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Effects of taurine on L．type voltage·dependent Ca channel 

in rat cardiomyocytes infected with coxsackievirus B1 
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KEY W ORDS myocardium； calcium chan— 

nels；coxsackievimses B：laurine；patch-damp 

techniques 

A蹦 ：To study tl1e effects of taurine on L-t~ge 

voltage-dependent C ehannel (VDCC) jn 

adult rat cardiomyoc~es infected tl1 

coxsackie~rus ＆ (CVB3)． METHODS： 

‰ le-cell C current of L-t~qoe VDCC was 

obtained by patch-clamp techniques ． 

RESULTS：The density of L-type Ca2 current 

was 4．1±0．8 pA／pF in normal eardiomyocytes． 

but increased to 4．9± 1．4 pA／DF wiⅡ1 CV玛 

infection． At 16 mmol·L_。．taurine decreased 

tI1e dens to 3．5 ± 0．5 pA／pF in normal 

eardiomyocytes， and to 3．8 ± 0．8 pA／pF in 

CVB3-infected cardiomyocytes． In addition， 

CVB3 shifted the membFane potential depolarizing 

to 0~ak current(VD)from 8士8 mVto 5±3 mV 

wh3ch could also be reverted to 8 4-4 mV bv 

taurine． C0NCLUS10N：Taurlne inhibited tl1e 

increase of C inflow through L-type VDCC and 

normalized the decreased induced by C 

infection． Thc effect oftaurine on L．type VDCC 

was the mecha／llSnl of tal~ne a~enuating the 

intrace~ular Ca2 aceum ulmion and abnormal 

electric activities induced by CV infection 

Taurine iBakes uD 50 ％ of the t0tal free 

anaino acid pool in maIDJn~ an heart， an d 

possesses a lot of cell protective actions such as 

modulating intracellular Ca2 homeostasisL ． 

inhibiting lipoperoxide formation、 ， reducing 

enz~a'ne leakage， and maintaining lneli1]3rane 

stability． Deficiency of taurine was implicated 

in nam y heart pathological states and could be 
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reversed by taurine supplement ． We foand 

that Laurine was benefteial to clinical trealmenl 

for virus mvoearditisL and to cultured rat 

cardiorr~-ocytes infected witl1 coxsaekievinls B3 

(CVB3)[5 J，and the mducfion of transmembrane 

C inflow was one ofthe functions of tauf．ne’s 

protection to cardiomyocytesL 
． However， the 

transmembmne Ca2 influx involved in a lot of 

aspects including voltage—dependent Ca2 

c|mnnd (Ⅷ CC)， C leak &annel，A1P_ 

dependent Ca2 pum p．Na ／C exc|mnge． 
and H ／Ca2 exchange

． elⅡf． s study Was 

to investigate whether tan rine affected Ca2 

etwmnt through L-t~3pe Ⅷ CC in cardiomyocytes 

infected th CV& to provide a basis for the 

clinical treatment witl1 taurine in viml 

myocarditis． 

M A 口llAIS AND M匮T]}I(IDs 

Cardionryocytes Cardiomyocytes wer 

isolaledfrom adult Spragne．Dawley rats( =29， 

20o一250 g．clean，from Experimental Anireal 

Center， Shan~ai Medical Univemi~ ) as 
previously describedL J． In brief．Hearts were 

quickly moved and mounted on a Langcndorff 

apparatus for retrograde perfusion at 37 oC，first 

tI1 C free Tvrode’s solution for 5—7 nfin． 

then witI1 the salnc solution contmnitag 0．05 ％ 

coll~ ．asc(Type 1，Sigma)，4JD一6o／n／nol 
·L_。CaCh．and 0．01％ BSA for 7—10 min． 
Afterwards， the hearts were ineubated in KB 

solution for 10 — 15 mil1． then minced and 
dispersed th a pipette for 3— 5 min． 11he 

suspension was fihered lhroL1出 a 200 btm nylon 

mesh．and kept at 15—25 oC for > 1 h before 

C rec0ve tI1 Eagle’s minimum es~nfial 
rilediun1． 

Groups (1)N：normal control group． 

(2)T：taurine control group；including TI， ， 
an d T3 subgroups added with taurine 1．8。an d 

16[111110【．L_。，respectively． (3)CV& control 
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group，1× 10s cells／tube wel3e inocnlated with 

2OO TcⅡ (5O％ tissue culture infection dose) 

cVB3． (4)V+T：cVB3一infected and taurlne 

16 mmol·L一 treated group． A1l the eeUs were 

incubated at 37 ℃ for 2 h before use． 

Recording Whole—cell Caz current was 

recorded bv Hamill patch．clamp methods using 

a glass pipette(diameter 1—3 )． e 
formation of whole．cell configuration was 

performed in T~axxte’s solution． 11hen the cell 

was superfused with the external solution． 111e 

rest potential was monitored in current clam p 

mode， compensated the slow capacitance near 

rest potentia1． The data were acquired by a 

Macinntosh computer using an EPC一9 am plifier 

and ~118e+ Pulsefit 8．0 software (HEAK， 
German)． For L-type、1)CC current recording， 

hold potential was kept at一5O mV to inactivate 

Na channel and T．type C channe1． test 

pe tential depo larizing from 一40 to + 6O mV． 

pulse,aidth 100 ⅡB．step + 10 mV．frequency 

O．5 ． 111eiTlean peak Ca2 current ofL-type 

( r )was expressed as a function of membrane 

capacity(C )． 

Solution preparation(nunol·L 】 (1) 
Tyrode’s solution：NaCl 135，CaCl2 2，KCl 5．4， 

M 21，NaH2PO4O．33， ucose 5，脏 PES 5， 

pH adiusted to 7．2 with Na0H． (2) KB 
solution： K0H 8o． KCl 40， KH2PO4 30， 

Mg2S04 3，glutamie acid 50，taurlne 20，gIucose 

10．HEPES 10，egtazic acid 1，pH adjusted to 
7．4 with K0H． (3)Intemal solution：CsC1 
12O，MgC12 1． MgATP 4， e azic acid 10， 

HEP】强 10．pH adjusted to 7．2 with CsOH． 
(4) Extemal solution： tetraethylammanium 

chloride(TEAC1)135，CaC12 10，MgC12 1， 
HEPES10， ．Juo0se10，prI adjustedto7．4with 
ⅡeA0H． 

RESU【腮  

In normal cardiomyocytes，the Ic was 4．1 

± 0．8 pA／Dr， and the inembl~ne potential 

depolarizingtopeak current(Vp)was 8．3±7．8 

mV． Taurine 1， 8， and 16 mmol·L一 

decreased Jr to 3．9士0．4，3．7士0．6，and 3．5 

±O．5 pA／pr，and the corresponding 7 

士 7， 11 士 3， an d 9 士 5 mV， respectively． 

Though taurine inhibited Jh in a concentration- 

depe ndent inan／ler．only taufine 16 mmol·L一 

caused substantial effects on the basal Ic 

eomp~  th normal group (P < 0．05)． 
Taurine had no effect on Vp in normal 

eardiomyocytes． th the CV& infeetion，the 

Jr increasedfrom 4．1±0．8to4．9±1．4 pA／pF 

(P<0．O1，∞ normal group)，while taurine 16 
mmol-L一 coun teracted the effeets of CVB3 on 

Jh and decreased the Ic to 3．8±0．8 pA／pF 

(P<0．O1， Vil~S group)． 111e in CVB3- 
infected cardiomyocytes 

whichwas alitdelower 

(Tab 1)． Thus，the 

decreased to 5 ±3 mV 

than Vs in normal group 

Jca trended to reach its 

peak value atlowerIT~／TIbranepotentialin CVB3。 

infected cardiomyoeytes(Fig 1)． Similarly， 
taurine normahzed the decreased ， an d 

reverted itto 8±4mV． 

Tab1． cⅢ一Vp，aim Ica． Cellsf咖 n凹 rats· j± · 
bp<O．05．c尸 0．01 normal group． rp <O．o1 virus 

group· 
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rig 1． Relafiem between L type C curresat and 

meJilbrane voltage in normal and C!、t -hffected 

cartUomyocyte*． 

ⅡIsCUs!江ON 

With CV infection the intracellular Ca2 
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Ⅷ increased J．and our study indicated that 

the increase was partly associated with the infhrx 

0f Ca2 thro~sh L-type VDCC． 曰 enhanced 

L-type Ca2 current induced by CV& infection 

increased intracellular Ca2 accunadation during 

action potential： besides． Ⅱle C inflow 

through vDCC was a pmmo~r of Ca2 mleasing 

from sarcolemmal reticulUnl (SR)． Except 
increasing calcium infl ow， CV& trended to 

decrease the ； in other words， the L-ba~e 

VDCC could be activated at lower membl'al1．e 

potentia1．after CVB3 infection． 曰1e extra Ca2 

infl ow，theintraceliularfree Ca2 accumulation． 

and the shifted resulted in intracellular Ca2 

overload and abnormal electric activities，which 

was the reason of cell damage in viral 
infecti0n[91

．  

Taurine decreased Ca2 entry both in 

normal cardiomyocytes and cardionryocytes 

infected with CVB3 and reyersed the decreased 

induced by CVB3． Former study revealed 

thattaurine aff~tedtheintraceliular calcium by a 

dual effect that depended on calcium 

concentration【 
， It Dminored Ca2 inflow with 

low external calcium  concentration．but exerted 

an opposite effect with high calciUnl 

concentration． In our experiment pmtacols，with 

C 10 mmol·L一 in external solution．taurine 

played a role of decreasing C entry． By 

decreasingthe Ca2 entry through L-type VDCC 

and reyeYsing the decreased V ， tallrine 

attenuated the intracellular Ca2 accumulation 

and reduced abnormal dectric activities induced 

by CV& ． 
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牛磺酸对感染柯萨奇 B3病毒大鼠心肌细胞 L型电 

压依赖性钙通道的影响 R 牛2． f。．卜 
U 。 。 
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目的：观察牛磺酸对正常和感染柯萨奇 码 病毒大 

鼠心肌细胞 L型钙通道的影响． 方法：用膜片箝 

技术记录经 L型钙通道的 Ca2 电流 ． 结果：正常 

心肌细胞 L型钙通道的 Ca2 电流密度为 4．1±0．8 

pA／ff ，柯萨奇 病毒感染后 c 电流密度增加 

到 4．9±1．4 pA／pF． 牛磺酸 16 mmol·L 不仅 使 

正常心肌 细胞 L型钙通道的 Ca 电流密度降 为 

3．5±0．5 pA／pF，也使感染柯萨奇 码病毒后心肌 

细胞的 c丑2 电流密度降为 3．8±0．8 pA／pF． 柯萨 

奇 码 病 毒感染 使 引起 最 大 Ca 电流 的膜 电压 

(V。)由8±8mV减为 5±3mV，牛磺酸可使降低的 

恢复到 8±4mV． 结论 ：牛磺酸抑制柯萨奇 码 

病毒感染引起的 Ca2 电流的增加 ，并使因感染而 

降低的引起最大 Ca2 电流的膜电压正常化． 牛磺 

酸对 L型钙通道的影响是牛磺酸减轻病毒感染引 

起的细胞内 Ca2 增加和异常电活动的机制之一 ． 
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