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Characterization of Purinergic Receptors in Rat Atrium

Jae Ha Kim

Department of Pharmacology, Chonnam University Medical School, Kwangu, Korea

In rat atrium the characteristics of purinergic receptors were investigated by observing the ef-
fects of some purinergic receptor agonists and antagonists on action potential and contractile
force.

The statistically significant effects of ATP(107%~1072M) and adenosine (1075~107*M) on
normal action potential characteristics were a dose-dependent shortening of action potential dura-
tion (APDy) by both agents and hyperpolarization by ATP (107, 10-*M). CPA (10%~10"*
M), an A, adenosine receptor agonist, shortened APDy, markedly in a dose-dependent manner
and these effects were almost abolished by DPCPX (107 M), an A, adenosine receptor antago-
nist, but not affected by DMPX (2x107°*M), an A, adenosine receptor agonist. On the other
hand, CGS 21680(107"~107* M), an A, adenosine receptor agonist, elicited a slight shortening of
APDy and these effects were inhibited by DPCPX but persisted in the presence of DPMX.
Adenosine (107¢~10"*M) decreased the basal contraction of atrial muscle in a dose-dependent
manner and these effects were not inhibited by DMPX but by DPCPX.

These results suggests that purinergic receptor agonists depress the cardiac activity by a short-

ening of action potential duration and this effect is mostly mediated by A, adenosine receptors in
rat atrium.

Key Words: Purinergic receptor, Action potential, Contractile force
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Adenosineo] AN, F3b A D2 A
o A dxg, FRY §HE Yoslw o
2% &37} methylxantined] 2lajx JA A=
Abdo] Satting} Rall(1970)¢] 2oJ8iAl Loz

ole] M E= M2l nucleoside G839
T7F #da) Aol eu ok Ed o
purine, 3] ATP(adenosine triphosphate) Z
nuclectide’= A E7]5d ol Fo3t 9T
sghs AMASoel dEx 1 9lth(Burnstock,
1972; Stone, 1989).

Purinergic & A& zZ&3t= 2FA 9 F7
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g ZA FFFE JFoIx=d, Burnstock
(1978)& adenosinez& nuclecside/t FEA =
283= g4 P, ATPZS nucleotides} 2
EAE FL3le F4AE Pt 933t o
#H3 &4 ERddde thie =] AT
A Az wolEoxn ot =3 Londos
9} Wolff(1977)= P-#&A1E t}A] adenylate
cyclase®] 84& AAg= Rigt A58 Ra &
LAz AESga Van Calker%(1979)2 ade
nylate cyclase A +=&AE A, AT F&
HAE At BHEAT. A7le BE3 Riveiro
¢} Sebastiao(1986)+ adenylate cyclase®}= -
@t ZEEEY #Hol v A-FEA o
i EHch AF7A Y] A7l o A 2 A
rFEAE R ZRAGA Mz Aoldt &}
g Fgte Zez 484 Itk F A-F8Ae
FAENE 2= dFE @A ojeiks
& doA EUe& #AAF]= adenosines] 2§34
YT #de] x, v A-58A= g2 A
Agdd el AAZET HAgdAe] F HEgad
(negative inotropic effect)& Yo7+ &3 @
dol glota &alA qivh weEkx] HAke] A$-<d
A gAd Eolgorw FAL3lE AFAE ¥R
Ao} 1 aEln AAFHARY AR
2»oqd 71 ot

%3 purinergic 58419 FEFAE< adenosi-
nex} ATP7} BAEES A3 AriAessy
298 doflges AME oddRE dHAY
o}, & YAAE &5 9 7+ (Urthalers} James,
1972), &% A9)717te] @=(Hollandere} Webb,
1957) 18]al catecholamine?] #H7|A&ex &
o] Wz(Rardon?} Bailey, 1984)%0] u&%]
Jot. FH Ao FFHAHE A adenosine>
A AZ, AZAN 22 aZANAFAEe 84
Ql oA AZMEEZRE 9 B/ F71EHE
(Clemo%, 1986; Sparks3s, 1986),
Ansah%(1989)2 o]27 £H]® adenosineo| 4
3 EA FAN o2 RE AFe RadTn N
t}. gAAH o 2 adenosineo] WAAEE =g A

Boachie-

sto] A7) 23 AN Xad A
oz Al&EHo] 93 ¢ ovk(DiMarcos, 1983).
ol21§t grAgHA Futo] & MEFFINAY Z
4714 g#A A grh. olgke 2, Abgl
QolA Ate] thEk purinergic FEAEel 3}
£ gAY Ve @A dAFos B8
e BA Fosn £3F AEEARE s
A7 dE Rax 9th(Haines®, 1988, Lerman
%, 1989).

B AFgre, ool thgdt 35‘.34—‘% W
purinergic +4Ae AgelAe A H4&
Bt #4837 $isled P, 84 FEAQ
ATPs}, P-42A #EA ¢ adenosine 1&8]3 ¥
742 Bo]& ¢l P, subtype -&-H 9] ZEA £ 2
FAEC] FF AUy AVAYTH @ F
%o olgA AFE VX =AE BEAC

Mz W Yy

253 gzoz HAAZ FFHAF 200~
250 g)e] A& AEe FA%e 28 A o
£ olRAE 4x2mme] HFHoE TE Tyroded
(ZA4: NaCl 131 mM, NaHCO; 18 mM, KCI 5.4
mM, NaH,PO, 1.8 mM, MgCl, 0.5 mM, CaCl; 1.8
mM, Dextrose 5.5 mM, 95% 0»5% CO, &£/t
£ bubbingAl# pH=74 FHAsT &£z &3
d w378 o]83le 37°CE A€ 8ml/min
o] &5z #AFAZ Puigo] silasticez H
bathel] ol E&rh o 1A7t0] AR F =3
o] AFHH FHEHE FA3] st A A
H& bath9] silastic based)], & £& nje]laz
"oz 3433 g I&F L silver wire(AF
0.0l mm)s2 %o
(Gould metrigram)o] &3l =8 & record-
er(Gould 2400)] 7|&3FcH(xr] E3= 05
g). &Y HFL ZFEX Y basal FHHI
et HdPEY % WEANE FAEAY. EF
7 9]+, Microelectrode puller(Stoelting Co.) & ©}
£3le] Wed 3M KCI& 9L glass microelec-

isometric force transducer
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trode(DC A3 10~30 MQ)ZE micromanipulator
(Brinkmann 3 axis)& o]23}o] A Tule] Bzl
A, WAL E electrometer(WPI S707A)E E3}
o] oscilloscope(Tektronix 5113)%} polaroid AF&
712 #YsAth

$5AHERY &A% wsE, A ojgr A
%] (maximum diastolic potential, MDP; mV), &
%A% =Z(action potential amplitude, APA;
mV), 90% AEFAI7EA Y #F A9 7]ZH(action
potential duration, APDy; msec), overshoot(OS;
mV) 181 phase 0 B2 HWAsE5E (dv/
dtpe; V/sec) o)t dv/dines  electrometer]
=49 2¥ANEE wEZE7|(differentiator
amplifier; AgdA Aol AB3 ] A3}
38 oscilloscopedoll A 243k th.

FEA90E frab/l AR E2e AT A3
71(Grass S48)¢)] €123} bipolar silver electrode
(AZE 0.1mm)E o]&3t 1.5Hz, 1 msec 71719]
TR 47 Ake Tz ArjA3sHAc

AFo AlE-$+ oFE Fo|lM, adenosine tripho-
sphate(ATP; Sigma)$ adenosine(Sigma)e
Fod LEke Ads eI AME-AJe] Tyrode
Hof| H3le T== FHAstY #F3IYGT N7°-
cyclopentyladenosine(CPA; RBI),
boxylethyl)phenthylamino - 5” - N - ethylcarbox-

2-p-(2-car-

amido-adenosine(CGS 21680; RBI), 8-2-p-(2-
carboxylethyl)phenthylamino-5" - N-8-cyclopen-
tyl-1, 3-dipropylxanthine(DPCPX; RBI) & 3, 7-
dimethyl-1-propargylxanthine(DMPX; RBD)&
dimethylsulfoxide(DMSQ; Sigma)d] nE=2] ¥
N g THEo] AlgAo] Al Tyroded o] 343}
aaach

AfAne AAETAMY FE FALIE
ZH(mean+SE)E EAStH o EAH 4
A AAo)= unpaired Student’s t-testZ ALY
o}.

o o

z o}

1) ATP2} adenosineo| EZS®<o] ofx|
= g8

Tyrode® #F-slollA] AAIZE 25#9] AFo=m
FE 4L 3F5HY 2h5ge, Adelgy] A4
(maximum diastolic potenhtial; MDP)E —82+
0.7 mV, phase 08%39 A4 Z (dv/dta.)
F 264+17.2V/sec, EE 9 ZE(action poten-
tial amplitude; APA)& 110+£2.1mV, 90% A
EFA7E= 2] &5 A$717H(90% action potentil
duration; APDg)2 75+ 2.8 mseco]jt}.

ATP 2z} £3F(1075 107°% 107* 28] 1073 M)

Table 1. Effects of ATP on action potential characteristics of rat atrium

ATP conc. (M)

Control
1078 107° 107 1073
MDP(mV) —82+1.0 —84+1.8 —80+2.1 —85+0.6* —86+1.2*
dv/dtm..(V/sec) 264+28.9 279+6.0 272+9.0 312+25.9 285+12.1
APA(mV) 110+2.8 108 £3.9 111+4.9 111+£3.6 109+2.2
APDg(ms) 75+5.4 76+12.2 67 +4.1 62+4.4 51+5.2*%
0S(mV) 27+3.0 25+4.2 29+5.9 28 +2.3 27+4.2

Numerals are mean +SE from 5 to 6 preparations at 10 min after ATP administration.

MDP= maximal diastalic potential. dv/dt.. =maximum upstroke velocity of phase 0 depolarization.

APA =action potential amplitude. APDg=action potential duration at 90% repolarization. OS=overshoot.
*: p<0.05, by Student’s t-test as compared to the control.
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T3 102 AHA Y 8549 @5 &, MDP
£ 107, 107°M TN z+z} —85+0.6, —86
+1.2mVa oA FEF=H e (47 P<
0.05) APDy2 ATP Fojzfel ZFtof) upzh &3
SEHOR Zadhe A¥E HAIL 53] 107°M
EaAdle 5115.2msecEA] ) ZTA) ) H)5) ofF
30% 9 9% #BAE doHH(P<O0.05). L o]

del WE REL #oF WEo] UTH Table

1).

Adenosine 2+ £-8:(107% 1075 107 1&g
107° M) FoF 108 AgAle 59 HF
%, APD,& $FelEFHo 2 ZH 43P, 107°
M B A= 60+4.2 msecEA] ZRFEXd) vd}
o oF 21%(P<0.05), 107*M FojA|oj+= 414+3.7
msec2A] R vt oF 46%(P<0.01)
agln 107 M FEojAldE 324+3.2msecEA o

Table 2. Effects of adenosine on action potential characteristics of rat atrium

Adenosine conc. (M)

Control -
10-¢ 10-° 10~ 10-3
MDP(V) —380+1.2 —82+2.9 —80+2.3 —82+1.6 —83+1.2
dv/dtp..(V/sec) 260423.9 283+34.2 274+15.0 258+38.6 262+4.4
APA(mV) 108+3.9 113+£49 111+4.3 104454 107+2.4
APDg(ms) 76+5.2 73+8.1 60+4.2% 41 +3.7** 32+3.2**
0S(mV) 28+3.6 30+3.9 29+4.8 24153 27+3.9

Numerals are mean+SE from 5 to 6 preparations at 10 min after adenosine administration.
*! p<0.05, **: p<0.01 by Student’s t-test as compared to the control.

Other legends are the same as in the Table 1.

Recorder )
Oscilloscope
Ditferentiator
dv/dt max
3M KClI Isometric
Transducer
TN

Fig. 1. Block diagram of all the experimental equipments used in this study. See methods for further details.
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Z7 A9 Hsle] oF 58%(P<0.01)9 #4222 4
ogem I Zxel AxyF ATP FoAET &
ARt 1 ol9le] WFRHPES 9T WFo
A} (Table 2).

2) ATP2} AdenosineS0{¥E A|zZtdzfof
o2 APD,° HE

o) A¥AFA A ATPS adenosine-
A9 W5F F2 APDyol 9EE vAE
Aoz yElydrl. ATP 1075 107°M T o A9
T F3% APDy #AadE YehtA] gk ur
10743 107° M FodAdls Fof 2~38 AFAR
Bl APDyol Zra3ty] Algele 5EAgAld =
Wz #2231 25 3 A 40E7A) o
A E #3819 (Fig. 2). Adenosine& 107°M
FoAldlE= APDy #AEA7E Uehds] AlFsto]
107, 107 M FojAol= APDyo) dA3HA 74
S, FAWFE ATPY 799} vl &
o 2~38 AAA Zhdly] AFste] 5E7A3
Al Hdie 4 agn a2 £F3& PW 408
A A B2 EE fA 8o (Fig. 3).

-4 ATP

4 9 0
-
o
z

80 |

40}

APDg, (msec)

T ME (min)

Fig. 2. Effects of ATP on action potential duration
(APDg) in rat atrium. Each point is the
mean of observations from 5 to 6 prepara-
tions. Vertical bars show S.E. of mean.

3) A, % A; Adenosine =2 agonist
7} APDyof| o|x|l= HE

A, adenosineF&-Ao A¥ZFH agonistg] N&-
cyclo-pentyladenosine(CPA: Moos%, 1985;
Bruns%, 1986; Willlam%, 1986)& APDy,& &
FolEH o2 LAY, & 107°M Fojr] 27
+7.2%, 100"M FJA] 42+£5.9%, 107°°M Fo
Al 724£7.2%, 107°M FoA] 79+6.8% 18]l
107t M FojA] 82+5.2% Z4289H. o] a3+
2 &% vlg #@AsA Ao
(Fig. 4). w1123 A, adenosine & ¢ A€ 3
agonist?] 2-p-(2-carboxyethyl) phenethylamino-5-
N-ethylcaroxamido adenosine(CGS 21680: Jarvis
5, 1989; Levans%, 1991)¢] APD,, ZHA&E A=
e g-8ko] adenosineo|v} CPAJ| H|&ted &HA
3 gttt & 100'M FAA] 7£34%, 10°°M
FoA] 10+£4.9%, 10°M FAA] 17+4.9% 1
A1 107*M FEoA 20+5.2% A3 (Fig.
4).

adenosined]]

4 4980
-
o

10“” Adenosine

80 |

APDg, (msec)
3

40

20 Lt i L 1 1
o] 10 20 30 40

T1ME (min)

Fig. 3. Effects of Adenosine on action potential du-
ration (APDg) in rat atrium. Each point is
the mean of observations from 5 to 6 prepa-
rations.

— 185 —



LOG DOSE (M)

O CPA
®. CGS 21680

T

1
]
=}

-8 -7 -6 -5 -4 -3
D T S T T 1 v
3
o -2
Q.
<C
= .
- i
w T \
o v Adenosine
c
[o]
£
(&)
R

various

curves of
purinergic receptor agonists on action poten-
tial duration (APDg) in rat atrium. Each
point is the mean of observations from 5 to 6
preparations.

Fig. 4. Log dose-response

4) Adenosine, CPA 1zi2 CGS 21680
o] APDy Z4A &30 ojxl& A Y A,
Adenosine =& antagoniste| I

A, adenosine & Ao A€} 3 antagonist§l 8-
cyclopentyl-1, 3-dipropylxanthine(DPCPX: Ha-
1985; 1987)2 adenosine,
CPA z#x CGS 21680(Z 107*M)g] APDy,
Z2asnsE dA3F AAAAY. & DPCPXH g
(1075M)o] 284l adenosined I}= hREXR Q]
43+4.9% 72N A 8+52% a2, CPAgHE
79+5.7% ZAoAM 10+52%%4AR  ogx
CGS 216805 3= 25+3.9% Ao A 4+4.8%7F
22 72z §ostA A HATHP<0.01). 18t
A, adenosine 42A¢] AYA antagonistd) 3,
7-pimethyl—2—propargylxanthine(DMPX ¢ Ukena
%, 1986; Sebastiaos, 1989) 2x107°ML ade-
nosine, CPA =13]3 CGS 216809 APDy, 7+
Eatd] 7o) AL v1xA Fh(Fig. 5).

leens, Bruns%,

S -20
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CTRL DPCPX DMPX
S| LET
* %
[__]Adenosine
r B CPA
F=]cGs 21680

Influences of DPCPX (107*M) and DMPX
(2x107°*M) on the APDgy-shortening effects
of various purinergic receptor agonists in
rat atrium. Each square is the mean of ob-
servations from 5 to 6 preparations. * indi-
cates p<0.01 by Student’s t-test as com-
pared to the control value.

LOG DOSE of ADENOSINE (M)

O Adenosine clone
v DPCPX + Adenosine
® OMPX + Adenosine

. Influences of DPCPX (10®*M) and DMPX

(2x107¢M) on the effects of adenosine in
rat atrium. Adenosine decreased the basal
contraction of rat atrial muscle fiber in a
dose-dependent manner. Each point is the
mean of observations from 5 to 6 prepara-
tions. * indicates p<0.05, ** indicates p<
0.01 by Student’s t-test as compared to the
control value respectively.



5) Adenosineo| AlZoj2tEno] o[x|=
DPCPX % DMPX< €&
Adenosine& 419 basal &%8& &3¢9

Ao g ZAAAEH 10°M DPCPXe o] 7ZHA
ETE ¥A3) A A Zth. = 107*M adenosine
7= DPCPXd afir thzFXQ 23+3.9%
ZhoAM 7T£49% 7422 94 HAow (P
0.05), 107 M adenosine &3+ XA 42+
4.7% 2 11+5.8% 7228 AAEHA JA S
ATHP<0.01). 28 2x107°M DMPX¥E ade-
ZaadH A JFE 7

|

nosine®] Al4E

A=A &k (Fig. 6).
i &

B 479 e 859 AUdd= vE 49
TEAA e 299} vtA7FAR purinergic 84
7} EAFE RAFA Ut ol P #&A #AF
A2 adenosineo| } P, 44 #ZA)<l ATP7}
A4 AT ARZAAM AN Ve GFEA
Z3 adenosined AHtZ e $£&2& ZAAFHOH
ol21dt @a#Eo] purinergic FEA HAEFA L
DPCPXe| ojsiA JAE HToz wFof &
Jt. ATP FodA] Hd o|gr] A/t v 7
3 e S5F9e Hd 9AE moM 2 H
o Ao 854& AAgs, F, ouWd A
o A A2 RigdEs ddn A4 F
gt} v E719 SA noded| A% purinergic &
A4 ZEAE Aoy AYE Wi o)
8= (diastolic depolarization)& A 3] A&+
HFEEE WEoR A A% BFAHE ol
wAGy  LdaEA i (Kobayashig, 1983
Nakayama%-, 1984). AA| 2 purinergic &4 9]
et ofREE AP ohiz gE oy
7114 energy®| AH|E AStL FFE F7H
712, TAEEHE energye] FFH Fa7te] 3
o] o]FolAA st H¥L Aok A U
(Bardenheuer®} Schrader, 1986; Stone, 1991).

P Ve

J

[a2

ATP9} adenosine® Ht o]g7]A9} &% 4
9717t (action potential duration)}e] & &%
A9 ¥MgEde T dFE XA gUuth
53], phase 0229 Ao FeEE(dv/dime.)
XA 23 HE olE ‘—’*%‘ﬂ Al 3=}

gEIS Ado7s Na' influxéts F3ES 9
vgich, 1y 9EF T AR 3}7]77}7‘]4 5
A7)t (APDy) o] @&,

o5 ohiol AR
o #o3dtE KT channeld] 84 & F7MA1712 K*
efflux& F7HAIAA #BE AESE 4otz
A7t & g doh. 719 A EAAA adeno-
sine¢] GTP-binding ©¥-& %3&}o] muscarineA]
K* channele #4871t AR (Kurachi%,
1986)¢] o]& A3l vt ATPY &5 44
717t @2 & 37} adenosine®] F ol Hls|A oF3t
AL 2 d¥dA2Es Ao BrhedAwt, 24
TE AN ATPY Z&-2 P,&Ad g
Axzgol olyx ATP/l dx#dEs AA
adenosineo] o P,&Ao Z&3te vhety]
EHE—(COHiS% Pettin-ger, 1982; Burnstock$}
Meghiji, 1983)°] £/#FE Aol e PrygAl
of 9% Fd= ¥ad FOIA ¢ohes EH1E
2ujs 2 Hert A& A #h
Adenosine §~£3¢] A, subtyped] Hdeido =z
Za3l= CPA(Bruns %, 1986, Wiliam¥%,
1986) 9] #H Awe A7 dFaAE
adenosine & o] via] R ZAHsPI o= A
Za3 2AdA<¢ DPCPX(Haleens, 1985;
Bruns%, 1987)d] 2J3led A oW, AFE
A ZAgA ] DMPX(Ukenas, 1986; Sebastian
&, 1989)e ot ME AFE A FUTh T
#, adenosine =& ¢] A, subtyped]] A&z o=z
ZA4-3&= CGS 21680(Jarvis%, 1989; Levans%,
19912 dFE TS Al 85ANTE @
FAZA oY 1 HEZ& adenosine &tol] Mo
oFth o] BEAHANT dHF AT ATEA
ZgA 2l DPCPXel <)3te] Aol Ad HYouh
A, F4A Z23A 9 DMPXe oairs Ao 4
g ] gt E3,

Hy

adenosine9] AHtZ 4
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72 &7E A 584 A%AQ DPCPXe| 33
GE PP AFEA 2FA DMPXo]
daels As 9ge wA @k F OGS

216809 <% EFAY7IT FraFHde A, ade
nosine F£A o 2|3 Ao] ollel A, adenosine
F&A A 23 Aoldttn AT + A ol
& A¥AIE= dFH Y Aol F2 adenosine
& ¢l A, subtypeo] £A31H, S A&
gEA 7 AT FEHE TRAA AFY &
Ag dAsted #oddta ZEAE & U
Aol g R4, & IFFHAAAME A, ade
nosine $&A7} i, A PG} o]FEA
o BEg WA Axde G G £84 9
Zee oz @ olge BAYNTE B
3(Zucchi%, 1992)7} J&H, AZolrel A,
adenosine &40 #aHE goz o FT 5
of & FA|Q A Zoh.

< | =

g7 AdbZol A, purinergic F&A 2HFA A

ATP$} adenosine “1g]lx EriAle]l AgF
adenosine &% ZFA 2 AFA o] 7|43
A Ay 5 nAs AFHE #EEHA, A

2ol purinergic F&A9 EAE golHix

sttt
ATPE= #%A99 FHdo|&rd(MDP)E
FEIFAHOB (10 £ 10°M EFH7T

(APDg) g @A AT(107° M). Adenosine(1073,
107 @ 107°M)& APDy& &Foj&goz 7
AA At A, adenosine =83 ZAEA|¢l CPAE=
APDg& 2FEH o2 AA8 phAFHLH
(1074~10"8M) o] &3+ A, adenosine &=
241 DPCPXol| <3te] Aot A,
adenosine 483 Z&A9l DMPXd| 9sjxs=
g &S ux) 9okth. A, adenosine &% 2 A
Q1 CGS 216802 oidg FA(107° & 107*M)
APDy] 71/\?‘5}9101,]. o] &7}= DMPXd] )3t
o GFE WA gUi DPCPXd oaiA A

E]S{it} Adenosine(1075~10"*M)& A2e] &

& SFPoE E2HO0F 71-}\}\]5;3‘0\1} o} 7‘;_/;: a3

—t— DPCPX‘”ﬂ sl gA = ey DMPXd
gt s FFe BA FUTH

o)ate] A¥AA o 2R purinergic F&A 2

= A 85AY7E @FAA AYS

o] fxeEe AAAZoEM Ao 84& AA

ste, o] A= F2 A, adenosine FEA A 9

I FE23}ATH

A"

o

19943 Addiggd
o] Fo1 A AY.

2 AFE 9% AT

DPICEEREIELE

t 7 2

i
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