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Effects of changrolin on potassium currents 

in guinea pig and rabbit single heart cells 

L0IJin争Ling (Departmem ofPhysiology，College ofMedicine，Xtamen UMversity，Xiamen 361005，China) 

KEY W ORDS changrolin；anti-arrhythmia agents； 

potassium ； patch·clamp techniques； myocardium： 

cullured cells； electrophysiology； nifedipine； 4一 

aminopyridine 

AⅡ ：rr0 elucidate whether or not changrolin(CRL) 

modifies the potassium currents(ITO．1K，and 1K1)in 

myueardial cells M哐T]EI(加Is!A tight seal whole— 

cell patch-clamp technique was used to record ITO，IK， 

and Ira in single cells isolated from guinea pig and 

rabbit hearts． RESUIlTS：At a clinically relevant 

concentration． CRL 5O · -。
．

umol L inhibited the 

transient outward current(，T0)by 17．7％ ±2 4 ％ 

(n=8)in rabbit atrial cells． e voltage-dependence 

of steady-state inactivation of ITO was not affected by 

cRL． s concenWation ofcRL did not influence the 

time—independentinward rectifierorthe delayed c曲 er 

K currents(1 Kl and 1K，respectively)in rabbit and 

ga mea pig venwicular cells． CONCLUSlON：CRL 

inhibited ITO，but not IK nor lKt． 

玎 R0DUCTION 

Chan~-olin (CRL)，4·{3 ，5 -bisl(N-pyrrolid— 

iny1)一methy1]-4'-hydroxyanilino}一quinazoline， was 
l-fis t synthesized in China． Subsequent clinica]and 

experimental trials suggested that 吐1is agent exerts 

electrophysiologic effects on the heart Therefore， 

CRL has been used as an anti—arrhythmic drug in 

ChinaLl_ CRL inhibited the fastNa curr t‘，№)In 

a frequency-dependent malTRer ’ ． CRL either pro— 

longedl or shortened the action po tential duration ． 

probably depending onthe species used． Inthe present 
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stuay， we investigated the effects of CRL on the 

transient outward current( )，the delayed rectifier 

K current(，K)，and the time—independent inward 

rectifier(1K1)． 

M ATERIAI，S AND Ⅷ TIj[(岫Is 

Cell isolation Guinea pigs weighing 200—300 

g( =15)and rabbits wei0~ng 1．5—2．5 ‘n= 

20)were killed The excised hearts were mounted on 

a Langendorff apparatus an d perfused for 5— 10 min 

with a Ca2 ．flee solution con taining：NaCl 14．2，KC1 

5．4．MgO2 10，NaH2PO4 0．33．Na2HP04 2．24，and 

glucose 10 In ’L ‘pH 7．4)． CoUagenase 

(Yakult，Tokyo，Japan)0．01 g’L and protease 

(Type 13，Sigma Chemical Co，USAj 0 01 g‘L。。 

帆 addedforthe subsequent10min． e heartwas 

cut into small pieces， and were then still~ in the 

second enzyme solufion containing： NaCl 14．2， KC1 

5．4，NaH2PO4 1，MgCl2 10，HEPES 5，and glucose 

10 mmol-LI1(DH 7．4 adjusted by N扣lH)， 

collagenase(1 H，Sigma)0 6 g‘L-。． ofⅡ1e 

supematam．200—40O mL was collected every 3—5 

min and diluted in 10 mL of‘Kraflbrtihe’(KB) 

solution． which contained： K-glutamate 90， oxalate 

10． KC1 25， KH2PO4 10 

egtazic acid 0．5，HEPES 5， 

(pH 7．2 adjusted by KOH) 

MgSO4 1， taurine 10， 

and glucose10mmol·L一 

1 e imlated cells were 

collected by centrifugation at 70 x g for 3 min．then 

stockedin KB solufionco ntaining 0．1％ bovine 8 m 

allxmtin (Fraction 5， Sigma)． The methods 

conformed to the Guide for the Care and Use of 

Laboratory Animals(US National Institutes of Health， 

1985)． The experiments were carded out on ceIls 

which showed a sniat0d，rod-shaped appaaun x~ during 

oerfusion with HEPES—buffered Tyrode solution 

conlaining Ca2 1 8 rranol·L-。at 37 oC． 

Solution and materials The extmcellular 
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solution for lxo measuremerlts contained： KC1 5
．4， 

NaCI142，NaI-I2PO4l，CaC]2 1．8，MgC12 1．HEPES 

5，and glucose 10 mmol。L (pH 7．4 adjusted by 

NaOHj The pipette solution contained：K—aspartate 

踟．KCI舯，egtazic acid 10．CaC1,2 l，Mgc】2 1． 一 

册 5，Na2一phosphocreatine 5．and HEPES 5 nmaol- 

L pH 7．2 adjusted byKOH J Ttle，KJ and，Kwere 

measured using the same solution， except that the 

extracellular K coHcentralion was 2 mm0J-L f0r 

to obtain a larger amplitude of 1K． CRL was provided 

by Shan曲ai Institute of Materia Medica，Chinese 
Academy of Sciences． 

Electric measurements V0ltag~clamp ex— 

perimentswere canied out bythe single-pipette whole- 

cell clamp method． The ampfifier was TM—l000 

(ACt M叵，Tokyo，Japanj． 

11le curIent signals were filtered at 2．5 kHz for 

K currents． These data were stol~ on a digital 

cassette recorder(TEAC RD101一T，Tokyo，Japan)and 

Ⅵ Ie subsequently analyzed Oll an NEC 98 computer 

(Tokyo，Japan)． Ttle data ale presented as ± and 

comparedwith t-test． 

RESUIl1S 

Transient outward current(J∞) 11le，To 0f 
rabbit alrial myoc ytes was eficited by a 3(~-ms 

depolarizationfrom 一册 协 +3OmV inthepresenceof 

CdCl2 100／~mol·L I
．
CRL reversibly inhibited the 

ITO in a concentration-de4x~dent manner in the rabbit 

atrial cells． is．CRL ,50 and 3C0 “n10】-L一 

blocked山e，To by l7．7％ ±2 4％ (n=8)and 

39．8％ ±3．5％ L n=8)，respecravely(Fig 1)． 

11 voltage~dependence of steady-state inactiva- 

tion of lxo was evaluated using a conventional double 

pulse protocol After the application of 1-s p~eputse 

【P1j rangingfrom 一100to 一舯 mV，a depolarizing 

lest pulse( )to +30 mV was applied for 3C0 Ills． 

By normalizing these lvo ampfitodes． 山e channel 

availaNfity curvesin me absenceand p~sence ofCRL 

were obtained． CRL 3(x】 -L一 
．

umol did not affectthe 

voltage dependence of stead．state inactivation curve of 

lxo at all(n=5，Fig 2j． 

Delayed re K cm'rent( ) 1K was 

activated by a depolarizationforl sfrom 一如 c0 +30 

mV inthe口1[esence of nifedipine 5vmol-L’ to abolish 

50ms 50ms 

Fig1．Effect ofcilium 'olin fCRIb)pelfusio~ onITo 

⋯ ．  __l室 L 

Fig 2． Ab~m ee of CRIb effect on the Ⅷ l忸ge- 

dq，elId吣 of s s雠 ．蚰硼=t i0n cLl~ve of Jl硼in 

tall'iB1 cel1． f0 )Control，c● )CRIb． P> 

0．05． 

the contmninant ，r ． CRL 50 ol-L-。did not 

induce any detectable change in the lK in linea—pig 

veillricular cells(n：5)at all(Fig 3)． 

Time-indepmutent inward rI 6fi艘 K 

“IM n( ) The dme-independent inward砌 cr 

Llm)inthe rabbit vel3【uicular cellswasmeasuredby 100 

ins lest pulses applied to various potentials from a 

holding potential of——40 mV in the pre~ence of nife． 

dipine 5 vxnol·L一 and 4-~finopyridine 5 rIⅡT幻 ·L’ 

m I{H忙． ～ 一 

Ⅲ ，j 一 Ⅲ n ，j 一 

一 
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ng 3． Effect of cbⅫ 0lin∞ IK． c l 0rcRL 

CRL 3OO“rn0l-L did not signifiear~dy affectthe lrd． 

Note the superimtm~ble tracings during the control and 

CRL perfusion(Fig 4) 

DISCUSS10N 

These voltage-clan~ ineastlremenls have i~ntified 

animpo~ant new effect of CRL：a quite selective and 

potent inlfibidon of a transient outward cllrl~llt，which 

controlsthe early repolarization ofthe action potentia1． 

effect 娜 at therapeutic dose／ ． At a 

concentration of 50 Nnol·L-。．CRL reversible inhibit- 

ed lro by 17．7％ ± 2．4 ％ CRLirIhibi蜘 the ITo 

in a dose-depen~nt inallIler in the rabbit atrial cells． 

But we did[1ot observe any distinctive effect of(1RL 0n 

IK or I Kl in guinea pig and rabbit sin~e ven~cular 

celIs． 

It is well klloVcil that ionic currents responsible for 

the repolarization of d1e cardiac action potential show 

important species—dependence For example，although 

frog and guinea pigisolated myocytes exhibit alⅡ ， 

maintainexl time- and voltage-dependent Ix 7j，this 

current is relatively small in alrlal and v~=ii扛i~ulgr 

myceytes isolated fix~n rat， dog， rabbit， or h~nan 

hearts( 10I In oNl~'ast
．
in theselatterfour species a 

largetransient outward cung~t，Iro，is responsibleto a 

maior extent for the nm l zan伽 of the action 

potential L10j
．
This lTo is much smaller in the ventricle 

than in the a扛ium 1]j Therefore， ，K and 1D 

predominantly regulate the action potential duration in 

the guinea pig and rabbit heart， respectively An 

intravenous applicad0n of CRL fep(删 y prolongs the 

QT interval on the electrocardiogram in dogs【 ．Since 

Iroplays an important mle in the repolarization of the 

0ⅡA 

B 20ms 

一 { 
l量 l l I l I 

J 

- 40 0 + 

『．80 
一

l 

V 

飚 4．E1蜘 of曲脚曾 n∞ lm．A)1I 瞒 p．dses 

眦 applied a 唱 p0忙嘣 m 0f一411Inv 

W l】s p0怔廿daIs．m 20Inv s把ps． B JThe n町眦 _ 

v时 雷e rela 玎slIip． Q 【0 J；(△JcRL．n=5． 

action pole~ al in the dog mvO训 i帅 L J． In 

addition，in rabbit ventricle，a relatively l ge time— 

independer1t inward rectifier potassium current Llm)is 

present at potentials |lear the resting potential ． 

Thus， in this study． we selected difreight cardiac 

preparations from difierent animal h~ 'ts In c0nclu- 

厂  ． 
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sion，the results obtained in this paper demonstrate that 

in rabbit isolated atrial cells，CRL int'fibits the 

current and this effect may'be partly responsible for the 

effec tiveness of CRL jn supraventricular mad ventricular 

arrhythmia described in both anima l and human 

modelsL 。 ． sirice the prolongation of the action 

potential has been recog,azal as an anti—ardaythmic 

moch~ism． se resulm provide a new insight for 

the anti—arrhythrnic effect of CRL on those cardiac 

tissues in which the lro is nrtl~rtan
．t in determining the 

action po tential repolarization process． 
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常咯啉对豚鼠和家兔单个心肌细胞钾电流的影响 

吕灵灵 (厦门大学医学院生理教研室，厦门 

蚓  ，中国’ 2
． 2--- 

关键词 常咯啉；抗心律失常药；钾；膜片箝技 

术 ；心肌 ；培养的细胞 ；电生理学；硝苯地平 ；4,- 

氨基吡啶 

目的：研究常咯啉是否对心肌细胞的钾电流有影 

响作用．方法：采用高阻抗密封膜片箝全细胞技 

术。记录分离的豚鼠和家兔心肌单个细胞的钾电 

流． 结果：在临床用量常咯啉50／~mo1．上I1抑制家 

兔心房肌细胞的瞬间外向钾电流(1ro)l7．7％± 

2．4％ (n=8)．但并不影响电压依赖性通道． 同 

一 剂量的常咯啉对单个家兔心室肌细胞的内向整 

流钾电流(1m)和单个豚鼠心室肌细胞的延迟整流 

钾电流( K)并不产生任何作用． 结论：提示常咯 

啉具有阻制( )的作用，而对(，K)和(，K1)无任何 

作用． 
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