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lmipramine blocks the transient outward potassium current 

in rat ventricular myocytes 
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ChineseAcademyof Medical Sciences＆ Peking Union Medical College，Beijing100050，Ch ina‘) 
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AIN[：To cleanse the effects of imipramine on 

transient outward potassium curtealt( )in rat 

vemrioalar myocytes． METHODS： The patch- 

& rap whole-cell reeorcU~ technlque~were used． 

RESULTS：Imipramine resulted in a ecaacentratio~a- 

dependent inhibition of I wit}1 the IG0 of 6．0 

“mol·L一 and a 

tion of I∞inactivation． The bloddng showed no 

difference at different证sIjrlg membrane potentials． 

1mipr~aine pl=odIlced slight dfects (aboIlt 3 and 4 

mV，respectivdy)m steedy-stste activation and 

inactivationcIl嗍 ofI ，andteMedtoprolongthe 

recovery of I幻frmn inaetlvatien ( 酬 =37±11 

ms； =58±17ms)，butl烈 significant( =4， 

P>O．05)． Theinhibitory effect ofimipramineon 

I W船 increasedwhentheprepuheswere p10l0l1ged 

progre~velyfrom 0 to 120 n1s． (t =22±8 

ms ； = 14± 5 n1s)． CONCLUSIONS： 

but voltage-indelmadent nlan【lers．and wit壬1“open 

thannd )d 舯。p如 ． 

Imipramine is a tricyclic antidepressant drug 

which exhibits cardiotoxic effects． It inhibits the 

maxJnM upstroke velocity (V一 )of the action 

potential and has been classified as a class Ia anti一 
一  

arrhythmic drugL ． In guinea-pig ventricular 

myocytes， imipramine inhlbited sodimn etlrrent 

( )[ ，calcium current(f )[ ，delayed rectifier 

potassium current(Ik)，but not the inward rectifier 

potassium current (I k1) In rabbit atrial 
m yoc yteat 4。

， imipramine induced a concentration- 

dependent inhibition of transient outward current 
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(Im)and an increase in the inactivation rate of the 

peak eu3rents 

The f∞ is the major outward repolarizing 

current in the action potentia1 of several mammalian 

hearts including human atrium~ 5， ．rabbit[ 
． and 

rat ventricle( ·引
． The I【o in human atrium and rat 

ventricle possess similar kinetics and pharma— 

cologieal properties[ ，6一。0] Rat ventricular 

myocytes are regarded ast}1e best preparationfor J∞ 

study． 

The present work is to investigate the elfects 

and mechanism Of imipramine on f∞ in rat 

ventricular myocytea． 

M唧 0Ds 

Isolation ot cardiac myoeytes Ventricular myccytes 

wereisolated fmm 0 W]star rats(230—260 g，fmm the 
Center of Experimental Animals． Chinese Academy 

Medical Sciences)by enzyrrmtic diss~iatlon． Briefly，hearts 

velexe perfasedwith collagenasetypeI(0．3 g’L )fromacrrta 

for 15 rain． ~ngle cdlswereisolated byfollowingincubation 

0f heart tissue iIt the scqn2e enzyme solution【ttJ Rnd-shaped 

and without st：(~taneotxs contraction cells with dear striations 

were llSed for the whole-cell voltage-clamp studies． 

Voltage-dmwp elpe T蛐 b Tr肌 舯 鲫 brar】e curr朗 协 

were recorded using  the whole-cell recording techniquest 
． 

The cuITen拈 were measured with an EPC 7 amplifier(List 

Medica1)． Ⅵa a digita1一atndog converter(TL-1—125，Axon 

lnc)，c~nputer prc~am p( A 5．51( Inc)w e 

used to pr~ uce voltage~clamping ~gnals． Acquisition  and 

analysis of membrane clⅡTent5 were also done with the 

pregram andwith pCt~VW 6．0(Am 1lnc)． T}-edectrode 

resistanoes we'~e 2 3 Mn． They were fi!led with the 

solution containing Ka 140，Mga2 0．5，egtazic acid 10，and 

}ⅢPES10 nunol·L ．andthe pHwas adjusted to 7．2with 

K()H．The chamber V~'dS perfused with i~ dlfied TvIode’s 

solution eontainlng Naa 150，KCI 5．4，CaCl2 1．2，M 2 

2．glucx~e 10．HEPES 5 mrm l·L atthe rate of1．5 mI 

·rain—1
． The pH ofthe solution was adjusted to 7．4 with 

NaoH Cdch 0．1珈m。1·L was added to jnhibit Ca2 

ellrrent． 

To remrd j∞，the cetIsweredepolarizedfrc~athe holding 

p3tenti~1 一80mV to 40mV for 30 ms ∞ inactivate 
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， andt[x,n depolarized totestpo tenria]of 40 mV 400 

ins every 5 s W e used peak outward current as the 

amplitude in our data anal5~sis 

Current voltage retationship and activation culwe of b 

weDe generated by applying 1 1 depolarizing pulses frc~m a 

hotdingpo timtial of 一80 mV to 40 mV for 30 Ⅱ ．and 

frown 一40mV to 60mV for 4o0InNwith a10mV ；nerenlent 

atthe rate of 0 1 Hz The c~-ronts were transfeITed to 

conductance(G)and fined to l~Itzmatm function to produce 

activation CUlWe 

The steady-state inactivation of ， wan evaluated by 

using  atw~palse protocol Fronl a holdingpo tential of 80 

mV ．ccnd kloning c Lamp step~ of 2 s duration to potential 

between 一80mV and 0mV were applied atthe rate of 0．1 

Hz AItar a 15ms stepto 一 40 mV to inactivateIN日，the 

cells were depolarized to + 40 埘1- for 400 ms∞ 船 to 

determine the amptitude of』∞which cou[d still be activated 

j n1 w孙 normalized by comparing with rmxlmal aeti,"adon of 

the culTelrlt 

To investigate directly the effect of imipram ine oo 

recovery of I∞ frcra ina ctivation， used paired pulses 

ddivered at 0．1卜k Two 200ms pulses(P L and )to 

+40mV frown a holding po tential of一80『nV were separated 

by a P1一Pz coupting inter~,al vm3'ingfrom 0to300 ms． 

All experiments weDe carried out at roorn tempa ratum 

(22—25℃ ) Series resistances were partially cotIlpatzc~ated 

(50 ％ 一7(J％)． 1mitn-amlne(Siv a)was dL~solved Ln 

distilledwater as a stock sohdon  of 10 or 1o0 ro*~l-L一 ， 

and wan added inpa rfusion solution be fore currentsretarding 

Data ~ ar．1s rb c 叫late dose-response curve． the 

total I wasmeasured astheintegral ofthe outward current 

measuredfrom the end of capacitive ctt~entto 250 Ⅱ after 

the sEark of the pulse The amplitude of was measured∞ 

the difference be twee rl the peak of the 』m and the sustained 

current at the end of the pulse． The rmu[ts were expressed 

as ± ． Paired and unpaired t te~tswere applied 

REsl Jl S 

Concentration-dependent inhibition of I by 

imipramine The our,yard currents activated by 

depolarization voltage steps consisted of a rapidly 

inactivating component I∞ and a sustained 

component f The amplitude of I was 1514 

±342 pA in 8 cells before expo sed to imipramine． 

1mipramine 1—100 t*mol·L caused a eoncentra— 

tion—dependent inhibition of f⋯ with I 0 6．0 tmlol 

· L (Fig 1)． 

1mipramine 10 tmlol‘L or more obviously 

accelerated If0 inactivation． In control conditions ， 

the inactivation processes of f were well fitted by a 

§ 
- -  

A 

lmi 30 pmol-L一 

6 5 4 

mlpramlne／一Ig mol。L’ 

F蜒 1． Block ofI byimipramine． The numb~sin the 

imrentheses express amolmt of cellsfor each mint- 

single expo nential equation． However， in the 

presence of imipramlne，the inactivation processes 

were be tter fitted by a douhle exponential equation， 

including a fast and a slow component． The time 

constant of fast inactivation component (r1) 

decreased correspo ndingly and significantly with the 

increment of imipram ine concentration． r P < 

0．01，unpaired test)(Tab 1)． 

Tab 1． Thetime~．~ t,qtlltoffast IIg emlllmllelltt 0fI 

bef~-e and after 谢 锄 lle． ± ． 

P< 0．O1 催 咖 血 ． 

Effects of imipram ine on current-voltage 

relationship and steady-state activation and 

inactivation of I ft0 started to be activated at 

一 20 mV and oontinued to increase with 

depo larization The am plitude of j after exposure 

鲁-— __i __言『．_ 
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to imiprmnine 30 ,{／1TIO1．L showed lower than 

predrug Ievel at membrane potential — 10 mV to 

十6O mV (P < 0．O5，paired z—test)． But the 

values for percent block of f nJ hy imipramine 30 

㈣ 。】-L at different membrane po tentials showed 

no signifieant difference，P>0．05(Fig 2)． 

旦 
丑  

e 

一 20 0 20 40 6o 

Membrane potential／mV 

ng 2． A)Owrent．．,,~．tage relation~ips(f—V c口ve)． 

(n=5 cells， P<O．05)． B)Effect of hnip舢 i呻 30 
Imml·L一 on I at different membrane potentials． 

The activation CUl'Ve was fitted by the 

Boltzrrmmafunction asfollows： 

G／G一 ：1 1一exp(V—V )／k J 

G = membrane conductance transfefred from 

membrane eulTent． V =the memlorane potential 

of half maximaI activation． = slope factor． 

Imipramine 30 Nnol‘L一 produced a slight effects 

on the steady state activation of ， and had no 

effects on slope faetors The V before and after 

imipramfnewere19．1±2．0 and 22．2±2．5mV ( 

=5，P>0．05，paired f test)．respectively The 

were 14．1± 2．7 under control conditions and 

14．8=1．1 inthe presence ofimipramine(Fig 3)． 

季 
一 80 —6O 一4Q 一20 0 2{1 4{1 6Q 

Membrane potential／rnV 

Fig 3． Steady．state activation and inaclivation of I 

befm'e(0 ．n=5)and 

after knipramine 30岬 0I。L (● ， =5)． 

Fhe inactivation curve was also fitted to the 

Bo]tzmann equation as fotbws： 

Naturalized，t。=1／[1+exp(V—V )／k] 

V ： the membrane po tential of half maximal 

inactivation an d k = slope faetor． During control 

conditions．the V was 一38=3 mV and wan 

5．4± 1．1． Imipramine 30 un101．L produced a 

minor effects on the inactivation curve； wan 

一 42±4 mV( ：5，P>0．05，paired —test)and 

w 6．7±0．9(Fig 3) 

Kinetics of pulse-dependent blGcking and 

unbl~cking Imipramine 30 Ⅱmol‘L。。tended to 

prolong the recovery of 1∞from i~activation with 

time constant( )of 37± 11 Ⅱ1s under controI 

cond tions and 58 ± 17 rns in tl1e presence of 

imipramine，but not significant(n=4，P>0．05， 

unpaimd￡一test)(Fig 4)． 

The onset of blocking during a depolarizing 

pulse was also studied with a paired—pulse protocol， 

inwhich a 200 Iris test pulse (P2)from a holding 

potential of 80mV to +40mV was precededby a 

conditioning pulse (P1)overthe s&rne voltage range 

with a dura~on varying from 0to120 his． The P1 

R interva1 wan fixed at 50 m ． Pairs of pulses 

were delNered every 10 s． ，10 elicited by P2 were 

normalized by P1 and showed a function of P】 

duration The time constant we／'e 22±8 ms and 

14±5 nls(”=4，P<O．05，unpaired t-test) 

befort and after exposure协 imipramine 30 rtmol 

‘ L～ ．respectively(Fig 5)． 

1 0 一o collu日L 

《c＼ )1日∞ 
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lrg 4- Effects ofT删 i Ⅲ  le∞ reeovery 0f Jh． 

(O：r=37±11 l瑙；● ： =58±17Ⅱ8． P>0．05 
4． 

P1 duration／ms 

Ca2’一independent J ． 

Our results demonstrated that imipramine 

resulted in a concentration-dependent inhibition of 

f∞ with the It40 of 6．0 tm~ol·L ． The 

therapeutic plasma COncentrations of imipramine ale 

O．53—1．07~lmol·L L 
． But imipramine had a 

selective affinity for eardiac rauscle，where it call 

reach concentrations 20— 200 time~greater than 

thatin plasmaIl4 
． Because I is amajorpotassium 

outward current in human heart，the inh ibition of 

f￡o may be partly responsible for the therape utic 

effect of irnipramine on arrhythmia． 

In OUr atudy，imipramine produced slight shifts 

in the steady—state activation and inactivafion~urvea 

0f I ， which were fonnd to be statist／∞IIy 

insignificant． More， the values for percent 

blocking of f∞by imipramine showed llo differenea 

at elifferent testing  membran e potential from 一 10 

mV t0+砷 mV． These results den~nstrated that 

the blocking effect of imipramine on I协was voltage- 

independent． 

Uke other f∞ blockers such s8 quinidine and 

flecainide imipramine not only inhibited f∞ 

amplitude but als。 accelerated the inactivation of 

I ． Acceleration of inactivation can be a result of 

interaction with the n[~／l 3tate of the channelh5 3
．  

Exposure to irnipramlne exhibited no significant 

change in the time ∞urse 。f I l"eoovery from 

inactivation ，indicafing  that the inhibition has no 

relation with Pl—P2 period(c106e-or rest—state)． 

Wheil跚 when PI progressively prolonged from 0to 

120 n1S， the amplitude of f elicited by P2 wsa 

significantly reduced by imipramine in Pl duration 

dependent lrlartner，indicating that chan nel open is 

required for the channel blocking． A1l these ma y 

indieate that imipramine affected on “open 

channel”． 

． ． 
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open chan nel in rat ventricular my。cyt∞． 

In general, J has two types( 
．  In our 

experiment．egtazic acid 10 mmot·L l in electrode 

solution and G 0．1 rrm~!·L—l a5cert ned uS 

that the current components we rec0rded were 
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Tonic and {reque~ y*de[mndent V～ block mduced 

itrdpramine in 8uioea—p m Ⅱin】1ar muscle fibers 

JCarddovascFhanna,~ 1990：15：414 加 

、

、
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丙咪嗪对大鼠心室细胞膊间外向钾电流 

的抑制作用 

刘千勇，王晓莨 (中国医学科学院中国协和医科大学 

药物研究所，北京 00。 0，中国’ R 7，． 
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B船箝技 ～ 一 — —  
— — — —  一  

目的：研究丙眯嗪对大鼠心室细胞瞬间外向钾电 

流(j )的抑翩作用． 方法：膜片精全细胞记录 

法． 结果：丙眯嗪对 k有浓度依赖性抑制作用， 

I 为 6．0,m~ol·L'。，并明显加速该电流的灭活 

时程． 在不同的测试电位下 ，丙眯嗪对该电流的 

抑镧百分率没有差别． 丙眯嗪对 j 的穗态激活 

和灭活曲线的半数膜电位都无明显影响，对 J 灭 

活后的再复活时程有延长趋势，但不显著(t— d 

=37±11 ms，‰ =58-+17 m ，P>0．o5)，但可 

明显加速条件刺激时程对 I 的灭活(r =22 

±8ms， =14±5 lns，P<0．05)． 结论：丙 

眯嗪对大鼠心室细胞瞬间外向钾电流有浓度依赖 

性和电压非依赖性抑制作用，作用特点属于开放 

通道阻断． 
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