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A邛旺：Tb study the effect of l-tetrahydropalmatine 

(1-Ⅱ )oil L-type calcium  charme1． M暇Ⅱ珀髑 ： 

Patch C]~llptochniqtl~(whole cell recordingj was used 

to record L- current in single cardiac myoc~ge． 

REslIITs：1) l-Ⅱ l，10，aad 100 m01·L 

reducedIc l999±93)pA to(700±111) 

pA，(5舱 ±66)pA，and(420 ±H2)pA (n=6， 

P(0．01)，residefively 2)l-Ⅱ reducedthe volt- 

age at half-maximal inactivation (V1／2) of L．( 

channel to加0l negative potentials by9mV (n=5．P 

<0．05)． 3) l-THP caused both tonic aad use- 

dependent reduction ofCa2 dⅡ瑚 t． Tonic block of 

J．Ⅱ诤 OllC 嗍 twas 46％ ±8％ (一=6，P< 

0．01)． The degree of use dependent blocking was 

13．5％ 士2．4％ (n=6，P <0 05)at 1 Hz，the 

degreeincreasedto 44％±5％ (n 6，P<0．01)at 

3 Hz． 4)l-THP dehayod half-w．cove~'y time ofC 

channel recove~'y frominactivityfrom(94 4-39)ms to 

(1704-42)ms(n=6，P<0．01)． CONCLUSION： 
I-THP has a mode~tc inhibitory effect oll L ( 

ctm 'ellt 

l-Tetrahydropaimatine(1-THP)is an alkaloid 

exlracted from Corydal~ amb~ua Cham． Previous 
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researches had documented its abilities of anti． 

arrhythmh and L-Ca2 cttn~ t blocking effects~1- 
． 

However，the characteristics ofits e~fect on L-calcium  

(3uriaht is stil1 unknown． Therefore． the present 

expenm~ts W~l"e c,~ried out"to reveal them in single 

gllmea Plg ventricular myocyte． 

Drugs l-THPwasmade bytheNamfing Second 

Pharmaceutical Factory． 1-THP stocldng solution【10 

ramol·L一 )was epa∞d with distilled w岫 and the 

nH was adjustedto 7．0withI--IC1 before use． Tyrode’s 

solution contained：NaCI 137，CsC1 5 4，CacI2 1．8， 

MgCb 1．0，NaHCO3 1．0，NaH2PO4 0 05，glucose 

5．55．唧 s10mmol·L_。，the pHwag adjustedto 

7．35withNaOH． Calcium 丘∞ Tyro~ ’s soluiton was 

Tvrode’s solution without CaC12． The 啪 扛icIl 

myocytedissociation solutionwRs calcium freeTyro~ ’s 

solution containing c0lla nase 0．33 g‘L 【Sigma)， 

BSA 0．25 g‘L (Sigmaj，pro~se E 0．25 g‘L 

(Sigma)． ／nlraceilular solution consisted of：CsC1 

120，NaC1 10，C~--,12 1．0，Mg-ATP 5．0，egtazic acid 

11(Sigma)，HEWS 10(Sigma)mmol。L～，pH was 

adjustedto 7．3withCsOH． 

Ptep田=a of single vI舶舡ic1tIa上myocyte 

MRle or female linea pjgs weighing(3OO 4-40)g 
(species：England tmderooat guinea pigs；Grade 1I； 

Certificate 埘nnb口： 19-0"23； Medical Experimental 

Animal Center of Ton~i Medical University)wexe 

used． Single ventricular ceils of 血Iea rag wt~a-g 

obtained by an  enzymatic dis鲫datj锄 methodL圳 ． 

First．the heaa was peifused with diss0ci 0n solution 

thr~gh cormlary ~gl-ig$ for 5 min at 37．5℃ ． 

Subsequently．the d 80da solution wag washed out 

by calcium freeTvrDde’s solutice． Then several pieces 

of ventriculm~tissue Weld dissec~ aad gently agitated 
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in WylDde’s solution contained C 0．2 mmol·L一 ． 

Afterthattheisohted ventricularmyocytes were stored 

in Tyr~ie’s solutionfor 2 h before u∞ 

EleL-'~ric recordings 11 isolated cellsweIe set 

t0 a 1．o mL chamber mounted on the stage of all 

inverted microscope After beir~ settled t0 the bottom 

of the chamber．cells wea'e supeffused with Tylx3de’s 

solutiont0 wash outthe deadcells． 11 experiments 

weIe performed atiDomtcmpcIatllY~(21±2)℃ 
Micro~pettes whose tips w 1— 2 山n wele 

constructedfrom stal~ capmarymhes and were heav 

polished to have resistances ofl一3．5Mn when they 

we 丘儿ed wifla the internal soludon and immersed in 

the Tyrode's solution ． Recordings were itlllde in the 

whole cell voltage-clamp configuration of the patch— 

clamp technique with a PC-2 patch clamp amplifier． 

DA．1 dam coUecdon and analysis system was used to 

record and analyse ． Sampled data wem stored on 

the hard disk of computer gor later analysis． T0 

investigate the effect of l-THP on the voltage dependent 

ofCa2 current availability，thetwin．pulseinactivation 

protocol were used t0 evaluate effects of membrane 

potential on the 础  cun~ t of a subsequent 

depolarization(f-elLrve)with and without l-THP． 111e 

holding potential was maintained at 一 40 mV． and 

conditioning pulses (4 s)t0 pot~tials betweeⅡ 一6o 

and+20 mV applied (Fig 2，in!蚍) ． Peak 

C current was meastavd during a subsequent test 

pulse and plotted aS a flⅢ1甜 0I1 of the prepulse 

r嘴m ne poteatia1． n lu1ses t0 more positive 

potentials result in inactivation of Caz channelL。’ 
．  

le data preseraed 呲 recored after a 10-rain drag 

exposure． n1efrequency of s血 uda岫 nwas 0．10Hz． 

In Olx~r to observe the use-depentent effect of 

f_Ⅱ on Ca2 current，differentfrequency(1 H ，3 

Hz、stimuluswas usedto activateCa2 Ctlr~ntL 
． 11 

membrane po tential was held at 一40mV without 

pulsing for 5 min before each train． n1e command 

po tential was +20 mV followed by a depolarization to 

— ． 40mV with 10Ills． Tonicblockwas calculated as a 

diminutioninthe peak，0 ofthefirstdep0h pulse 

after exposure to ．THP compared with control ． 

Twin-pulse was used to study l-THP Oll recovery time 

from inactivity of chmme1． Holaing potential 

maintained 一80mV，pr~pa lsean dtest-pIl1se b0th 

10mV．interval of two pulse was from 5 to 1280 1T1s 

(5．10，20，40，80⋯ ．．．．1280)． 

Statistic analysis Values were expressed as 

j± by ttest． 

RESUII1S 

C ctwrell~t Whea the holding potential was 

一 40 mV and the cells wea'e vd切 e．clalIlped from 

一 40 mVto differentmembrane potential(一30t0+6o 

mY)at a frequency of 0．10 Hz，the inward，凸was 

invdax1． When the corrmaand potential was 10 mV，it 

reachedits maxinam1． After 8dding l-THP 1，10，aad 

100 ’L～，respectively，』 m reduced from (999 

4-93)pAto(700±111)pA，(582 4-66)pA，and(42O 

±112)pAL ：6，P<0．01)，respectively LFig 1A)． 

B 

-30-20．10 0 10 20 30 帅 50 60 

Command potenfioYmV 

Fig1． A)l-THP oR ctwrent 0f 血盥 pig sh~Je 

ventricular ceII． B J D锄叫 e 0f o ctwrent with 

(1eft)叩 without(right)I-THP 1 m01·LI1in T蛐 ’s 

sotmi~． C)I—V瞪h山 ~l~-ves 0fL-ca2 ． ●： 

Contro1． 口：l-THP1 pmol·L_。． ●：10IIlnDI·L～． 

0：100pnml·L_。． 

c

。m“舶m m 

《u／ ，J 
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Condi‘tioning potential／mv 

Fig2． Effect of 1-131t~ (10 lIl呻l·L )0H voR~e 

deDendcnce 0f dci啪 current． n=5 Ceils from S 

虹蚴 l pi簪 ． ± s． 

After l-1HP was w~ aed out， I／ae C CUID3n[ 

reverse(j( o !Bj． e dam obtained from the 

experiments fitted with the Boltzmann a ，= 1／ 

l+EXP【( 一 Vl )／ Jf． free 

parmneters 1．／f an【} ， quan6fy ,l-arle 

potential when：current was half-maxJlnu2 qlope 

of activation CUYV~S(d,3c)． The V w3tue I1 centrel 

and ii1 l-THP ]0 ~allol·L_。were 7．12 mV and 8 33 

mV (P > 0{ )．respectively n e values j11 

COIleDl and 1n l-1 10 tanol-ll— were 一7．1l mV 

and 一6．90Ⅱ1v(P>0．O5)，re,si~ctively 

Voltage dependent of Ca2 cllrrex!t availu 

ability U口der control condition．the an_aplimde of 

C2 et!)-feltt was I／ae largest after a pmpulse t0 polenl：ial 

rflore negativethan 一50mV． 1-THP decieased C 

c~renL at一60 to +20 mV．and the voltage at bali： 

maximal inactivation (V1／g j v．~as reduced to mol-d 

negative potentials by 9 mV 【(一29 5)lnV " 

(一38±7)mV， =5，P<0 05 (Fig 2 ． 

Use dependent !．TtlP c sea a marked tonic 

block of Ca2 chre'reels
．

Cae c~rent wgls reduced 

duringthefirst pulse ofthetrain The[Gnic block【 

-1]} 10 nO1．L on Ca2 Ctb／'~llt was 46％ ±8 ％ 

( =6．P <0．01)． After exposure LO i- {P 10 

~tmol·L compareawiththatil1 contro1．the degree 

ofuse dependent blocking was 13．5％ ±2 4 ％ f n： 

6．P<0．O5)at l Hz．the degtve ncreasedto 44％士 

5％ (／-／=6，P(0 01)at 3Hz． etriocldng effect 

of 3Hzwas strongerthanthat of1}{z stimulus( =6 

P<0．01)(Fig 3)． 

A：Control B：l-THP 10utool-L 

C 

0·6 

州  

0,3 

0,2 

0．i 

30ms 

Control 1Hz 

／-THP 1Hz Control 3l量z 

厶THP 3Ⅱ 

1 2 3 4 5 6 7 g 9 10 

Puhe numher 

Fig 3． Use-delamaem block of oumt'tmt 

_L'Illp 10 Ⅲn0l·L～ ． Caz amr叫 at the first 

s lus_mconqa~l(1锄诅in 惶缸 曲∞ 山托妯睢 

(B)at 3 m ．丘耻 I v_d已 Iem inbiMtlkm呻 e of 

< cterre~tfC)． =6 cellsfl'om6窖I岫 西窜． 

± ． 

Recoveryfrom hmetivityofCa2 dⅪm el 

I-'TI~P delayed Ca2 channel half-recovery time from 

(94 4-39)to(170±42)ms(／-／=6，P<O．O1) 

(Fig 4 

DISe【JSS10N 

『-]_HlP c∞ l'ethlce the L-C current in the 

ventricularmyocyt~ of gait,tea pig． This effl~ct目x 

stronger吐】J衄 that of berberine Oll b-Ca2 current[ 
．  

Amotber important result in this experiment was that 

1HP blocked [diac It．-caldum channel potently at 

which fiqOSt channelsⅥ inactivated Just as Fig 2 

shown．when the 4·s~nditioning pulses applied 

to diligent voltages．the resulting steady．stateinacfiva． 

tion curvewas shift to the hyperpolarizing dire~ oll by 

9 tnV 【H=5，P<0．01)，this result showed that i乜 

effecl ofttheinactivation of channelwasthe咖  

as that of beIbeIine【 J． ．n1e result which is 

characterised by a mmther of Ca“ chanl~l ligands 

，●●1●●■ ●■●●1  ，  

咖 枷 姗枷 枷珊 啪 。 

vu，- 
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F远 4． Effect of 1．TIt~ 衄 neE 硐珂 d瑚e 妇 I 

jllact押id0lI of o日2 d瞄n1．e1． rl=6 cells h咖 6 

Iin吩 pi ． 置±s． 

suggested that l-THP should have the affmity t0 the 

inactivated state ofthe C ~anne1． The modulated 

。朗尬 fmodel could aocOUlltforthe results describedin 

this口ape一“J． The m0re the cl~nnels were bound by 

f．1’ ． the r11ol~ tbe C current wfls decreased． 

This consisted with tbe c0nceInra 0I deD口1dent action 

0f Z．1 ODCaz channe1． 

Use dependence andfrequency dependence arethe 

conlmoD characters of C channel bl~kers． 1-THP 

t谢 these characters also． Its Caz channel blocking 

effectⅥras significantly stronger at 3 ttz than that at l 

t'Iz stimulus． But berberi~ has 110 effect~10J 1t血 

character iS very useful in the therapy of tarchycardia 

when the heart rate is very fast． Another石ndin窑 in 

血is ex~ iment was that l-THP could delay C 

challne1 recoverytimefrom inactivitywhichmea凸sthat 

C c e1would spendmuch黼 timet0 rl~covel"． 

Namely．the d~ration ofinaetivatic~was added． rnds 

character should contribute to its blocking effect On 

Ca2 channe1． 

We observed a tomc exmlpone~ of block by 

f．1’ ． which could result from either a specific 

凭0 )幻 n ated inhibition OD the charmel protein as 

suggested bythemodulated receptor hypothesisforion 

cl1annd blockers，orfrom son1eindirect orilons~ c 
action． Our results did not allow us tO discriminate 

between these possibilities． 

“Run ak~wn” of C current had ever been 

reported in whole cell删  lmd0n of patch clan~ 

technique． In this experiment，many Inethods we代 

used t0 decrease血is phenomenon：1)A11)and egtazic 

acid were maintained in the pipette solution． 2)The 

strict selection of cells． After C current was 

evoked， it w雒 observed for 10 — 15 mil1． if tbe 

rea ction WaS less than 10 ％ ． thel1 tbe drug was 

added， oI tbe cell was given 叩 otherwise． 3) 

W asNng-out．the Caz current reduction after l-THP 

was added could 0cOver after drug was washed out by 

Tyll3de’s solution．4)nelessermi~g of，ca cal1sI，d by 

the rim-downin controlWaS1essthan10 ％ throughout 

廿le observation pe~od． which has rio significant 

influence 011 I~．SUlts，sO that we could consider that 

decrease in七1WaS really callsed by l-Ⅱ口，not by tbe 
“nln dowa”口h自 wn曲0n【1,2j

．  

In sumr~ ．theinhibition ofC cIlITefIt cmls。d 

bv Z．1’ was I1f,l~一dependent and membrane potential— 

dependent． meanwhile．the time of calcium ch蜘 e1 

recovery from inactivadon was delayed by l-THP 

1hese suggest that l-Ⅱ口 has a modem i曲ib ry 

effect咖 L．C clmem． On the 0lber hand， ~lese 

resuRs can be very helpful in the therapy of cardiac 

arrhyeanta witI1 Z．1’ ． 
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lI BeanBP Ni eIl( e block 0f cardiac calcirma channels： 目的：研究左旋四氢巴马汀(I-THP)对 L．钙电流的 

hi a伍 binding 10 the ilaac'fiva~ed ~,tale
． Proc Nat1 作用．方法：用全细胞膜片箝记录心室肌细胞的 
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1： ’

． u ， JM ． 
L_钙 电 流 结 果 ：l-THP l一100 mol’L-112 X

u C Sun Li Yang BF Wang Li JM 
将 

， MZ， YR， ． U ， ‘ 一 ’ ‘。 。’ ⋯  

InlfiNt~y effect。f劬 出Dp lle衄c 岫 c岍 m|n 七 _唧从(999±93)pA分别减少到(700±111) 

isol~d card~orayocyte of guinea pig． Acta Plmnnacol Sin
—
pA，(582±66)pA和(420±112)pA(n=6，P< 

’一 if 996；17：。29-3
．  。 o．o1)． f．n{P对钙通道有紧张性阻滞作用及使用 

／ ， ／ 一 依赖性
． 1-THP可将钙通道的恢复时间从(94 

左旋四氢巴马汀对单个豚鼠心室肌细胞 39)n1s延长到(170±42)ms( ：6
． P<0．01)． 

钙电流的阻滞作用 ／ 结论：l-n 对 L钙通道有阻滞作用． 
／～ ／ 0 
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