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ABSTRACT

AIM. To study the effects of propylbutyldopamine
{(PBDA) on the inward rectifier potassium curment
(la). METHODS. The quasi-steady state current-
voltage relationship from the isolated guinea pig
ventricular cells were measured using whole-cell patch-
clamp techniques with a slow ramp depolarization (8
mV-s~'). RESULTS: PBDA 5, 50, and 100
pmol-L™!  concentration-dependently  reduced  the
inward rectifier potassivm cwrent.  PBDA blocked 1y
in guinea pig ventricular cells. The effect of PBDA
was not blocked by the selective dopamine Ds-receptor
blocker, domperidone. CONCLUSION: PBDA
inhibited I,; directly, independent of the dopamine Ds-
receptor .

INTRODUCTION

Propylbutyldopamine ( PBDA ). a selective
dopamine Dy, -receptor agonist, decreased blood pressure
and heart rate primarily through activation of specific
dopamine Ds-receptors located in the perpheral rather
than central nervous systern in anesthetized cl()gsm . In
patients with congestive heart fallure, PBDA reduced
mean arterial pressure, left ventricular filling pressure.
pulmonary and systemic vascular resistances, and
increased cardiac index, without changes in either
stroke work index or heart rate™® Compared with
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fenoldopamine, PBDA never induced ventricular
arthythmias ™ . Because of this potential improved
efficacy of heart function, a better understanding of
ionic mechanisms underlying the cardiac actions of
PBDA is essential. ‘Thus, we asscssed the myocardial
electrophysiologic  properties of PBDA., The
physiclogical function of Dy receptor in heart s not
clear as yet. Previous physiologic studies failed to
demonstrate the involvement of D, receptors in cardiac
inotropic mechanisms*®',  This paper was to study the
electrophysiologic effects of PBDA on the inward
rectiffier potassium current ( 7, ) to evaluate the
functional sigpificance of cardiac I receptors.

MATERIALS AND METHODS

Drugs PBDA and domperidone were synthesized
by Sloan-Kettering Cancer Center (USA) and Janssen
Pharmaceutica Inc { Piscataway, NJ, USA ),
respectively.  Both drups in white powder { purity
98 %) were dissolved in distilled water at a stock
concentration of 10 mmol-L™" which was subsequently
diluted in Tyrode's solution by seral dilutions to
produce final desired concentration .

Isolation of single ventricular cells Dunkin
Hartley guinea pigs (n =24, 245 g+ s 10 g) were
provided by Experimental Animal Center of Shanxi
Medical University ( Grade I, Cenificate No
0351095). Single ventricular myocytes were obtained
by the enzymatic isolation'*. After stabilization at
22-24 C for 1 h, isolated cells were placed in a
recording chamber on the stage of an inverted
microscope { XDP-1, Shanghai ), where prewarmed
Tyrode’s solution was continuously superfused at a rate
of -2 mL-min"'at 32 C. The Tyrode's solution
contained NaCl 139, MgCl, 1.0, KC15.4, CaCl, 1.8,
Nal,PO, 1.0, HEPES 3.0, glucose 10 mmol- L !,
pH adjusted 10 7.4 with NaQOH,
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Electrophysiologic measurements A con-
ventional whole-cell *G{) seal’ recording was used™ .
The electrodes were pulled in 2 stages by 2-step
progress patch pipette puller ( Narishige, Japan). The
electrode resistance ranged from 2 to 3 M{l. They
were filled with the solution containing K-Asp 80, KCl
50, MgClL 1.0 HEPES 5.0, egtazic acid 1.0,
Na,-ATP 3.0 mmol - L', pH adjusted to 7.4 with
KOH. The transmembrane voltage and currents were
recorded using a patch-clamp amplifier ( Axopatch
200A, Axon Instruments, USA). Computer program
pCLAMP 5.5.1 ( Axon Instrument} was used to
produce current and voltage clamping signals. Data
acquisition and analysis were performed with this
software and an AST 386 computer.

Action potentils ¢ AP ) were recorded from
isolated myocytes i the current clamp mode by 2-5
ms suprathreshold stimulation at stimulus frequencies of
0.2 Hz. Omly cells showing normal resting potentials
(~701to ~85mV) and AP configuration were used in
this study. Effects of PBDA on action potential
duration ( APD) were studied in control at 3 - 5 min
after perfusion with PBDA 5, 50, and 100 wmol -
L™"). A slowly depolarizing voltage ramp was used
to study the effect of PBDA on the quasi-steady state [
- V relations for K* currents in guinea pig myocytes.
Voltage ramps were applied beginning at — 100 mV,
slowly depolarizing to +60 mV at a rate of 8 mV+s™!
from a — 80 mV holding potential. Calcium currents
were evoked by depolarization of individoal ventricular
cells from a holding potential of — 40 mV to 0 mV at
0.2 Hz.

Statistics Data were expressed as ¥ + 5 and
analyzed by paired ¢ test.

RESULTS

Effects of PBDA on APD PBDA 3, 50, and
100 pmol - L' caused a concentration-dependent
lengthening of the action potential (Tab 1, Fig 1}.

The slope conductance was decreased. consistent
with the blockade of f; by PBDA. At - 60 mV, the
current amplitudes before and during the application of
PBDA 5, 50, and 100 pmol - L~' changed from (568
+2003, {577 +83), and (488 +113) pA in control
condition 1o (566199) { —1.1 % +1.6 %, n =6,
P<0.03). (40285} (=31 %6 %, n=6, P<

0.01}, and (2142653} PA(—36 % +7 %, n=5,
P <001} in the presence of drugs, respectively.

Tah 1. Effects of PBDA on the characteristics of action
potentials in guinea pig ventricular cells. # = & cells
from & guinea pigs. x t s. "P<0.05, ‘P <0.01 vs
control. RMP: resting membrane potential. APDy,
and APDy,;: action potential duration at 20 % and 90 %
repolarization.

-1 EMP/mVY APDy,,/ms APD/ms
pmol - L
Control ~-Tot4d 155 + 44 338 +84
PBDA 3 —T6+5 156 + 44 360 + g2t
Control -76£3 149 + 54 31+ 105
FBDA 0 -T6+4 149 + 54 117 + 118°
Control -77%5 163 + 60 383 + 108
FBDA 100 —T7%5 163 + 57 533 + 190°

Effect of PBDA on the | - V relations of
outward K* currents The | - V curve had a
characteristic “"N" shape with a region of inward
rectificaion and negafive slope. After exposure to
PBDA, the net current shifted in inward direction over
the range of — 100 to ~ 40 mV (Fig 2},

FBDA 190 pmol-L'
Coalrul
Vashowt

Fig 1. Effects of propylbutyldopamine 100 pmol-L~!
on action potendals in guinea pig ventricular
myocytes. A representative recording of & cells from
5 guninea pigs.

PBDA on L-type inward calcium currents
PBDA showed no effect on the net inward Ca*
currents. However, PBDA reduced current amplitnde
at the —40 mV holding potential, indicating that
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Fig 2. Concentration-dependent effects of PBDA on

cwrrent-voliage relationship with a voltage ramp
protocol in guinea pig ventricular myocytes. Control
(a); PBDA S (b), 50 {c), and 100 (d} pmol-L-1, A
representative recording of 6 cells from 6 guinea
pigs.

PBDA inhibited the inwardly rectifying K* curent
outward {Fig 3).
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Fig 3.
guinea pig ventricular myocytes. An original current

Action of PBDA 100 pmol - L-! on I, in

trace of Ic, change induced by PBDA., A
representative recording of 6 cells from 5 guinea
pigs.

Domperidone on PBDA-induced changes of
APD and I, Domperidone 20 wmol+ L~! had no
effect on the changes of APD,, and [y, induced by
PBDA ( £P>0.05) (Fig 4).

DISCUSSION

In the present expeniment, PBDA prolonged
APDy and inhibited 7, , without altering APDng.  fyy
to the final phase of rapid
repolarization at the end of action potential'®. The

mainly contributes

0 mY IO mv T my
Fig 4. Effects of domperidone on PBDA-induced

changes in action potentials and Iy, in guinea pig
ventricular myocytes. n =6 cells from 6 giinea pigs.
A) Acton potentials before (a) and after (b)
expasure to PBDA 100 pmol - L-!. B} Iy with a
voltageramp protocol before (a) and after (b)
exposure to PBDA 100 pmeol » L~ and PBDA 100
umol+L " + domperidone (c).

PBDA-induced inhibition of f; satisfactorily accounted
for the prolongation of APDy, but no changes of APDy,
cansed by PBDA. To shwly the possible mechanisms
underlying the effects of PBDA, we used domperidone,
a highly selective dopamine De.-receptor antagomist to
block the Dy receptors and to see if the effects of PBDA
can be abolished. Contrary to our expectation,
domperidone showed no blockade effect on the changes
of PBDA-induced APDy, and /iy,  Thus, we
demonstrated, for the first time, that PBDA manifested
its blockade effect on inward rectifier K* channels
independently of dopamine Dy-receptors. Therefore,
PBDA per se might have a direct effect on myocyte /)
channel. However, the study on PBDA is still
preliminary.  Further experiments are needed (o
confirm that PBDA is a new {}, blocker,

In this smdy, our findings also suggest that
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stimulation of cardiac Dy receptors had no effect on the
electrophysiological properties of the heart. Therefore,

memmmmmm@mmmewummcugwwmmmﬂm§2§”§&? (

heart, if any. still remains unresolved.
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