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Characteristics of transient outward K current 

in human llll'Jal eardiomyoeytes 

xu Wen-Hong，LIWan，YUE Hong-Wen2，WANG Xiao-Liang3 

( ofPharmaco／ogy，I~titute ofMateria Medica， Fuwai胁 叫，Peking Union Medioal 
College and Chinese Academy ofMedical Sciences，＆洳 100050，China) 

clBmp techniques； 

4-anfmopyridine 

potassium channels； patch· 

heart atrium； myocardium； 

AIM ： To study the properties of transient 

outward potassium current(Il0)in huallan atrial 
myoeytes． METIEtOIlS： The patch．clamp 

whole-cell recordir~ techniques were used． 

Whenthe calcium inwald Ctlll'entwas blocked by 

CdCI，(0．1 ·L )，the transient outward 

potassium current (』 ) wss ieeorded by 

depolarizing cells． RESULTS：The current was 

voltage dependent，it WaS activated quleldy and 

inactivated m两dlv too． 4-An~aopyridine (4． 

AP)10 mmol·L-1(a selective bloeker of It．) 
blocked the current completely． 11le 

(95％ eonfidence limits)0f AP Oil I“．were 

O．67(0．58—0．80)nmlol·L～．4_AP 1 iranol· 

L一 shifted the activation哪 e of Im to positive 

potential，therefore a hi r lile~ rane potential 

was requirea to aeti~rate／to． C0NCU【】s10N： 

1|n，a major K cI嘲 el etm~t in human 8trial 
cells．i8 blocked by 4-AP． 

111e transient outward potassium current 

(， )WaB the m~jor~ttward Ie 山 eurrertt 
in the oetion potential of several mammalian 

hearts lud human atrium~ - 
，

rat【 
， 

d ， and rabl：tit~ ，ventricles． Some anti． 

~ lythliliC d have been known to influence 

in animals J． 4-Aminopyndine(4-AP)，is 

a classicK channel blockerand shows a relative 

selectivity to It．． It was used in our stuay． 

The present w0rk was to investigate the 

charaeterizatiom of I in human atrial n3yocytes． 
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HI呦 c日 i sDe曲螂  啪i蝴  

human right atrial aI nd8 were 0blair-edh n 

hearts On l1 pa 衄ts【6 M，5 F，age(35±9) 
a] undeIgoing caIdiop m0r蛐ry b)1艘 ． A儿 
pa e“ts aid not take dru昂 which blocked 妇  c 

channels in 2 wk before operation． Nine 

D砒jen协 had valvular he．~t disea8e肌 d tW0 h日d 

eontgestive heart disease． sl ci哪  
plied in blood caIdi坤le solution(4℃)， 
blood erysM llne solution=41． Ibe c stalli鼬 

solution eont~ ed：KCl 20，Naa 130，C Cb， 

80dium l~tate，28 ( ·L．1)， 6．08． 
The p阳0es8ing w舾 cclⅡ leted mthin I h． 

0eIl 山蜢帅 SirI _le bu“m 曲jal celIB 

were en印 caⅡv i80bted J． i咖 s w哦  
n~ ced and wa8Iled in Caz -flee solution：N砌  

1(10，KQ 10， D4 5，t~rine 511，3-(N- 

M枇 )州 )ane鄹l】 c acid(M0p8)5，and 
—l|cose 20 nml0卜L-。，pH7．0． The 惴  

inci ted in oxygenated C ．flee 帆 

c0f I1iIlg c0】】a 蛐lBe 1 g’L．1(Si 嘲 ，type I)， 

protege 0．5 g’L (Sigma，type xxrv)，and 
bo~_ne albu~ n 0．5 g·L at 37 ℃ with a 

ⅡM tic 8[i1~ bar for 45 ． 1he chunks 
were in吼Ibated n witll a。lla鞠啪 8e 1 g·L’ 

(si m，type I)and C~C_．120．15 nml01．L～． 
W1le玎the yield ofi8011~ celIB印peaIedto 

be m却 mal，the chuflkswere哪啪 al(12—15) 
×g for2 min 8I1d then劬呷ed al 20—25℃ ．m 

C ．free solution o0IltB 0．1％ b0vi鹏 

albumin． Ttle i吣】“ 0n pr0cedIlIe p玎 lced∞  

initial yieId 0f 40％ 一 5O％ r0d．臼I1日ped， 
calcium． Iera呲 cells． M m  eodd be llsed 
6—8 h． ’ ’ 

S0I删胁ns T ode’8 l 0n：l~laC1 1511， 

KC．I 5．4，caQ2 1．2， 2，IⅢP璐 5，aIld 

gluc．~ 15 nml0l。L一，adjugted幻pH 7．3 th 
NaOtt． Pipette∞ ：KC_．I 141)， 0．5， 

c acid 10，and IⅢP垂：s 10 m脚 1-L_。． 

adjugted to pit 7．2 th KOH． For ／,o 
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me~urcments．C CUlTents懈 suppressed by 

CdC12 0．1 mmol·L一 in ryrode’s solution． All 

experimentswere carried out at 20—25 ． 

Current reeoraing Iorile currents were 

recorded using the whole cell l~ Oralng 

technique J with an amplifier (EPC．7， List 
Germany)． n1e myoeytes were perfused with 

Tyrode’s solution． The resistance of the 

microeleetrodes w 2—4 MQ． Recordings were 

filtered at 3 kHz and the series resistance was 

pardally compensated about 6o ％ 一 8O ％ ． 

Test pulses were generated by pClamp 5．5．1 

software． Data acquisition and analysis were 

mBde on the sarrIe software supported by TL-1 

(A／D＆D／A converter，Axon Co，USA)． 
Stalisli~ 锄 I Data were presented 

as ±s．and comparedwith t-test． 

REsI】 I1s 

To record Ito， the cells were 

depolarized from the holding potential of 一8O 

mV to 一40 mV for30 m吕to inactivate IN。，and 

then depolarized to test potentJal of 60 mV for 

400 n1s every 5 s． We used peak outward 

CUlTent asthe It amplitudein our data analysis． 

Current-voltage relationship of Ito was generated 

by applying 11 test depolarizing pulses from 一2O 

mV to 8O mV for 400 m吕 with a 10 mV 

increment． n1e outward CUlTents reached the 

maxlt／lum quiddy and then inactivated rapidly 

too，showing property ofthe current． Activation 

0f tI1e ClllTent w舾 voltage．dependent(Fig 1)． 
nle current w舾 inaetivated faster at higher test 

potentia1． The time constant(r value)of the 

irlacdvation ofIl wa8(161士49)衄 ． 呲 at 

舯 mV the r value w舾 (111±19)ITI8，much 
shorter (P<0．05)． m 8 meant that the 

curl~nt’8 decay w voltage dependent too． AⅡ 

above showed that the curl~nts were transient 

outward potassium currents(It。)． 
Kinetic Iroperties of I llae activation 

curye of Ito was generated by applying 11 

depoL~ zmg pulses from a holding potential of 

一 80 mV to 一40 mV for 30 m吕． and from 
一 2O mV t0 8O mV for 400 m吕with a 10 lllv 

inc m ． The clu~nts were trar~erred to 

conductance (G) and fitted to Boltzmann 
function to produce aedvadon (311rge． The 

Boltzmann equlttion was described below： 

1∞ m  

啦 I． The 0岫  0fthe1to andtheO．1a-lt~ o 

邗Ih窖e n i啊畦 0f J-( =11幽 )． 

G=1／{1+EXP[一( —V1／2)／k] 
The ~embrane potential for hag maximal 

aeti,~ing(Vl／2)w舾(25±5)mV，the value of 
(slope factor of the Clll~e) was 13± 2 

(ng 2A)． 
The ste~y-state in~tivafion of Ito was 

evaluated by u8 嘱at'wo-l~lse protoco1． From a 

holding potential of 一8O Inv． eondifionlng 

clamp steps of 2 s were applied between 一80 

mv and 一10 mV． Af r a 15№ step to 一40 

mV to inactivate IN日，the cells were dep0ladzed 
to +80mVfor加 O m吕to activatethe I⋯ Ih曲 

the I佃惴 norm~liTedby c0曲 IIingw汕 m商 mal 

aetlvafion of the cllrl~nt． Inactivation curve was 

obtained bv fitting the Clll~e with the equation 

described below! 

I=1／{1+D 【(V— ／2)／k]i 
Theimetlv~ on Cllrgewas showllinFig2B． 

Potentialfor halfinactivating of (V1／2)ofthe 
in~etlve Cllrge懈 (一41±9)lllv，the value of 
(slope factor of the Cllrge)was 6．6±2．5 

vd＼j．f'|#． 
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Recovery Interval／ms 

№ 2． k A) ∞ of k berne (0 } and 

妇 柚曲喀 4-AP 1 mmoa·LI1(● )( =3 }． B) 

Im~tvaflon of k f0 )and 蛐 4-AP 

l n_n0I‘L c● }( =3 cells}． C}矗∞啊 l了of 

(0 }and妇 (●}枷 哑 4-AP 1 ·L一 
f =3 )． 。 

(n=7)． 
To investigate the recovery process of I10 

from inactivation， we used paired pulses 

delivered． Two 2OO ms pulses(P】and )to 
+80 nlv from a holding potential of一80 mV 

were separated by a P1一P2 coupling inte~  

v￡咖 from 0 to 300 Ills． The data were well 

fitted bythe equafiml described below； 

J=A+B×EXP(一 ／r) 
It showed that the recovery time constant 

(r)of human atrial I10 was 98±10(n=4) 
(Fig 2C)． 

Effect of 4-AP on 1he k was 
reduced by 4-AP in a concentrafion-dependent 

iTlaDJ~r． nle IC5095％ confidence limits of4- 

APwere 0．67(0．58—0．80)mmol·L (№ 
3A)． 4．AP 10 mmol·L～ blocked I 

completely。while 4-AP 1 mⅡ'Dl·L inhibited 

It。to 60％ lbefore addi 4AP，ltowas(549± 

119)pAJ( 3B)． 
4_AP also influenced the kinetic properties 

0f 1 At the concentration of 4-AP 1 mmol· 

L shiftedthe voltage-dependent activation of 

t0 the positive melllbl'ltlle potentia1． 11” 

parameter 0f tIle activatima cul~e c 

from(25±5)mV to(37±8)mV(P<0．05， 
n=3)and k from 13±2 char蚓 to 17±2(P 
<0．05，n=3)(Fig 2A)． 11” inactivation 

curve did not move obviously(Fig 2B)． ．Il1e 
parameters of the recovely curves bad no 

significant diffefence before and after addi~  

4_AP1 mmol·L (Fig 2C)． 

D CUj 删  

In almost all cells which we bad studied． 

there existed the curter~ of ． Tlle c 

nfight conclude two components． Ca2 ． 
independent and Ca2 ·dependent厶 ． Due 
to the pep de solution c0玎taini玎g eglazic acid 10 

mmol·L and Ca2 current being blocked by 

extraceUular CA2 ，we enSill~d that the lt
o 
w e 

recorded’vas the Ca2 dependem (I ’vas 

used below)(Fig1)． 

The kinetic properties of Jt。in human atrial 
myoeytes were different from the in rat 

ventricular myocytes 一 ． 1k  V1／2 value 0f 

the activation cul~e of h|玎m  was(24．8± 

4．8)mV，while the value in m乜was(1O．8± 
1．1)mV． It suggested that to activate hll咖  
atrial Ie 州 哪 e d~po]adzafion 0f 

membrane potentialthanthatto activate rat heart 

l ． Inthis studythe vL佗ofinactivation cln'v~ 

was(一41．1±9．0)mV in human atrial cells． 
And in previous stIldy， w∞ found to be 
(一49．8±1．8)mV in rat heart cells． It showed 
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1●● Ⅲ  

4-K1P Ig／mol·L。‘ 

3． 血衄帅 蝴 at4-K1Pm 11． 
=5幽 ●岫 5 p刮} 。 ± ． 

the chaTIr in human heart would be inactivated 

at Inol~ positive nM∞ 脚 e Do咖 tial leve1． The 

皿 c0ns1an怡 ( v~lue) 0f tlle current 
inactivation at 41)mV in human ceils and in rat 

ceils w (161±49)∞ and(41．0±2．0) 
IⅡsL respectively． indicated that the It． 

i~ tivating in rat cells was much Inol~ quickly 

thanin human eeUs． 

10 ro．mol·L_。，a relatively selective 

It blocker，COuld inhibit the current e~ pletely． 

Ihe ICm 0f4．APto bloek human atrial Itointhis 

s11ldv was similar to tlle 1,esuhs reported bv 

Nabauer et L12J
． 4-AP l ro．mol·L n1ade the 

activation curve of I_。shift to positive potentia1． 

"IN s mP,,~1．nt that 4．AP could affect voltage 

dependent opening of the channel in human 

myoeyte． 4-AP did not affectthe~eovery of It 

from current inactivation． suggested that 4-AP 

hadlime effect on elosed state charmds． In 0ur 

re~eamh 4-AP l ro．mol-L一 did not influence the 

inactivation CUl~e of I10． Wang et al als0 

reported thor 4-AP showed a low at~ ity for the 

inaetivated stateL ． AU these indieated that 

bloek~le of I by 4-AP was only open-elmnnel 

bloek~le． 

4̂【arIy dnl零 ，such as qumidine，some class 

，c andaIdlytI1mjc agents，nifedipine and SO on 

could block e~ tiae It in 8niIn8lBL ． 1k： 

phy~iol0gical function and the pIlammc0】0gical 
signitleanee ofI in human heart eeUswerelittle 

known hn of m eh valmble to be fll~ er 

studied． The H}se眦 hes direetly in the human 

myoeyte~ may be sure to pmvlde iralc~ ant 

infom~ onto clinleal experiences． 
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人心房肌细胞瞬间外向钾电流的特性 

徐文洪，主—塑 岳红 ，王晓良 
丽 墓学科学院和中国协和医科大学药物研究所， 

阜外医院，北京 106050．中国) 

关键词 皇 重堂 
4．氨基吡啶 

；膜 ； ； ； 

目的：研究人的心房 肌细胞瞬间外向钾电流 (， ) 

的特性． 方法：采用膜片箝全细胞记录法观察人 

心房肌通道电流的变化，在用 CdCh 0．1 mmol·L 

阻断钙 电流的情况下，细胞膜去极化引出瞬间外 

向钾电流( )． 结果： 为 电压依赖的电流，迅 

速激活，迅速失活 ．,gAP(4-氨基吡啶)10mmol· 

L (选择性 的 的阻断剂 )能完全阻断此 电流． 

其 Ic卯值为 0．67 aanol·L～．4．API mind·L|1鸵使 

，．。的激活曲线明显向正电位移动，使 k的激活电 

压提高 ，且较难激 活 ． 结论 ：在人心房肌 细 

胞，， 是一种主要的钾电流，它可被 ,gAP阻断． 
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Inhibitory effects of S．nitrosocaptopril on vasomotor tone 

删 Mo-J~ ，YANGⅪn_Pi ，WANG ，JIA B J衄 

(D印口m删 ofPhysiology，Fufian Medical Univers ，FuzJum 350004，China)； 
JIA lJ(VAMC(JJJ日)，3350La Wf Drive，San凸咖 CA 92161，USA) 

KEY 

ptopril； 

aorta； 

W ORDS nitric oxide； S-—nitrosoca·· 

~aptopfil； renal circulation； thoracic 

vascular endoth‘eliurn；phenylephrine；arginine； 

vasedilation 

AIM：To study effects ofcaptopril(Cap)and S— 
IIi 0s0c l(CapNO)on vascular tension． 
MEq'I-IOD8：Tension of rabbit aortic n and 

peffusion pressure of rat renal artery(PP|) 
examined to evaluato the effects of CapNO． 

RESULTS：C．oNO (3 nmol·L～ 一1O tanol· 

L一 ) produced concentration-dependent vaso- 

州 喊 唰珥'呻ed t1．eHealthn甲岫 【 Fuiim Pwfir~，№ 97O@ 

Ⅱ∞m ∞∞ toMr删 Me-Ju=． Fire 86-591．3344／291． 

Fl赶 86-591-335-1345． E-m~lFmtm~@ ．∞ 

Receh~ 19974)4-11 A∞ 1998-01—22 

relaxafi~m respons~in the rings ofmhbit thoracic 

aortas． ~ elium denudation did not alter the 

relaxations to CapNO． In eoni~mt．Cap hadⅡo 

vasom]ax~ effect onthe rin翠p ，c0ll妇c例 with 

phenylephrine． CapNO (10 nmol·L )dec． 

Ieased mt腿  ￡锄 (P <0．O1)，and the 
ef t was concentration-dependent and 

reversible． Cap showed a r~luclion in mt PP’ 

only at the concentration 1000 nmol·L (P < 

O．05)． 11Ierelsxing potency ofCapNOwas 100 

times lli对w than that of Cap in this respect． 
Pre-perfusion of rat renal arteries with ． 

monometbyl-L．artginine~ late(工一N1I眦A。 
O．03 nmol·L )or工．arginine(3 nmol·L ) 
did not si 1i6c∞tly blocked the reltlxing effect 

induced by CapNO． oDlqCI 】sl0N：CapNO 

had a dinx-t vasedilaw~y effect． 
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