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Prevention of global myocardial reperfusion injury on isolated．rabbit hearts 
with fury卜 dihydropyridines I 

LIU De—Qiang，ZHAO De—Hua，SHENG Bao-Hcng E 

(Department ofPharmacology，Fourth Military Medical University， 卜口n 710032，China) 、 

ABSTR^CT In the isolated rabbit heart of 

tecireutating n0n口uIsatile perfusion circuit， 

1—dihydr0pyddineB T 20 #tool· L greatly 

reduced the leakage of myoc ardiaI enzymes and the 

concentration of malondia1dehvde (MDA1 in 
plasma． decreased the myocardial calcium and so- 

dium contents， maintained norfflal coronary vascular 

resistance and prevented reperfusion arrhythmias of 

gtoba1 postischemic reperfusion hearts Its mecha． 

nism of protecting the ischemic-reperfused 

myocardium might be associated with the d【minution 

of calcium influx of myocardial cells and cellular Iipid 

peroxidation induced by oxygen free radical 

XEY W ORDS calcium channel blockers 

dihydropyridines； myocardial reperfusion injury 

UD|d peroxides； calcium； sodium ； potassium 

Oxygen—free radicals are believed to 

participate in myocardial isehemic and 

reperfusion injuryt ．They occur as a conse- 

quence of the retroduction of molecular 

oxygen into the previously ischem ic tissue and 

accum ulation of intracellular calcium overload 

which prom otes conve~ion of xanthine 

dehydrogenase to xanthine oxidase during 

rcperfusion． These substances may cause 

membrane damage leading to 1oca1 

electrophysiological derangements that trigger 

serious ventficu~r arrhythmia(3．4)
． The 

ruryl—d ydr0py—dines I (2,6一dimethyl一4一 

furyl-1，4一dihydTopy dine一3，5一dicarboxyl— 

ate)was proved in our previous study to 

have an antiarrhythm ic effect． The aim ofour 

present study is to investigate whether this 

drug can protect against lipid peroxidation 

and Prcvcnt myocardial postischemic 

reperfusion dam ages in isolated rabbit hearts． 
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M ATERlALS AND M ETH0Ds 

Isolated heart model and perhtsion A 

recirculating nonpulsatile perfusion circuit was 

used【。J． The heart-lung machine was com． 

posed of all I DB—H electropump(Ding Shan 

Instrument Factory， Zhejiang)and a bubble 

oxygenator which incorporates the functions 

of oxygenation， defoaming， heat 

exchange， blood storage and filtration． The 

supplementary apparatus included glass cover 

of constant temperature bath and an air 

flow-meter fSuzhou Chem ical Instrument 

Factory，Jiangsu)． 

Healthy adult white rabbits(8 ， weigh- 

ins 2．1± sD 0．4 kg)were anesthetized with 
sodium pentobarbital 20 mg · kg一。 iv and 

given heparin 5 m g·kg— iv． After exposure 

by median sternotomy， the heart was rapidly 

excised and placed in Ringer laerate solu'tion a't 

4℃ (CH COONa 74 6，NaCl 100， KCl 4．0． 

CaC1， 3．0 mmo1．L_‘)． Retrograde aortic 

perfusion with 3"／℃ oxygenated， diluted 

autogenous blood (30 ml of Ringer lactate 

solution． 3 m1 of4％ NaHCo， and 50 ml of 

aUtOgenous blood)was started immediately af- 

ter cannulation of the assenting aorta． The 

mean perrusion pressure was maintained at 

0 
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8．0／5．3 kPa(6O／40mmHg)．102 ((49．2± 

I7．5 kPa)，pCO2 (5．3±I．2 kPa)， and pH 

(7 4±0．1)of the reperfusatcs was kept within 

出e physiological range； the mean corpuscular 

volume bcing m ore than 20％ ． 

This experiment was divided  into 2 

groups： furyl-dihydropyridines I 2O l“nO卜 

L-0 or 0．2％ Tw。cn 80 (so!vent control 

group)of Cclua1 volume was iniected into the 

pe rfusion circuit 3 min prior to global ischemia 

fdccreasedpe rfusion pressureto 1／6ofinitia． 

tion)．Thirty minutes later，roperfusion was 
inhiated by restoring bIood flow to normal for 

60 rain． Two tiny electrodes were placed on 

the apex of the hcan and the root of the 

aorta， and an epicardiogram was made by 

means of a multipurpose polygraph (Nihon 

kohden，Japan)． 

Analysis of em aeat enzym~ and 

mcarurement of ma1ondiuldehyde (MDA) 

Blood sam ples taken from the heart-lung ma— 

chine before ischemia se rved as a norm a1 value 

bef0re ischemia； and those sa mples collec ted 

fro121 the coronary venous sinns at 5， 15．3O， 

and 60 ra in of reperfusion were analyzed  for 

crcatin~phosphokinase(CPK)and 一hydro- 

xybutyratc dchydrogenaso(HBD)activifics by 
出e M uhistat-Ⅲ Analyzer rBeckman compa． 

ny． USA)．Thc concentration of MDA was 
m easured according to the colorimetdc m cth． 

od of thiobarbituric acid． 

M ea sarementS of calcium ， sodium， 

potassium of myocardium At the end of the 

experiment， about 1 g Of myocardial tis$UC 

iSO1ated fromthe1eft ventricle(ischemictissue) 

was dried  at】00-105℃ for 5 h， andthcnwas 

dissolved in 5 ml of HNO3-HC10‘ of 4：I； 

calcium ， sodium， and potassium contents 

wel'~ determined by an atomic absorption 

spectrophotometer(Hitachi l80-80，Japan)； 
sodium was measured at wavelength of 589．6 

nm ； potassium at 766．9 nm ； and calcium at 

422．7 nm ． 

Coronary flow (CF)and coronary resist． 

· 321· 

a_健 (CR) Under the constant pressure 

pe rfusion．theCFandtheCR werecalculated  

according to the Poiseuille s lawlbJ． 

Drug Furyl-dihydropyridinesⅡ】， oh- 

tained from instructor ZH AN G Yan-Hong 

and Profcs$or W U 0j， Dep artment of Chem— 

istry， Shanxi Teachers Univermty， and was 

dissolved  in T_tcn 80 and double distilled  
watero)

． 

Statistles AII the m easurements were 

expmssod as ± SD and were statistically 

evaluated  by t test． and coefficient of correla- 

tion was also evaluated ． 

RESULTS 

Enzymes released from the myocardiI．m 

during repedumion The values 0f CPK， 

HBD were not significantly dirferent between 

the solvent control group and the dr ug 

(furyl—dihydropyddines I 20 ,~mol· L．。) 

group >0．O5， n=6)． As reperfusion con- 

tinued ， the amount of CPK release at 5。15， 

3O，60min an d H BD release at 15，3O，6Om in 

increased in control group <0．OI j 

preisehemi且respectively，Fig 1)． 

At 5 and 15rainofrcperfusion， the CPK 

level in the drug group was signiticantly less 

也 an 也at in 出e solvent contro1 gr oup 

(，<0．Ol， Fig 1) &t 3O， 6O min of 

rqaerfusion， CPK and HBD in the drug 

gr oup wore also sign ificantlyless than 也 ose jn 

the solvent control group r，<0．O5 or 0．01 

respectively， Fig 1)． 

CF ●nd CR Under the constant pres- 

sure pe rfusion， CF in the solvent contro1 

gr oup gradually dec reased， hen ce CR in- 

creased(，<0．01． =̂6， Fig I)． However， 

CF andCR valueWgTeunchanged (，<0．O5 j 

preischemia- =̂6， Fig 11 in the drug 

group． Compared with thc control group， 

CF in the drug group was relatively increased 

and thereforc． CR was red uced significantly 

when measured at 30 and 60 min of 

rcperfusion(，<0．O5 or 0．01-Fig 1)． 

、 口 0 ． ) ，) 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


· 322· 

金 

一二 

i 
一  

薹 
u 

； 

35 45 60 州 

Fig 1． Effecb of f~ryl—dlhydmpyridin~ I o41 activities 

of e~at]ne ph0ephokloase(CPK)． 0c-hydroxybutyrate 

dlehydmgenzse 《HBDI． COFOOMry res 蚰 《CR)． 

~roltlry w(CF)，and蕾-l蚰dl-赴hy赴 (MDA)gon- 

tent 1n Isolated rabbit hearW duHag g]obal1se~ mla sad 

reperfuslou． (O ) selvemt con~oI fO．2％ Twoen 

舯l， 《● ) furyl—dlhydropyHdtnes I 20#mo卜 I『。． 

z 6， f土SD． P>仉05， P<0．O5， <0．01 

eIlghem ’P>0．os， ¨P<0 5， ⋯ P<0．01 

uolvent contro1． 

Effec t oB coacentration ofM DA In the 

s0】vent contro1 group． the concentration of 

M D A in blood samples gradually increased at 

l5，30，and 60 rain of reperfusion(，<0．05 or 

0．01 preischem ia， = 6 respectively， Fig 

1)． The concentration 0f M DA in the drug 

group was significantly less than th at in the 

control group at 15， 3O， and 60 min of 

reperfosion <0．05 of 0．01，Fig 1)． Furyl— 

d_hydr0pyridines I 20
．

umo1． L1 decreased 

the c0ncentra廿on 0r M DA in isolated global 

postischem ic reperfusion rabbit hearts 

Correlation of M DA content and CPK 

felense The content of M DA and CPK was 

remarkedly increased during reperfusion the 

M DA content correlated with CPK release 

(，=0．964， P<0 01)． Fury1一d．hydr0一 

pyridines I 20
．
umol·I『 inhibited  the COn 

tent of both． This change of both groups was 

correlative f，=0．917， P<0．0 l】． It shows 

f̂af the arlxount of CPK reIca was related to 

the degree of lipid peroxidation． 

Efleets oll myocardiaI Na， K， Ca con- 

tent Furyl—dihydr0pyridines I 20 #tool· 

L～ decreased myocardial Na， Ca content 

<0．01 Its the solvent control group， Tab 1) 

and could not effec t on myocardial K 

content f，>0 05 its the solvent Control 

group， Tab¨． 

Tab1． Effe~soffury卜d1hydropyfld1嘣 I(FDP n 0- 

cakhlm content《棚 0I· g～ dry wt)， sodium and 

potassium centeltts(romp]·g-‘ dry wO of pelt]schemle 

reperfuslon Ⅲyoc-rd1um in j帅I-ted rabbit hearts． 

=6． 土 SD． ¨P<0．05． ⋯ P<0．们 时 solvent 

《O．2％ Twe~ll 801． 

Efrects on reperfusion arrhythmias In 

the soivent control group， ventricular prem a· 

ture beats(VPB)were 5／7 during coronary 

artery ligation；VPB，ventricular tachycardia 

(vT)，ventrieular fibrillation(VF)and cardiac 

arrest(cA)of repcrfusion Were 7／7，6／7， 

2／7，and 2／7 respectively． Injection of 
furyl—dihydropyridines I 20 “m01· L_。 

reduced the incidence of ischem ia and 

reperfusion arrhythmia， the incidence of both 

Was 1／7(，<0．01 ofVPB，，<0．05 ofVT 

the solvent control group)． 

— 
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DISCUSSI‘)N 

Thc changes of the content 0f M D A 

reflect indirectly the amount of free radical 

formation ． 0xygen radicals can react wl血 

mem brane lipids t0 f0眦 unstable lipid pcrox— 

ides． which can lcad to membrane injury and 

resultant cel1 death M yocardial cell enzyme 

release is a marker of myocardial repcrfusion 

injury㈣． Reperfusion or renxygenation of the 

myoc ardium is associated with an increased 

calcium infiux棚
． and the removal ofcalcium 

from the prefusate before a period of ischemia 

or hypoxia ‘1j delays the development of 

mpcrfusion-induccd arrhythmia and improves 

recorvery ⋯ ’
． 0ur results show that furv1一 

dibydr0pyridines I may dec rease myocard ial 

ca lcium and sodium accumulation and in— 

crea se m yocardial potassium content． 

Pridjiant‘ suggested that ischemia and 

reperfusion injury lead to stepwisc increase in 

m yocardial sodium ， calcium content． It is 

possible that injury induced by ischemia and 

roperfusion opens the calcium slow charmels to 

sodiumt‘ ． allowing inward so dium flux． 

W hen myocardial intracellular potassium de- 

creased by 5O％ ， Na—Ca exchange reduced 

68％ ． the corfelation between K ／Na value 

and intrace llular Ca content was negative in 

ischem ic m yoc ardium ㈣
． The salutary c ct 

of slow channel blocking agen ts i1'1 the 

postisehemic heart may thus involv~ preven． 

tion ofen~y of both sod ium and calcium 

In conclusion， furyl-dihydropyridines I 

used before ischemia protects the myoc ardium 

against some of the mec hanica1 and m etabolic 

damage ca used by postisehcmic rcpcrfusion． 

Its mec hanism of protecting the ischcmic- 

mpcrfused heart might involve diminution of 

the cellular lipid peroxidation induced by oxy． 

辨 n free radicals， dec rease of myoc ardia1 

ca lcium accumulafion and maintcnanc~ of 

norm al coronary vascular resistance and 

thereby limitation of myocardial injury during 

· 323 · 

g10bal isehemia and repcrfusion in isolated 

rabbit hearts． 
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呋喃二氢毗啶 I对离体兔心全心缺血再灌注损 

伤的保护作用 

刘德强、赵德化、盛宝恒 

(第四军医大学药理教研室．西安710032，中国) 

摄耍 离休兔心全心缺血 30m|n，再灌注 l h，使心 

肌损伤逐渐加重．呋哺二氢毗睫 l 20／~mol·L 能明 

显抑制缺血心肌肌酸胃I醴激酶、 羟丁酸脱氢酶、丙 

二醛的释放量：减少蛱血复灌心肌钙、钠古量；降低 

缺血复灌心肌冠脉阻力的增加．预防再灌注心律失常 

的发生．挺示诙药保护心肌与减少缺血心肌钙古量及 

脂质过氧化程度有关． 

关键词 钙通道阻滞剂；二氢毗碇类 心肌再灌注损 

伤；脂质过氧化；钙：钠：钾 
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Effects of isocorydine o
．n action potentials in isolated canie Purkinje fibers 

antl venⅡ IIIar m uscles‘ 

ZHAO Yong—Qiang，LI Guj—Rong．ZHANG Dian—Zcng，ZHAO Geng--Sheng 

fDepartment ofPharmacology， 卜a Medical University， 卜口 710061，China) 

^BSTR^CT Standard microelcc trode techniques 

wire usedto studythe eff~ ofjsoen rydine『Iscc )on 

potential characteristics of canin~ cardiac Pu _n{c 

丘be陪 (PF)and ventrJenlar myo~rdium M)in 

vitro．In PF．the action potential durations fAPD)， 

APD ． and APD帕， weDg prolonged at 3 Ol· 

L-‘ but shortened at 30 ⅢnO卜 L～ by Isoc． The 

action po~ntia1 ampfitude(APA)and the maximal 

upstroke velocit~IV_u)wm decreased atlo0肿  - 
L-‘． In VM ． the action poten tial characteristics were 

change d byIso~at abOVC 30 mOl·L一． APD蚰 was 

血ortcncd but APD帕 w船 prolonged． “ were de- 

creased at 30 ⅢnO1·L一． The effective refractory pe- 

rind(ERP)was prolonged by Isoc in PF and VM． 
Thc res'dits suggest that Isoc may interfere with K’． 

Na 。 and Ca什 e~Lrrcnt．s in myocardiac cell 
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membrane at different conce ntrttions． 

KEY WORDS isocorydine； Parkinje fibers； 
myocardium； action potentials 

Is0cDr’ydine(Isoc)，an alkaloid contained 

in many plants including Dacty8capnos 

c4埘如船 (Hutch)and Dicramostigraa 

podum fMaxim)Fedde， possesses a potent 
anti-arrhythmic effect~”

． Electrophysio1ogical 

study has shown that Isoc 30 1·
．
um O 

L-。reduced the APA of rabbit sinoatria1 node 

and the spontaneous elec(ica1 activity induced 

by Ba2+ ion in guinea pig VM (2)
． It was oon． 

sidervd that Isoc may inhibit the slow calcium 

inward current． The purD0se of this study 

was to elucidate the effects of Isoc on action 

potentials of canine PF and VM to revea1 the 

basic m echanism 0fits anti-arrhythm ic effect． 
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