0.1~30 ¢M) decreased the [*H]-ACh release in a dose-de-
pendent manner without changing the basal rate of release. DPCPX(1~10 uM), a selective A-
receptor antagonist, increased the [*H]-ACh release in a dose related fashion with slight increase
of basal tritium release. And the effects of adenosine and CPA were significantly inhibited by
DPCPX(2 uM) treatment. CPCA, a specific A,-agonist, in concentration ranging from 0.3 to 30
#M, decreased the evoked tritium outflow, and these effects were also abolished by DPCPX
(2 uM) treatment. But the CPCA effects were not affected by DMPX(2 uM), a specific As-an-
tagonist, treatment. However, CGS 21680C, a recently introduced potent Asagonist, in concen-
tration ranging from 0.1 to 10 M, did not alter the evoked tritium outflow.

These results indicate that the decrement of the evoked ACh release by adenosine is mediated
by A,-heteroreceptor, but A,-adenosine receptor is not involved in ACh release in the rat hippo-
campus.
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Adenosine 4~8-A]+= adenylate cyclase® A
&t AlZW cAMP F=& ZAAFE Ai-old
3} adenylate cyclase® #A3A|#H cAMP %
g I7MIle Arotdoz ¥ ojxvi(Dalys,
1983; Hamprecht and Van Calker, 1985), %3
AZ3A A acetylcholine(ACh), norepinephrine
(NE), 5-hydroxytryptamine(serotonin) 2 gluta-
mate T ANAALEZDY #+ adenosined] 9
& AAHT A7l A-obFe] FAgte] gHA
vl dch(Jackisch %, 1985; Fredholm %,
1986a; Fredholm and Lindgren, 1987). &3] &}
stz ACh #8le AJdPFEd F27184
FE&A e A oA TH(Hertting 5, 1987;
Choi %, 1991)0] oluz} AHFHE A,-adenosine
F8A9 BAd o)M= (Jackisch T, 1984;
Choi %, 1992) dAE ¢ &) Hud »v} Ut

A FFole DA Zo] adenosine 4
AZE A- 2 A0l 2% EA%0] Hi(Bruns
%, 1987, Stone %, 1988)" #®} 9li1, Spignoli
5(1984) = FALAAN A,-o}yge] A FA|
AChe] #E7k F7iHEdE€ Ead wp glow,
Fredholm Z(1986b)& sfiulol A A,-o}3 e T &
kgl ot =AW cAMP =7t F7HgE W
3wl ok 2y TxzAqA Y A- 2 A,
o1& 9] adenosine F&A| 2] 7[5d Ago] B3}
A oEd HEle FFANAME o} X adenosine
T&A ] B o] FEHA Fut.

et ARES B AFdA, #FFH svidA
ACh #& ¢l v]x& adenosine®] J¥Fg #Fatn
ohE A- B A-obde) MaH FaokE ¥ A4
DEES] dFE dFste] ACh Fald B3}
= A B A-olge] 98g FHE LA

ME ME W Wy
## (Sprague-Dawley,

250~300gm)E =

FHEglol GFI|E ALE-Ete] F5-E Hojd § =
AMNsted d-9lA #nf(hippocampus) E &4
o] 7MAYEE HEFH UL HED7|(tissue
chopper, Balzers®)& |4 0.4mm¢ FA|z A
@3ty FETE AR AMgsdTh HeE
Z2AEL 0.1 mgmol/Le] *H-cholineo] &3 4
o) (modified Krebs-Henseleit solution)o] 37°C&
3087 BYAN the dFdez Z Ao BFA
=] (superfusion chamber)d] &71 & 95% O, ¥
5% CO,E ¥3MAA pHE 7482 @53, 10uM
¢] hemicholinium-3¢} 30 nM2] atropine-& -
g QUYAE Y 1mle £=2 FFAAGD. &
FAZE 4525E 58 Hoz #ARIAE AH
stgom, 608(S,) ¥ 1208(S,) Fxelld 2
A71AF(F83, 3Hz, 2ms, 24 mA, 5 Vem™,
2min)$ F4th. FE Foe S S, Atoldl 4
Algtgen, AFERE 24L& 24839 (05
N quaternary ammonium hydroxide in toluene)
o 3ok ARBFY L 2L 35 5
29 &AL liquid scintillation counter (Beck-
man® 185000 TD)Z sgod, ©9 23 f&
HE 3% $£4 %L Hertting 5(1980)2] ol
93t Ao, ojd fEHE  acetylcholine
(ACh)e] ¥& =4 &/ ol dE HES
(%)Z Jehliich. ACh #8dl wlAe FEEY
e S/Sez2 FFsYen JAfEHE S
S, ARl 4% by/b oz Astdh

A A8 dgde] =H4(mM)L Nall
118, KCl 4.8, CaCl, 1.3, MgSO, 1.2, NaHCO;
25, KH,PO, 1.2, glucose 11, ascorbic acid 1.57,
Na, EDTA 0.030]¢len, 4EEL [methyl*H]-
choline chlorine(72~78 Ci mmol™!, Amersham),
hemicholinium-3(Sigma) atropine sulfate(Sigma)
adenosine(RBI), CGS-21680 HCI(RBI), Nfcy-
clopentyladenosine(RBI), 5’-(N-cyclopropyl)-car-
boxamidoadenosine(RBI), 8-cyclopentyl-1,3-dipro-
pylxanthine(RBI) % 3,7-dimethyl-1-propargyl-
xanthine(RBI) %o|gjoH,

nium-3, atropine @ adenosine& ZHFgo Un =]

o5& hemichvoli-
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EE< dimethylsulfoxide(DMSO) ¢l o] 2o
R FREE F480] Agan.

2E 4844 meantSEMo g lgilm
2t AP 1Y o4 AL ANOVA test o
Student’s t-test= &}4t}.
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1) Adenosine % 8-cyclopentyl-1,3-di-
propylxanthine(DPCPX)2! &3}

*H-acetylcholine(ACh) 9] AFE =) *H-choline
o 3087 HEAZ #FH sin} 2R L choline A
F5 A4 9l hemicholinium-3(10 pM) = &g
AChdl &3+ 2 ~71914 autoreceptore] A=

W8t 7] 98] 30 nMe] atropineo] FGH
FHE BRATEA FRY AVATE AA)E
Attt ACh f-8lefl X+ adenosined] Jg& B
3 HAEe] B3 1498 Fig. 19 Yehigen,
adenosine®] &WE ¥ 19 &3¢t Adeno-

of o it

4.0 - ® : adenosine 3 uM
’ A : adenosine 3 uM
+ DPCPX 2 uM
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Fig. 1. A typical presentation of the tritum-outflow
from the rat hippocampal slice preincubated
with *H-choline. The slices were electrically
stimulated twice for 2min each, after 60 and
120 min of superfusion(S,, S,). The drug ef-
fect on the stimulation-evoked tritium out-
flow is expressed by the ratio S,/S.. The
ratioactivity of the tissues at the start of ex-
periment were 0.751( ® ) and 0.819( A )pmol.
Adensine and 8-cyclopentyl-1, 3-dipropylxan-
thine(DPCPX) were added 15 min before S,.

sine 0.39] A 300 uM2- 7| A §-8]o] Wr}&
o] Foj&F Fui
oo At

& d= Aj-adencsine $&A9 Az gk
A2l DPCPX(Bruns %, 1987)¢] adenosine &3
d vXe 4L #FAsEY. WA DPCPX 2p
M I AARE tritium fgld] HUE gL 1)
27 R om (2! S,/S,=0.836+0.025, n
=17, DPCPX 2uM; S,/S,=0.870£0.025, n=
7), DPCPX &A3}o| A+ adenosinee] g7} &
ol AdE S B F SAtH(Fig. 1, 2).

3l
H#E g ACh #ale] #as

2) Nf-cyclopentyladenosine(CPA)%}
DPCPX el g3

t}&ole Aj-adenosine F8&A o] Hejd EHoE
22 4#A CPA(Wiliams %, 1986)¢] & 39}
DPCPXZEA A CPAS #3E #Astguh

Table 1. Effect of adencsine on the electrically-evoked
and basal outflows of tritium from the rat hip-
pocampal slices preincubated with *H-choline

D‘"“gjﬂbfdf)"’"e S S/5, by/by
none 7  1.055+0.026 0.633+0.023
0.3 4  1.077+£0.025 0.626 +£0.071
1.0 4  0.952+0.037 0.670+0.033
3.0 4 0.6404+0.086** 0.623 +0.066
10.0 4 052640.069*%*%*  (0.71240.029
30.0 7 0.402+0.034*** 0,687 +£0.035
100.0 7  0.323+0.021***  0.683+0.028
300.0 6  0.3154+0.060%** 0.774+0.060

After preincubation, the slices were superfused with me-
dium containing hemicholinum-3(10 /M) & atropine
(30nM) and stimulated twice(S,, S;). Drugs were present
from 15 min before S, onwards at the concentrations indi-
cated. Durg effects on basal outflow are expressed as the
ratio by,/b; between fractional rates of outflow immediately
before S;(95~100min) and before S;(55~60min). Mean
+SEM from number(n) of observations are given. Signifi-
cant differences from the durgfree control are marked
with asterisks(**=p<C0.01 and ***=p<0.001).
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Fig. 2. Influence of 8-cyclopentyl-1,3-dipropylxan-
thine(DPCPX) on the effect of adenosine
(Adeno) on the electrically-evoked tritium-
outflow from the rat hippocampal slices. In
parentheses are the number of experiments.
Both drugs were added to the medium 15
min before S,. Asterisks indicate the signifi-
cant difference(* =p<0.05 and ***=p<
0.001) between groups.
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Fig. 3. Influence of DPCPX on the effect of N°-

cyclopentyladenosine(CPA) on the electrical-

ly-evoked trittum-outflow from the rat hippo-

campus. Each point denotes mean +SEM, but

the SEM smaller than the width of the points

are not shown. In parentheses are the num-

ber of experiments. Asterisks indicate the sig-

nificant difference between both groups(*=p
<0.01 and **=p<0.001).

Table 2. Effect of 5-(N-cyclopropyl)-carboxamido-
adenosine(CPCA) on the electrically-e-
voked and basal tritium-outflows from the
rat hippocampal slices preincubated with

*H-choline
Drugs at S, S./S, ba/by
(M) (% of control)
none 7 100.00+2.46 100.00 +£3.47
CPCA
3.0 4 67.28+0.69%** 107.51+2.03
1.0 4 66.491+2.81%**% 102.74+2.54
3.0 4 40.34+3.80*** 119.07+6.15*%
10.0 4 29.24+1.40*** 110.11+1.60*
30.0 4 33.904+2.49*** 121.01+3.30**

Significant differences from the drug-free control
are marked with asterisks(*=p<0.05, **=p<0.01
and ***=p<0.001). Other legends are the same as in
1.

CPAE: Fo7d vEd ACh f-g9] 7
oAom o]gd &ZE DPCPXY o8 A3
Aol £F-vkg FAHo] $F50=2 o|FHE £
F A (Fig. 3).

3) A.-adenosine $Ex HEBEYEES]
2

theole Aradenosine #&A FEFERI 5
(N-cyclopropyl)-carboxamidoadenosine(CPCA)
(Bruns %, 1986) 9] &3& #3199} (Table 2).

CPCA 0.3914 30 uM71=) oF Ajujd FZFAIZ
o e} FAHCE #)8 AChRele FLE
oZAm olw 3uMolde] FEAAAE ZIAfE
Z7HE vEdE E & Atk

&8 Apadenosine & 9] e AdA
3,7-dimethyl-1-propargylxanthine(DMPX) (Seba-
stido and Ribeiro, 1989)¢] &3& #F3lgct
(Table 3). DMPX 5, 10 uM& ACh $3 ZF7&
dozgom 7IAfE EF Z/1Ee B 5+ AN
t}, =¥ 49AM= CPCA9 &3E DPCPX
DMPX Z&ajstolx #&EFF AL FFsIAh

lob
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Table 3. Effect of 3,7-dimethyl-1-propargylxanthine
(DMPX) on the electrically-evoked and
basal tritium-outflows from the rat hippo-
campal slices preincubated with *H-choline

Table 4. Effect of CGS 21680C(CGS) on the electri-
cally-evoked and basal
from the rat hippocampal slices preincu-
bated with *H-choline

tritium-outflows

Drugs at S, S,/S by/b Drugs at S

(iM) / E% of control)Z/ 1 (iM) 2 S/5: ba/b:

none 8 100.00+2.40 100.00+3.57 none 13 1.067+0.019  0.667+0.015
DMPX CGS

1.0 4 93.26+7.58 113.28+2.54% 0.1 4 105240053  0.669+0.008
2.0 8 92.64+4.29 114.27+5.08 0.3 8  1.096+0.043  0.683+0.014
5.0 7 111.71£3.32% 112,57 £3.23* 1.0 7 114140035  0.730+0.052
10.0 4 118.31+£5.31*% 132.1345.43%+* 3.0 7 1.057+0.057  0.70240.029
10.0 4 0.733+0.033

Legends are the same as in Table 1.

0.998 £:0.050

Legends are the same as in Table 1.

S,/S, e : CPCA
0 : CPCA under 2 uM DPCPX
144 a © GPCA under 2 l;m DMPX S,/S,
1.2 4 151 )
O]
1.0 4 1.2 4 T “ 1 (;)
(13) ’?
0.8 % 7
0.9 A é Z
0.6 % %
0.6 - / /
. %
% %
o2 00 03 10 30 100 300 0.3 1 Z %
M 7 Z.
Fig. 4. Influence of DPCPX(2 uM) and DMPX (2 O‘Occs - - 0.3 0.3 3 3
#M) on the effect of CPCA on the electrical- DPCPX - 2 -2 - Z#M

ly-evoked tritium-cutflow from the rat hippo-
campus. BEach point denotes mean+SEM.
Number of experiments per group were 4~8.
Asterisks indicate the significant difference
from control (CPCA) groups(*=p<0.001).

CPCA9) adl= DMPXd osjA A& gakg
2 ¢stot DPCPXd| ¢Jdlels 3]
o] £Zmkg IFHo] =02 OFHEE E & U
Ak

338 HZ A,adenosine F&A 9 ZH3

Fig. 5. Influence of DPCPX on the effect of CGS
21680(CGS) on the electrically-evoked triti-
um-outflow from the rat hippocampus. Other
legends are the same as in previous figures.

Az g CGS 21680C(Hutchison %, 1989)-&
I A=z AChfgo] & I9FE v A K3t
g om(Table 4), A-F&x 242 DPCPX
ZA AR ETHE dgg A RS & 5
Ak (Fig. 5).
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2 JdFo) A adenosine @ A,-adenosine 4&
9] Aex FHFEQ Nbcyclopentyladenosine
(CPA)L °H-cholineg &FFAI1Z1 83 vt =3
NN ANAToR §UE ACh RS FIE
Hoz IJAANAHeH, 2 FEL CPAVl ade
nosine B} ¥4 7L B £ gt =3 A-
adenosine 44l A" opEel DPCPX
E 2 AAR 7o) ACh frE F7HE des
E 4 9J9lil adenosine % CPA9 ##r}
DPCPXo] <l €43 24" B 5 AU
oy Aigs thE AFAE9 B IE(Duner-
Engstrom and Fredholm, 1988; Choi & 1992) %%}
A3 AozA B HEPAe adenosined
adenosine &A= A-o}8L &3l ACh £3
o] ZAE dofig & 5 AAh

ZE2NAANE Tx ZFHAqA9 wAIAE
A, gAle] 2471 d3FH o (Williams, 1989;
Bruns, 1990), sinfz2 0| X 9] A,-o}Fe] EA+=
o}z #aAstx eth. Fredholm (1982, 1983,
1986a) #ulel A cAMP 328 74 R 371
AN7le 714 del9] adenosine F&A7E RF
A%t stgort, Yeung®t Green(1984)L =
AFAYE o] &3 AN EF d=Ad= A
- 2 A-FEA 2R EAEY, detdle A4
At 2A4%ctn dlEch. 8 Spignoli E(1984)
2 33 HA A A-HEy FEFES 5-N-
ethyl-carboxamidoadenosine®& ACh {3 Z7/&
A-A9a ZERFEQ Nbcyclohexyladenosine-&
ACh frE|Z4hE doxlg #Rdtd F7HA 39
adenosine &7} ACh $g& ZAgctn 3
v gt 2 AFolA A-AdEd FEFES 5
(N-cyclopropyl)-carboxamidoadenosine(CPCA) &
A= o8] f2E ACh f3& ZaAZoeH,
g &= A-4d9H AEEAJ] DPCPXe|
oa] &H3] AdEIoY A,-dHF APdefER]
DMPXo} 9j3lele AF 9FE 9x gt =

g HZ AN A-FEA B A&
AR A3A F4& Jehdl= CGS 21680CE 1
ARz o}Ed FFE YA e ¢ 5 AU
ok weEtAd o2 gt AFAE YeungdH Green ¥
(1984)2] Ao ulFo] n@ste] Eof #ute
Zdg5d AATEY 71FHUA g A

adenosine 4>g-Awto] & Rog FZHY $

it
Adenosine &FZANA A-o1F & adenylate
cyclaseE <A, A,-o1E8L FASAA AEY

cAMP3 =& W3AZ & Y& ojn] & ¢
At olti(Van Calker %, 1979;
1980). H Starke(1987)+ forskolin 59 ade-
nylate cyclase 84J3}4], phosphodiesterase <A
A € cAMP fAMEo| @A7|A=e] & NE &
g2718 dozlg #Fsla A XY cAMP 7%=
Wil AAAEEAY fEd FaT 98E
4 doka &9len, Choi 5& E7(1991) ¥
(1992) ] #fnpz= oA forskolind] 2la] ACh
gF77 dojds #As Starke(1987)9 F
& 3 ¢ wh QUoh olEE AMHEE Fred-
holm#} Lindgren(1987)2] # sjulz# oA A,-
F&A AFA AEYW cAMP =7} F7tste
B3 53 olgy nAdA BHH, H FHukzFHd
A A-84 AFA ACh 27t 37 2 4 9
ogge Ag 7HA3Y & F Utk £ dFdA
AT HHE FARTA HAR B, A-FEA
o] MegA xpgtA|el DPCPXel thgdlA <kzhe]
ACh #& 3771 dolg B A, TEFEY
CPCAd] 93 ACh 87} o318 Z4Asd,
CPCA®] &7t 982 A-xeref&<l DPCPX
AA el o8 AgEHE, te7] HZ Ao i
FslFHoe] A Hl3) 140w] A= Asltie CGS
£ ACh #gd AF dFE vAA XS #F
g 4 9tk 22y Bartrup®} Stone(1988)2]
adenosined] o] A,-zRA=a#A7} AGETHE A,-
F&Ae 73t 2EE £ dues BiE o
B dPFNME A-FEA9 AgFd CGSe &
A5 gFsFot 2 JFge AF JJehA &F

Londos %,
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et £ AT daze A fnkzydA A,
-FEAY EAE AT e glod Holx
ACh frEfelle A-8A471 AFH 02 #ojstn)
e ZoR ARdr

= =

33  3ethippocampus)d| Al  acetylcholine
(ACh)frg]ell m]x]= adenosine B 1 =& 9
Ag 7H3El] Yste] [*Hlcholineo = A
2 #vtzA g Alg-ste] [PH}-ACh(e]3t ACh)+H
2ol "= adenosine ¥ o]¢} #AHPF 7}
GFEEY TS BEII

Adenosine(0.3~300 M) % Nt-cyclopentyl-
adenosine(CPA, 0.1 ~ 100 M) & A 7} 2} = (3
Hz, 5Vem™, 2ms, 783})e] o3 ACh §8&
fFdEH o2 ZAAATY. Aradenocsine F4
A Al 8-cyclopentyl-1, 3-dipropylxanthine
(DPCPX, 1~10pM)& &9z o=w ACh #

& Z7MAz e, adenosine @ CPA9 F3t:=
2 uM DPCPXel] o3 atgdge & 4= A9l

A-8A FEFEQ 5 (Ncyclopropyl)-car-
boxamidoadenosine(CPCA, 0.3~30 M) A =
Sl 9% ACh #e2j& &% JEH o= ZAANA
o, o] A 2uM DPCPX BAFAA 1 &3
7h A2EE #FE & Ut = CPCAE A,
-F&A 2EeEEQl 3,7-dimethyl-1-propargylxan-
thine(DMPX) o] ojs) g o2 Qgkon, =
Oe 488 A-F8A ZEFEY CGS 21680C
(0.1~10 uM)E ACh 9 Eohe 9Fe v
A gkt

ol H4¥ 23} adenosined A7 Fnle] A
A4 A7 AARHFE T Aradenosine hete-
roreceptor® E3te] ACh §a7A2E oy
ACh $#39 A,adencsine &4 9 #AE &
Ao g Atgdth

it

#
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