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=Abstract=

The Role of Adenosine Receptor on Acetylcholine
Release from Ischemic-Induced Rat Hippocampus

Bong Kyu Choi', Do Kyung Kim, Hun Kang
Jae Min Jeon and Yeon Wook Kang

Department of Pharmacology, Wonkwang University School of Medicine and
Medicinal Resources Research Center of Wonkwang University, ITksan 570-749, Korea

The effects of adenosine analogues on the electrically-evoked acetylcholine(ACh) release
and the influence of ischemia on the effects were studied in the rat hippocampus. Slices
from the rat hippocampus were equilibrated with 0.1 LM [*H]-choline and the release of the
labelled product, [*HJ-ACh, was evoked by electrical stimulation(3 Hz, 2 ms, 5 VCm™' and
rectangular pulses for 2 min), and the influence of various agents on the evoked tritium-

outflow was investigated.

Ischemia(10 min with 95% N, + 5% CQO,) increased both the basal and evoked ACh re-
lease. These increases were abolished by glucose addition into the superfused medium, and
they significantly inhibited either by 0.1 & 0.3 uM TTX pretreatment or by removing Ca**
in the medium. MK-801(1~10 M), a specific NMDA receptor antagonist, and glibenclamide
(1 M), a K*-channel inhibitor, did not alter the evoked ACh release and nor did they af-
fect the ischemia-induced increases in ACh release. However, polymyxin B(0.03 mg), a spe-
cific protein kinase C inhibitor, significantly inhibited the effects of ischemia on the evoked
ACh release. Adenosine and Nf-cyclopentyladenosine decreased the ACh release in a dose-
dependent manner in ischemic condition, though the magnitude of mhibition was far less
than those in normal(normoxic) condition. However, the treaiment with 5 uM DPCPX, a po-

tent Aj-adenosine receptor antagonist, potentiated the ischemia-effect.

These results indicate that the evoked-ACh release is potentiated by ischemia, and this
process being most probably mediated by protein kinase C, and that the decreased effect of

ACh release mediated by A;-adenosine receptor is significantly inhibited in ischemic state.
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¥ 23 FF Ao wE 42 2 gy
A 2R FTF BA2A AL &4 9A HH
HE /7 Aoz HEol 20 e AA=F
o] &AHe 3EHA et . &3] oy &
e A7 AR H-(synapse)oll A AdA e
AgHoz AAAGEDY Fe L Fgof AHE
z# o] L7 ole)(Grossman and Williams,
1971; Tower, 1979) & & (ischemia) & Atx &
F #AelAl(anoxia or hypoxia)® A7 HEEH
o fEld & Be& A7rt JAPH g F
glutamate(Hauptman%-, 1984; Rothman, 1984),
dopamine(DA )(Globus%, 1988; Vultos, 1988)
ic  acid(GABA)(Hillereds,
1989; Yaos, 1990) %9 #8l& =7}, noreph
nephrine(NE) #gl2] Z71(Saitod, 1985) HE+
2~ (Miwa$s, 1986; Yoshinobu%, 1993)7F 4
Elub, acetylcholine(ACh) 9] fele 24 (Gib
son and Peterson, 1982; Hirsch and Gibson,
1984; Freeman¥, 1987) £+ ¥4 & ¥3rt ¢l
th(Milushevas, 1992)F Hi 5 AAALEY
o 27 2L Ag Aol we} B xolE e
I ok

W A2AFE(ZetterstromT, 1982), FHE
(Hagberg%, 1987) T ZA#HA|(Winns, 1980)
W] adenosine =7} F43 F7eHA H4H,
#2198 adenosined HAIX9 U= FFE& 71
AAAG QA 228 ZA2AT7|E BFLE &
28 & = 91&o] Bii(Fredholm%, 1985)% u}
gJom, o}22 Evans%(1987)& adenosineo]
Aol A FEA NEZESE T8 F AT B
&9 e m, Rudolphi%(1987)3} Gribkoff2} Bau-
man(1992)2 adenosine ZZA7} SFEA H &
Ag A2 F QLS Bad vk Utk F3
A adenosine®] oz{7tA FLF 71EF e
ARRGEY fEo JAAR FL3rh(Fred-
holm and Hedqvist, 1980)& Ao|tt. & ACh,

2 y-aminobutyric

NE, 5hydroxytryptamine % giutamate %9
e JAFe] BEung v dom Avide A
adenosine F&A7} #oigo] A ¥ U
(Jakisch%, 1985; Fredholm%, 1986; Fredholm
and Lindgren, 1987). 53] &}v}(hippocampus)
A ACh ¢ele AAHR F271d4 #8414
84 (Herttings, 1987; Choi%, 1991)¢] <jafAl
ato] ofu@} Aadenosine §:8-A ] &gl <fa)
Aol w8A dom(Jakisch®, 1984; Choi
=, 1992), o}&# dul 24L& ¥ 27 FAM=
H¥A Y £4e B Qe 289 sugel &
#AA 2} (Siesjo, 1988).

gepd B dFdAE 84 vt 238 ALgd
o 3d @ A¥Zo] ACh feol vXe FTFH
olo WX dertA] = FFE BE] F
g4 ACh 3 ¥4 € 1 71d& 7R 8
gom o}&y olzlg & WX adenosine
9 o gAFEES Q% B, HW F
wg dvp 2444 ACh #e8 2R ade
nosine &4 ¢ 4¥& FHFILA U

c

it

AY Az W uy

31 # (Sprague-Dawley, 2‘50~3OO gm)E UF
Fdglo] §571E Agste] FEE "W F4
AREe L&A ArtE &40 JHA F=F
&3 v}e =& A ] (tissue chopper, Balzers®)
2 o]& 0.4mme FAZ desle FUHFALE
Ao Abgstgct dgd 2HEE 0.1 pmol/L
o] 3H-cholineo] #§8 Q%Y (modified Krebs-
Henseleit solution)e] 37°CZ 3083t FIYAZ
e ggdoz & Aol BFAX (superfusion
chamber)d) £7) & 95% O, 2 5% CO,2 %3}
NA pHE 742 10 M
linium-3¢} 30 nM¢] atropineg FHAIZ FFA
g 29 1mle &£x2 #AFAACY. FFAHF
5022 58 7tFdo=z #FAL Ao,
605(S;) 2 1208(S,) F el 2AH A=
(7383}, 3 Hz, 2 ms, 24 mA, 5 Vem™, 2 min)

al X 77

<AL, hemicho-
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& 3R FEY FEE 5% OF 95% N2
AJA 7| FFN HAA glucoseE A Ast o
oom, dgd W Zoile 0,8 &4As] A
A7l 98 3AIZE ol EIAIZ Fgdoz #
FARAT. FE Tz 53 S, Alelo] HAISHA
o, HPERF 2AE £483%(05 N qua
ternary ammonium hydroxide in toluene)oll =
Aok AGBFA 2L 25400 o] 35 F20)
&AL liquid scintillation
LS5000 TD)2 3tger, &9 £3 fa=He 3
T4 %2 Hertting 5 (1980) 9] o] s}
AAE I, oln f-glE+  acetylcholine(ACh) 2]
Fe 2 FTRE gl R B2 & (%)E e
Witk ACh frgjdl mAe= FEEY aste Sy
Sez Fgsgon sA%AE S, S, F3el
#elTe bybo 2 Axshar.

Yol AFgs el 2 (mMM)LS NaCl
118, KCl 4.8, CaCl, 1.3, MgSO, 1.2, NaHCO,
25, KH;PO, 1.2, glucose 11, ascorbic acid 1.57,
Na,EDTA 0.03¢]¢led, 4EEL [methyl*H]-
choline chloride(72~78 Ci mmol™', Amersham),
hemicholinium-3(Sigma), atropine sulfate(Sigma),
adenosine(RBI),
8-cyclopentyl-1,3-dipropylxanthine(RBI), tetrodo-
toxin{RBI), polymyxin B sulfate(Sigma), 45
phorbol 12,13-dibutyrate(Sigma), MK-801(RBI)
9 glibenclamide(RBI) % ¢]gled, o

cholinium-3,

of

Né-cyclopentyladenosine(RBI),

£Z hemi-
atropine sulfate, adenosine, N°
cyclopentyladenosine 2 tetrodotoxind ZF49)
U x| QF%—E‘# d1methylsulfox1de(DMSO)Ol] =
AW FFHTE FAsA ALk
Na"é@% mean+SEMo 2 Jehl 9,
o4 AR ANOVA test 9
Student’s t-test® 3} Tk
A4 " 4d 1
1) MMaE 8l s|8"o| [*H]-Acetylcho-
line falol o|X|l= H&

[*H]-Acetylcholine(ACh)¢] A7=EH<l [*H]-

®
counter(Beckman

cholined] 3087t H3AX|71 8 Futx4 < cho-
line A} &< x4 2l hemicholinium-3(10 pM) 2
frel® ACho] ot HAHT F 2718 44
o R=FL 9135ty YaA 30 nMe] atropine2
AR A S FHFAIZIEA FHe AV
& AN HEY fEe TR A5 15,
10, 584 95 % N; & 5% CO,2 E3}A|7|1
AAG FdFAe AFAA o
olgjgt AP ZAINE Fig. 1 ¥ Table 19 £§3}%
o 587k ¥ L Ao 93 ACh #ad &
08 I HXA R3tdeyt 1087t sge
2o ok ACh frel& o 2u712] F7HA 1z L
W old ZAREE F74EE B 5 AU 158
kel HEAE AFd o ACh f3E YehiA
Fgton J|AfeE WaA o el Yahs

glucoseE

2718 BHYon ok %A I oiRoT
Bzrslo] o]F EUYEL 1087 P9 L=
CRL S

ol AxanZo]l ACh fEd WX 4%

Table 1. Effect of ischemia on the electrically-evoked
and basal outflows of trittum from the rat hip-
pocampal shices preincubated with *H-choline

Ischemia

beforee n S/S, b,/b,

S;(min)

Control 3 1.075+£0.009 0.644+0.010
5 3 1.030£0.092 0.650+0.047
10 7 1.974+0.260*  0.765+0.019*
15 3 —0.129+1.025 4.367 +0.964*

After preincubation, the slices were superfused
with medium containing hemichohnium-3(10 uM) &
atropine(30 nM) and stimulated twice(S,, S,). Ische-
mia was Induce before S, onwards at the minutes
(min) indicated. Effect of ischemia on basal outflow
are expressed as the ratio by/b, between fractional
rates of outflow immediately before S,(115~120
min) and before S,(55~60 min). Mean+SEM from
number(n) of observation are given. Significant dif-
ferences from the control are marked with asterisks
(*=p<0.001).
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® : Controf (3)
A : lschemia for 10 min (7)
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Fig. 1. Effect of ischemia on the outflow of tritium
from rat hippocampal slices preincubated with
SH-choline. The slices were electrically stimu-
lated twice for 2 min each after 60 and 120
min of superfusion(S,, S;). Ischemia is in-
duced by replacing the glucose free medium
saturated with 95% N, + 5% CO, 10 min
before S; onwards. The effect of ischemia on
the stimulation -evoked outflow of tritium are
expressed by the ratio S,/S,. The radio-
activity of the tissue at the start of experi-
ments was 0.978+0.271(control) and 0.956 +
0.142(ischemia) pmol. Asterisks indicate the
significant difference between the groups(**
=p<0.01).

Table 2. Effects of different glucose concentrations on
the electrically- evoked and basal outflows of
tritium from the rat hippocampus in hypoxic

states
Glucose
conc.(mM) n 5./3, bi/b
11.0 6 1.018+0.028 0.677+0.016
(normoxic)
0 11 2.107+0.294* 0.756+0.017*
2.75 4  0.745+0.057* 0.696+0.026
5.5 7  0.759+0.053* 0.682+0.022
11.0 9 0977+0.135 0.710+0.027

Glucose concentration were changed from 10 min be-
fore S, onwards. Other legends are the same as in Table
1.

& A ] FUH Y glucose F=E
WaA 7|8 0,2 N,2 thAstgch(Table 2).
Glucose?} AAF FU4AN9 Hx<9 11mM o) &

& : lachemia for 10 min (4)

T 6+ & :lschemla for 10 min + TTX 0.1 sl (4)

5 © 't lachemla for 10 min + TTX 0.3 M (4)

z

3

o 4 A

® 2.72720.781 =

?

f S, /s, E 1.58520.543 ~

o 2 _

E 0.2020.080"~

5

s S S
g o T ] T 1 T T T 1 T T T i T 1 T | . )

50 60 70 80 90 100 110 120 130 140 min

Fig. 2. Effect of tetrodotoxin(TTX) on the potentiat-
ed electrically-evoked tritium outflow from
the ischemicinduced rat hippocampal slices
by ischemia. TTX was added to the medium
15 min before S, onwards. The radicactivity
of the tissues at the start of experiments
were 0.602+0.026(e®), 0.759+0.115(A) and
0.892+0.059(0) pmol. Significant difference
from the ischemic group is marked with
asterisks(**=p<0.05).

o] ACh fegle zXe} BUE 2olE KolA
ggkod, ZARY EI T FUHE RIS #
o]t Glucose =& 1/2 9 1/42 2FFA&
fols ACh fEl7l 238 SAgHez A%
A48 vellglen glucosed ¢A3] AAR
& golgt ACh #8377t dode & & AN
t}.

ggole 38 93 28 ACh faElF7E
tetrodotoxin(TTX) 3slolA FA3tFcH(Fig. 2).
YA 2T o8 F7d ACh f7F TTX 0.1,
0.3uM AHA oM FEFE EHoz i
& B 5 Ut =% olxs ACh &8 F7}
35 J99 W Catrg AANEE dd=
AT JAE JePd S B 5 ARk (Fig. 3).

2) Polymyxin B7} 3{8 20l 0|X|= S8

Protein kinase C¢] A4l <& polymy-
xin B(PMB)9} ##& HEA BEeA(Fig.
4). 1083 884 ACh f8& & 38% F71&,
PMB #AA g stdlAE PMB @S9 o&iA Ho}
ACh &&= oF 68% =2 O AA F7HeE A
oy, ¥ feld AChE 0.03mg PMB £
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st A BAIHOZ frosiAl oAEE #EE &
AT}
3) MK-8010| && =20 okl dg
NMDA 44 349l MK-801 &8}l A
#¥8A] ACh &85 #2399 MK-801 1, 5 &
10 M AA 25 ACh Fglof HdE 3¢S )3
A Estgoy, 5uM MK-801 ZRstdA 33

"E 8 1 ® : [schemia for 10 min (4)
o 4 : Ischemla for 10 min (Ca  free medla, 4)
)

6

1,722£0.346 ~
FERE S,/ S, l:
] 0.714£0.138° -
£ 2
S S
O TT T 3 T T T T T T T T T T T T 1 1

50 60 70 80 80 100 110 120 130 140min

Fig. 3. Effect of Ca**{ree medium on the electrical-
ly-evoked tritium outflow from the ischemia-
induced rat hippocampus. Legends are the
same as in Fig. 2.

s,/ S, i
1.8 1 *
(4)
1.5 - [
5
1.2 4 (7) \\ ('[)
0.9 -
(4)
0.6 v
0.3 /
0.0
PMB - 003 - 003 mg
Ischemia - - + +

Fig. 4. Influence of polymyxin B(PMB) on the elec-
trically-evoked tritium outflow from the ische-
mic hippocampus. PMB was added to the
medium 30 min before S, onwards. Other leg-
ends are the same as in previous figures.

Sk A MK-801 ©+% EojA] By EA4dos &
o]gt ACh fr2] F7b7F delsten gt of%
ACh frg] Z7tRus: 43 49 ACh & F
77b dolES £ & A (Fig. 5). &4 K-
g2 249AQ  glibenclamide(1 pM) 9], &8 A
ACh f#ed pxs 9T #Fgoy due

FEE PAA ZEE F 5 AU

4) Adenosinel 24EEo0| s{gHo <l
ACh 2|37lof o|x|&= I

™A ACh #ald

o 4gg

"2+ adenosine £
golgly] 98] adenosine, Nf-cyclo-
pentyladenosine(CPA) % 8-cyclopentyl-1,3-dipro-
pylxanthine(DPCPX) 9] <3k& Aastdct. Ade-
nosine 3 uM-2 & Ao vl °F 39%, 30 ML
62% Axe ACh f& Z4E Jeugouy 3
Aol 3uMAAME 5%, 30 uMAAlA= 30% =
A2 oanrr 324 gFEE B AU Fig.
6).

U2l Ajadenosine F8A 9] M9 FEF
oz &7 CPAS Hd3& A3t CPA 0.1,
1 9 10uMo] s oF 37, 54 & 66%2 ACh

s, /'S, :
<01
> )
2.5 4
2.0 (4)
4 I
1.5 4

@) @ ® (s)

0.5 A %

0.0

MK 801 - 5 10 - 5 10 MM
Ischemia - - - - + + + +

Fig. 5. Effect of MK-801 on electrically-evoked triti-
um-outflow from ischemic rat hippocampus.
MK-801 was added to the medium 15 min
before S,. Other legend are the same as in
previous figures.
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S,/ S, S, /'S,
3.0 4 — @ 3.0 W 4)
(4
2.5 4 '[ 2.5 1 @
\ (&)
2.0 { (4) 2.0 1 ]
\ N
1.5 4 \ 1.5 A §
@ \ W o ® NN
1.0 - @ \ 1.0 - / %
0.5 / “ \ 0.5 - / % \
0.0 7 0.0 A/ &
Adenosine - 3 30 - 3 3 uM DPCPX - 2 5 - 2 5 uM
Ischemia - - - + o+ o+ ischemia - - - + o+ o+
Fig. 6. Effect of adenosine on electrically-evoked trit- Fig. 8. Effect of 8-cyclopentyl-1,3-dipropylxanthine
ium outflow from ischemic rat hippocampus. (DPCPX) on the electrically-evoked tritium
Adenosine was added to the medium 15 min outflow from ischemic rat hippocampus.
before S, onwards. Asterisks(***=p<0.001) Other legends are the same as in previous
indicate the significant difference between figures.
groups. Other legends are the same as in
previous figures.
#e Zah, HBA 01 MOINE o 25% 37
g, 1 2 10pMAME 242 30 & 35%9] #AE
el o] HA] B A= ACh fEdA 237}
S, /S, aA gde 2 F AN Fig. 7). olH# 3
os_ | | | . Al ACh #8 ¥3E A-F4A9 A3 g
(5) A<l DPCPX 3ollA] A¥siwl 1 DPCPX #
2.0 Az EUE ¥t glden, A AU
(4)' frede giley 5uM DPCPX fFojA] ACh
15 - J #3937} Lol BAT 4 AUTHFig
\\ 4 8).
1.0 4
) N\ z o#
0.5 - (®) (5)
\ B A7 %A Wl glucoseE: AlAs
0.0 A\ 95% N, 2 5% CO,2 ¥3A7 gdUdoz 10
CPA - 01 1 10 - 01 110 MM 27 Sge gEAZeY AY)AFe 9% ACh
Ischemia -~ - - - + + + o+ - 7=
Fig. 7, Bect of Noyoopmtyiadoncain(CPA) #27h 7HEe B & ATk ol S
ig. 7. Effect o cyclopentyladenosine on N — .. N =
the electrically-evoked tritium outflow from is- & ACh fElZ7H7}h axonal firinge] 2J3h=7]8
chemic rat hippocampus. Legends are the glgtnxt ALGEA] Nat 528 JAgo g
same as in previous figures. axonal firing& ¢JAI3}=  tetrodotoxin(TTX)
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(Singer, 1974)¢] 4g& TAsIYE dt 01 4
03uM TTX Mgz ACh free &3&EF ez
Zade B 5 ok T3 s dguo] x|
o|g ACh #eZ7F ®gtete} 71 A {8 Ed F
ZHAFE B 4 9lof, olEE advth AlE ey
a®™t Fxo ETAHAMNE &sY] ¢t Catt
AAT FN FollA HEE doHd v =
o oJ& ACh #EZ77F JdAEE & 5 A
ol#{ g AR w|Fo sfuie] FUAF ANAY
Gol| A E% 79 (action potential)dl] o §uF
+ ACh &3t g s Zalge =39
o] oF Ro] ol A<l Antz Yzd
o

Q

T\1 44 o

2y o] AMAe AakAZ(Gibson and
Peterson, 1982; Hirsch and Gibson, 1984) 2
=2k % (Freemans, 1987)A] ACh $-2l7} <14
Hule miael zolE Role Aoz B A7)
M= o)lg gAstnzt st FFAU | glucoseS
H7bsld Hottlh, AAEEQ 11 mM9 glucose
HAA AZd % ACh fele Ruds 2
glucose BEAlS 2Fol7b 9oyt glucose 2
Aaz 239 ACh 43t odle 2ane ¥
F ATt olgd AfdE uFo] 3 E (ischemia)
Ale} FEAEA(anoxia) B A 4FAZ (hypoxia) Al
d= ACh f8& Ao/t e A& RoFn
Jdt}. 2 Milusheva $(1992)& & Az (stri-
atum)oll A AArAFA AFHEAY DA, GABA
% glutamate?] &7} F7IE I ojn) AYY
(hypoglycemia) “Fej7} Fwr=ld 2 feladst
tE ZA3E o) A ¥AE A ACh fEle
VA fEiRt ozt FUrEI Aol 9% fEle W
7 gk B up ot olyd Ages £
AT Ao w9 FAHE Ae2M 3 Aole
ZA 9 zold = Ao, &I 15L ACh
#2E potassiumo 2 JoZgo} & AFfME
A7A= e dodle F AF WA zold
71 Ao HolAW ojzjg AMdvte gy 1
Rolg 4BelE 44 o,

g B A7diAe) ACh fEZrvt 33

Al #alsle glutamateol] ©]g NMDA &3 2
2o 7]418H(Szerb, 1988; Choi, 1988) A <2UA]
gelstaat 3t NMDA #&A 2gAd MK-
801(Wong's, 1986) &lollA AEe Y vF 5
M Bl ACh ezt 238 Z7iEe B
AAch ol@lF AR mFo] B AtdAe]
ACh $2]%Z7l= glutamated] <3 NMDA %
el ggdste] e ofd A& & & U
T AAALEAY fEole AEY Ca* F
7WF 288 988 A &S FA Y ARl
(Langer, 1981; Miller, 1987), Ca** 9&X &
29l protein kinase C(PKC)7} A7Ax3Z e &
Zof o3| #4d3ls ™ (Nishizuka, 1984) o] PKC
gAo) AARGEAY fEd F8T 9EL T
& gleo] galAd ¢lth(Nicholes%, 1987). All
galer%(1988) % Dashmann%(1988)2 E73
ol Ay PKCe] &A&Agl  48phorbol 12,13
ACh H#el&7te, dAIAQ poly-
myxin B(Kuo%, 1983)%= ACh #3148 4o
7% #2sm ACh #gd olx= PKCIL F
a3 dge & & J&s AAEtgen & ud
AME o]Z gelg vk Jri(Kim, 1994). & 4
ol HEA AChY NARHIT FUkeew
o]i= Bernaths} Vizi(1987)¢] AxaZ 2 AE
A ATW Catt F7F AChe) AARHE F
W the Bael dAEs ZAoolH, o]HE A
T Catt F71E 2RAY F v FAZ A
A2 A ol A (normoxic) Al A Cat* g A
AstH A=) % ACh $-87F €33 L4AHA
gH(dz: S,/S,=1.088+0.039, n=6; Ca**-free:
S,/S,=0.137 £0.144, n=4), 3PN ANEYNg
Ca*t AAE ¥ & ACh #2F7HE A
371E s ARE FY fEivh dolue Hol
o w8 A ACh felE7he Axy Cat™
Z7}d wE PKCe &43d o2 oz 714
g 5 glon B A4z PKCe Hg3 JA
Al PMB Foiz} 518 93k ACh f21& #9
A4 gAAZASew o] Cardellydl Wieloch
(1993)2) # <] Az)A(neocortex) oA HE F&

oo

dibutyrate=
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Al PKC7t Z718the Bad H)Fo] glo &3
< SR € 5 Qo

A2, S8 2 HHA Hule] adenosine %
=7 §43] 37} AL adenosine YA
NEEAALE 8 & 9o adenosine Z2&A|=
HELS A3 § doe Be 1 So(A
€ #A=x) dov 53 dulzAdqiAe A-ade
nosine F&A7t Wo] &AFTIE= ¥ I (Kirino,
1982) Sl Hl5¢] adenosineo] AA|NA 2]
A F8T AFL da gloFet F2d). vl
A ACh freje AddF9 FA584 54849
799 93 (Herttings, 1987; Choi%, 1991)
grojot]el AAHR Aradenosine 5439 A
o s M % (Jakischs, 1984; Choi%, 1992) o
Aol &elx Stk weld B dFdME Y
o] f&¥ 3ulflA A,-adenosine &9 o3
& T

Adenosine ¥ A,-adenosine 4=£%9] A=
Z-#9<l Nicyclopentyladenosine(CPA)YS- A A}
FeielA FR3 ACh FEz4E dozon o
213 AME o]de ®uel Yx3H(Chois,
1992, 1993). 8y} 3 E-{%¢A] adenosine L
CPA= ACh f8& #4 A7I7lE s 2 &3
v A EHAA B g4 vjokge B 5 U
ok olgd Ades B AIHEvoezE ojud
2E8S dgrlde €A %2y Onoderast
Kogure(1988)2] # &jrlolA 3 ¥o] adenosine
F8&A & #2279 E B3 2 adenosine
A 77t TEF Fdd 93] 74 (Parsons and
Stiles, 1987)¥] 2, w2 zpgkefd] o8] =7}
(Fredholm; 1982) =9, o}-g2] ojajd ¢844 &
9 ZFVF 2 A7 Goproteing®  @WaE AT
(Longabaugh%, 1989; Green%, 1990)= AF
A9} dnfo Al Ajadenosine FEAE £33 N
AAGEA {8E Goproteind] 2= (Chois,
1992; Fredholm and Lindgren, 1987; Allgaier
T, 1987)0lgt= AR n|Fo] B AFoA &
Al Aradenosine 8 3ol 2o/ ACh f89
A &H47} Z4ELe 8o o3 42¥ adeno

sined]| 9J3| adenosine F&H7l A& HA{fHT
No.o 2 9 5o adenosine FAIFEEC] 24
g = Ude TE&A Fo fad sddtE g 3
"o} ol2d AMdS AT & e Aog B
AHA Aradenosine F=&Ae] Melz xpghA| ¢l
DPCPX &3t Al 318 A ARt R o
ACh #8378 doittE Holgh

wetx] HEA HEG 53 dnpelA syl
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