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人心房肌细胞瞬间外向钾电流的特性 
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目的：研究人的心房 肌细胞瞬间外向钾电流 (， ) 

的特性． 方法：采用膜片箝全细胞记录法观察人 

心房肌通道电流的变化，在用 CdCh 0．1 mmol·L 

阻断钙 电流的情况下，细胞膜去极化引出瞬间外 

向钾电流( )． 结果： 为 电压依赖的电流，迅 

速激活，迅速失活 ．,gAP(4-氨基吡啶)10mmol· 

L (选择性 的 的阻断剂 )能完全阻断此 电流． 

其 Ic卯值为 0．67 aanol·L～．4．API mind·L|1鸵使 

，．。的激活曲线明显向正电位移动，使 k的激活电 

压提高 ，且较难激 活 ． 结论 ：在人心房肌 细 

胞，， 是一种主要的钾电流，它可被 ,gAP阻断． 
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Inhibitory effects of S．nitrosocaptopril on vasomotor tone 

删 Mo-J~ ，YANGⅪn_Pi ，WANG ，JIA B J衄 

(D印口m删 ofPhysiology，Fufian Medical Univers ，FuzJum 350004，China)； 
JIA lJ(VAMC(JJJ日)，3350La Wf Drive，San凸咖 CA 92161，USA) 

KEY 

ptopril； 

aorta； 

W ORDS nitric oxide； S-—nitrosoca·· 

~aptopfil； renal circulation； thoracic 

vascular endoth‘eliurn；phenylephrine；arginine； 

vasedilation 

AIM：To study effects ofcaptopril(Cap)and S— 
IIi 0s0c l(CapNO)on vascular tension． 
MEq'I-IOD8：Tension of rabbit aortic n and 

peffusion pressure of rat renal artery(PP|) 
examined to evaluato the effects of CapNO． 

RESULTS：C．oNO (3 nmol·L～ 一1O tanol· 

L一 ) produced concentration-dependent vaso- 
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relaxafi~m respons~in the rings ofmhbit thoracic 

aortas． ~ elium denudation did not alter the 

relaxations to CapNO． In eoni~mt．Cap hadⅡo 

vasom]ax~ effect onthe rin翠p ，c0ll妇c例 with 

phenylephrine． CapNO (10 nmol·L )dec． 

Ieased mt腿  ￡锄 (P <0．O1)，and the 
ef t was concentration-dependent and 

reversible． Cap showed a r~luclion in mt PP’ 

only at the concentration 1000 nmol·L (P < 

O．05)． 11Ierelsxing potency ofCapNOwas 100 

times lli对w than that of Cap in this respect． 
Pre-perfusion of rat renal arteries with ． 

monometbyl-L．artginine~ late(工一N1I眦A。 
O．03 nmol·L )or工．arginine(3 nmol·L ) 
did not si 1i6c∞tly blocked the reltlxing effect 

induced by CapNO． oDlqCI 】sl0N：CapNO 

had a dinx-t vasedilaw~y effect． 
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Endothelium-derived rel~dilg factor is 

generally consideredto be alabileNO．containing 

precurs0r' most likely S．nitrosothiols． 

Deeomoosifion of the S．niuosothiols by homolytie 

cleavage ofthe S—N bond leads to nitile 0xide 

(NO)release and the con~esponding biological 

effects‘j一 ． Due to a~rowing appreciation for 

NO-related responses that are not mediated 

directly by N0 itself．there is im ~asing interest 

in compounds which generate N0 in a controlled 

inailr~r． Captopril (Cap) is an inhibitor of 

an#otensin oonvel~ enzyllle(AaⅡ)containing 
a free su】丑 group that is not necessary f0r 

ACEI propertiesL 一 ． Dr JIA Li recently deve． 

1oped synthetic techniques car~ e of producing 

crystals of 811 S．nitrosylated Cap。 S．ninos0ca_ 

ptopril(CapNO，1·【(2s)-3-nitrosomercapto-2- 
methyl-1一oxopropy1]·L-pro]ine)that manifests 
both nilro-vasodilatory effect and ACEI activity． 

ⅡIi8 studywastoinvestigate effects ofCapNO on 

vasculartensionin COllipal-isonwiththat ofCap． 

Ho0c-__上一 N— C— CH— CH一一 S— R 

R=tI c-aotolri 

R=NO Nt ∞明 叩删  

M ATI强IIAI S AND 妇̂ II)DS 

llabblt aortic l'hl~ l New Zealand 

rabbit(0， =5，1．5—2．O kg，QIaIle8 ltiVel" 
Breeding bb0 【0Iie8，Wjl n对0n MA，USA) 
慨 。【8趾塘Ilinaled at c0l皿啪 】1 caIodd arteries． 

The tI． aortic IirI犟 (2．5 l啪 in len~th) 
were nlc_l】nted in Kreb8’~ludon (bubbled with 

95％ 02+5％ C02，37℃)in 20 mL ofOl'tgtt／1 
chambers． S ∞ experiments were ~ffonned 

u l1g ItlII~C tings in wIlieh the endothelium wa8 

re~ ved by rubbing the lumen mth a wooden 

applicator ck for 30—60 8． 1l ab昂ence of 

eMothellum in these Iin串 惴 eor~nned hy the 

10ek of Hd积a匝i0n to acdcv1．’ll0IillIe (0．1— 1．O 

r-Ⅱxd·L一 )~r-ter sI止盯m瑚la1 eonmmfion to aIl 

2 g． Each Iil1g恤 preeontraeted sttb~ maUy 

(30％ 一70％ of maximal tone)by ph~y1． 

ephrine(Pile)100—200 nn10l·L～． Results 
WeI'~expressed in％ of rela~don ofPhe-lndueed 

tone． 

Pertai n plre鹤聊 of rat mal 

咖  spIague·Dawley rats(0，n：32， 
210± s 10 g．certificate of Grade Clean issued 

by sllan aj Medieal Ex~fimental mal 

Management Committee) were pL cIIased by 
ShaII曲8i PI 一PK Lab Anim8】 Co and 

anesthetized hy ip urethan 1 g·妇_。． Rectal 
temperature wa8 maintained at 37 ℃ ． 11le left 

renal artery wa8 cannulated with PE 50 at its 

~igin 妇 aorta and peffu~d th Kiths’ 

solution(bubbled with 95％ o2+5％ Co2． 

37℃ )hy a peristaltic pump(DDB．300)at a 
mte of 0．8 mL·rIlin一 ． Per~ ion fluid wa8 

drained from a PE 50 tubing eannulated in the 

l曲 renal vein． 

The pe峨 pre~ttre of renal artery( ) 
w88Ⅱ坨黾slJ ed using YM．3A 口 e IIe 证8n捌 lcer 

alld displ~ed on RM620o Polygraph (Nihon 

I~Nten，Japan)． Basal腿 w丑吕mainmined at 
~pmxlmately 8O ％ of carotid artery blood 

pre~ttre． CapNO and Cap at the same 

o0ⅡceⅡ呲 i0n weI'~ seperately peffused into the 

reml artery at the蛐 e n|te． TIIe DerfIlsi0n of 

one击ug ma ed 10—2o after the effect of 

Itl'l~ el"击ug diss叩 Ⅱe，d alld rec仉哪 tothe 

baseline． 

Dn驿  CapNO synthesized by Dr Jn U 

was in red crystalline powder that had nO 

pard Ill odor m s1 hydryl group． Its lIi竹 
w舶 >97 ％ alld nap惴 49—52 ℃ when the 

Ied color of C卸N0 faded． n compound wa8 

soluble in water，acetone，ethanol，and when 

D】ubilized， produced a rose．colored soludon． 

Inflm'ed spectral(Il1) analysis showed the 
pl,esenee 0f absorptions band correspondingto the 

S—NO band． H nuclear magnetic 鲫 lar-。e 

(NMR) speetnm~of CapNO showed a loss 

a王)sDIp band at 6．1—6．3脚 l·LI1 c0珊 s． 
poIldiI1gtothe sldfhr proton of Cap

．  

P}1舳yl印 hrjne， L．arI 血 1e，  ̂．111~I1o- 

methyl-L—argillille nlo~ tate (L．NI旧I量A， 
Alexis，USA)． Unless otherwise noted． all 
dl1】 were purchased fmm si Clle cal Co， 

USA and di~ lved in Kreb8’ ~ludon when 

usl 1g 
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Analysis of data 

± ．and compared 

AN0VA． 

Data welTe expressed as 

using paired t test and 

RE：吼肌 S 

Effects of CapNO and Cap on 

rabbit删 c rings InPhe-precontractedrabbit 

aortic rings witll intact endothelium。cummnlative 

addition ofCapNO from 3 nmol·L一 一10 ttmol· 

L p~ J．uced concentration-dependent relaxa- 

tion． Ⅱle threshold concentration for CapNO in 

reducing tension was about 30 nmol·L (，l=5， 

P<0．05)，ED50 value was(2(10-t-27)n∞1． 

L一 ． In contrast．Cap attlle sa脚 concentration 

had no effects(，l=5，Fig 1)． 

B 7．5 7 6．5 6 S．5 5 

(T0nce●tn Hon／一Ig mol·L一 

1． i  0fc叩N0told Cap m 蛔 at rah~t 

删 c pl 口山_ jd wilh—_町k—l 1帅 一200 
衄 柚l·L_。． ^=5 H由№ ． ±$． ‘ 《0．惦 ，cp《0．0l 

伽 vahw f2．4~0．1】g n dn_ ． 

aorticIir denuded of endothdium still 

kept the saⅡle degree of relaxation induced by 

CapNO as endothelium-iatact did(data not 

shown)． 
Effects 0f CapNO and Cap on the rat 

Pr When P induced by peffusion ofthe rat 

renal artery with Krebs’solution reached steady 

stable level， peffusion with c0 essive 

concentration of CapNO (10—1000 nmol·L ) 
produced concentration．deDel 呲 decrease in 

PPr(，l=6，P<0．05，1曲 1)． However，Cap 
peffusion showed a redu~ on in PP_only at 

concentration of 1000 nmol·L (n=6，P< 
0．05， 1)，Cap at concentration of 10 and 

100 nmol·L had no effects(，l=6，P>0．05， 
T曲 1)． 1he magnitude and duration of 

relaxation in PPl corrdated well with peffusion 

c0ncen仃a on． The duration of reduction in腿  

induced by CapNO 10— 1000 nmol·L一 lasted 

for(24-1-7)，(33-1-10)，and(47-1-20)rain 
resDectively． The duration of Cap at the salIle 

concentrationwas(16-1-5)，(19±3)，and(22 
±4)rain respectively． 

Tab1． I~lCecls C哪№ |nd o叩 on Pe ix'ro w e 

rat arterks． ^ = 6 cats。 ± 1． >0．惦 ． 

bp 《0．惦 ． 《0．0l 惯 叫 口h咀． tp《0．0l胃 。 ． 

C．~alotmtmfical Renal ∞ 11t~sme(kPa) ％ Decrease 

(nmol·L ) Before 船̂  Ch~so l：lh" 

Effects 0f L- ⅧⅥA and L-盯蛐曲瞬 蚰 
Pr 山帕岫 CapNO 1lle rateofmcmme~ts 

in PP’induced by l~ perfusion of renal artery 

with L．NMM^0．03 nmol·L for5minwss(17 

±6)％ (，l=7，P<0．O1，1曲 2)． rate 
of reductim~s on PPlinduced byi~ 0erfusionwith 

L一81'ginin~3 nmol·L was(6-t-2)％ (n=7， 
P<0．01．T曲 2)． Tllere was no significant 

difference in reductions ofP evoked by QInNO 

10o nmol·L～ ．between non-treatrr~nt and pm- 

treatment with L—Nl Î or L—arginine(，l=7， 
P>0．05．T曲 2)． 

Tab2． 碰 L-NMMA|nd L-_蛳 m _ 
0  |0． ^ =7 cats， ：It 5． 《0．0l 懵 ． 

>O．惦 讳 be妇  d瑚 p  Df—  Q  ． 

L-I'CMMA 0．03 L-argirdm 3 

nmol·L一 rand·L一1 

P fkPa) 
Before 11．3±1．5 l2．0±1．6 

After 14
．
0±2． 11．2±2． 

Ch~ so％ l7±6 6±2 

凸 咿 0fPP,evoked by capN0(％ 咖 0I) 
Before 19±5 20±6 

After 20±5d 20± 

D璐 C【】sS10N 

The result 0f present study demonstrated 

that CapNO produced significantly c0ncellⅡa on一 

言_ __毫]_搴 

百k曹8 譬 术＼ 暑 一薯暑 量 g 碧 ⅡI 
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dependent(30 nmd·L～ 一 10 ·L ) 
vasorelaxation in isolated rabbit aortic rhgs with 

intact endotheium． Denudation of endothelium 

did not alter the vasorelaxafion to CapNO． 

Thissuggesmd that vasorelaxation of CapNO was 

endothelium-independent． On the other hand。 

’ve also found that a re#omd infusion of CapNO 
into renal artery produced relaxatiom on ePrin a 

concentration dependent lIlal'ln~r． n 

magnitude and duration of relaxation correlated 

well with the ed increases in perfusion 

concentration． Pretreatment with L—NMMA．a 

competitive inhibitor of the NO synthase or L— 

al'gifline． a endogenous precursor for NO 

synthesisL ，lflJ did not significantly block the 

relaxing effect onPPrevokedbyCaoNO 100nmol· 

L_。． 1 s suggests CaDNO is an exogenous NO 

donor． NO released by cleavage of S—N bond 

of CapNO induced relaxation of smooth muscle 

via activation of soluble guanylate cyclaac and 

stimulation of cGM productiontlu，l ． 

relaxing potency ofCapNO on Ixt,h PP． 

and tension of aortic was 10o times higher 

than that of Cap． Inhibitory rate of 98 ％ 一 

100 ％ indaced by CapNO ．for ACE of rat lung 

tissuew舾 similartothatof CapL。， ． Thus．the 

results indicated C印N0 is a unique compound 

thatinhibits vascular reactivitythrough activation 

of soluble guanyhte cyclase and inhibition of 
AcE． 一 

Iner~ment8 ofangiotensinⅡ and reductions 
in NO production and release from immired or 

rer~ ed endothelial cells are two unfarvoumble 

factors for blood pressure and can contribute the 

development of hypertensionL 12J
．  CapNO 

corrected these two unfavourable factors and may 

have clinical implication for antihy0ertension． 
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巯亚硝酰卡托普利的降低血管紧张性作用 
h 4 ]， ， 

竖煞君 ，塑丛 _王 晶，贾秉钧 卜／ ’ 
(福建医科大学生理学教研室，福州 350004，中国)； 

贾 力 (VAMC(IIIH)，3350 La如如 

， San Diego CA 92161，USA) 

目的：观察琉亚硝酰卡托普利(C~pNO)和卡托普利 

(c印)对血管紧张性的影响 ．方法：记录家兔胸主 

动脉环张力和太鼠肾动脉灌流压(腿 )． 结果： 

C．~mNO对苯福林预收缩的内皮完整 与去内皮主动 

脉环，均呈浓度依赖性(30 mml·L-。一10瑚 · 

L～，P<0．01)的舒张作用，而相同浓度的 c印 作 

用不显著；cg i0降低 PP-的作用亦呈浓度依赖性 

(10 nmal·L-。一1000l1Ⅱ ·L_。，P<0．01)，而 C印 

只在 1000 rmml·L 呈显著性变化；N--~-甲基左旋 

精氨酸和左旋精氨酸预处理均不影响 canNO诱发 

的降 作用． 结论：c叩NO具有直接降低血管 

紧张性作用 ． 
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