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电刺激大鼠外侧网状接抑制福尔马林诱发的 

脊髓背角神经元反应 

赵国珍，刘荣 赵志奇 R罗 2 
0 -·-__’～  

(中国科学院上海脑研究所，上海 200031．中国) 

个神经元 中，福尔马林诱发 l2个神经元产生双时相反 

应．第一时相反 应是在 注射后立即产生 ，持续 3—8 

min，第二时相是在注射后 20—35 rain逐渐产生 ，持 

续 30—60 rain刺激外侧 网状 核对两个时相 反应均有 

抑制作用． 

制
篓 骼 性感受器 塑  

19 福尔马林诱发的背角神经元反应的作用 在记录的 ：：蓦 ! 
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Protective effects of 3，6-dimethylaminodibenzopyriodonium edetate on 

global ischemia reperfused isolated rat hearts 

Jt Guang--Ju， ZHANG Jiug--Zhen (Department ofPharmacology，Medical College ofGen一 

erol Logistics Department，PLA，Beijing j00071，China) 

LIU De／Qiang+ ZHAO De—Hua， SHENG Bao--Heng 。 

(Department of Pharmacology ，Fourth Military Medical University，Xi—an 710032，China ) 

ABSTRAcT The effects of 3，6-dimethylamino—diben— 

zopyriod omum edetate (IHC一72)on global ischemia 

reperfused rat hearts were investigated．In the isolatnd 

working rat heart，40-rain global ischemia followed by 

30一rain reperfosioa reselted in incre~ses of ventricular 

tachycardia(、 )and vemricular fibrillation (VF)， 

increases of creatine kioase(CK)release and malondi- 

a hvde(MDA)contents，but decreased superoxide 

dismutase (SOD) activity． Following ischemia and 

repertusion．the aecumulation of myocardiaI calcium 

increased．mC一72 50 rtmol·L-1 given lO rain before 
isehemia and during repertusion decreased the cardiac 

CK release．vT．and VF，redueed the MDA coil- 

tents。 prevented the reduction of SOD activity and 

8ttenuated the accumulation of myocardiaI calcium and 

sodium vseoatro1．Thee results indicated that IHC一72 

protected myocardial reprised injury． 

KEY WORDS 3，6~iimethylamino-dibenanpyrio— 

donium；myocardial reperfusion injury；arrhythmia； 
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superoxide dismutase；malondialdehyde；calcium 

It has been known that jschemia reper— 

fused myoeardial injury is related to the pro- 

duction of oxygen free radicals．The 1ipid per— 

oxidation of oxygen free radicals Ieads to eelI 

membrane damage， then the disturbances of 

intraee llular calcium ， sodium ， and potassi— 

um ⋯
． Ischemia itself also 1eads to disorder of 

active and passive ionic homeostasis， and 

reperfusion may allow the calcium and sodium 

ions to flow along their concentration gradi— 

ents into the myocardia1 cells c ．There are ev— 

idences that the oxygen free radical scavengers 

or some calcium antagonists can protect is— 

chemic reperfusion hearts from injury0 r ． 

3，6-Dimethylamino-dibenzopyriodonium ede— 

tate (／HC一72)possesses anti—arrhythmic ac— 

tion in experimenta1 models‘”． Our previOUS 

study showed that it inhibited the transmem 

brane movement of calcium and sodium in my— 

ocardia1 cells( ·”． The present study is to 
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investigate whether IHC一72 call prevent lipid 

peroxidation and postischemia—reperfusion 

myocardial damage in isolated rat hearts． 

M AIlERIAI AND M ETHODS 

Drugs IHC一72，synthesized and given by Prof 

CHEN Shu— Ying (Department of Chemistry， 

Lanzhou University)，was dissolved in distilleel water． 

Verapamil(V目 ，Bei
．
iing Phermaceutic Factory．Bei- 

jIng，lot№ 850623)． 

Experimental procedures Sprague—I~wley rats， 

0，H=64，weighing 228+s 38 g，werelightly aries 
thetised with ip sodium pentobarbital 35 rag·kg～ ， 

and then heparin(200 lU·kg一 )iv．Hearts were ex- 

cised quickly and plunged into cold(4℃ )solution until 

contraction ceased．To remove as much blood as possi- 

ble，the hearts were flushed severs1 times with saline 

solution via aorta．Then the hearts were immediately 

placed on Lagendorff equipment． Mod ifled Ktebs— 

Henseleit(K—H)solution aerated with 95 O2+ 

5 CO2，maintained at 37℃ ，pH 7．4，was used for 

petfusion．A constant perfusion pressure(7．8 kPa) 

was mmntained during the experime nt．An epicardial 

EGG was kept on throughout each experiment．This 
was obtained via 2 silver electrodes，one attached to 

the myocardium of right ventricular free wal1．the oth— 

ertothe root of aorta． 

Measurement of coronary flow (CF)，ereatine Id- 

Base(CK)，superoxide dismutase(SOD)，and malon— 

diIIde de(MDA) After being stabilized for 15 

mi n，the perfused mt hearts were divided into 4 

groups，8 in each：A)Control group．superfusing for 

70 rain with K—H solution；B)Ischemia／reperfusion 

group，40一rain global ischemia followed by 30-mln 

reperfusion；C)1H0 72(50 gmoI．L )group，and 

D)V (2 ttmol·L )group，the perfusion of the 

drugs was commenced 10 min prior to the global is— 

chemia and confnued during the experiment，other 

conditions heing  the same as_n B．CF was measured 

by collecting the coronary effluent at 10 min before 

global isehemia and 5，10，20，and 30 min during 

reperfusion；myocardial leakage of CK in coronary el- 

fluent was assayed in a Monarch一716 biochemical autO- 

analyzer(UsA)and calculated
．to 1U·min ／g dry 

m ．At the end of the experiment．ventricles were 

minced and homogenized·with saline for the measure— 

ment of SOD activity 。 and MDA contents “ 

Measurement of ealdolll，sodium，potassium ， 

and magnesium  of myocardium Thirty—two rats 

were divided into 4 groups：A)Co ntrol，peduslng for 

60 min with K—H solution；B)Ischemia／repedusion， 

40 mi n global ischemia foltowed by 20 min reperfu 

sion；C)IH0 72．before global ischemi a and during 

reperfusion hearts were perfused with K—H solution 

containing IHC一72 50 gmol·L ；D)Ver，perfused 

withK-H solution containing Ver 2ttraol·L ．To_ 

wards the end of the experiment，the hearts were 

flushed through with 10 ml。f ioe—cold SUCgOZe 0．3 mol 

· L and histidine 5mine1．L～ ．pH 7．4．This pro． 

cedure was to mi nimJze the contribution of extracellu． 

1ar Ca。 and Na ．The atria were dlscarded and veil- 

tricles blotted ，weighed，and then dried to constant 

weight at 100C． rhe dried ventricles were digested in 

3ml ofHNOa10．9mol·L～ for 48 h． Ca抖 ，Na ， 

K -and Mg were detetanined by fin atomi c absorp— 

tion spectrophotometar (HitacN 180— 80，Japan)． 

The wavelengths used were 422．7，589．6，776．9，and 

258．2 nm，respectively． 

Staflsfieal an alysis The results were—expressed 

as 土^ The chi—square test was used to estimate the 

significance of the differenee hetween the incidence of 

arrhythmia in the control group and that in theⅢed 

cated group．Other comparisons were ma de using t 

test． 

REsUL1s 

Effeets oⅡ isehemla—and reperfusion—iⅡ一 

dueed arrhythmias During ischemia there 

were no significant differences as compared 

with the control in the incidences of ventricu 

1ar tachycardia (VT)and ventricular fibrilla— 

tion (VF)，while during reprfusion the inci— 

denees of VT and VF were increased by 100 

and 87．5 ， respectively． After perfusing 

with K--H solution contaimng IHC·—72 50 gmol 

· L— or Ver 2,umol·L-。，the incidenc西 of 

VT and VF were decreased t the durations of 

VT and VF were shortened (Tab 1)． 

， I 
JlT 
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Tab 1· Effects of IHC一72 and verapamil on incidence and duration of arrhythmia induced by ischemia／reperfu— 

sion in isolated rat hearts．VT—ventricular tachyardia，VF=ventricular fibrittation； 一8，；± ’P>0．05． 

P< 0．01 contro!； P<O．05， P< 0 01口 reperftmion group． 

Effeets on COl?onal'y flow (CF)and ci~a- 

tine kiilase (CK ) release of myocardium 

There were no significantly different effects on 

CF between the contro1， IHC一72． and Ver 

groups before ischemia．This meant that IHC一 

72 and Ver did not increase the CF under nor— 

ma1 condition． But both ICH一72 and Ver in— 

creased the CF during reperfusion as compared 

with that of the eontro1(Fig 1)．At 5，】0， 

20，and 30 m in after reperfusion with K—H so— 

Iution containing IHC 72 50Ⅲn01·L_。or Ver 

2 HmoI · L一 the release of CK decreased 

markedly(both P < O．01口5 contro1，Fig 2)． 

Reperfu~on time／rain 

Fig 1．Effects 0f IHc一72 50 m01．L (●)and vera- 

pamit 2~llno]·L (× )on coronary flow (CF)in iso— 

fated modⅢ ed K_H solution perfuLsed rat hearts． (()) 

Contro1．月一 8t ± S． ’。P< 0．05， ⋯ P< 0．01懵  

control； P> 0．05 什 P< 0．05+ 什 P< 0．01．vs 

preischemia． 

10 2O 3O 

RepeffuNontime／min 

Fig 2．Efrtcts 0̈ Hc一72 5O岫 0J·L_。(● )and vera一 

呻 mil 2 tJmol·L_。(× )on CK release in isolated rat 

hearts subjected to ischemia and reperfosion． (0 ) 
Controlt H一8， x土j． ⋯ P<0．01懈 control￡ 

> 0·05， ++P< 0．05， +_P < 0．01 pie— 

ischemta． 

Effects on superoxide dismutase (SOD 

activity and malondia]dehyde (MDA)content 

in myocardium In the ischemia／reperfusion 

groups the SOD activity decreased， while 

M DA content increased significantly． IHC一72 

increased the S0D activity and suppressed the 

rise of the myocardial M DA content at the 

concentration of 50 “m01·L一 (P < 0．01 s 

reperfusion group)．Ver 2 m0I·L also had 

the same favorable effects on the ischemia／ 

reperfusion damaged rat hearts(Tab 2)． 

一  
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Tab 2． Effects of IHC-72 and verapamil(Ver)on 

activity of superoxtde dismutase (SOD)and content of 

malondtsldehyde (M DA) in isolated rat hearts sub- 

jected to global ischemia followed by reperfusion． 

；± ． ⋯ P< 0．01 control； P< 0．O1 
reperfusion 

Effects on myocardial electrolyte contents 

of isolated reperfnsion rat hearts In reperfu- 

sion group． myocardial Ca and Na in- 

creased (P < 0．0l andP < 0．05 735 control， 

respectively)．Both IHC一72 50 pmo卜 L一 and 

Ver 2 pmo卜L_。decreased the myocardiaI Ca” 

markedly (P < 0．01，Tab 3)．IHC一72 also 

decreased the Na content of myocardium． 

But the contents of K and Mg。 in myocardi— 

um were not affected by IHC-72 50#moI 

· L一 or Ver 2 pmol·L一 ． 

Tab 3． Influences of IHC一72 and verapamil on myocardial electrolyte contents of isolated rat hearts subjected to 

40-min globalisehemia and reperfusionfor 20min．n=8，；± 。P>0．05， “P< 0．05， ⋯ P< 0．01 

controlf P>O·o5， P<0·05， 卅 P< 0．O1罐 lsc／Rep(ischemta／--reperfuslon) 

DIsCUssION 

The leakage of myocardial CK to coronary 

effluent has been used as a sign of isehemia／ 

reperfusion myoeardiaI injury and the 
change of SOD activity and M DA contents re— 

flected indirectly the amount of oxygen free 

radicals formed．The oxygen free radicals and 

disturbances of myocardia1 elements，particu— 

lady the intraeellular Ca ” overload．played an 

importent role in the developm ent of ischemia 

／reperfusion injury．Oxygen free radicals and 

intracellular Ca over load were mutually 

promoting，thus a vicious cycle was set up in 

the ischemia／reperfusion injury．Ver can pro— 

tect the ischemia／reperfusion damaged heart， 

which is related to its antagonism against oxy— 

gen free radicals by reducing the inward flux 

of Ca ．inhibiting the forma~ion of xanthine 

oxidase and protecting the activity of endo- 

genus SOD‘ ．Ver increased CF as a result of 

improving the ischemia／reperfusion induced 

cardiac dysfunction and possibly of dilating 

the corotlary artery t ． 

In the present study，we found that the 

effects of IHC 72 on isehemia／reperfusion 

damaged hearts were similar to those of Ver． 

The result of IHC一72 attenuating the aeeumu一 

1ation of myocardiaI Ca was consistent with 

our previous experiment‘ ．These results sug— 

gested that IHC--72 possessed protective ef-- 

fects on the ischemia／reperfusion isolated rat 

hearts． Thus the mechanism of 1HC 72 pro— 

tecting ischemia／reperfusion damaged hearts 

may be similar to that of Ver． 

 ̂ 6  一 
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