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目的：研究培养的新生大鼠颈上神经节交感神经 

元烟碱受体的动力学特性． 方法：膜片箝技术的 

全细胞记录方法，记录不同浓度烟碱诱发的电流， 

使用 Clark方程对烟碱作用的量效曲线进行拟台． 

结果 ：10，20，40，80和 160 ganol·L-1烟碱诱发 

电流的幅度分别为 ：0．91±0．08，1．56±0．14， 

2．53± 0．27．3．93±0．46 和 4．57± 0．55 nA 

( =15)，经 Clark方程拟合，得到 H=1．097． 

E一 =5．958 nA，K=73．061 n0l·L-。，将 H= 

1时拟合得到的 E一 (6．513 nA)和 K值(61．457 

Vxnol·L )代入Oark方程，所计算出的理论值与 

相应浓度烟碱诱发 电流的实 值基本相符 ． 结 

论：烟碱与交感神经元烟碱受体作用的动力学特 

性符合一个作用位点的反应模型． 
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Electrophysiologic effect of enalapril oil guinea pig papillary muscles in vitro 
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afrilledtoCapital University ofMedicalSciences，Beijing100020，China) 
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AIM ：To study the dh~et dfeet 0f enahpril oll 

cdlular dec臼[q山 i0L。gy 0f my。caldjm 1． 

METHODS：Conventi~aal mletoeheu-od~ t~chni- 

queⅫ medto re∞耐the Bc俩 potentials(AP)of 

血髓 pigpWm~-ymu吕cks． RESULTS：E 咀la州I 

clnI∞d all hl∞ 8e oftheAPanaplitude(APA)and 

the res衄 txx~fi*l(RP)in a∞瞳l疆n缸妇 卜 

dqx∞如眦 Ⅱ璩rⅡ1er without any耐 n如 nt dIIaIlge of 

AP dttratlo~， Ⅻ and overshoot of AP． 

s|l Ilsj∞ 0fouahain 0．5皿Id ·LI1 reduc~l APA 

and RP．indIloed stable delayed after-d~ tiom 

(DAD)at different basle eyehlengths(BCL)in a 

Received 1996—07．J5 

fi'equeney-dependent蚴 n ． At BCL 2oO ms． 

the amplitude of DAD wa8 IaIge enough to induce 

nonsustain~ triggered activity (TA )． In 

additional pl m oe of Ia】april 10 I玎0l·L-。，the 

DAD maplitudeat 500，400，300，and20oms 

dI 理 from 5．3土2．3，5．9土2．8，7．4土2．1。 

and 8．9±1．3 to 2．6土0．7，3．1土1．0，3．7土1．5， 

snd 5．3土1．1(mV)re印ecdvdy，all P<0．O1_ 
T1le Ⅸ皿p即 on iIltt s were il1腰钱 in a 

similar frequmey-dependent matLrl口． 11 nmaber 

0f TA induced at BCL 200 I璐 w鼬 de口e88ed 

from 3．6土0．7 to 0．8士 0．2 (P < 0．05)． 

CONCLUS10N：D∞l删 dixzcflyinhibitsnAD and 

TA induced by~ bain dl∞ugh-ma I1gRP and 

APA，wbieh may contribute to its anti-arthyflm~e 

effect． 
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In patients with congestive heart failure，the 

inetdence and complexity of ventricular arrhythnlias 

were considerably 1ower in patients taking enalapril 

than taking placeboL The possible anti— 

arrhythmic action of enalapri1 80 far discussed was 

matnly due to relieving cardiac load by an increased 

nuid excmtion and a diminution of peripheral 

vascular resistance． However，the direct effect of 

enalapril on cardiac cellular electrophysiolcgic 

properties， especially on arrhythmias caused by 

ouabain，was largely ui1known． The purtx：~ of 

this study was to ducidate the direct effect of 

enalapri1 on dalayed afterdepolarizations(DAD)and 

triggered activity(TA)induced by ouabain． 

M ATINRIA【5 AND M ET啪 DS 

Elet~ c瑚鼎目Ire唧 乜 Twenty gujnea pigs of either 

sex weighing 350 — 4011 g，provided by Anirnal Center of 

Beijing Medical University， were kilted by cervical 

dislocation e right ven tficular papillary mttsete placed 

inTypic’s zo[ution equitibratedwith 95％ O2+5％ 0q at 

37± 1 ℃ 卟 e m~c]e was supeffused with Tra de’s 

solution 8 lO n止 ·mln wi th pH 7 4±0．5． A pa ir of 

sminl electrodes w re phced under the papillary muscles to 

stimulate the mttsde at 1 Hz，2 rns．and twice the diastolic 

thresl~td M ter 1一h equilibration． tra~maembrane action 

potentials(AP)were measured with a grass mlcmeleetrode 

“ed th Ka  3 mol-L mlmeeted to micmelectrnd e 

肌 plitier(MEZ-8300，Nihon Kabden，Japan) AP and the 

miximed rate of mm~brtme depolarization(V一 )cc~ltinuotasly 

di．1ayed on the 00dlk o。De showed on the Acquisition and 

Analysis of Medical Si．~ tls (NSA-Ⅲ， Nanjing Longhai 

Technic01 Co)by use。f art IBM eompatibte c~nputer． AP 

amplitude【APA)，overshoot(OS)of AP mad AP duration 

(AeD)at 20 ％．5O％，and 90 ％ re94arization were 

measured 

D 盯hI姗 t日l Ⅱ咖 I 1、he ~feets of enaIapfi[otl AP 

were studied in a non-cumulative lllanner EnaLapfit waS 

T&bl 

P>0 

,,vastied oot after a stable m ximal effect was achieved，usually 

al：oat 30 nlin Enalaprit 1， 10，30，50 L were 

added 10 min after AP returned t0 ec~ltm]condition In a 

~pa rate experiment． the mmcles v陀 suparfused with 

Tyrode’s．solution ecqltaining cx．tahain0 5 L andDAD 

at the end ofAP were monitored． W hen the DAD amplitude 

(DlA])Amp)reached a toxic value of≥ 5 mv，enalapfil 10 

／mao[·L Ⅵas added to test the elfera of enabD 【on the toxic 

effect of ouabain DAⅡ Amp an d ∞m侥nsat 1 jnterval 

(DAⅡC，mea~atredfrom the beginning ofAPtothe plateau 

。fn D̂j ofDAD 晰 meassured attheend of20 stimuli 0f 

various basic cycle lengths(SCL，200，300，400，500，600， 

800，and 1000ms)at intervals of 20 s． 

Solmimas and -郾 The Tra de’s solution cea tained 

(mmol’L )：NaCI 137，KC1 5．4，NM-ICOa 11 9， 

NaHWO4 0．42，MgO2 1 05，CaC[2 1 8，g]umse 5．5，pH 

7．4±0．5 Ena]april tim[crate was purchased m  Sigma Cb 

an d disso[ved i12 MezSO t0 ve a stock solution  of 100 mmol 

·L ． Tbe same concentration of Me290 wa5 added to 

TyP e。s solution for ecqltm[pu印0B酋 Oual：~in wIR8 provided 

by Sigrrm Co．and  dissolved in TyP e’s solution to 0．5“n 

·L ． 

Statistics The differences among ps in T小 1 were 

an ed by ANOVA and 口 t ． In Tab 2 and 3 the 

differences among ups wore ana【ysed by pa ed t test 

thm~ h self-mntrol design 

RESULTS 

Effectof锄 lap on ALP Enalapril 1，1O， 

30， an d 50 儿n101-L caused concentration— 

dependent increase of APA and RP． APA 

increased by 3．3 ％ (P >0．05)。6．7 ％ (P< 

0．05)，12．6％ (P<0．01)，and 19．3％ (P< 

0．01)respectively RPinereased by 6．9％ (P> 

0．01)，9．2％ (P<0．0Ij，l1．5％ (P<0．01)， 

and 13．8 ％ (P<0．01)，respectively，compared 

with control group． However．ena[apri1 had no 

significant effect on Vn咀 ，OS，andAPD(1’ab 1)． 

Effectof ~ pril oilAP of gⅡinea pigimpillm-ym ． BI =1000珊 ，月=7鲫 M p妞， ± 
o5．bP<O．o5．甲<O．01 control 
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Effects of enalapril oil DAD and TA indueed 

by ouabain Ouabain caused a decrease of APA． 

RP，V 一 and OS by 11．6％ (P<0．O1)．15．5％ 

(P<O．O1)，33．1％ (P<0．05)，and 39．5％ (P 

< O．O5)， respectively， compared with control 

group． In the presence of enalapril 10 t~rnol·L～ ． 

APA，RP，V～ ，and C)sincreased by 13．3％ (P 

<O．O1)，17．1％ (P<0．01)，l6．6％ (P< 

O．O1)，and 8．5 ％ (P > 0．05) (Tab 2)． 

respectively，compared with OUabain alone． 

Tab 2． Effect of eaalapHI(Ena)on AP nnder oualmin 

(Oeb)． BCL = $00 艏 ，n =7 guinea pigs． ± ． 

>0．05， < 0．o5，cP<0．O1 control； 

>0．05．fP<0．O1 Ouabain 

Superfusion of Tyrode’s solution containing 

ouabain 0．5 mn01·L for O．5 h caused stable 

DAD，the amplitude of which was increased with 

highel"BCL of driving forces(Tab 3)． 
At BCL 200 ms， large DAD were induced 

followed by non-sustained TA (Fig 1)． In the 

presence of enalapriI 10 tanol·L after toxic effect 

of ouabaln was achieved，DAD-Amp was decreased 

and DAⅡ C was increased at alI 7 BCL (Tab 3)． 

At 50 tanol‘L～ ．DAD were nearly ab0lished． In 

the medial concentration of enalapriI 10 txrnol·LI1 

the number of TA induced by ouabain at BCL 2o0 

rr1swas decreasedfrom 3．6±0．7to0．8±0．2(P< 

O．05)(Fig 1)． 

㈧ } 
0uh十Eni‘ ’ il 

F堙1． Effect of enalapril 10tmml·L一 ∞ DAD and TA 

induced by Olallbain 0．5／unol·L一‘in guinea pig p丑pilIary 

nmscle． 

DI5CUSS10N 

Previous studies showed that AcE inhibitors 

reduced ventricular arrhythmia in aniraal models~2] 

and  human trialst ． In the present study we 

demonstrated that enalapriI caused inereases in RIP 

an d APA． which further increased electric 

synchronization and cardiac refractory periodsL3J，is 

also an important factor in mediating the inhibitory 

effect of enalapHl on DAD  and TA induced by 

onabain in guinea pig papillary muscles． 

DAD  are oscillations occurrir141 after full 

repo larization． Three different meehanisms were 

prc 0sed for their initiatlon： a transient inward 

currents(In)carried by Na ；a current carried by 

Na ／Cd exchanger；a catecholam ine．induced CI— 

currents ． The AcE inhihitor．captopril． may 

exert inhibitory effect on ouabain-induced DADt5J
． 

Another ACE inhibitor，parindoprilat，decreased I【I 

and prevented the action of norepinephrlne on the 

1d，which explained why ACE inhibitors reduced 

ouabain-indueed or repeffusion arrhythmias(s]
． 

However，fosinoprilate caused a prolong ation of the 

action po tential， reduction of delayed rectifier K 

currents and enhancement of L．type Caz currents 

in guinea pig ventficular myocytes and at 1o0 to 300 

rno1．L～ ，it may cause early d印。l耐 动ti0 6。． 

Tab 3． Effect of enat~ (Ella，10岬 ·L )∞ mnplltude mad eOml~tsatlon intervals of DAD induced by oealmin(Oeb 
0．5 tmml·L一． =6 g l瑚【p皤 ，x± ． IP>0．05，bp<0．05， <0．叭 Oub． 

～ ． 

～ 

～三} 正 

眦 ～ 
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In the pre~nt study， enalapril gready inhibitcd 

I)AI) and TA caused I3y ouabain i1"1 frequency 

dependent nlalmer by an irlCrelIlenI of APA and RP， 

which IllaV in turn decrease the heart excitahilitv 

induced by ouabain． 1schenfia． or ischemia 

reperfusion Captopril increased the Na／K pump in 

rabbit heart cells 7 J． The activation of e[ectrogenic 

Na pump and the increment of K currents to 

accelerate repolarization of myocardiurn m ight 

explain the effect of enalapril on RP and APA． 

However，it had 11o effect oll API)Ⅷ V and OS， 

suggesting that it had no effect on Na currents or 

Ca2 CUlTelltS 

In conclusion．mmlapril inhibited I)AD and TA 

induced by ouabain in a frequency—dependent nlanner 

through decreasing heart excitability which may 

oontribute to its anti—arrhythmic effect． 
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依那普利对离体豚鼠乳头状肌的电生理作用 

塑盘 高 渊，刘秀兰 【首都 科大学 
附属北京红 { 字朝阳医院心脏 中心，北京 100020，中国) 
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目的：研究依那普利(Ena)对豚鼠乳头状肌电生理 

特性，哇巴因诱发的延迟后除极(DAD)和触发电 

活动(TA)的直接作用． 方法与结果：采用标准玻 

璃微电极技术记录豚鼠乳头状肌动作电位 ． Ena 

呈浓度依赖性增加静息膜电位(RP)和动作电位幅 

度(APA)，而对 0期最大除极 ，超射，和动作电位 

时程无 明显影响． Erm 10 ll玎 ·LI1则可明显抑 

制哇巴因 0．5 ·L 诱发的 DAD和 TA，DAD 

幅度分别 由 5．3±2、3。5．9±2 8，7．4±2．1和 

8 9±1．3降至 2．6±0．7，3 1±1．0，3．7±1．5和 

5．3±1．1(mV)(P均<0 01)，刺激周长为 2加 

Im 时 TA数 目由 3．6±0．7降至 0．8±0．2(P< 

0．05)． 结论 ：Ena通过增加心肌细胞 RP和 APA 

抑制哇巴因诱发豚鼠乳头状肌 DAD和 TA． 
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