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v日 pamiI 

AIM：To studythemeehanismz of captopril(Cap) 

and enalaprilat(Em)plot~ effects 011 hypoxic 

aoA reoxygenated cardiac myocytea， IEn10DS： 

Usingfluoremmtpml：~ Fura2州 。B晓 CF倡 M ． 

疆 I／AM combined with eomputer hl1a窟e 

preceding t．~miquea to nle瞰砌璁 intxaeellular i011 

∞nc蝴 dor】s． RESULTS：[c ] (165±8 

nmol-L )and[Na ]．(9．2±O．8 mmol·L一 ) 

weDe higher but【pHIi(6．7±0．3)啪s lowerin 
hypox~and re印 geI蚍edmy0cytes(19t；±14 rllnol 
·L一 ，9．3 ± 1．3 II】曲ol·L一 ， 6．61± 0．19， 

respectively)than in normal onea． Cap and Em 

reduced[ 】i(149±儿mad152±10 nmol·L 

~peefi,,dy)andintra~gular acidods(7．11±0．22 

and7．2±0．4，re~oectivdy)during hy~da． C日p 

al8。decmlsed【Na ]i in hypoxie myocyt(~(8．I 

±0．9 mmol’L )． DIl衄 reoxygenaficaa，Cap 

decreased[c ] and[Na ]i but Ena had no 
significant effect 0n them． Cap or Em  had I∞ 

additive effect when oembined wlth v翻嗡Da玎m 

(Wr)．CONCLUSION：Cap and Em prorated 

hypoxic and reoxygenated cardiomyocytea，but the 

mechav．1m~we notthe 8m ． 

Anglotensin—o。nvening enzyme inhibitors 

(ACEI)optimized reperfusion iniury after acute 

myocardial infarctionL1,2 J
， which was not mrrelated 

with its inhibition of the Ang 11 production％ 
． 

Different ACEI had different protective effects~ 

But the exact mechan[sms of ACEI protective effects 

on cardiac myocytes are not cIear yet． 

Intracellular ionic imbalance played an 

important role on the cardiac myocyte injury 
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Captopril had direct elfect on intracelhlar G4-' 

mncentration([ca2 ] )through blocking patho． 
1ogical calcium channell ． But there were few 

reports about ACEI effects∞ inwacellular Na 

([Na ] )，[Ca2 and pH ([pH] )alterations in 
hypoxie and reoxygenated cardiac myocyies In the 

present study，we elucidated the mechanisms of 

captopril(Cap)and enalaprilat(Ena)protective 

effects on hypoxie and reoxyganated cardiac 

myoeytes and investigated whether they had the 

addit~re effects with calcium channel blocker 

verapamil(Ver)． 

MATERU LS AND Ⅳ匝 IODS 

Matedals Wist0r rats(24一week一0Id，Shanghai Medical 

University)；∞l1ag∞a3e I"tYPe(Sigma)；eapmpril(Sine- 

America SI1ang} Squibb Pharmaceuticals Ltd)；∞alaprik 

( Zhou Pl~'rrtaceutical Faaory)；veraranul(Shanghai 

Tian Ping Pbammveutica]Factory)；BCECF／AM，SBFI／ 

AM．pltm~ c F-127，sulfinpyraz~e，B口 CF．船 FI，Fura-2 

(Sj鲫 )；Fura 2-AM (Shanghai Institute of Physidcgy， 

Chinme Academy of Sciences) 

bleh0ds and DIsi C -tolerant cardiac mycc~es 

isolated from heart velitrides were preparedL ． 1sobted 

血 e cardiac myocytes were divided into 5 groups： 

1) n1al coan ~l g士oup： l塾ed with humidified 95％ 

+5 ％ C。 for 40 rain； 

2) Hypoxic grottp： with humidified 95％ 

+5％ COzfor20min； 

3) Hypoxia+ar~s：further divided into 4 subffrc~ps： 

a)Cap1tm~O1·L-。．b)Ena 1 mnol·L ，c)Cap+ver1 

1。】 L ，d)Ena+ l tm~ol·L～ Th∞ gassedwith 

htmfidified 95％ +5％ CO h 20min； 

4) Rmxygenated group：20 min-hypoxic cells wo~l'e 

gassed th hur~dified 95％ ()2+5％o 虹 20win； 

5) Reoxygenation+ drugs： Further divided into 4 

su ：a)Cap1~mlol·L一，b)Erm1Ⅲ 0l·L～，c)Cap 

+Vet 1蚰】0l·L ，d)Ena+Vet 1 tm~ol·L～． Then 

gassedwith hum~di矗ed 95％ +5％ Cq for 20min 

After hypoxia and reoxygenatlon al1 ceils we wa5hed 

twice with Krebs’solution and m ured h [ca2 ]．(73 and 

一  
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pHI ⋯：The cells were incubated with BCECF／AM 【final 

cOncentraljon 2／nnol·L )for 10 min at 22℃ ，and under a 

fluorescent micmacope( 500 m  and 530 m  for 

I~'ECF) ： a ]．FDe2~Urellqenl2 J：the final o~ncentration 

ofSBFI／．adv1was 5㈣ I．L The cellswere placed under 

the fluorescent microscope n 340 m  and 500 ilil1)by 

digital image processing of SBFI fluorescence The ion 

c~ncentratiorlS and pH v~ere obtained on the callbation curves 

Statistics Data were presented as j 1 and analysed 

witht test 

REsIJI 

During hypoxia there were higher[ca2 ]．and 

Na一]．in hypoxic myoeytes(165±8 nmol‘LI1 and 

9．2±0．8 ITIITIO1．L ．respectively)than n normal 

myocyt∞ (135=13 nmol·L and 8．1±0．6 mmol 

‘ L～，respectively，P< 0．01 and P< 0．05) 

l pH]L was lower in hypoxic myocyies than in 

FIOITlqaI ones(6．7±0．3 and 7．4±0．2 respectively． 

P<O．01)． Both Cap 1“n1f]1·L and Ena 1 lzmo1 

· L。。inhibited[pH]．decrement(7．1±0．2 and 7．2 

±0．4，respectively)and decreased the l Ca2 ]． 

elevations(149± 11 and 152= 10 nmol·L ． 

respectively，P<0．05)in hypoxie cardiac cells but 

did not restored them to the normal(P <0．05)． 

Cap also inhibited the LNa ]．increment(8．1±0．9 

rtl／T／O1·L～ ．P<O．O5)but Ena had no significant 

effect on it． Under the o~ncantratlon of 1 grnol 

·L—1．therewere no additive effocts ofCa p+Ver or 

Ena+ ver (P > 0．051． Du ring rcoxygenation 

lpHj；was sti[I lower(6．61 0．19，P<0．05)and 

[ca2 ]．and[ ]．still increased(196±14 nmol 

·L一。and 9．3± 1．3 mmol·L一 ，respectively) 

Cap 1／~mol·L一 and Erla 1 pmo1·L一。had no 

significant effects on lpH]．(6．9±0．3 and 6．8 

=0．3 respectively，P>0．05)，but Cap decreased 

[Ca2 ]。and[Na ]．(161 14 nmol·L～and 7．9 

±0．4 rnnlo卜L～，respectively)． Erla had no such 

effects(173±24 nlTIOI·L一。and 8．4±1．1 mmol 

’ LI。 respectively， P > 0．05)． CaP or Ena 

combined with Ver 1 p．moI·L一 had no addltive 

effect(P>0．05)(Tab 1)． 

DISCUSS10N 

In the present study，we found that during 

hypoxia[Ca2 ]。and[Na ] elevated but[pH；． 

1．Ef妇 Isof eaptopril(Capj，enalapril lena)，(却 

vera砷mil(Verj，Ella+Ver(1／tmol‘L respectively)on 

[Ca2 ：1，[№ ]_，and[pH]1 in ca ac myoeytes dating 
hypoxia and reoxygenation (，l the nmnbar of raIs J· 

H：hypoxia：R： reoxygm ation． <0．05， P<0．0l 惯 

control； <0．o5． <O．O1坶 kv'poxia~ P>O．05坩 H 

+ C叩 ； JP>0．0S H + Elm； P>0．05， P<0．05， 

P<0．01 R：pp>0．05惯 R+Cap 

decreased，which were detrimental to the cardiac 

myocytes~ Cap and Ena inhibited the[ ]， 
elevations by blocking the pathological calciunl 

channels，through which some outer Ca 2一 entered 

the cells{10 3
．  In addition，C p and Ena dec eased 

the progession of intracellular acidosis，which was 

also one of the mechanisms of their protective effects 

on hypoxie cardiac myocytes． But further study 

wilI stilI be needed to investigate whelcher ACEI 

inhibited anaembic glycolysis or decrease the 

myocytes’requirement for energy due to ACEI 

effects on[Ca2 ]；． 

During reoxygenation，[ ]．and[Na ]． 

further increased mad lpH J+was not restored to the 

norma1． Ca p and Ena had no significant effects on 

lpH] ．Under the condition of 1／and·L～，Cap 

decreased[Ca2 ]．and[Na ]．significantly but Ena 
had no such effeCtS It was impossible for Ca p to 

inhibit[Ca2 ]，elevation through its directly 

blocking calcium channels l?ecause in DP：oxygenat~ 

cardiac myocytes，[C ]．elevation vcas not by the 

way of calcium channels but by the way of Na 一 

C exchang e[10 and nons[)ecifie ion cbanne1s 

which was induced by free radicals ． Cap 1 umol 
’ L。。had no effect on the Na Ca2 exchange 
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because Na ] did not change significantly 

oampared with re~xygenadon group S。 Cap 

reduced Ca2一]．and[Na一] through its ability to 

scavenge free radical “ Either during hypoxia or 

during reoxygenation，both Cap and Ena(1／,tool 

·L 、had no additive effects when combined with 

Ver(1 lxmol‘L )，which suggested that it was 

not necessary for ACEI combined with Ver to treat 

ischemic heart injury with general doses，but it is 
still needed to investigate whether they had additive 

effects with the use of other concentrations． 

In conclusion，bo th Cap and Ena protected 

hypoxic cardiac myocytes by the way of diminishing 

ca2 ] and：pH] alterations． Cap also protected 

reoxygenated cardiac myocytes through decreasing 

[ca2 ] and[Na ] ． 
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f 一I 
卡托普利和侬那普利拉对缺氧和复氧心肌细胞内 

Ca -Na 和pH值的影响 R 7z 
V ’ 
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关键词 拄整型；垡 董型垫； 堕；细胞 
缺氧；Fura-2；BCECF；SBFI；维拉帕米 
一

心f 船 ’ 
目的：探讨卡托普利(c印)和依那普利拉(Era)保 

护缺氧和复氧心肌细胞作用机{5j．方法：采用荧 

光探针结合图象处理技术测定细胞内离子浓度． 

结果：敏氧和复氧心肌细胞内 c (分别为 165 

±8和 196±14 Im】ol·L )和 Na (分别为 9．2 

±0．8和9．3±1．3 mmol·L-1)高于正常而 pH低 

于正常(分别为 6．7±0．3和 6．61±0．19)． Cap 

和 Ena减少缺氧细胞内Ca2 浓度并减轻细胞内酸 

化． Cap也减少缺氧细胞内Na 浓度(8．1±0．9 

mmol·L0)．Cap减少复氧细胞内ca2 和Na 

浓度，但Ena元此作用．Cap或Ena与Ver合用 

无协同作用． 结论：c却 和Ena对缺氧和复氧心 

肌细胞有保护作用，但机{6|并不完全一致． 
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