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Abstract - The present study was designed to assess the role of spinal adenosine A2 receptor in the regulation
of cardiovascular functions such as mean arterial pressure (MAP) and heart rate (HR) in male Sprague-Dawley
rats. Rats (250~300 g) were anesthetized with urethane and paralyzed with d-tubocurarine and artificially ven-
tilated. blood pressure and HR were continuously monitored via a femoral catheter connected to a pressure
transducer and a polygraph. Drugs were administered intrathecally using injection cannula through guide can-
nula which was inserted inthrathecally at lower thoracic level through a puncture of an atlantooccipital mem-
brane. Intrathecal injection of an adenosine A, receptor agonist, 5'-(N-cyclopropyl)-carboxamaidoadenosine
(CPCA; 1, 2 and 3 nmol, respectively), produced a dose-dependent decrease in MAP and HR. Pretreatment
with NC-nitro-L-arginine methy) ester (L-NAME), a nitric oxide synthase inhibitor or 10 nmol of MDL-12,330,
an adenylate cyclase inhibitor blocked significantly the depressor and bradycardic effect of 2 nmol of CPCA.
But, Pretreatment with 3 nmol of bicuculline, gamma-aminobutyric acid A (GABA ) receptor antagonist, or
50 nmol of 5-aminovaleric acid, GABAy receptor antagonist did not inhibit the depressor and bradycardic
effect of 2 nmol of CPCA. These results indicate that adenosine A, receptor in the spinal cord plays an inhib-
itory role in the regulation of cardiovascular function and that the depressor and bradycardic action of ade-
nosine A, receptor are mediated via the synthesis of nitric oxide and the activation of adenylate cyclase in the

spinal cord of rats.
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Adenosine T8 AT A, W Aol oE RREe)
ko R AL PEAE cAMP 9] Zh4el K9] 71 9
Ca®e] ZE w2 285 vielin], A, 841
cAMP Z71E wINE S1E A, $4A1E Ca®? 3718 wi7)
2 5l 248 veplich. Adenosine Al A A{es} wb
QA Ae PSS ekt A
gl Beakg-S velic), B3] x# @A e adeno-sine
27F ZFFHe] w47 REaE-8 vEPATHOIahe) Stiles,
1995). B3} A, TEAE W2 RS oldAA T
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A7 2R FRYTT AA Qo (Saitos} Sakai,
1998; Nekooeiana} Tabrizichi, 1996). 55417 A o] M =
adenosine 174Dl A HAH 2 BB A o} ]
Fodgro] HF g} (Corradetti -5, 1984; Fredholm 5,
1986). Corradetti 5-(1984)2} Fredholm E-(1986)2 s=}(hip-
pocampus), A]A}8 - (hypothalamus) ¥ o 2 2] A (cerebral
cortex) 54 glutamate, y-amino-butyric acid(GABA),
acctylcholine(Ach) % norepinephrine(NE) 5] A1AAZE
7 B adenosined] 2# AAEI A -0lFe] TP}
I FA819 T GABA 841 FE A7) A
Azl C 74 715 WHE 2f4sh= GABA, %
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A (McCormick, 1989; Sivilotti®h Nistri, 1991)2} 4173
AR HPHFo| = EAEIH cAMP TEE Z4AT
I K FE F7F F Cat? FAE wPAR Fle gshe
GABAg $-84)7} Ex8(Kerr 5, 1987). AFFA| &
A GABAp T-8A1E 2 22 dAlFe 85
B 3l(Tsien 5, 1988), AgH-5¢ &84 = Kt B2F
A3} 7ok g Z] 2 A (Thompson® Gahwiler, 1992)
GABAg T84l §dg Gi-dd= =] adenylate
cyclasedl] ¢3S mjA o 2a Fgo AleAGARE 285k
kT skl Koh $(1998)2 31H 2] HpollA A 4
ade] A¥d U2 GABAp T8AIE F3le vi=E
I sgvt AAMENA GABA; 440 HFA3E
adenylate cyclase® HAI5ld cAMP %2 ZAA7)e 2
402 o] g9 AL )3}l X skl vh(Kama-
tchi®} Ticku, 1990; Gerber2} Gahwiler, 1994). Malcangio®}
Bowery(1993) Hgol| A% GABA; +87¢] 28-2 M=
W cAMP %% z+42 fbgg Bslgdr).

FTol| adenosines: F5rll 213t &gk zpgolA A4
AGEd T2 AARAFEYZA 288 7leAo] B2 7
22 AN et A 444 Barraco 5, 1987)7 FF|
A ek 24 294 nucleus tractus solitarius(NTS, J243)
(Barraco &, 1988;, Mosqueda 5, 1991)°]] adenosine®] 1t
adenosine 84 kS Foidte] ko] Weix| T Alut
27} 734wk Zle] BEE|QAL, Barraco 5(1991) 14
o) UGor A 4A Bk HUS Qo= A,
8| EFekd dYgS AT Busisict <k Stella
(19952 A, 84 F59Fl Né-cyclohexyl-adenosine}
A, =84 FFRl 5-(N-cyclopropyl)-carbox-amidoadeno-
sine(CPCAYS ZH2F A3 HAlZ Foi3le] &st sk v
81912, 3] nitric oxide(NO) FAHEA HAAl¢l NO.
nitro-L-arginine methyl ester-NAME)E- A3 25} CPCA
o] "t 7k 3 AT 9 Ak B usjdvt. e
v B AER 75 2 slejM Aol A, 8A19]
A8 o FA7) A6 WA o HESHA FHEEe 9l
A ket EEE B AL SF o 7914 A, 8
o ogt AHA 7)o WIS fAsla, o 24 V1Ae
2 GABA <84, NO % adenylate cyclase’} o=+
Ag odolH A}t A =515

REE

AHFEZA 250~300 g2 Sprague-DawleyA] &4 317
2 AMEEE crcAY L-NAME®} S-aminovaleric acid
(5-AV) = MDL-12,330 =2 RBI AH®|Z)llA T8
X, CPCA, L-NAME, 5-AV % MDL-12,330 52 0.9%
9] NaCl o]l E3A|A AMHE-s19 T, (+)bicuculline-

2.0%2] dimethylsulfoxide(DMSO)&-<ell £3llA]7# Al4-3}
Avt. AP g3 o] 570E sl o, A7ke] o
E52 AH47) W2 Fofglgieh. CPCA(L 2 % 3 nmol)¥]
ok FodZ =77 L-NAME(20 nmol) F5}2 102 %
CPCA(2 nmol) F3F-(n=7) & bicuculline(3 nmol) FJ3}
I 10% F CPCAQRnmol) F7-(n=7) & 5-AV(50 nmol)
Fo3lZ 102 F CPCAQ2nmol) F97n =7) & MDL-
12,330(10 nmol) F{3}Z 10 F CPCA(2 nmol) Foi+
(n=7)2.% Eale] vlwsledrl. EF3= urthane(1.15 g/ke)
< E7R FAREE 1A7F 5 ©FA] urethane(0.23 g/kg)ys
HEFAREl] vl E FREIE.LH, 7S Al AE
Arlsle] EE-S A8k 0.5 mg/kg®] d-tubocurarine
THFAE 2 EDSE wW)AF F 2E7) (Ugobasili,
Model 7025, Al=HZE. 358 X217, AFA|Lz47)
(Carnegie Medicine, CMA 150, 2gl5)E o]-43le] 365
~37.0°C Ate]8] A2 FAlsiie. IS4 2159 o
FFHol] 5= (200 U/mlyS A& polyethylene tube(PE-
50, Clay Adams, #|=hHE& 4Fsla, o5 ¥ w3
(Spectramed, Model P23XL, ®|=)¢} A2]7)E4] (Grass, 7
)l ARz 71 FEGt. ART FAH LG AAH
(Stoelting Instrument, B]=)e]l E-2}8] ApMjeA] B0 8-
=4 THE delste] FEFFE (atlantooccipital mem-
braneyg »:ZEA1A 2F 1.5 mmE H/NE ¥ polyethylene
tube (PE-10)Z F 559l Ao dsict. Hpihfze]
obE Foli 33 G2 stainless steel cannulael] FEE Al
¥ guide cannula £:° % o] W3 §H5 F2- polyethylene
tube (PE-20Y% 10pl Hamilton F2}7]ol -3hsle] 5u19
FAZ 1% Bkl FARBIEH. AL AL EFA)
(=& FAIF}HIL Swden®] tHHLE FATEH FolA
< A s},

R

CPCA2| S uls gt ¥ 4tk WE

27)e) 7 ENEL 87.8+8.1 mmHge] %2, 1 nmol
o] CPCA Foid 93 H¥F gt 7FAFHE 26124
mmHgo] 93 2 nmol# 3 nmol®] CPCA Folol] £]3} H
obgaake. 2bzb 263+ 2.7 mmHgs} 34.6+43 mmHg ]
A3 T 7)A gl wls] ARl (p<0.01) FHA=] e
1 nmol?] CPCA Foiel| 25t m Ald<pe] Wil 14 +
5.5bpme] %2 2 nmole} 3 nmolell A= 22t 58+ 8.4 bpm
70158 bpm B 7]1A Aldbge] wlE] ] lA
(P<0.01) Z¥2-3}oic}(Fig. 1).
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L-NAME JMAx| £ CPCA0| o5t 2ioh ol Mufa-

=
gl

20 nmol®] L-NAMEZ &7 2 A X3 £ 22 F
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Fig. 1. Changes in mean arterial pressure (MAP) and heart rate
(HR) induced by intrathecal injection of 5'-(N-cyclopropyl)-
carboxamidoadenosine (CPCA) in rats. (1) Representative tracings
depicting the changes in MAP and HR following intrathecal
microjnjection of 2 nmol of CPCA. (2) Dose-dependent res-
ponse of intrathecal injection of CPCA to the MAP and HR.
Results represents the mean + SEM (n=7). *p<0.01 compared
to baseline MAP and HR.

9o 2nmole] CPCAE Fodsle] F4% ¥4t 2 A=)
W3R 7]AEst 9l Aldkepe]] wls] 2z} 7.0+4.02 mmHg,
18.7£7.7 bpm "HF ZH4H 43, CPCA Folol 23k g4
2} Aabpe] Zhaell Histed 22t 73%% 68%= BE3=
FoJ g (p<0.01) GAEA7} JNTHFig. 2). 20 amol®] L-
NAME wh5Foie] ofgt g4t % Ape] #3he gla.

CRCA  LNAMEWKCFCA

Bicuculline FXX| £ CPCAO 2| &gt 3 M= HE

3 nmol®] bicuculline® 257 = Z%zﬁf] g F A2
2ol 2 nmol®] CPCAE Fosle] viehi= Ad I 2
Autgts BF A f Aol 272 247141 mmHg,
65+9.7 bpm THF ZASIPIA T CPCA 5 Foi ol ¥l
3 942 glgich(Fig. 3). 3 nmol®] bicuculline THE-F
ool 23t dgk F Alukgee] WSk i

5-AV MXX| £ CPCAY| ot Het & 4ehs HE

50 nmold] 5-AVE HFThNE A X g - L Hg]o]]
2nmol?] CPCAE Feidle] viehts g gk ol Al
o] wWdh= BT AP W Al 247 277436
mmHge} 6277 bpm 9Hg 7H4Elg A9 CPCA ©H5 F
of ol HlE FojAde] gldeh(Fig. 4). 50 nmol¥ 5-AV &
EFolof| o3t Bqk B Afubpe] HEE iet

MDL-12,330 MXX| & CPCAO| 2gt &el I AlYke
HE

10 nmol¥] MDL-12,3308 H$7hiz #Ax] F 22
F4el 2nmol] CPCAE Foisle] vepl= g ¢
g Ao Il A 1A EYG 9 Al Z7 83
+3.1mmHg, 22+6.0bpm g Z4F93, CPCA d&
Folol Wa 68% 2 62%] F213H(p<0.01) i A
771 9)9vFig. 5). 10 nmol®] MDL-12,330 &5 -144
off 213 At Alube] Wsle gl

n

Adenosine TEA= A A H A3 opgoz FREH
H(Ongini?} Fredholm, 1996). A;-°}%-2 adenylate cyclase
£ A8t} MEW cyclic AMP(cAMP) 55 7447
3, A,oF3-2 adenylate cyclaseZ FAFAIA cAMP ¥

CPCA L-NAME+CPCA

Fig. 2. Changes in mean arterial pressure (MAP) and heart rate (HR) induced by intrathecal injection of 2 nmol of 5'-(N-cyclopropyl)-
carboxamldoadenosme (CPCA) only and 2 nmol of CPCA 10 minutes after intrathecal pretreatment with 20 nmol of N%-nitro-L~
arginine methylester (L-NAME) in rats. Results represents the mean + SEM (n=7). * p<0.01 compared to CPCA only group.
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Decrease in HR (bpm)

CPCA,

Fig. 3. Changes in mean arterial pressure (MAP) and heart rate (HR) induced by intrathecal injection of 2 nmol of 5'-(N-cyclo-
propyl)-carboxamidoadenosine (CPCA) only and 2 nmol of CPCA 10 minutes after intrathecal pretrcatment with 3 nmol of bicuculine
(BC) in rats. Results represents the mean £ SEM (n=7).
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Fig. 4. Changes in mean arterial pressure (MAP) and heart rate (HR) induced by intrathecal injection of 2 nmol of 5'-(N-cyclo-
propyl)-carboxamidoadenosine (CPCA) only and 2 nmol of CPCA 10 minutes after intrathecal preweatment with 50 nmol of 5-

AHCPCA

aminovaleric acid (5-AV) in rats. Results represents the mean = SEM (n=7).
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Fig. 5. Changes in mean arterial pressure (MAP) and heart rate (HR) induced by intrathecal injection of 2 mmol of 5'-(N-cyclo-
propyl)-carboxamidoadenosine (CPCA) only and 2 nmol of CPCA 10 minutes after intrathecal pretreatment with 10 nmol of MDL-
12,330 in rats. Results represents the mean = SEM (n=7). * p<0.01 compared to CPCA only group.

=2 Z7IA7IH (Daly 5, 1983; Hamprecht®} Vancalker, X (Bruns %, 1987; Stonc =, 1988; Jacobson, 1998), &
1985), A;-o}8-2 phosphokinase C5 ZA3AA Ca™? 3 2N AERP] A T Anofo] EAlFe Ao o
g 7z Jacobson, 1998). S54174A A HETA ## 3Jvh(Choca 5, 1987; Jacobson, 1998). A, 48
HE A A F Agelde] B ERg B idl u) = WET Yhv 899 2 521384 Sl BAEG

=]
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(Ongini¢} Fredholm, 1996). Nekooeian®} Tabrizchi(1996)=
A, T8A oo LA a2 S 3]
ZHAF)A WhAle] o8t Aulg B8 Bele AAeE Et
AZEaL sk sk 51737 e EAlsle A S EAE
AP 240 F93 HFg Pl g d7AEE F
#1519 A (Barraco 5, 1991; Mosqueda 5 1991; Tao%}
Abdefrahman, 1993; Koh &, 1996), A, $~83 I5ok-e
Aol e AZAPDENE A EZE BEs]FA I Hgl A
= MEE AT 31 Jacobson, 1998). 2@t
FHH2Z Foi¥l A, TEA Bl AEIA = o
g Bi= A, 584 E5RE A3 XA Fold) Stella
%(1995)2] BAIe)elli= Ae] gl AAelv}. i E ol
TollAe Ay 8712 B5efel CPCAS ol FAl8le]
et} Aupe] Wsle Jelal o 2R iEle] &
Akslget, B AgfA] Hae] s F4 F9le] A, TEA
F59F9) CPCAE 1nmol Foislsde o fo)8 g4 ¢
Aaee] WaE ¢l 2 nmolst 3 nmol FodAl= Fstwt
Aot 24t o] A A, FEA TSRS A3y
Y2 Foftlo] YRS VAT Stella S(1095)2) 27}
AT 38 NO= EDRF(endoth-elinm-derived relaxing
factor)ZA H#H WA EollA AAHT FFAHA % NO
FAEATE EABtEE 7] AYEE NO7F S23h8-6 1}
eld 4 olebd Sl (Furchgotte} Vanhoutte, 1989).

£ AgdoA H7) YE CPCAS Foddled vehls &
s s 9 Ak A #4- NO g a4 AAA L-
NAME®] 2Js] §-2]a}A] dA|s e} o] A= L-NAME
AXA] F CPCAE A|3=4=. Foisled CPCAY] FY37t
T} dAlEle] CPCAE NOE FEA1A dWsitass
vebdue Stella 5-(1995)¢] B39l fAkslg e, o] A™
FPA73A A FElEl NOovE A3 sPAFV = s o
(Shapoval, 1991)AE Eet 35S LAzl Bl
it M RfelE NOY Fekaa 2Rl tsifi= o}
% te] w7l 2ol & ARoAME NO A EL o
AAE F8190E W CPCAY] ¥ sFET A4=
22 CPCAYE NOE AAsle g 317 £38 vy
B AeR Azt 2Eln 2R del NOd| o gt
3}7; 282 guanylate cyclase®] FAFZ 18 cyclic
GMP(cGMP)?] AA=E d¥t=]of 9l.2m(Palmer 5, 1988),
Li g (1994)% 2l NOE Feis}o] 71 Ik 817 244
< cGMP Z7PE-0]™ guanylate cyclase QA4S me-
thylepe blueell 2j8) <JalElvls ¥ Talgie}. o) 4FH NO2
Heboll gt 282 cGMPY AFe] gle Ao dulr]
et F Al Hprqfel] Feigk CPCAd 2l st
87 9 Ak 2k GABA, 584 Z23A1”] bicucnlline
2 GABAp 7841 A2l 5-Ave] 5] HAIHA] egiet.
o] AIR= Gerbere} Gahwiler(1994)7} adenosine Al &

A2t GABA; T84 2 Gi-ebgas s 91l
o] Giwh9Ale] ol&] 72 adenylate cyclased]] *3&FE- F
o] 332 AZAEA = 248t B arel Koh 5 (1998)
o] FF HpolA A, T8AL] AP 92> GABA;
Bl 2fgle] wifgEele Eael dAjsle ALE A,
43 GABA, 78419} GABAL &A1) &3led wi7)=]
A eherh= Zlojrt, g B Ao HeyTh o Feddt
CPCA®) )3t &4t 3170 9 A¥bgp 74 adenylate
cyclase 9A1A)¢] MDL-12,330 A Ao &Js] JAHe] T
FEG=] o= E<pollA A, =847} adenylate cyclaseZ
FEANA cAMPEEY| S]] Leld HeE Qe
Z A, TEAE adenylate cyclaseE A ste] A EY
cAMP 55Z ZAAIFII, A, $2A= adenylate cyclaseZ
FAAIA cAMP FE7F Z71E ] (Daly 5, 1983; Ham-
precht$} Vancalker, 1985) 2H£-& vjellici= H el
Vancalker 5-(1979)°] $5417A A= adenylate cyclase
g2 JAlE= A, 442} adenylate cyclase 4% #F
SATIE A, T8A7F EAgkedar B gk 2w dR)sRs 7l
olt}, =8t GABAB 24X adenylate cyclase2] ¥#|e]]
2JshA] Zhegleh= Bt g)=d], Wojcikeh Neff(1984y= 4~
%4 Ze) A, Karbons} Enna (1984)= o= A6l Nishikawa
2] Kuriyama(1989Y= simbd| EolA] GABATE-A2] &%
£ adenylate cyclase B GAlS E3F MEW cAMP %
Lol olsf S WEABE T, Ao EA3E GABA,
A% adenylate cyclases} QFHH o] B %G HKamat-
chi®} Ticku, 1990; Malcangio®} Bowery, 1993). mwhz}A]
adenylate cyclaseE ZAIFAIA cAMP 557} S71H0o] 2
42 vellE A, 7842 GABA, T84 2 GABA;
TEAlg s GFe] glE HeE AlEsS e Li F
(1994yE ZH NOE Foisle] A7l I 37 =2
cGMP Z7lo| 7|el8leln FA5)ev). =5 Rosalinda 5
(199 Ad=AlA] NO7} enanylate cyclase® A 244
7 cGMP7} 71 ARAZLEA ] frejeeii shgeh
m2bA] Stella 5(1995)0] Boudt A, $8A] FHopS A 3
wAdeA NO 88 B3l dshd 288 vehicie
Az} B AP A, 984 E5oke] NOE mAZ =}
A2 WEPATE 29 AR o) Qlvh E B Al
A cAMP S7lel] &fsle] A, 849 FHE-o] WHFE
HolZ2 NO FZ 13 «GMP 7ol 2]8led H<t 8}
7ol A71e dwiEal HAlwt tl2x, 12 A, $EF
Bgefe] NO wiAIS} cAMP E7}of €3t & s1del o)
g Aok A FEALE A, 87 A7 A8 =R 7
& VWA glont Mol M= st sl Alul fhaele
FUe A-E el AL o 7R A gExgE 7z}
9] A AR7E FT AAE) HEA Ee o E 5
ol Qleiris AL B Vel 7R m= Helelgo
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Qg ¥ WY 58 FEE 4 ol i Sl dg 4
TF7} S8 2 o Flesejof g o2 AlRAG, o)Ak A
FEHE] Hpol] EAsl A, LA NOS9 adenylate
cyclase BAE2 918 NO2} M EW cAMP £71] oJ8ko
Yapa 3 A 2T AT Ao B
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