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AB IRACT 

AIM ：To studythe effects of eswadiol(Est)oninward 

rectifier K (Ira)and delayed rectifier K (1K) 

channels in isolated guinea pig ventricular myocytes． 

METHODS：Using whole cell patch-clamp recording 

techniques． RESULTS：Est 10 pmol·L一 and 100 

panol·L— decreased the action po tential duration， 

Ar~,0，from (474±71)ins to(330±75)iris and 

(229±67)ins( =7 cells of 7 guinea pigs，P< 

0．05)． respectively Es【 100 ／~mol‘L一 also 

decreasedAPDgofrom(587±60)msto(418±79)ms 

( =7，P<0．05) EstinhibitedIKtail CUlTellt(1K‘ 

1K‘tail was depressed 

53 ％ 【 =5，P<0．05)at 10 pmol·L一 and 80％ 

【n=5．P<0 01)砒 100~Lmol·L一 compared with 

control Est ≥10 1．Lmol’L blocked K1． The 

maximalinhibition ofinward Cll／Tent of1K1 occurred at 

一 100 Inv test potential was 49％ (n=5，P<0．01) 

and outward current of1K1 at一40mV was 72％ ( 

= 5． P < 0．01)． The reverse po tential shifted 

negatively．from 一70 【0 —76 mV CONCLU- 

SION：Est possessed blocking effects on both Ira and 

IK channels in guinea pig ventricularmyocytes． 

INTRODUCTl0N 

Estrogens played a key role in sex difference of 
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cardiovascular diseases⋯
．  It protected the heart 

against coronary disease and ische~nia in some 

conditions andacted as a comnary riskfactorinanother 

condition(2一 
． Es【inhibited contraction of is0lated 

ra~ it heart，guinea pig papillarymuscle and gulineapig 

ventricular myocytes， antagonized experimental 

arrhythrnia and influenced action potentials(AP)of 
isolated guinea pig papillary muscle 7j

． The present 

studywasto observethe effects ofEst on AP，inward 

rectifier K current(Ira)and delayed rectifier K 

current(1K)in card／omyocytes 

Ⅳ 岍 RIAIS AND 唧 口哑ODS 

Preparation of ventricular myocytes Single 

ventricularmyocytes from guinea pigs(0，n=11， 

weighing 261 g± 47 g)were prepared by ellzym~~ 

dissociationl Briefly．the heart was rinsed in aI1 

oxygenated Caz ．free Tyrode’s sohtion
．  aorta 

was carmulated and the heart was retrogradely perfus~ 

on aLangendorffapparatusat 37℃． A perfusionwith 

C 一freeTyrode’ssolutionfor5millwasfollowed by 

low Caz (50~zmol·L )Wyrede’s solution containing 

0．03 ％ collagenase and 1％ bovine seD．Wll albumin 

(BSA)for 5 rain． ne ventricles were cut，minced． 

and gently triturated with a piperte in the low-Caz 

Tyrode’ssolution containing BSA at 37℃ for10min． 

n cells were filtered 吐lfDIl 200一 m nylon rilesh， 

resuspeed ed intheTyrode’ssolutionin whichthe Caz 

concentration gradually increased to l 0 pa-nol·L一 

Onlythe cells with rod shaped and clear cross striation 

were used for experimen ts． 

Chemicals and solutions Est was purchased 

from Sigma Co and dissolved in ethanol to make a 10 

mmol·L一 stocksolution． emaximal concentration 

of ethanol in perfusate was 0 2％ ． All of BSA． 

collagenase type Ⅱ， taurine， HEPES， egtazic acid， 
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N~2ATP andK)ATPwere products of Sigma． 3一(N— 

mo~pholino)一propanesulfonic acid (M0PS) was 

purchased from Shanghai Botto Biotech Co． The 

composition of the Caz 一free Tym de ’s solution was： 

NaC1 100， KCI 10， NaH2PO~ 1 2， MgS 5．0， 

glucose 20．taunne 10．MOPS 10mmol·L一 ：pHwas 

adjusted wi山 K0H 【0 7．2． Test solution for AP 

recording was compo sed of： NaCI 137， KC1 5 4， 

MgC121．0，CaCI21．8，HEPES10，glucose 20mmol’ 

LI1：pH was adjusted wi山 K0H to 7．4． 11est 

solution for K currents recording：AChC1 137， 

5 4，MgCb1．0，HJ!PEs 10，glucose10imnol L ； 

pH WaS adjusted with K0H ∞ 7 4 The electrode 

internal solution for AP recording：KCl 140．MgCI2 

2 0， egtazic acid 2．0，H 5 0， Na2ATP 4．0 

姗 01．L ：pH was adjusted wi山K0H to 7．4． The 

electrode inteme1 solution for K currents recording： 

KCI 140，MgCI2 0．5，egtazic acid 10，HEPES 10， 

l A丁P 5．(1mmol·L ：pHwas adjustedwi山KOHto 

7．4． 

Potential mad currents recording Myocytes 

were placed in a 5O0 uL chamber Oil stage of inverted 

microscope (Olympus CK2) nle chmnber was 

continuously sul~ od  wi山 test solutions 2 mL·min一 

at 25 ℃ Membrane currents and AP we]0~tx~：orded 

using the whole—cell patch—clamp techniques with a 

patd'rclamp amplifier(CEZ 23o0． Nihon Kohden． 

Japan) ．Patch electrodes were pulled wi山a vertical 

puller(PB一7，Narishige，Tokyo，Japan)and had a 

resis~ e of 2 — 3 Mn when filled wi山 elec虮 

internal solution． A船 r gigaseal preduced and patch 

ruptured．APwas recorded iu cllrfent clam pmode and 

ctnrents were fecOrded in voltage clam p mode． 

Experimental protocols， data acquisition and storage 

were accomplished with Pclamp 5．6(Axon Instrument， 

USA)nmamg on apersonal computer． 

Statistics Data were expressed as j ± s and 

comparedwith the pair~ t-test． 

REslII腮  

in guinea pig ventricular myocytes was 

evoked by a step current pulse of 90 pA， 10 ins 

duration atthefrequency ofl Hz Est 10／amol·L一 

decreased APDs0，from (474±71)ms to(330 4-75) 

ins( =7cells ofseVellguinea pigs，P<0．05)． Est 

llxl／arnol’L decreased to(挖9±67)ms( 

=7，P<0．01)and AP from (587±60)ms to 

(418±79-)ins(P<0．05)． 耵1e effects were not 

canceled completely after Estwas washed out． RPand 

offer posmneters ofAP had Bo significant change(T曲 

1)． E山anol 0．2％ had no significant effect Oil AP． 

RPas wel1 as currents． 

‘ tail 1K ‘tail in guinea pig ventricular 

myocytes was obtained by a depo larizing step pulse 

fromthe holding potential( )0f一4omVto 30mV 

at the frequency of 0．2 Hz． 1he step puIse duration 

was 5 s． Est inhibited lK ’tail concentration— 

dependently，53％ ( n 247±51 to 1174-27 pA，n 

= 5 cells of4 guinea#gs．P<0．05)at 10,Lmol‘L一 

and 80％ (flom 248±51 to57±13 pA，P<0 01)at 

100gmol·L一 ． After washout of Est．廿Ieinhibifion 

0f，K·tal1was partly recovered (from 57±13 to 84± 

24 pA)(Fig1)． 

fH ，K】was elicited by a number of step pulses 

(300 ms)from the Eh of一40 mV to test potential 

betwcen 一 100 and + 30 ITIV wi 山 step 10 mV． 

Addition of Est 10 ranol·L一 induced a remarkable 

Tab 1． Effects ofEst onAP． =7 ventricularltlyo~ es of 7 guineapi ． 置±s 

>0．0S． <0．0s。 <0．01 us contx~l 
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啦 !． Block of ‘tail by Fat in guinea pig 

ventricttlar myocytes． A)Cm-rent trac~gs from a 

representati,m cel1． B) concentratima·dependent 

block of ·tailbyFat． n=5． <0．05；， <O．01 

contro1． 

depression of，K】． 1he inward currents of，K】，at Et 
— l0omV and 一9omV．were depressed 36 ％ (from 

一

652 pA±54 pA to一42O pA±60 pA，P<0．O1) 
and 44 ％ (from 一32l pA ±53 pA to 一178 pA±24 

pA， P < 0．O5) of the ~ntro1． respectively and 

outward currents，at Et of一4o mV，29％ (from126 

pA±25 pA to 90 pA ±23 pA．P <0．o5．n：5 cells 

of 5 guinea pigs)． Est 100 l~mol’L一 had a m0re 

remarkable blocking effect on ，K1． The inward 

curlents of，Kl at Et of—l0omV and 一9omV were 

depressed respectively 49％ (from 一652 pA±54 pA 

to 一334 pA±78 pA．P<0．O1)and 55％ (from 

一 ．{2l pA±53 pA to —l44 pA±27 pA，P<0 O5) 

and outward currents，at E．of一60mV，一50mV and 

一 4omV．43％ (from l50 pA±39 pAto 91 pA±20 

pA，P<0．05)，55％ (from 163 pA±23 pA to 72 

pA±20 pA，P<0．05)and 72％ (from126 pA±25 

pAto 38 pA±11 pA，P<0．05)of~~ontrol(n=5 

Fig 2) 

DISCUSS10N 

Effects of estrogen on cardiovascular system are 

Fig 2． Effects of Fa t 帆  ． n = 5 vet止dcIlJar 

myoeytes of 5 guinea pi ． <0．05；， <0．01懈 

contro1． 

diverse， irregular and even contradictory with each 

other in sortie condition _Joj． which illeans the 

mechanism of estrogen is very complex Although 

estrogen receDtorswerefoundin heartt andthe direct 

effents ofEstonheartⅥ observed．themechanism of 

the hormoneis not clear yet． Inthe ptx~sent study，we 

fwsfly demonstrated the inhibitory effects ofEst on 1 

and 1Kin single ventrlcularmyocytes of guinea pigin a 

concentration-dependent inalmer It suggested that the 

inhibitory effects of Est on K channels might play an 
importantrole in the effents ofEst on heart

．  

1va and ，K channels of myneardium are very 

im portant in maintaining normal RP and APD in 

electrophysiology of heart． Some reported that the 

blockade of K channels could protect against 

|扪 廿Ⅱnia 1k inhibitory effects of Est on ，Kl 

and 1K may be another ionic basis of antagonizing 

experimental an~yOmaia， besides channel 

blocking ． In the experiment．APD decreasing and 

K channels blocking se嘶 1s contradictory b~cause 

blockade of K channels usually catlse the APD 

sh删m 衄 ． Some reported that Est has a Ca2 

blocking effectt~ and the results of study in our 

laboratory definitely supl~rUxl that． It suggested that 

Est blocked channel strongerthanK channels at 

the sametime，whichmight bethemare cattse ofAPD 

shortening in myocytes． Interestingly，Est shortened 

APD in single cardiomyocytes~13,14J
． but in isolated 

pap 11a工y ma scle we previously usedL ，Est prolonged 

theAPD significantly． Different effect ofEst onAPD 

枷 m 瑚 啪 m ∞ 。 
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between papillary muscles and myocytes has not been 

understood yet and should be paid attention to． 
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雌二醇抑制豚鼠心室肌细胞内向整流和 

延迟整流钾通道电流 
、 2 

墨— ，誊邋 谷双振 ，卢慎圭 ， 
周兆年 (中国科学院上海生理研究所，上海 

2000：31；嗣 北 医科大学生理 教 研室，石 家 庄 

050017+中国) 

关键词 三旦；I堕 堑垫查； 【 旦；锂 豇 
塑 丝  

目的：研究雌二醇(Estradiol，Est)对心室肌细胞动 

作电位(AP)、内向整流钾通道电流( K】)及延迟整 

流钾通道电流(h)的影响． 方法：全细胞膜片箝 

技术． 结果：ESTl0,umol·L 使豚鼠心室肌细胞 

AP时程明显缩短，AH 由给药前(474±71)ins缩 

短至(330±75)ms(P<0．O5)+Est 100,umol·L 使 

API 缩短至(229±67)ms(P<0．01)，使 AP【 由 

(587±60) 缩短至(418±79)ins(P<0．05)． 

Fst浓度依赖性地抑制 ，K尾电流(，x·ta )，10 rrd 

·L。。浓度下， ·tail减少 53％ (P<0．05)，100 

”m0l·L 浓度下，fK·tail减少 8o％ (P<O．05) 

l0 ol·L。。以上浓度 Est明显抑制 ，K】，在 一100 

mV刺激电压下，内向电流最大抑制为 49％ (P< 

0．01)；在一40 mV刺激电压下，外向电流最大抑制 

为 72％ (P<0．01)． 同时，Est使 ，K】翻转电位向 

负电位方向移位(由一70mV变为 一76mV)． 结 

论：Est对豚鼠心室肌细胞 Kl和 k 通道具有明显 

的抑制作用． 

(责任缟辑 李 颖) 
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