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Inhibition of myocardial inward rectifier potassium current 

by propylbutyldopamine 

DUN Wen．ZI-IAO Rong—Rui ，U Jian—Guo，WU 13o—Wei 

(Department ofPhysiology，ShanxiMedical UniversiO,，Taiyuan 030001，Ch／na) 

KEY W ORDS ~ pylbutyldopamine；dompendone； 

myocardium；potassium channels； calcium channels； 

action potentials；patch—clamp techniques 

A耵I ：To study the effects of propylbutyldopamine 

(PBDA)on the inward rectifier potassium current 

(Jk】) METHODS：The quasi—steady state curreat— 

voltage relationship from the isol~ed guinea pig 

ventricular eelIs were measured using whole—eell patch- 

elarap techniques with a slow ramp depolarization(8 

mV·s )． REslII鹪 ：PBDA 5，50，end 103 

reduced the 

inward rectifier potzssium current． PBDA blocked Ira 

in r忙a pig veatricular ceIts Th e effect of PBDA 

was not blocked bythe selective dopamine D2一receptor 

blocker， dompeddone． C0NCLUSION： PBDA 

inhibited Ju directly，independentofthe dopamine D2一 

receptor 

Propylbutyldopamine (PBDA j， a selective 

dopmnine D2一receptor agonist，decreased blood pressm'e 

and heart rate primarily through activation of specific 

dopamine 一receptors located in the peripheral rather 

than central neⅣ。us system in anesthetizeddogs Jj
． In 

patients with congestive heart failure，PBDA reduced 

mesn arteriat pressure，left ventricular tilting pressure， 

pulmonary and systemic vascular resistances， and 

increased cardiac index， without changes in either 

stmke work index or heart mte[ 
． Compared with 
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fenoldopam~．e PBDA nevcx induced ventricular 

arrhyamahasl Because of this po tential improved 

efficacy of heart function， a better understanding of 

ionic mechanisms underlying the cAtrdi,ac actions of 

PBDA is essenfia1． Th us，we assessed the myocardial 

dectrophysiologic properties of PBDA． 1he 

physiological function of D2 0朗 t0r in heart is not 

clear as yet， Previous physiologic studies failed to 

demonstrate theinvolvement ofD2 receptorsin c Khc 

inotropicmechanisms ． nds papeT was to studythe 

electrophysiologie effects of PBDA on the inward 

rectifier potassium current (Ik1) to evaluate the 

functional significance 0f cardiac receptors 

TERIALs AND mIj印哪  

Drugs PBDA and dompendonewere synthesized 

bv Sloan-Kettering Cancer Center(USA)and Jenssen 

Phanmceutica Inc (Piscataway， NJ． USA )， 

resl~ecfively． Both drugs in white powder t purity 

98％ j were dissolved in distilled water at a stock 

concentration of 10 mmol·L一0 wh ich was s~bsequently 

diluted in Tyrode’s solution by serial dilutions t0 

produce 6nal desJl'ed concentration． 

Isolation of single ventricular cells Dunkin 

Hartley guinea pigs( =24，245 g± 10 g)v㈣  

provided by Experimental Animal Center of Shenxi 

Medical University (Grade 1I． Certificate № 

0351095)． Single ventrieular myocyres were obtained 

by the enz~ c isohfion【 ． After stabilization at 

22—24℃ for l h．isolated ceUs were placed in a 

recording chamber on the stage of an inverted 

microscope( l，Shanghea)，where prewanned 

T3a'cde's solution was continuously superfused af a rate 

0fl一2 mL-mill at 32℃． e Tyrode’s solution 

containedNaCl 139，M窖a2 l 0，KCI 5．4，CaCl2 1．8， 

NaH2PO4 1．0，HEPES 5．0，glucose 10 mmol‘L-。， 

pH adiuaed 协7 4withNaOH． ． 
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Elect~ophysiologic measurem ents A con— 

ventional whole-cell GfZ seal’record~ was used( ． 

The electrodes were pulled in 2 stages by 2-step 

progress Patch pipette puller(Narishige，Japan)． e 

electrode resistance ranged from 2 to 3 Mn ． They 

were filled with the solution containing K—Asp 80．KCl 

50， MgC12 1．0 HEPES 5．0， egtazic acid 1．0， 

Na2一ATP 3．0 mmol·L一 ．pH adjusted to 7．4 with 

KoH． The transmembrane voltage and currents were 

recorded using a patch-clamp amplifier (Axopatch 

200A，Axon Irmtrttrnents，USA) Computer program 

pCLAMP 5．5．1 (Axon lnstrttment) was used to 

produce current and voltage clam ping signals． Data 

aeqinsifion and analysis were performed with this 

software and anAST 386computer． 

Action potentials (AP) were recorded from 

isolated myocytas in the current clamp mode bv 2—5 

ms sulnnthreshold stimulation at stimulus frequencies of 

0．2Hz． Only cells showing normal resting potentials 

(一70to 一85 mV)andAPconfiguration were used in 

this study． Effects of PBDA on action po tential 

duration(APD) studied in control at 3—5 min 

after perfusion with PBDA 5， 50， and l0o “Inn1· 

L。。)． A slowly depolarizing voltage ramp was used 

to studythe effect ofPBDA onthe quasi-steady state I 

— V relationsforK currentsin guinea pigmyocytes． 

Voltage  rarllps were applied beginning at 一100 mV， 

slowly depolarizingto +60mV at a rate of 8mV·s一 

from a 一80 mV holding po tentia1． Calcium cIl嘣 1协 

were evoked bydepo larization ofindividual venuicular 

cellsfrom a holding potential of 一40 mV to 0 mV at 

0．2 Hz． 

Statistics Data were expressed as ± s and 

analyzed by paired t test 

Effeets of PBDA onAPD PBDA 5．5o．and 

100 um0l·L一 caused a co ncentration-dependent 

lengthening ofthe actionpotential(Tab 1，Fig 1)． 

Tbe slope conductance was decreased．consistent 

with the blockade of1 y PBDA． At一60mV，the 

current am plitudes before and during the application of 

PBDA 5，5o，and 100 m0】·L changed from (568 

±200)，(577±83)，and(488±113)pA in control 

condition to【566±199)(一1．1％ ±1．6％， =6， 

P<0 o5)．【4o2±85)【一31％-4-6％，n=6，P< 

O．O1)，and(214±65)pA(一56％±7％，n=5 

P<0．O1)in the presence of Jgs，respectively． 

Tab1． Ffffects ofPIBDA mIthe Il锄acn i 0faction 

potentialsin guinea pig re,articular cells． n ： 6 cells 

[roan6 guinea pigs． ± s． bp <0
．05．cp <0．01 

omatro1． R ： resting membrane potentia1． AP 

andAPI~0：actionpotential durati~m at 20％ and 90％ 

repo larizati,m． 

Efleet of PBDA 0Il the I—V relafions of 

outward K currents e I —V curve had a 

characteristic “N ” shape with a region of inward 

rectification and negative slope ． Afar expo sure to 

PBDA．the net cIl嘣  shifted in inward di 0n over 

the range of一100to 一40 mV (Fig 2)． 

1．Effects of 叩ylbIl刚 d0p锄I缸|e 100 lanai’L-。 
on i~'tioll ge temiats in guinea pig verttricular 

nlyo~ es． A Mprm 咖 rec0rdinBof 6 celtsfrtlart 

5 n目 Pigs． 

PBDA oBL-typeinward calcium currents 

PBDA showed no effect on the net inward Ca2 

currents． However．PBDA redneed cIlⅢ 1t amplitude 

at the 一40 mV ho lding po tential， indicating that 
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Fig2． Concentration-dependexlt effects of PBDA Oll 

ctR-tent-voltage relationship with a voltage ramp 

protocol in gldnea mg venaicular myocy~ ， Control 

【a)；PBDA5(b)，50(c)，and100【d)l‘Inol_L一． A 

rewesentative recording of 6 ceHs 蛔 n 6 gttinefl 

pigs． 

PBDA inhibited the inwardly rectifying K ctlrrolL 

outward(Fig 3)． 

l 

善L  
I呻 ms 
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Fig 3． Action of PBDA 100岬 l·L on in 

guinea pig venaicular myocy~ ． An OI'~ la]ctwrent 

trmm of ChaiS e induced by PBDA． A 

representative record~ of 6 cells from 5 guinea 

pigs． 

DompeHdone 011 PBDA．induced changes of 

APD and l Doraperidone 20~tmol·L一 had nO 

effect on the changes of APD90 and，kl induced by 

PBDA(P>O．05)(Fig 4)． 

DISCUSSIoN 

In the present experiment． PBDA prolonged 

APD90 and inhibited，kl，without altering ． ，kl 

mainly contributes to the fmal phase of rapid 

repola6zation at the end of action potential~6]
． The 

B +60 
I 

．舯 v ／  【瑚 v莩L  
v 2000ms 

． 100 nlV -20mV +60mV 

Fig 4， Effects of domperldone oft PBDA-induced 

d扭q雷es in action 眭已蚰 a1s and Ik1 in gldJlea p喀 

ventricularIoyocyies． =6 cellsfrom 6 gttineflpigs． 

A)Action potentials before (a)and alter 【b) 

exposure如 PBDA 100岬 l·L一． B1 IⅪ with a 

voltag~ramp protocol before (a)and a／ter (b) 

exposme m PBDA 100 Imml·L一 and PBDA 100 

ttmol·L一 4-d~nperidme fc)， 

PBDA-induced inhibition of satisfactorily accounted 

forthe pr01ong撕衄 ofAPD but no changesof AP 

caused by PBDA． T0 study the possible mechanisms 

uncledyhag the effects ofPBDA，we used domperidone， 

a hjg y mlecfive depamine ·receptor antagonist to 

blockthe receptors andt0 seeifthe effects ofPBDA 

Call be abolished ． Contrary to our expectation． 

dom~ done showed no blockade effect onthe changes 
of PBDA-induced and 1 kl Thus， We 

demonstrated．forthefirsttime．that PBDA manifested 

its blockade effect on inward rectifier K channels 

independenfly of do． 1ine D2一receptors． Themfore， 

PBDA per semight have adirect effect onmyocy~ lkt 

channe1． However． the study on PBDA is still 

preliminary． Further expefments ale n~ded to 

confirm that PBDA iS allew 1̂ blocker 

In this study， our findings also suggest that 
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stimulation of cardiac D2 recep had nO effect on the I10ItlelK：liRure，pr0 des．function and clerJed equivalents 

。 p∞ 一  。 。 ’ 
一

C ar diovasc

the functional significance of cardiac receptors in the 

陆  蛳  。。 

D ≯>一 磊 

heart，if any．stil1 remains unresolved． 
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丙基丁基多巴胺对心肌内向整流钾电流 

的抑制作用 

2 
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理教研室，太 ，中 

关键词 丙基丁基 多巴胺；多潘立酮；心肌； 

钾通道；钙通道；动作电位；膜片箝技术 

目的：研究 胺(PB。A)对内向整流钾 

电流( J=J)的影响． 方法：应用缓慢斜坡去极化脉 

冲程序测定离体豚鼠心室肌细胞准稳态电流．电压 

关系曲线．结果：PBDA 5，50和 100“mol·LI1浓 

度依赖性地降低了心肌内向整流钾电流，表明该 

药对 具有抑制作用．PBDA对于 的这种抑 

制效应不被多巴胺 受体选择性阻断剂多潘立酮 

所阻断． 结论：PBDA直接抑制 ，kl，与多巴胺 

受体无关 

(责任编辑 扬雪芳) 
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