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Electrophysiological effects of N°-cyclopentyl-adenosine and [ — ]-N°*-
[ phenylisopropyl ]-adenosine on pacemaker cells in sinoatrial node of

guinea pigs’
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ABSTRACT The elecirophysiological effects of N°-
cyclopentyladenosine (CPA) and [— J-N°-[phenyliso-
propyl Jadenosine (R-PIA) (both are selective adenc-
sine A, receptor agonists} on pacemaker eells in sino-
atnal (SA) node of guinea pigs were investigated using
intracellular microelectrodes. CPA and R-PIA in-
creased the amplitude of action potential. amplitude of
the maximal diastolic potential and maximal rate of de-
polarization (phase (), but decreased the velocity of
diastolic (phase 4) depolarization, the rate of pacemak-
er firing, and the duration of 90% repolarization in
pacemaker cells of guinea pigs. B-Phenyltheaphylline
(a nonselective antagonist of adenosine receprors) and
glibenclamide (a potent blocker of ATP-sensitive K+
channels } inhibited the electrophysiclogical responses
of pacemaker cells to CPA. These resulis suggest
that the eletrophysiological changes induced by CPA
are adenosine receptor-dependent and mainly mediated
by activation of ATP-sensitive K* channels coupled 1o
adenosine receptors.

KEY WORDS adenasine; theophylline; glyburide;
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Adenosine exerted an inhibitory action on
heart rate in dogs®’, rats'®, and rabbits®.
Although the adenosine-induced decrease in
the rate of diastolic depolarization of mam-
malian SA node was well documented®->, sys-
tematic and quantitative studies were not seen
inn the literature. and its ionic mechanism was
not clear.

CPA {(N®-cyclopentyladenosine) and R-
PIA ([ — J-N°-[ phenvlisopropyl J-adenosine )
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are adencsine analogues with the effects simi-
lar to those of adenosine in animal hearts.
ATP-sensitive K* channels may be coupled to
adenocsine receptors via GTP-binding proteins
in rat ventricular myocytes*. Glibenclamide
(Gli, a potent blocker of ATP-sensitive K™
channels) may inhibit the adenosine-induced
bradycardia“*. Thus, the purpose of our
study was to investigate the electrophysi-
ological effects of CPA and R-PIA, and to
clarify its mechanism and the relationship be-
tween ATP-sensitive K channels and adeno-
sine in SA node.

MATERIALS AND METHODS

Guines pigs of either sex weighing 0. 35+ s 0. 04
kg were decapitated and the hearts were superfused
with cold balanced salt solution. The preparations in-
cluded the intercaval region and a small part of the in-
ter-atrial septum but not the atrioventricular node.
The upper part of the crista terminalis was cut to open
the superior vena cava in order to expose the sinoatrial
node. It was mounted on a perforated silicon rubber
block in a tissue bath,

The glass microelecirode was inserted into SA
node pacemaker cells to record the electric activity-
The transmembrane potential from the recording mi-
croelectrode was amplified (MEZ-8201), monitored
with a memory oscilloscope (VC-11), and fed 10 the
A/D convertor. A microcomputer {Apple-I1)} was
used 1o process the ampliflied signals. Maximal dias-
tolic potential (MDP), amplitude of action potential
(APA ), duration of 90% repaolarization (APDy ),
maximal rate of depolarization (V) rate of pace-
maker firing (RPF), and velocity of diastolic (phase 4)
depolarization (VDD) were analyzed by the computer.
Parameters of AP were stored into a diskette.
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After recording 3 control action potentials (AP),
the preparation was perfused with modified K-H solu-
tion: NaCl 125; KC] 5.1: MegS8O, 1.2, CaCl; 2.1,
NaHCO,; 23; glucose 11 mmol »1.7. The AP was
recorded at 1, 5, 10, 20, and 30 min after application
of drugs. The preparation was washed with the K-H
splution to observe the recovery of AP.

The experiment consisted of 3 groups: (17 The
electrophysiological effects of CPA and R-FIA on SA
node pacemaker cells. The animals were divided into
5 subgroups: control. CPA 1, 5, 20 nmol+L™" and R-
PIA 20 nmol+L7': (2) Effects of 8-PT (10, 50. and
100 nmol * L7 on the electrophysiclogical response
of pacemaker cells to CPA (20 nmol-L7');: (3)
Effects of Gli 1. 5, and 10 pmol-L ™) on the electro-
physiological response of pacemaker cells to CPA {20
nmol *L.7'). The solvent and resources of CPA, R-
PIA. 8-PT. and Gli have previously heen described®-.

The changes in parameters of AP expressed as
¥+ s were analyzed using ¢ test. Differences among
groups were compared using F test.

RESULTS

Effects of CPA and R-PIA on auto-
maticity of pacemaker cells in SA node RFPF

Tab 1.

was decreased by CPA in a concentration-de-
pendent manner. VDD began to decrease af-
ter 2 min of perfusion with the K-H solution
containing CPA. and showed maximal de-
crease at the 5th min. The maximal decreases
in VDD induced by CPA at concentrations of
1. 5. and 20 nmol +L™! were 62, 50, and 40
!, respectively. The changes in VDD
induced by CPA were parallel to those of
RPFEF. R-PIA (20 nmol-L7') also induced de-
creases in RPF and VDD (Tab 1).

Effects of CPA and R-PIA on transmem-
brane potentinls of pacemaker cells in SA node
At 20 nmol-L™!, CPA and R-PIA induced de-
creases in APD,, and MDP, and increases in
APA and rate {V..) of depclarization on the
pacemaker cells. CPA showed no effect on
MDP, APA. V., and APDy at 1 nmol-L 2.
The changes in MDP induced by CPA were
parallel to those of RPF (Fig 1).

Inhibitory effects of 8-PT and Gli on elec-
trophysiological response of pacemaker cells to
CPA 8-PT 10 nmol-L ' did not affect the

mV »s™

Electrophysiological effects of N*-cyclopentyladenosine (CPA}, [ — ]-N*-[ phenylisopropyl Indenosfne (R-

PlA}, B-Phenyltheophylline (3-PT) and glibenclamide (GIi) on pacemaker cells In SA node of gulnea plg. #=8,
Fts P>>0.05. "P<I0.05, “P< 001 vs control; “P>>0. 05, "P< 0. 85, 'P<C0. 01 vs CPA (20 nmol-L™").

Drug/ MDP/ APA/ Viae/ yDD/ RPF/ APD,,/
nmol *L 7! mV mV veg? mVss! bpm ms
Control —44+43 4745 4.6+1-1 TOL7 175410 203116
CPA
1 — 4844t 52+ 3" 5.341.8 6248 1574+ 12% 198+14°
5 —5345° 5845° 6.1+2.3° 50+ 6° 134+ 14° i894-18"
20 —59+5° 63+ 4 6.9+1. 4 404 5° 10948 1724+21°
R-P1A 20 —5744 61+ 3~ 7.i1+2.0¢ 42439 113415 177412%
CPA 20 + 3-PT
10 —E4 474 594 g 6. 3+1.3% 454 6" 116413 186+ 18%
50 — 464" 49+ 7™ 4. 7+1.9™ 6714~ 1484 1M 199123
100 -~ 4046 4444 3. 8421 g3t 10 169414 223417+
CPA 20 4+ Gli {pmol-L1) :
. 1 —5646™ 594 4™ 6.441. 9% 4445% 116+ 15" 179413+
5 — 504" 5415 5. 7+1.5" 5418 13148 190412
10 —494 3 5244~ 5.44 0.9 5847 1424 14> 180422
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Fig 1. Inhibitory effects of 8-PT and Gli on electro-
physiological responses of pacemaker cells in SA node
of guines pig to CPA. A. Control. B. CPA 0. 02,
C. SPT 0.1+CPA 0.02, D. GU 10+ CPA 0-02
pmod-L 7.

CPA-indpééda‘, electrophysiclogical changes of
pacemaker cellsin SA node (Tab 1), whereas
50 and 100 nmol:L " antagonized the elec-
trophysiological CPA (20
nmol -L7).

Gli 5 and 10 pmol «L 7! inhibited the elec-
CPA (20

TESpONsSes  to

trophysiological responses to

nmol-L~1).
DISCUSSION

The present results confirmed that CPA
and R-PIA (the selective adencsine A,-recep-
tor agonists) could concentration-dependently
decrease the RPF and increase the APA and
Vo of pacemaker cells in SA node of gninea
pigs. The mechanism underlying the effects
of CPA and R-PIA on APA and Vo, remains
to be clarified. APDg in SA node pacemaker

cells was decreased by CPA and R-PIA, sug-
gesting that the repolarization process of SA
node cells was sensitive to CPA and R-PIA.
Since the repolarization process was mainly de-
termined by the potassium current in SA node
cells, it was suggested that CPA and R-FPIA
might act on the potassium current.

As a nonselective adenosine receptor an-
tigonist, 8-PT markedly inhibited the eletro-
physiological effects of CPA on pacemaker
cells in concentration-dependent manner, sug-
gesting that the effects were receptor-depen-
dent.

In the present study, Gli (known to in-
hibit ATP-sensitive K* channels®!®) attenu-
ated the negative chronotropic action of CPA
in SA node of guinea pigs. an effect consistent
with the results gbtained in dogs in vive™.
ATP-sensitive K+ channels may be coupled to
adenosine receptors via GTP-binding proteins
in rat ventricular myocytes®. Thus, it is
likely that activation of ATP-sensitive K*
channels by CPA via adenosine receptors may
be involved in the electrophysioclogical effects
induced by CPA in SA node cells of guinea
pigs. As the electrophysiological changes in-
duced by CPA were not fully abolished by Gli,
other mechanisms might also be involved.

In summary, CPA exerted a negative
chronotropic action on the pacemaker cells in
SA node of guinea pigs. The effect was
adenosine-receptor dependent and mainly me-
diated by activation of ATP-sensitive K chan-
nels coupled to adenosine receptors.
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Effects of morphine on sensltivities of c-adrenoceptors
in toad spinal ganglion nearons
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ABSTRACT Intraceilular recordings were performed
on 35 neurons from 35 isolated toad spinal ganglia
(SG) and the extracellular free calcium jon activities
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were measured in another 26 isolated toad SG by Ca®*-
selective microelectrodes. The effects of morphine on
the sensitivities of o-adrencceptors were pbhserved. It
was found that depolarization of membrane potential

induced by norepinephrine (NE 10—10¢ pmol-L~!)

or a-adrenoceptor agomist phenylephrine {100
pumol + L™  was depressed by morphine (27
pmol :L 7'},  Superfusing SG with opwid receptor an-

tagonist naloxone {100 pmol + L 7!} blocked the de-
pressing effect of morphine on NE-induced depolariza-
tionn  The deptessing effect of morphine on NE-
induced depolarization was not affected by superfusing
5G with ay-adrencceptor antagonist vohimbine (5
pmol~L™"). NE (100 pmol+L™") reduced the extra-
cellular free calcium ion activity while morphine (27

pmol-L™1) increased the extracellular free calcium ion
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