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Attenuation of myocardial injury due to oxygen free radicals (OFR)by 
pretreatment with OFR or calcitonin gene．related peptide 
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AIM ： To study the cardiolmatective effects of 

oxygen free radicals (0lFR)and ealdtonin gene- 

related peptide(cGRP)ptetreaU'nent onmyocardial 

d丑m8窖esdueto0FR inisdated pe l9ed rat heart． 

M ETHODS： n  hearts wege r~ fused in a 

Langendorff mode． OFR wege ger~ated by 

deetrolysls of Krebs-Heusdeit (K-H) solution． 

RESULTS： 0l豫 pretmatment reduced the 

impairment of caIdiac contraetlle function． the 

deere~e of omxlmry flow and the increase of 

ereatinine 加辨 (CK)releasedueto0FR，and the 
effect exltibited ~,iod delxmdeame and eyde 

dependence． 1一(5-isoqtfindinylsulfc~ny1)-2-methyl— 

plperazine(H-7)，aninnbitor of protein kinaseC， 
alMishedthe protectionof OFR pretreatlr~nt(CK 
release= 110±7，215±23，169±14，240±30， 

and 113± 19 kU ·L for contro1．OFR，OFR 

pretmatment， 0l豫 prettemment plus H-7， and 

H_7．respeetiwly)． CGRP pretnmtrnent also pro- 

tectedthemyoeardium 也lm elidted byOFR in 

isohted Dc u8ed rat heart． CONCLUSIc S：0FR 

or CGRP pret~atment protected my~ tium 

~,aimt inj~y elidted by OFR，and the effect of 

0FR pretreatment釉 related to the activaticaa of 

PKC． 

Ischemie preconditioning was defined P．s a 

resistance of myocardium to a subsequent more 

prolonged period of isehemic damage after the heart 

was imsuhed one or more brief pe riod s of isehemie 

stressL 
． The cardioprotection of isehemie 

preconditioning may be due to the releases of 

endogenous myocardial pmteetive substances 
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Ischemia-reperfusion injury is mlated to the 

excessive prod uction and accumulation of oxygen 

free radicals(oFR)． The eardiopmtective effect of 

ischemic premnditioning was abmgated by 

supemxlde dismutase (SOD)， a scavenger of 

supe mxide anion． and a brief exposure to Iow 

concentrations of reactive oxygen metabolisms such 

as supe mxide anion and H)0，reduced infarct size in 

the rabbit heart。j ． Thus． OFR ma y play an 

important role in the mediation of ischemic 

preconditioning． 

Ca[citonin gene—related pepfide(CGRP)，a 37一 

amino acid neuropeptide，was a principal transmitter 

in sensory nerves and widely dis~ibuteel in the 

eardiovasanlar system． Bes|des vasodilation，CGRP 

protected the blood veNse1 endothelial cell and 

isehemic myocardium： ， 
． CGRP pretreatment 

prevented isehemia—reperfusion damage in isolated 

rat heartl ． The present study was to exarmne 

whether ()FR and CGRP pretreatment pmtects 

myoeardimn injury elicited by OFR in isolated 

perfused rat heart． 

M ATERIAIS AND 唧 IODS  

功．Ⅱ and chem2,~ ls SOD was purchased fmm 

Changsha Ncehernical Factory(Changsba，ChiFla)；1(5 

isoquinolinylsulfc~ly1)一2-methylpiperazine(H一7)and O唧  

were purchased fr~rn Sigma emical Co 

Isolated heart pJq'm tkn1 Wistar rats(n=70，170 

±510 g．either )，obtainedfrom the katx~ratory Ankmal 

Center of Hunan Medi~l University(am g m，China)， 

were decapitated． The hem s were exck~ l mad jmmers~ in 

loe-coldK—H solution(4℃ ) The aorta motmted ontD a 

cannula．and retrograddy pert'used with K—H solution(37℃， 

pH 7．4)at 10 kPa aerated with 95％ +5％ COe， 

according to the modified Langendofff proced ure 

Two platinum deCtlodes were placed  on the “ght 

atrium A square wave electronic srkntL!ator(SEN 3201， 

Nihon Kohden，Japm,)won used to pace the hearts at 250 

beats·rain with pulse of 4 rns mad 3 V A sinail latax 

balloon oil the tip of 8 polyethylene tube(PE 50) inserted 

aL'ross the mitral valve lntD the left ventricle，mad connected tD 
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pressure transducer and a polyR'raph tecosder (LMS2B， 

Che~gdu Instrtmlellt Factory．China)for measurement of Ieft 

ventficul T̈ pressure(LⅣP)and its first derivative(Lf、，d声／ 

～ )． Tbe[eft vemricular diastolic end pr was 

adjusted to 0．66 kPa and this balloon,,olurne v,Tas irwintalned 

Coronaryflow (CF) v珊 measured by tinted collection ot 

oDronary effluellt for measurement ol creadnine kinase(CK) 

Gemination 0f0FR 0FR wcue ge~mrated by dectmtysis 

0f K—H ution【81
． Two platinum dectrodes were placed 

nt0theflow tract abovethe heart．the anodewa placed 4 ern 

and the cathodewas 8 盯【】abo vethe aorta A stable direct 

current generated by a square wave stimulator v~-~3s apptied ． 

Creatinine kina~ assay MyocardM iI】jury was 

monitored by assayingcK levd fron ~hearts 40rain after0FR 

damag es, The actlvity ot CK was assaved by a 

spectrophotometer(751 G，Shanghai Analytic Iastrurnent 

Factory，China)． 

E， 蛐 ne口tal protocols Hearts re equilibrated  f【Ⅱ20 

min before ex~ iment (1)ControI group pert'usedwith 

KH solution h  60 rain． (2) 0FR damage group was 

pea~ t withK—H so[ution subjectedtodectrolysiswith 5mA 

for30 s，followed by K-H soludon for 40 min (3)0FR 

pretmatment groupwaspea~ twithK-H solution subjected 

todeetrolysiswith1 mA tor 10—3O s．tollowed by a1O-min 

fresh K-H solution before 0FR damages For the studies on 

the protective ef{ects of pre~eatment wi th oFR at various 

o。n0enTrat ∞ ． the oFR treateel hearts w e further dirided 

into(a)0FR pretreatrnent1(OFRP1)(10 s，otle cyde)； 

(b)OFR_P2(10 s，two cycles)；(c)OFR—P 3(20 5，∞e 

cycle)；(d)oFR—P 4(20 s，tw0 cycles)；(e)oFR—P 5(30 

s，叩e cycle)；and(f)[)FR_P 6(30 s，tw0 cycles)． Inthe 

ease ot pretrea~ment wi th two cyc[~ of deetrolysis．about 10 

min was'allowed between perfusions wi th dectrolyzed K—H 

solutica~for the eontzactile funotion to return to the stable 

levd (4)H-7 treatment group was刚 used with H_7 5 

nmol-L。。f 10 rain followed byfresh K H solution f0r 50 

rain． (5)oFR~-nage plus s【)I]group wonpea~ t with 

S[)D 200 kU -LI1 for 5 rain before0FR dam蛳 and{or 5 

rain further． (6)oFR pretmatment plus SOD group was 

。Erf wi th SO D 200 kU -L 妇 5 min hefore 0FR 

pretreatrnent(1 mA．30 s)and for 5 min further (7)oFR 

pretmatment plus H_7 group won p used wi th H_7 5 nmol 

-L。。f0r 5 min hefore oFR pretreatment and for 5 min 

further． (8)[)FR dat31ag~,plus 0GRP pretreatrnent gI。llp 

aspe acedwi th∞ RP 5 nmol-LI1f0r 5min and pea~ t 

wi thfreshK—H solution {or10min beforeoFR damages． 

Statistics AII the data were anafy~ed using ANoVA and 

the Newman Keuls t test 

RESIIIl1S 

aamages due to 0FR In the contro1 group． 

continuously perfused rat hearts were observed for 

60 min There were 11o d1~nges in contractile 

function(LVP，LV d ／ fmax)and CF． In the 

OFR damage group contractile function and CF 

were decreased．and CK rdease was increased(P< 

0．O1"us contm1)(Tab1) 

OFR pretreatment group showed a slight 

decrease in the contractile function and CF compared 

with baseline value l LvP (kPa)=15．7±0．8"os 

14．4±1．3(P>0．05)．16．1±1．5-os 13．5±1．1 

(P< 0．05)and 15．9± 1．1"os 12．6± 1．6 (P < 

O．01)，LV d ／rd 一 (kPa‘s )=749±26 21s 689 

±52(P<0．05)，756±76"0s 605±53(P< 

0．01)and 717±66"us 574±36(P<0．01)，CF 

(m【 -rain )=11．4±0．8 vs 10．6±0．6(P> 

0．05)。10．8±0．7 g)s 9．4±1．0 (P<0．05j and 

1O．2±0．9 g)s 7．6±1．2(P<0．01)forOFR—P 1． 

OFR—P 3 andOFR—P 5，respectivdy， =5j． The 

duration of the effects of OFR pretreatment was 

about 1—4 min 

OFR pretreatment(1 mA，10—30 s)attenua- 

ted the reduction of the myocardial contractile 

function．CF．and the increase 0f CK release caused 

bv OFR damages． 

Effect ofsoD onOFR pretreatment and 0FR 

damag~ S0D 200 kU·L reduced OFR．induced 

myocardial injury，including an improvement of 

cardiac eontractile function．an inc1~e．．ase in CF and a 

decrease in CK release． S0D 20o kU ·L 

abolished the eardioprotective effect of OFR 

pretreatment．as reappearance of inhibitory￡ffect of 

cardiac function an d CF， and an increased CK 

release bv OFR damages(Tab 2)． 

Effkt 0f H．7 on 0FR pretreatment H一7 5 

nn10卜L abolished the protection ofOFR pretreat— 

ment(T出 2)． 

Effect ofCGRPpretreatment on0FR damages 

Pretreatment with CGRP 5 1311101．L for 5 min 

abrogatedtheimpairment of heartfunction andthe 

reduction of CF bv OFR dam~ es． The increased 

CK release bv OFR damages —was reduced by 

pretreatment wi th CGRP (Tab 2)． 

DISCUSSION 

Effect of OFR pretreatment oil myocardium In the present study OFR pretrealment 
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Control 

OFR damage 

OFR—P 1 

OFR—P 2 

OFR—P 3 

OFR—P 4 

OFR—P 5 

OFlR—P 6 

Control 6 

OFR damage 6 

OFR_P 1 5 

OFR-P 2 5 

0m P 3 5 

OFR—P 4 5 

()FR—P 5 5 

OFR—P 6 6 

Control 

OFR damage 

o限 P 1 

OFR_P 2 

OFR_P 3 

OFR_P 4 

OFR_P 5 

OFR_P 6 

Control 

OFR damage 

OFR—P 1 

OFJ P 2 

OF15 3 

OFR—P 4 

OFR_P 5 

0FR_P 6 

16 0±0 2 

16 1±0 9 

14 9±2 3 

l4 2±1 3 

l4 4±0 9 

14．9±1．7d 

13．8±1．4 

l2．8±1．9 

740±7 

730±44 

690±44d 

650±4 

610±81 

630±89 

670±59" 

550±l18e 

10．6±0．6 

10．5±1．0a 

12 5±1 4a 

10 3士1 2 

l1 l±1 2 

9 8±1 0 

8 8±0 9 

7 3±0 9 

Left ventficul~r pre~ure(kPa) 
16 0±0 2 

4．3土0．8 

4 6士0 9 

8．3±2．4 

9 6±1 2 r 

9 1±2 1 

10 6±1 4 

l0．7±1 6 

16．0±0．2 15 9±0．3 

5．8±0．3 

6．9±2．4 

R_5± 1．1 

9 9士0 8 

10 7±1．1 

10 7±2 6 

13 1±1．4 

Left ventr／c／e dp／d 一 (kPa-s 

740±7 740±7 

180±59 320±44~ 

200±52 290±104d 

350±104 450±74 

410士67 430±44 

450±59 450±52 

470±44‘ 510±96 

430±8l‘ 540±67 

10．6±0．6 

3．0±0．9c 

4．3± 1．2a 

6 5±2．1 

5．5± 1 1 

5 2±0 6 

5 9±0 6 

6 0±0 4 

Coronary flow(mL-min～ ) 
l0．5±0．7 

4．9± 1．1 

5．7±1．3 

5．7±1．4a 

5．2±0．9d 

4．9±0．4a 

5 8士 1．1 

6．1±0．9a 

5．4±0．3c 

7．2±2．6a 

9．0±0．8 

10．1±1．4 

10．2±1 1 

10 9±2 l 

l1 5±1 9 

740±15 

140±37c 

3呻 ±l26 

410±3 

430±52e 

4加 ±6 

480±74 

480±81 

10 5±0．7 

4 2± 1 1 

5．1±1 3d 

4．8±0．9d 

4．8±0．7d 

5．2±0．5 

5．3±0．6 

5．6±0．6 

Cxeatininekinase release(mU·rain ) 

15．9±0．3 

4．3±0．5 

5．9±2．1 

8．0±0．8f 

9．4±1．3 

8．8±1．3 

9 64-_1．8 

9 8± 1．4 

740±15 

215±15 

250±96d 

410±59 

410±67 

4l0±67* 

440±74 

370±5 

10．5±0．7 

3 3±1．0 

4．2± 1 4a 

4 6±0 6 

4 6±0 8 

5．1±0 5 

4．7±0 

4．8±0 

1l0±7 

215±23c 

2l1±25 

187±19 

180±25a 

176士l5 

169±14 

160±2nI 

significantly attennsted the impairment of cardiac 

functions,the decrease of CF．and the increase of 

CK release due to OFR damages in the isolated 

perfused rat heart． These results，together with 

previous observations that extx：~sure to reactive 

oxygen metabolisms reduced infarct size in the rabbit 

heart ，suggest that OFR can mimic the benefidal 

effect8 of ischemic preconditioning．and that OFR 

pretreatment possesses a protection of the 

myocardimn against different harmful factors． 

Previous investigations have suggested tha t the 

regulation of iechemlc premnditioning is involved in 

the PKC pathway[2,9,10]
．  Isch c 0r aden0sine— 

induced preconditioning incressed PKC act~vity in 

myocardial tissues， and the protective effects of 

isehemic or pharmacological p~conditioning wel"e 

abolished by the PKC inhibitors[2,9· 
．  In 山is 

study，the cardiopmtection of OFR pretreatment 
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Tab 2． Effeet 0fH-7，SOD，andCGRP onlIem0dy咽mic chaII学曙and et-eatinine kinase release elicited by oF ． 
± s． ap>0．05，bp<o．05

， 
P<O．Ol control；dp>0．o5， <O．05，rp< o．O1 OFR dlllna~ ； 

P>0．05． <0．05．‘P<0．O1 惯 +OFR-P 5 

was also abolished by the PKC inhihitor H-7． 

Similar effects have been se帆 in the stuelias on the 

hearts pretreated with purine／xanthine oxidase or 

H，O2L ． These results indicate that OFR 

pretreatment protects the myocardium via the 

actlvation of PKC． 

Recently，our works have shown that in the 

isolated perfused rat heart CGRP pretreatment 

reduces myocardhi damages elicited by ischemia- 

reperfusion[ 
．
adriamycin( ]or endothelin[1 2l In 

this study，pretreatment with CGRP also protected 

against 0FR-induced myoeardkmn injury in the 

isolated perfused rat heart，in further support of the 

conclusion that CGRP pretreatment affords the 

cardioprotection． 

In conclusion，the present results suggest：(1) 

OFR pretreatment protected against myocardial 

damages elicited by OFR，(2)the protection of 
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OFR pretreatment was related to the activation of 

PKC，and(3)CGRP pretreatlnent al∞ protected 

the myocarditma against OFR damages in the i~lated 

perfused rat heart 
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i一 {r[， 0  

氧 自由基或降钙素基因相关肽预处置减轻 

氧自由基所致心肌损伤 K，7 
I ， 

， 

堕 墼  邓汉武 于 
(湖南 医科大学药理教研室，长沙 4[0078．中国) 

关键词 电解；活性 氧族 ；降钙素基 因相关肽； 

蛋 白激酶 C；心功能测定 ；血流动力学 

目的：研究氧自由基(oFe)及降钙素基因相关肽 

(cGRP)预处置对 OFR所致离体大鼠心脏损伤的 

拮抗作用． 方法：Langendo~ 法灌流心脏，电解 

K．H液产生 OFR． 结果 ：CGRP或 OFR预处置 

减轻OFR所致 壁 受船下降，冠脉流量减少 
和肌酸激酶(CK)释放增加． 蛋白激酶 C(PKC) 

抑制荆 H-7可取消 OFR预处置的心脏保护作用 

(对照组 ，OFR损伤组 ，OFR预处 置组 ，H-7加 

OFR预处置组及 H-7组 的 CK释放量分别是 110 

±7，215±23，169±14，240± 30，113± 19 U 

·L-1)． 结论 ：OFR或 CGRP预处置对 OFR所致 

心肌损 伤具 有拮 抗作 用，该作 用 与 PKC激 活 

有关 ， 

％ j 时jjiII揣嚣 
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