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Na ／H exchange in thrombin-stimulated platelets ． 
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AⅡ讧：To g叫 v the m]ati．ombip bE 瞰 jn廿aOe】hl】ar 

calcium 缸；蚰 0c州i0n and activation of Na ／H 

％曲aⅡ窟e in th．mmbm-stimdat~l playlets． M哐TH- 

0DS：Ina-aeellular Ca2 ([Ca2 ]i)and (p ) 
ⅥfeIemeasured by a dualwaveleng~afluomphotometer 

with Ftra-2 and pH-s~msitiwe 斑d)e BCBcF． 

RESUI_TS： 1hb田 0．i IU ·L一 elicited an 

increase in platelet【Ca2 Ji and眦 ，吐le maximal 

increase in l C l{occurred earlier 1h∞ the rise in 

prk． In Na 一flee bI墒 堪．the Na ／]}l exchange 

was markedly suppressed without affecting the 

elevation of【Caz’Ji；whilejn位IcI 】】ar acidification 

with nigea~ 1 nag·L一 inhibited the inore~ent of 

[ ] ． BlecJmd~ofca2 ．influxwith egtaz~acid 

(髓 A ) did not affect cymsolic a1]bli1血蜘 0n． 

Depletionof int~ llularC storewi th ion vmyein in 

the presence of髓 A，D0 increment in pH was 

observed，the basal value of p珏 was舢 moiD 

acidic， this response of m  to ~rombin was 

rehabilitated after re]~ ilg of intracellular Ca2 store 

with extracellular C i nmaol·L_。． C0NCLU． 

S10N： Intraed／ular Ca2 mobilization modulated 

aetivmion  of Na ／．H exchange．which requ~ 811 

eI d eind目nent oflCa2 l；． 

Na ／H exchange plays all important role in the 

proc~ses that initiate specific platelet functionsL1J
．  

IntracellularpH(p )acts as a synergistic messenger 

generating a metabolic context through which the 

actions of other effectors are _mte哪 tedl2,3J
． 

Inhibition ofNa ／H exchange mj aff ect a variety 
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of additional steps in platelet signal transduction． A 

key event in platelet ac tivat on is the Ca2 

tmaslocat on． There exists a ODn虹DV sy about the 

relationship between[Caz ]I elevation and activation 

of Na ／H exchange，some authors proposed that 

Na ／H exchange triggered the mobilization of 

C 【 
， while others demonstrated the change in pH． 

did not modify much C mobilization The 

present study was d~gnea to investigate whether 
emptying or refilling the internal Caz stoles aff ected 

theactivation ofNa ／H exchange or changing the 

pHlaff ectedmodulalJon ofintraceBular calcium levels， 

and to obtain funher insights into the interaction of 

№  ／H exchange an d Ca2 mobilization in platelet 

sigr~ wansduction． 

功 1 and reagents 2 ，7'-Bkscarboxyethyl-5，6-carb- 

oxyfiua-escein acetoxymethyl ester(~CECF／AM)and Fura-2 

acetoxymethyl ester (Fura 2-AM ) purchased from 

Moleclllat"Probes Co． Tnmmbin． r~ icin． ir．dc)T啦诅cm． 

HEPES， Triton-X-100． bovine SenⅡn albumin (BSA)． 

i0n唧 dn，and egtazic acid (EGTA)were purchased froln 

Sigma． 

1h'elmrafion of platelet suspension W ashed rabbit 

platelets prepared~ 
． The platelets(2 xlol ·L。 )was 

Iabeledwith either Fura 2-AM 1 ·L of BCECF／AM 2 

01．L。。，and resuspended in HEPES—b~ffered saⅡne(HBs) 

(NaCI 145，KCI 5，Mg 1，NaI~PO4 0．5， 1】㈣ 10， 

}哪 !0n'anol‘L。。，．皿dBSA0．1％，pH 7．4，apymse1 nag 
· L～， indca~xzacan 0 1 vmol·L ) 0r Na 一 buffers 

(choline choride140，KCI 5， 1，glucosel0，HEI~r_S10 

nmaol。L～，BSA 0 1％，pH 7．4，adjusted byKOH) 

M∞Ⅻ n-印tof【Caz 】i and庳 Fluoresceoce was 

monitored by a spectrofluorlmeter (RF-5O9O， s Ila[ ， 

Japan) The[ ]L w~．．asmcdI Forthe assay ofDH， 

k was set at 44O arId 505 ran， at 526 ran，the basa1．皿d 

$1Jlnulated P were髓血na吲 by the nu。 escen∞ ratio of 505／ 

4 Ⅲ1
．  

Protocol In the presenoe of 1 n'anol·L一
． the 

effects of thrombin 0 1 1U。L on[ ]L．皿d pH L 

ol2~erved rea ctivelyIn FIBs andNa‘ free bI盘  Nig ciI】1 
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mg·L一 u∞d to in Jce intt-acellular acidificatJc~ The 

effects of inhibiting Ca2 envy with EGTA 1 mmol-L一 ∞ 

Ca2 ]I and pH were also estimated To dePIe the 

mmacellular Ca2 mofes． d labeled platelets were incubated 

with ionomycin 1 gmol-L一 in the Dresence of EGTA 1 

mmol-L at 37 ℃ 斯 ∞ nfin． then wa．~ d once． and 

resl】 eI】出 dinHBS． The effects of empryin~Ca2 0res and 

re觚 i by删 曲n of extrocellularCa2 1 mmol-L。。on pHi 

were assessed． 

$tadstJeal analrsis Data wet'e e fe娼ed as ± and 

asse娼耐 bvANOVA and t-t~t 

shifts in plt, and 

[Ca2 ]j Inthe presence ofCa2 1 rranol·L～，血e 

level of l Caz l；WaS 107±21 ilinoI．L_。。the 

resting p wits 7．42-t-O．o3(n=10)． Thrombin 

elicited．皿 increase of362-I-26 nrrloI．L inl c l{ 
within 10—2O s(Fig 1A)and a maxim~ rise of0．16 

±0．03 pH ing-I．whichwas stabilized after 3—5 rain 

(Tab l， Fig ZA)． Addition of FA3TA DIi。r to 

A Ion“ 1． B Na’-free buⅡe 12 N edcIn 

Th 
f 

platele~ c 】。1 D ol’L。 

1帅 0 

F 1． F1_Ia n1抑cesa眦 in sp帅 鼹 t0 曲r0mbill 

f 0．1 IV·L一 ；arr )wit1l diffe咖 t心阻岫l蛐扫． 

．耋百zz 

200 400 600 

m e／$ 

Fig 2． F2feets 0f deple~ag 叮 TefilUIIg 

mt~edlular 蛐  m 幽 ． Trace A：Ⅻ 州 ； 

B：咖 llingw．曲 in -depk吲 pla橱 吣 i C： 

( ．depleted plalele~ ilI Ca2 ．五r瞥 HBS 

c硼m哪Ib_m 十)． 

thrc~nbininhibitedthe[ ]1increments(Tab1) 

呦 1． eW捌 sllifb in[ca2 ]】add PHi． 
cnm berilI 峨mtbes )． ±s． 

-p >0．05．中 ‘0．01倦 o0n 0】． 

eontml 

([c ] 1ⅡⅡId·L 

EGTA 

f1皿n ·L一 ) 

l、 362 ∞ (6) 0．16~0 03(7) 

274± (4) 0 15±0 02 (4) 

Na ．free bL 雠  365±50a(5) 一0．11±0．01 (4) 

Nige~  

(1 mg·L ) 

D 0n ofc 

wi血 i0n0ⅡⅣcin 

Refillmgwi吐1 

[c ]。1 m∞ 1．L 

14．5±37c(4) 

37±14c(8) 一0．019±0．0~c(4) 

l 403±2 (4) 0．13±O 0l7I(4) 

but the cy~osolic alkalinization was not much 

influenced(T出 1)． 

EI ofrdge—血 andNa ．freebuffer帆  

[Caz ]j In Na+_free bL r懿 ， the intracellular 

alkalinization was markedly inhibited．while曲e rise of 

Jc 1．evoked by thrc~bin was um2ffeeted( l。 

Fj2 lB )． Pretrea~nem lll nl‘gericin caused arI 

l埘racel1l|lar acidification with pH：stabilizing about 0 2 

pH below res血g瞰 ， i ase of[ ]。Ⅷ  

partiallyinhibited(T出 1，Fig1C)． 

Effects 0f depleting Ol* refillil-g of 

mtraeellular stores ml In ionomycin一 

讯lmed platelets，ilo elevation of[c ]i reduced by 

throml~ was senti (Ng 1D)， co iIn血培 that 

depletion of the intracell~lar C store l1ad been 

achieved． If Ⅱ耵乳】re ofthe疆lrne platelets in C ． 

containing buffers，the[c ]． sp0Ilse to thm~bin 

was restored (Fig 1E)，readdition of extracell~lar 

Caz apparently sufficient tO refill the intemal 

ston~． No intracell~lar aU【aⅡIIizad吼 was se吼 in 

ion~rycin一缸 山nem plateleCs(Fig 2C)，the riseinpHi 

was al∞ rehabillta~edinCaz containing buffers(Tab 

l，F ZB)． 

The present咖 dy showed 山at pla~elet activation 

Ⅵ忸s associatedwith a rapid elevationin[ ] aIld a 
graa~ irm~cellular a1kaljniza60玎． The former is 

●  
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mediated by both Caz influx and Caz mobilization 

from intemal s扛m强． the latter is amilmtable t0 

activation ofNa ／l{ exchange． It was found that 

ltlemaximal increase in J Caz 1．occurred e~lier血all 

the rise in pHi， this potentiation may reflect 

accumulation of cycling Ca2 upstream of the 

~clivation ofNa ／H exchange．raised C Iriggers 

a proton effiux which shows ltle charac~Sslics of 

Na ／H exchange Inhibition of Na ／H exchange 

did not reduce the rise of I Caz J and lead to a 

complete blockade of Caz translocafion， this might 

result from the existence of multiple Oaltlways for 

thrombin-induced Caz increnlent， eg． receptor． 

mediated Caz entry or high concentration agonist 

produce sufficient inositol一1，4，5-~sphosphate( )to 

make calcium m0bnjzad 0rI in a p independeat 

nllLtmcr． Under the rn0Ie acidic cytosolic condition． 

the Caz increment was partially inhibited
． According 

to previous唧 ort，Ⅱ 一mediated release of stored Caz 

is p seusiliveandincreaseswithincreasing pHlinthe 

relerantllt／lge of 7．0— 7．4L ．the alkali~ orl that 

results from receptor-acce】era ed Na ／H exchange 

may increase lCaz Jl，thereby enhancing calcium 

depend~nt e'c~nls． s0 speculated that increasing 

Na ／H exchange activity fright be useful in 

preventing an inWacellular ~cidification which could 

inhibitthe I Caz l increase． 

1his study also showed that inhibition of Caz 

entry did not affect Na ／H exchange． whea~ s 

depletion of inWacellular C STOICS abolished the 

increase in pI-II and showed a lower basal pH ． The 

effect of depletion of internal cE stores was more 

complete than that directly exposure of the cells in 

Caz -free buffers and did not result in platelet 

aggregation byionomyeinla-ealment~ ·“j Readdition 

of exlraceUularCa2 restoredthethrombin response oil 

[Ca2 ]i and p ，confaraing earlier reportsthatc 

was taken up into the inWacellular stoics and was 

released into the cytoplasm upon agonist 

stimuladon ． Refilling occuPs without a detectable 

elevation of lc ] ，suggested that it might occur by 
a ‘capacitative’routewhich have been demonstratedto 

exist in plateletsL 
． Our results indicated that 

mobilization of inWacellular C WaS necl~ssary for 

activation of Na ／H exchange and played a role in 

platelet p regulation． 

In sⅢmnary， our finding suggested that 

mobilization of inWaceUular Ca2 modulated activation 

of Na ／H exchange． which required an effective 

increase in[Ca2 ]{． 
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内钙动员调控凝血酶诱导的 

血小板 Na ／It 交换 

曾 珊，郭兆贵z 陈 华 
R 7 2。 
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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‘ 
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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． 

： ～lrtrtlnae ofMarerlaM~dica，Chinese Aca&my of Cellisolation Single ventricul my were Un／onM
W

eda

I

'

ca／Col／ege’
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