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Effects of norepinephrine and isopentenyladenosine on Na ／Caz 

exchange currents in isolated guinea pig ventricular myocytes 
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删 ：T0 study the effects of n口啊pi|】el (NE) 

and isopontenyladonosine (Iso) 衄 Na ／ 

缸 曲 an cmrents and the recqaor mechanlm1． 

仰̂ I( ls：T }口ua ．steady state current-voltage 

lek旺i0n螂  0m 山e isolated pig vtⅢ吐jclnar 

Ⅲ]i0cy魄 was珊 ；I】redu血 喀 whole-cd]v0ltage_cl赶np 

techniques with a ramp 口LIlse pmtoco1．RESI．TLTS： 

At咖 dal of + 50 mv，NE 0．00．5，0．05，衄 d 5 

~．mol·L increased the NF十_sensitive ctlt'rt~t by 

29 ％ ±9 ％ ，72 ％ ±11 ％ ．and 124 ％ ±31．4 ％ ， 

respectively； Iso 1．5． 150． and 1500 硼 0l·L 

caused increases in the N +_$PAlgilive ~nmcnt by 

2．8 ％ ±2．8％ ，56％ ±13％ ，and102％ ±12 ％ ， 

respectively． Proprmolol 10 gmol。L completely 

inkilfited 山e ctm,~lt changes induced bv NE and Iso 

while ph~ olamine 50 gmol-L_。showed no effec~ ． 

C0I Ⅱ  瑁10N：NE andIsoiDc碍asedtheNa ／( 

0【曲∞ge ctlrrellts vk； stimulation of cardiac p_ 

nDc ． 

The Na ／ca 2 exchanger is the primary Ca 2 

efflux mechmaism of caidiac myocytes during 

excitation[ ， 
．

The exchanger is all impoilallt Ca2 

efflux mechanis~ cvqfll during periods of mst。when 

[ ] is 100 nmol·L一1 or less[ ． Hence the 

exd'lallg~ can affect a transfer of C from 啪 al 

stolP~ to the cell exterior during lest． During the 

initial phases of cardiac action potentia1．C influx 

mediated bv №  ／Ca2 exchange Call initiate Ca2 

release the s~coplasmic reticulum (SR)by a 

“Ca．induced Ca2 release process’’【 The Na ／ 

C exchangetllechains~lisinvolved inthe regulation  

of cardiacinolropism J． W ith the single—ce ll voltage~ 

clamptechniqu~and appro~ate channel blockers，the 
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Na ／Ca 2 exchange  cun"ents c“ be isolmcd from 

other membrane curr~ts and measured acaⅡa幢 、，L。J． 

_a血吼ler舀c agoinsts potentiate the force of cardiac 

contrac~on and aceelerate the rate of its relaxation ． 

．I1】e increase in the force of 0DⅡ扛 d∞ results from 

eIlha current and C release secondary to 

cAMP_出口即 d胁 t phosphorylation of the C 

challi1elL 
． on tl1e other hand．the phyosphoryhtion  

of phospholamban and the subsequent sfirnulafion  of 

C pump【 
． in addition to decreased myofihment 

C Selqsitivity[9j
．
arethoughttomediatetherelaxant 

prope ls of13-agonists． But，the regulatory effec~ of 

B．agonists on Na ／C exdlange aIe not clarified 

vet． In this study we investigated the effec~ of NE 

and Bo on 廿1e №  ／Ca z ex change al舢 ts and the 

involved receotor mechanism ． 

Cell is Ia妇  Venfficular myocytes w哦 Ob妇in白d fl唧  

Dunk~ Hartley m  (250±52 g)by a pn 【砌由 

described rapid enzymatic isda廿∞ D∞血畔【]0J Myocytes 

Well~dls∞删 and allowed to 妇 at least 1 h 越 f0呲  

tcm 嘲tIlEe(20)befcce bcing used Animals were provided b 

E D自 n酬 Anialal Center of Shar~ M edical Universiv7 

日 血唧● 菌 0gic in~Bm ts 1hc whole-cell 
p~ch-clamp ∞面  哦  I1 used to evaluate Na ／( ‘ 

exchange cⅦ彻 船 州 th 釉 AXOPATCH 2呻 A path-clamp 

af Ⅱ丘仃 c嘎1眦c叫 to粕 AST 0 q wilh ] 5．5 1 

software package (Axon Insmanents】． Patch d0dH出 were 

Ina出 ⅡLh~-walled glass c叩|ll es(1 5删 OD，sllal 1ai 

Brain Re鲤arcIl Institot~) u Il窖 a two-stag~ vertical 

mjcroelecⅡo出 puller fⅡ岫d￡l pp-83． Nafisl'~ge Scientific 

Im u'umeras、J Ⅺn) Tbe dec∞0de n s妇nces ranged b 啪  

1 and 3 Mn． Bec of the slow ramp 口0t0c01． 12o 

c Ⅻ ∞ was made f m~nlmme ca∞d随nce 0r series 

resistan~ ． 1hc cI盯renl si~lal w&gfiltered at 2 {2． 

鼢 the1~ umancat 0fNa ／Caz exchange cta-a~t
．
the 

舡acd叫 (test)solufic~ contained N妇 140，CaCh 2 0， 

Mga22．0，}Ⅱ硼 5．0，and 嘲 10 L (p归=7 4 

IIs日 with c ) Thc №  ·K pump，bac und 

cu e玎培。and K cl1眦 l and Caz ch md were bl∞ bd wi山 

ouabain(s m)20 f̂删 。L～，BaC~2 1 0 rrm~ol。L～，0吗 
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2．0 rr~ol’L一 ．and rac,mtipine(~gma)l 0／a~ol’L一 ． The 

p~eue solution contained egt~c acid(EGTA)42，CaCt~29． 

M 13． p0忸ssi帅 asp呲 42， ATP 10．Na2一creatlne- 

ph啊曲 te 5．0，坝ra叫 锄功0Ilil助 (TEA．SigmaJ 20，HEPES 

5．0mmol·L (pH=7．4 adjustedwithCsOH) Intheinternal 

solution．TEA 20 mmol·L一 wss used to block K channel 

The d c Na’／Ca2 exchange cu~ellt wastw
．asla'ed as 

the(b dhec~om1)cut'lentthat could be bl0c虹d by N 5．0 

Ⅱlm0I．L一巾 ]
．  

Stmistical am lys~ Results w 。 ssed asj ± s 

Paired t怔啦 weremade． 

M~ ent of the Na ／Ca2 exchange 

current Ran[1p voltage-clamp pulses(一40 to +60 

to 一120mV，9O mV ·s )wem applied from a 

holding potentiaJ of 一 40 mV． nle cttrrent．voltage 

relationship was constructed from tile declining slope of 

the ramp pulse(Fig1A，a)． Afarthe application of 

N 5．0 rmnol· L～ ， the rI舶 t immediately 

decw．ase~，at b0山 positive and neg~ve potentials(Fig 

1A， b)． nle di艟 蝴 ce betweea curtL~t．volrage 

relationships in the abs目1∞ and presence of Niz 5
． 0 

mmol·L (Ni2 ．sensitive current) reflected the 

activity ofthe eleclrogenic Na ／Ca2 exchangecurrent 

(Fig 1B)． 、ve did not find sigR~cant nln—down of 

the Ni2 sensitive current during the experiment
． 

1． N ·sem itive el 蚋  Na ／Ca2 

am t ofgtdnoA pig v~nxieularmyoeyt~． 

A：~ t-volmge zelationships bd e fa)and after 

(b)application of N 5．0 mmol·L～． B：Niz+． 

sensitive current(Na’／Ca2 exchange current)． 

Effects ofNE andIso oneled D兽 Na ／ 

Ca2 exchange current NE 5
．0 舢 J·L一 orIso 

L5 ~unol-L一1 resulted in increases of membrm~ 

eun'ent(Fig 2A，b and Fig 2C，b)． After 30一s 

application of Nj2 5．0 mmol·L～ ．the membrane 

cm'l~t was decreased(Fig 2A，c and Fig 2C，c)． 
The current-voltage mlaliortsldps for Ni2 一sensitive 

A 
- O．B 

Merely=no pol|nUal／mV 

一

!” 

=二二 ===_= ，／ l 
一 一 一

一  

l 

B -。 。 

b．c 

Momb~ potlmthll／mV 

一 ’ 
—

一 ， 

i ．一  

一 === { 
— 一 一 { 

“ ／  
1 O0 ”一 三 ／／ t 一 ／ 

l 
D 。。。 “： ／ 

Membr=ne potenlb~／mV 

i — — — — — — — — 一  

一  

一 一 一 — —7  O 
， ，／ { 

一一／ l 
- - 0-8 

飚 2． EIf毗 ofNE aⅡd]SO∞ dec砸· Na ／ 

o 曲口d嵋噼 a舶 倒 of I 口c ． A： cI舶c归n 

珊l衄辞 reh血msMps be 哪 u曲d0lI of NE fa)． 

船 app]Jc~ on of NE5 Imaol·LI1(b)衄d N 5．0 

nm 咀·L-1(c)． B：Niz ． a硼蜘 t ．m A 

befo~ (a—c)衄d船 叩pli明廿叩 ofNE (b—c)． 
C：a咖 卜叫 t日霉e re1日d毗 sIIips before哪 Ii∞ d叩 of 

NE (a)-船 appficafion ofIso1．5Ixmol·L cb) 

and N 5．0 mmol·L c c)． D：N ．sensitive 

currentinC before ca—c)and after applicaficaa of 

Iso(b—c)． 
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currents ofthe s Ile experimentwere shownin Fig 2B 

and 2D． NE and Iso increased the Ni2 ．sensitive 

currentin a concentration—dependent n1anner(Tab1)． 

T曲 1． Effects of NE and Iso on eleetrotgeaic №  ／ 

Ca2 雹虻baⅡge cI 唧 t of guinea pig w atricular 

n可oq懈 ． m Ⅱe cIIn叫 (1aA)n 舾咖嘲 dm'ing a 

ramp pulse． n=4 eells I 4 嬲 pi ，霉±s． 

甲 >0．05， <0．05， <O．01 

Effects of p“ 啪 0l0l 眦 d ph日吐DlalnilIe 

DⅡ action of NE mld Iso I~ olol 10 

um0I．L一 inhibited the changes of inward and outward 

membrane aⅡn_nts induced by b0tb NE 5 u啪 l·L一 

andIso1．5 l·L (Fig 3A and 3B)． However， 

phen~lamine 50 um01· L一 did not affect the 

enhancement of Na ／C exchange current induced 

byNE 5 umoI．L一 (Fig 3C)． Similar resultstothose 

shown in Fig 3 w∞ 0b edin 4 othl~ eells． 

In the present study．the elec~ genic Na ／Caz 

exchange curren~ wl~re measured by using methods 

previously describedL ． The advantage of these 

methods isthat11jdI coacentra6on ofimracellolarCa2 

bUl~er(EGTA)are used，which shodd prevent any 

possible inL删 ses in cv 0s。Ⅱc Ca2 I． The 

contribution of oⅡ1er nleml2q~ane curren~ to tbe total 

ieeorded currentwas ndnim砌 using various bl~ kers 

3． El 0f 叩 翻玳d0l卸nd呻哪咖 |卸嘣地 0II 

删 ∞ 0f NE 卸nd Is0． A ：effects 01I ．s曲 s坩  

cIIn衄t be姗 (a) 卸nd a 叩pli衄矗∞ 0f 

叩mI-ol0ll0 mD】·L pl惜 NE 5}md‘L (b)．n 
= 4 eells盘砌 4 面n阻 pi -P > 0．05． B：dl矗蟾  

蛆 咿  ．轴n aIn即t b— e (a J 卸nd a 

叩pli衄矗忸 of 唧咖nol0l lO pm0l‘L_l pl惜 Is0 1．5 

呻Dl·L一 (b)。竹=4 eells盘砌 4 |j]呻a p ．P> 

0．05． 12：effects 0II N ． 帕 t} !cIIn豇吐 b醯啉  

(a)and afber pl螂曲 班血 s0．Im0l‘L pl惜 NE 1．5 

呻Dl·L-】(b)。竹=4 eells盘砌 4 gl血 阻 Pigs．P< 

0．05． 

(nicardipine，c ，Ba2 ，TEA and uabain)． The 
shape of 山e current—voltage relationship we obtained 

fortheNa ／Ca2 exchangea咖 tistheoretically and 

practically coInDatjble with the available U妊田 uIe 

regar~ g tbe voltage dependence of electrogerficNa ／ 

C exchange current． 

Our ex~ nmeatallesulIs clearly showedthat b呲h 

NE andIso could significantly increase tbe electrogemc 

Na ／Ca2 exchange current
． Propranolol， a B— 

adrenoceptor blocker．inhibited the increase of Na ／ 

C exchange currentim b ed by NE and Iso．while 

phentolamine， a a o(搠)tI)r blocker， showed no 

effects on 山e NB．induced increase of Na ／C 

exchange current． This suggeststhat p． hn0cept0r， 
but not n—ada'enoceptor． is involved in 山e increasing 

effects of NE and B0 on the Na ／Ca2 exchange 

cunent． Our results als。 demonstrated that NE and 
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ISO increased not only Na ／Ca2 exchange inward 

currents． but also Na ／C exchange outward 

aJrTents．indicating that 13-ad~energic agonists ale able 

tO enhallCe the rate of mmsmembraae movement of 

Ca2 by Na ／Ca2 exchanger
．
The erl~ cement of 

the Na ／Caz exchange Fate can be one of the 

mechanisms responsible for the posidve inotropism 

induced by t3-adl'enoceptor stimulation． However， 

fuI~ r experiments are necessary to determine the 

molecular mechanisms of regulation of cal'd~c sodkml／ 

calci．ura exchanger by~-aclrenergic agonists． It is 
concluded that恤 №  ／Ca2 exchange currents of 

guinea pig ventricukar myocytes ale enhanced by口· 

ada'enoceptor stimulation． 
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I一【 

去甲肾上腺素和异丙肾上腺素对豚鼠离体 

心室肌细胞 Na ／c 交换电流的影响 

夔—耋，吴博威，整蓥瑞 
(山西医科大学生理教研室 ，太原 0．317001，中国) 

R 7 7 f 
关键 词 Na ／c 交换；去 甲肾上 腺素；异丙 

肾上腺素 ；普萘洛尔；酚妥拉明；膜片箝技术 ：心 

肌；离子交换 ’ 

目的：研究去 甲肾上腺素 (NE)和异丙肾上 腺素 

(Is0)对 Na ／c 交换电流 的影响及受体调控机 

制． 方法 ：应用全细胞电压钳技术的斜坡脉冲程 

序 ，测定离体豚鼠心肌细胞准稳态电流一电压关系 

曲线 ． 结果 ：NE 0．005．0．05和 5 pmol·L。。分别 

使膜电位 +50mY时的N 敏感电流增加 29％± 

9％，72％ ±ll％和 120％ ±31％：Iso l_5．150 

和 l500 nmol·L 分别使该电流增加 2．8％ ± 

2．8％，56％ ±13％和 102％ ±12％ ． NE和 ISO 

的这种增强效应能被普萘洛 尔 lO prnol·L。。完全 

阻断 ，而 酚妥拉明50 pmol·L。。无此作用 ． 结论： 

NE和 I∞通过兴奋心脏 B．肾上腺素受体使 Na ／ 

C 交换电流增加． 
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