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依他酸；伊屋诺霉素；凝血酶；血小板 

目的：研究凝血酶诱导的血小板活化中细胞 内钙 

动员和 Na ／H 交换的关系． 方法：Fura一2负载 

测[Caz ]．和 日。EcF负载测 p ． 结果：凝血酶 

0．1 IU·L 引起[Ca2 ] 和pH．增加，[Ca2 ]．增加 

先于 pHi增加 ． 在无钠溶液 中，Na ／H 交换被 

抑制而[Caz ]．增加不受影响；用尼日利亚菌素(1 

懈 ·L )使胞内酸化可抑制[Ca2 ]．增加． 用依 

他酸(EGTA)阻断外钙内流，胞浆碱化不受影响． 

伊屋诺霉素加 EGTA耗竭 胞内钙池时，胞浆硷化 

效应被取消，且静息 pHi更低 ，加人 1 mmol·L。。 

外钙重新充填钙池，胞浆碱化效应又被恢复 ． 结 

论 ：细胞 内钙 动 员调 控 Na ／H 交 换，后 者需 

Ca2 ]，增加达一定有效浓度． 
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Blocking effects of phentolamine on L．type calcium current and 

ATP·sensitive potassium current in guinea pig ventricular myocytes‘ 

LIANG Y0n ，WU Bo-W ei3，DUN W en 

(Department ofPhysiology，Sha~ri Medical University，Taiyuan 030001，Ctdna) 

KEY WORDS phealtolsmine；prazosin；yohimbin~ 

glybur~ ；pa~ clamp techniques；calcium chaancls 

polllssiLllll channds；myocardium 

AD ：To study the effect of pho／ltolzmine on L-type 

calcium cmrents( )and sensitive K cmrents 

(，x．̂口)in venaicular my~cytes． METHODS：J 

and，K．̂ w珂e observed using papa cllRll~把c ues 

in whole-cell rec【，r哇ing ocm丘舟I 0n． RESULTS： 

Pheatolnmlne reduced lr of 髓缸证 缸 myocytes in 

coneenWation-de0endent and voltage-indepe~ ent 

rnmln~rs． Phe／ltolam；ne 5． 25． and 1o0 ~rnol·L一 

decreased f／um370±99 nAto 310-i-95 nA(17％ 

blcek． =6．P<0．01)，丘锄 230-i-98 nAtol80± 

73 nA (23％ block，n=5，P<0．O5)，and fi'om 

293-i-66 nAto 2o6-i-44 nA (30％ block． =5，P 

<0．01)，xesr~ ively，without affecting the cIⅡ啪 卜 

voltage relationship． Pmzosin i00 ~anol·L一 and 

yohimbine 100 ~anol·L一 ． which were sr~-me 

bl~ kers of q and 啦 a&enoeeptors r．．speaively， did 

not show the inhibitory effl~t 0n ． 1：~acntolamlne 

Pr 。吐 叩【ed byKeyLa~oratay Foundmion of Sha~d Provinoe 

sKgfi0301 

i00tanol·L一 alsoinhibitedthe JLm  haduced by 2， 

4_djnj ∞。l(DNP)at 0mVfrom 3．2±O．6 nAto 

O．8±0．5 nA (75％ block，n=4，P<O．0i)． 

CONCLUSION： Phe／ltolnmlne dLrectly inhibits 

and，K．̂口 in glljnea pig venUlcularmyocytes． 

Phentolamine is a classical nonselective d 

adreaoeeptor blocking agent． 卫1e potent anti— 

arrhy~ ic effects of phentolamine were shown in cat 

heart in vivo ]and in ratCz]and guinea pig[3，4]hearts 

in vitro． Phentolamine Call bl~ek single ATP_ 

sensitive K channels in v~ cular myoeytes of rabbit 

atthemtraeeH~ side ofthe channelL ． But．there 

was no direct evidence that phentolnmine can bl~ek 

K T̂P channelsfrom the surface ofcardiacmyocytes and 

as 0I1e oftargets of aIl arrhy c dmg，L-typeCa2 

channels should be a candidateL ． Hence we studied 

the effect of phenmlamine on A sensitive K 

cur0ents(IK,̂口)and L-type Caz currents(，ca)in 

guinea P培 car~omyoeytes． 
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the cor~avj arterywith solutk~sinthefonowing seqLI ：1) 

I1~~301T'r0de’s solution c,~tainlngNaCIl39，h 1 0，KC1 

5．4， 凸cb 1．8， N Pq 1 0， (2-hydroxyethy1)一1一 

pilH ∞esI acid(HJ羽 )5．0，and glucose 10 
IIIm0I·L_。f0r O．5 mlⅢ：2)Ca2 一free l"yroae’s solution 

contai~ NaC1 l04，KC1 10，KIq2F04 1．0，mgso,5 0， 

glucose 20．taurine 50，and蛐吒 s 5．0mm l·L_。f 5mill； 

3)3O InL ofCa2 ．free 1、州 s solution added，additionally，1 

mL of T~rode's solution and 8mg∞lk ㈣ (可peI Siena， 

USA)for 8Ⅲ ；4)80 mLl B1诅k (KB)solution： 

85，L·茸u忸mic acid 50，K0 3o，tamine 2．0，I~ IP04 30， 
MgSO~3 0，HJ础 10， H  10，and c acidO．5 rlmaol 

，L_。 

All solutiot~ w sattmaed with o2 at ap 哪血n划 y 36 

℃ ，pH 7．4． The ve~lJcular ds wem cutinto pi∞％ and 

geral} a 纽自甜 耐 出 KB solulion． 11 se cell 矗I旨d0ns ℃ 

stabilizedfor1 h at 25℃ ．then stored atlO℃ 

Ek~-trophysiologi~ m既嘲 既I n船 Cell 即 日rado璐 

were perrl~ with normall"yroae’s sollltion 2 mL‘rrfin一 in a 

cll| (O．6 mL)Oil all inverted mi口0s∞pe(XDP-1， 

sl~a．gteS) Only r0d·sbaped cells with a cle,~ margin and 
B[IiatioI1 used． The ~ght-seal whole-cell re。0【ding 

techniquesl B] used
． The p~ette WaS filled with sohltion 

pota~llltt aspamte 80，KC1 50，Mg口2 1．0，HJ础 s．0， 

egtaz~c acid 1．0，and N 一ATP 3．0 mmol‘L (pI-I 7．4 

adjustedwithKOH1tool‘L_。．elecwodeIe盎 3—5Mn)． 

Transmem~ ne c~-ents were recerded with a patch-dEa~  

Ea~lifiet(Axopateh 2OOA，Axon b或n加 啦 。USA) The 

amⅢ 自 1日l filtered at 2 Hz and stored via aLabMaster 

data acqlli~tion system (Sciemiflc Solution'~Inc．USA)or1 

comlx~r(AST 386)eq pped with an AD cottver~r． The 

s,~ hng and data amlys~ e accompl~hedl面 a p( ．A 

5 5．1 soflwaze(Axc~Immanents，USA)． 

Drugs n 妇 (Regir~e)(Ciba-Geigy，Basle， 

s 删 aI．d)；verapa~ (Knoll AG，D-6700 萨haf抽， 

Germany／Alem~ia)；txazo~ and yohlmbine(Sigma) All 

gs of蚰 ％ pIⅡi ． These血 1gsw 印a嘲 as st~ck 

solution of 1 nmaol—L一 in distilled water and ~luted in the 

exk solution． 

P呻札-c0|s After a 5-rain 口 0d of T 0出 ’s sol~ioa 

D口fusi皿 foree~zol n asIⅡ瑚n即船，the pe~lsatewas changedto 

l"yroae’s solution coo．mining血 1gs，anddata w目 collected ag豳  

a蛔 3 ～ 5 min Ceils were perrl~ t again with ~-ug．free 

solutionto determinethe reversibility of drug action． All data 

帆 船 瑚 sed as ± and c r甲a同 with paired f．test 

RESUIlTS 

L-tYl~ calcitun eurr~ t was elicited by 

depolarizationfrom the holding potential of 一40 mV 

to 0 mV ． When cells were e osed to CdCI~0．1 

’ L～ or verapamil1．0 ·L～ for 5 rain．the 

elicited currentwas completely blocked，indicating the 

characteristic of a J． The amplitude of Ica was 

measured by subUacting the curoent at lO0 n'ls of the 

depolarizing pulsefrom theinward peak value ofIcain 

order to eliminate the dang—induced alteralions in 

outwardK cttrreo~fifpresent) 6j． Pllentolamme 5。 

25，and 100t~nol。L。。decreased ，cawithin 3 rnin by 

l7％ (n=6)，23％ (n=5)，and 30％ ( =5)， 

respectively． Af r washout of phentolamine with 

nonn~ ∞ de’s mlu~on for 5 rain， pardally 

recovered( l，№ 1)． 

Tab 1． EIfect 0f皿嘲lt0lj ∞  in gI】曲衄 pig 

ⅡlIicIl】ar加 - n = m啊 ber 皿s- 霉 ± s 

<0．05．叩 <0．01 w  contro1． 

甲 <0．05， <0．01 姑 drlIg． 

Prazosin 100 ~anol·L一 and yohimbine 100 

／xmol·L～ ，which were specific blockers of l and 啦 

adrencceptor respectively，did not show the inhibimry 

effect oD ( 2)． 

Tab 2． ENeets 0f p1 曲 『血le． Fea~ in． mad 

Dl nb．珊e∞ Jca in 由 ：妇 加 a 恼 ． n=IlI皿fIber 

0f oells． 2 ± s． >0．0S． 叩 <0．01 掰 咖 01． 

>0 0S． <0．0l据 medication． 
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Celis were depoiar~edfrom aholding potentialof 

一 40 mV t0 +60mV with10mV increment，resulting 

恤 a progressive activatiort of Ica． Under control 

condition．the maximal peak current was attained at 

potential of10 mV． Phentolamine decreasedthe peak 

Ica(measured as initial peak inward currents)without 

shyingthe potential(10mV)at whichmaximal pcak 

／c．was elicited( 2)． 

一 40 —2O 

I~lemlDrane DO ntIa mV 

O 20 40 eO 

rig2． Effect 0fplM~ olamine10olimol-L一1m 1一 

relal~onship etu'rq~ t in ve~trieulm" 

myocytes— 

ATP-sensitivepolassium current 2。4-dinila'ophenol 

(Dr,rP)，an 1mc0l H of oxidative phosphorylation， 

activated the IK ATP，which w舾 chal'Ilcteiizcd by fin 

~acrease in the dIrIe 妇d自xn outward current at 

positive potentialsL J． W e used a ramp depolarized 

pulsefrom ～ 100mV with velocity of 8 mV·s t0 

+60 mV．and obtained a quasi-steady state current— 

voltage(I—V)n~ladonship． During equil]l~'atJonin 

n。Imal 1'yrode’s solufioo。the，一 — ationship had a 

charact~ stic N shaped contour． Afar a 6—10 rain 

exposuretO~ ode's solution containin~DNP 50tanol 
’L一 ．the outward current was increased dramatically 

and the I— V relationshipbecame almostlinear． This 

DNP-induced outward current(，DNP)which can be 

m∞s；l】 d subtracting the control current from the 

outward current after 6—10 rain eX1X)SUI~ to DNP 50 

~anol’L一 completely abolishedwithin 3 ram after 

the subsequent application of glibenclamide 1 

~tmol’L (Fig 3)，a c inhibitor of K 

channels ，indicating that IDr,~is血e，x
．  

~lll 
． 

Phentolamine lO0 tanol·L一 obviously decreased the 

，DNPwithin 5rainfrom 3．2±0．6 nA to0．8±0．5 nA 

Hbmbf●呐 Ootonlllt~'m~ 

瑰 3．Effect e．1ibe．eJL,,mtr．e1 lIln0|·L一 m fLm  

咖 50 Jm d ·L一 ． 

(block 75％。n=4)at0 mV(Tab 3) 

T曲 3． Effect llhen~lamtoem 氏  in唧 啊  ． 

n=4 eells 4 gIl l嘲 m ． 牙± ． 《0．01懈 

m 觚 d． <0．ol 啪 fill lm Dl-L一 

In aur a【p豇ime工II 删 吐01l， phentolamine 

obviously sIl ssedtlle cardiacL-type calci~ current 

In a ∞ n嘟 I廿 d加 dependent nla皿 cr． I — V 

mlado~dfip of，ca sIl删 that the pe址 amplitude of 

Was deaeased by phentolamine at all potentials 

tested，without shifting血e potential(10mV)atwh{cb 

the Ⅱ擒】【jInu卫n 口eak lc．Was elicited
．  

'IN s indicated 

tIle blocking effect of phentolamine Ol3 Ca2 曲∞ne1s 

was voltage-independent． The m lnis玎1 u删 ying 

this effect did not，atle雒t，relatewiththeblocking of 

al aDd U2 ad nca 0r since pfaz％ ， a specific Cl1 

antagc~．ist，缸ld yol1imbiIle，a specific吨 antagonist， 

f~led to b1ock t}Ie ，ca． That is，b1o出  effect of 

pl~ntolamine 0n Ic． was k,~lependem of a 

a出目的cep幻rs． Itis p0ss 【ethatt}Ic s(~ealled “n玉n— 

down"Pben0Im舯 n c咖 】es into existetlce
． Thus，we 

observed the ch柚ge in am Ⅱnlde of ，＆ with ILrae 

usmg the e)|pe工imental eendition and 慢 
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(n=5)． Ⅱ1e results showed that tl1e amplitude of 

Ic．did not decline signi~cantlywitl~ initial 3rain． 

In this study．tl1e bk~．Idng effect ofphentolamine 

0I1 Ir ATP has been shown in whole cell patch clamp 

contig~ on． C~nparmgwill1the study ofWllde 

dZ ，tl1e dmg concentration(100／m~ol L )needed 

for bl0ckadein whole oellmodel was hi吐 erthantllat 

in inside—out patch eontig~ on (5伽 0l‘L )． 

Probably山is is due to l1] fact that tl】e drug caI1 not 

block tl1e channels from outside of rf~rnbrane and 

hinds to pass tl1e sareolenm~ and then the blockade 

o。cLlrs atintracellular side ofthe cl~nne1． 1 hi吐 er 

concentration of phentolamine needed for blocking 

IK
．

ATP channel shows that this blocking action might 

have no clinical benefitfor anti．arrh~ therapy． 

In conclusion， phentolamine inhibited 0f 

gutne~ p ventrieular myocardium ，but prazosin and 

y~mnbine did not show any effects Oil ． 

Therefore． tl1e effect of phentolamine on L广type 

caleitml cl~rmelsis a direct action． Inthiswhole oell 

paIcl卜c ∞p configuration，much higher concentration 

ofphentolamine can block k．ATP from the sI| 。e of 

my~r-．ardium． 
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酚妥拉明对豚鼠心宣肌细胞 L．型钙电流殛 
ATP敏感钾电流的抑制作用’ 

梁 勇 ，昊博威。 文 

(山西 医科大学生理教研室 ，太原 I)．31)01)1，中国) 

关键词 酚妥拉明 

膜片箝技术 ；钙通道 

哌唑嗪；育亨宾 ；格列本脲 ； 

；旦 ； 

目的：研究酚妥拉明对豚 鼠心室肌细胞 【，型钙 电 

流及 ATP敏感钾电流的作用． 方法 ：用膜片钳的 

全细胞记录方式观察钙 电流和 ATP敏感钾电流 ． 

结果：酚妥拉 明5，25和 100 rn0l·L。。对钙电流呈 

浓度依赖性和非 电压依赖性的抑制作用，抑制率 

分别为 l7％，23％和 30％，而对 电流．电压关系 

没有影响． 这一抑制作用与酚妥拉 明对 ∞和 

受体的作用无关 ． 酚妥拉明 100 蜘·L 可显著 

抑制 DNP诱导产生的 ATP敏感钾 电流，抑制率为 

75％． 结论 ：酚妥拉明显著抑制豚鼠心室肌细胞 

L型钙电流和 ATP敏感钾电流． 
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