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Early and delayed protection by capsaicin against 

reperfusion injury in rat hearts 
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AⅡ讧· To study early or delayed cardioprotection 

afforded by pre~ maent with capsaicin． AⅢ TH - 

0DS!The isol~ed rat heart was perfused in a 

Langendorff mode1． Heart rate，coronary flow，left 

ventricular pressure， and its first derivative 

(±dp／dfIⅡ强)w蜘 recorded，andthe caleitonin gene— 

re]ltl~d pepfde-like immunoreactivity(CGRP—LI)and 

the release of cteatine kinase．(CK)were measured 

RESULTS：Capsalcin(50 mg’kg-。，sc)improved 

the recovery of cal'dig~ fimcfien  and decreased the 

release ofCK． CK was(2．12±0 40j and(0．26± 

O．04)u·rain-1·g (wet wi)for ischemia-Ieperfusion 

(I／R)and capsaicin+L／R，respectively(P<0．畸j． 

Capsalcin treatment caused all increase in the 

concentration of0孤 P_U in pla~na ． 0孤 P_L1 was 

(135±12j and(304±45j ng·L for vehicle+工，R 

and carr~aicin+L／R，respectively(P<0．05)． Afar 

prela'ealm~ntwith capsaicinto depletethe sensory nerge 

transmitter content， the cardioprotecfion and the 

increasedlevel of CGRP by capsalcin were abolished． 

A delayed protection was shown in the hearts obtained 

from the rats preheated with capsaicin 24 h or 48 h 

before the experiments． C0NCLUSION：Pretreat— 

ment with capsalcin induces the e,~ly and delayed 

cardioprotection，whichmay be rdated to stimulation of 

P e吐 SRppol~d by the Tra．s-Ce．tary Trah~ g n 

Foundmlonforthe Talentsfrom the State Edlicali~l Ccalmalssion 

ofChina 

2CmH 口d dencetoProfLIYmm-Jian． 

Plan 86-731—4盯一4411．ext 2704． Fax 86-731一 7-1339 

Received 1998-12—31 Accepted 1999—03-19 

Preconditioning stimulus． such as transient 

ischemia not only triggers short-lasting early precondi一 

6oning，but also induces delayed  or second willdow 

cardioprotecfiont川
． The inechalliSan msponsible for the 

early and delayed  cardioprotection of preconditioning is 

not fully understood． Experimen~ evidence suggested 

that the nemogenic machanis~n might be involved in 

ischemic cardioprotection，and peptidergic and sympa— 

thetic nerves 0articipate in the mediation of iscIl~iliC 

preconditioning ， ． Exogenous administmdon of a— 

adrenoceptor agonists or drugs which stimulate the 

release of transmitters from sympathetic IlgTV~ can 

substitute for preconditioning isd~g／lia -5．
． 

Capsalcin-sensitive sensory nerv~ are widely 

distfibuted in cardiovascular tissues， and calcitonin 

gene-related petrdde (CGRP)，aprincipaltransmitterin 

capsaicin-sensidve sensory nerves b_． protects the 

myocamium against ury due to ischemia-reperfu- 

sionL ． Recently． we and oth~s have shown that 

CGRP participates in the mediation of the early 

tmatecdon of ischemic lnecondifoning in the rat isola~d 

h∞n、 ，。 J． Capsaicin selectively stimulates the 

release of SPJlSOPy nerve ll'ansmiRers including 

CGRPt10 
．
There is evidence to suggest that in the 

isolated rat heart．preffe3lment wi血 capsaicin protected 

aga~t myocardial injmy induced by i~．hemia- 
Ie口 usi0nL8,9J

．
Therefore， the presellt study exa- 

mined  whether preffe3lment with capsaicin induced 

delayed protectioninthe rat heart． 

Reagents Capsaicin，purchased from Sigma 

was dissolved in a vehicle containing ethanol 10 ％ 
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'I~ n-80 10 ％ ．and saliile 80 ％ ． Ra~oimmtmo． 

assay kits for measurem朗t of CGRP weil~obtained 

from 12~ngya Imm~ ity Technology Institution
． 

Creatine kinase(CK)assay kits v~1511~0btained 1 

Baoding Chemical ComNmy 

Prep眦 dOn ofⅡle isolated heart Sprague- 

12~wley rats(0， =42，2舯 ± 20 g)were suppfi~ 

by the Experimental Anim~ Center of Hunan Medical 

University (Grade Ⅱ。 № 20011)． Rats were 

anesthetized with solJiUlll pemtobarbital(45 rag·k旦_。， 

i口)． The heart was rapialy excised，mounted，and 

perfused on a modified Langen&~'ff apparatus at a 

const~lt piP~Sllre of 8 kPa． The heart witsⅨ hsed 

withKrebs—Henseleit(K-H)buffer(37℃，pH 7．4)， 

saturatedwi吐l 95％ +5 ％ CO2． 1bc K_H bm~er 

had the following composition：N Cl 119．0．maHcoa 

25．5，Ka 4．3，Ktf2PO4 1．2， MgSO4 1．2．CaC12 

2．5。and glucose l1．0 mffrlol·L。。． 

A wtl[1~-filled lalex balloon was inserted into the 

left ventriclethroughmel atrium~11 J
． The heart rate 

(HIt)，l匝 vehicular pressure(LVP)，and its first 

derivative(± ／d ％ )were continuously monitored． 
n resdting electric signals were digitized byMacLab 

analogue to digit~ c0nverter and reconled by Power 

Macintosl1 7220 computer． Coronary flow (CF)was 

measured by timed collection and the s~nple of 

corol~ effluent at 5rain of reperfusionwits collected 

formeasttreme~t of crea~inekirtle． 

r血埘 Dn of plasma cGRP 咖 唧 曲 ． 

d衄 Blood s~nples(3 mL)were collectedfrom the 

camtic artery t【lbes【containing 10％ edetic acid 40 

止 and~ tiltin 4170 mU’L )，and centrifuged at 

l300 x g at 4℃ for 10 rain． n plasma wits 

collected and s涮 at一2o ℃ until assay． 00RP_ 

like immunoreactivity (CX3RP-LI)WaSⅡIea吼删 bv 

RIA kits 

Crelttine I瑁se ass曰Iy My删 瑚 皿 was 
monitored by assayi~ the release of CK from the 

isolated heart． The CK activity in the eorom~y 

effluent at 5 rain ofIe 0n was m 删 spectra— 

photometrically． 

Experm~ al pr眦ocOls Hearts Wel'e equili． 

brated for l5 m before the experiments In the 

control group，the heartwits perk ed w诎 K-It bm~er 

solution throughout the experiment． In the iSCtlemia- 

Iepc usi0n group，山e heart、vas subjectedto a~-min 

stopping perfmion followed by a~O-min reperfusion
． 

Inthe clts~of cal：~icin，ratsweil~~ atedwi吐l a single 

dose capsa~cin(50 rag。 )for 30 min，24 h，or 

48 h before the experiments for early or delayed 

protection，respectively
． Capsaicin was administered 

by sc i ection under pentot~arbital anesthesia． T0 

c0l埘胁n the depletion of transmitter content in seI130rv 

nerves andto rule out a direct effect of c棚)saicin Onthe 

myocardium，atter cal：~icin treatment for 4 d，the rats 

、 again ected w曲 capsaicin(50 mg· )30 
min prior to the experiments In the vehicle．t~eated 

group，the Pat、 lstreatedwith vehMe al0∞ ． 

S诅d蚶 cs Data were expressed as j ± and 

arIa】yzed wi吐l one-way AN0VA． When the si 一 

右c柚ce was indicated between groins．a Tukey’s test 

was DeI咀ⅡrrIed[12J
． 

Early pr0恤 of a d吡 In the c0nnDl 

group，continuously perfmed rat hearts were observed 

for 90 mil1． 1ere were no changes in CF．LVP． 

±dp／dfmax，and HIt 111c：30-rain stoppage perli~sion 

and the 30-rain regerfi~sion ca1ls。d a decrease in heart 

fun~ on and an increase in the release of CK
．
Acute 

appfication irapmved the~ overy of heart function and 

reduced the release of CK． However． after 

pretr~waent wicll ca~ icin to deplete stmso n口ve 

~,msmitter ~ontent， the heart dyshtaction and the 

increased release of CK elicited by ischemia ∞响 sion 

were not affected by capsaicin at the second iniection 

(Tabl，2)． 

C( U c叫lc口岫 d佃 in plasma CGRP 

LI Concentration in plasma of the rats ~,eated with 

ca~saicin 30 mill before the experimentⅥ协s increased 

c(m ared w诎 that of control rats． However，after 

pi~reatment with c即saicin tO deplete 鸵ns0rv 

transmitter 4 d before the exi~'iments． 血e elevated 

level ofCGRP-LI by acute application of ca 商 cin also 

di ppe删 (Tab 3)． 

Delayea protectiDn 0f eal~aieln As shown 

_m 1铀 1，thelecovery of HIt，CF，L、，P，±dp／df 
缸  

wasimproved inthe rats preheatedwith ca~aicin24 or 

48 h before the experiments． n眦reat㈣ t wi吐l 

capsaicin 24 or 48 h before the exper~ ems also 

declinedthe release ofCK (Tab2)． 
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DISCUSSION -mvo’v甜 m 。删 
1sc上1e删 c precond~Uonmg． and cal0SalClil-SCYlSitlVe 

It had been suggested that the neurogenic sensory ilel"ves participated in the mediation of ischemic 

蠹 善 
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'lab2． E髓eds 0￡c~ idn 仰 a (release缸 啪 岫arv 

effluent．Cap i30 n血 】，Cap i24 h)0r Cap c411 h)： 

衄 psai血 I岫 缸唧 It 30 lIIin，24 h or 411 h be 恤  

既pe n锄括 respeellve ． Cap(4 d】＆Cap c30 n血 】： 

ea~ em 血 日hnent 30 nljn be 吐 exDerilnen士s．m 
吐 r啦 pz,em ~ ed m  c嗍 idlIfor 4 d． 

cP<0．o1瑚 con扫m ． 甲 >0．0S L，R． 

P<0．ol cle． P<0，o1 Cap c30lIIin 

Tab 3． Effect 0f伪ps oil呻1锄  ．U le-,ce1． 

Cap i30 1lIin】，Cap i24 h)or Cap i 411 h)：ea~ em 

岫  301lIin。24 h。叫 411 h 吐 虹 呻 血 I岫吣  

re印ec ．Cap {4 d)＆Cap i 30 1lIin)：口ps蛐  

b 日岫 吐 30 nlin be tIIe exDerilnen士s in tIIe m rs 

pz,em ~ ed m  c嗍 idlIf0r 4 d． 甲 >0．0Sl 咖 州 ． 

>0．05。 <0．05。fp<0．ol瑚 vehicle 

P<0．o1 Cap【30 n击I)． 

preconditioning． Tbe protective effect~ of ischemic 

preconditioning weIe abolished by CGRP串37． a 

selecrive recep∞r antagonistt7J， and pzetwatrnent w 

CGRP Ⅲ capsaicin produced p~econditioning-like 

protection in 吐le iSOl丑ted oeff rat hea J． Tbe 

pl~tective effect~of pacing—induced preconditioning WaS 

negated by pIetrea廿Tlenl with capsaicin to deplete 

sensory rl~l-vemmsmiUer content(1s]
．
Mbre re~emly． 

it has been found 吐lat p 协 nent with capsaici~ 

aggiavat~ myocardial infarction in the po~ine 

heart ． In 恤 pzesent study．acute appfication of 

camalcin e~aanced 恤 plasma 1evel of CGRP 

concomitantly with ∞ improvement of recovery of 

heart function． To c叽  山e pmlection of CGRP． 

mediated prec0ndi6蚰 iI培，capsaici~ was used． It has 

been demonstrated 吐lat caDsajcin depletes selectively 

sensory ilel-Ve transmitters including CGRP． In 

guinea pig 0r山e mt，p 呦 Ⅱnent with capsa~cin(mtal 

dose 50 mg／ ，scj two wk prj0r协吐le experiments 
caused 丑Il alm~t total loss of Sp- and O匝 

ilerv~swithinthe heartC 
． Recently 

others have shown吐lat p 衄蜘 ent with capsaicin 3 d 

imor协 the exp~wililerlts abolishes the pro~ ~e effects 

of pacing—induced preconditioning in the rat． In the 

hearts 0brained h m capsaicin．treated aDir~ s． 

immunore．activefibers a scafceiIl atria OGRP 

叫 ease detected n coronary effluents is completely 

eliminated ． Inthe present study，p 协Ⅺm1entwith 

capsaicin 4 d before exl~liiilents abroga~t the 

cardiopl'otection andtheincreased release ofOGRP bv 

capsaicin． 'r~se fmdmgs suggest吐lat activation of 

seⅡsory ne by is~emia or _口saicin has be~ficial 

effect~ of myocardial injmy due to ischemia- 

Iepe 0n． 

A major new 五ndin2 of this study was that 

pzetreatrnentwith capsaicininduced a出lay。d protection 

against isch皿i．d_ l哪i∞ injmy． Studies in 
literature suggest吐latⅡ delayed protection of ischemic 

Ⅲ pharmacological preconditioningis also related协 the 

release of end~geneus cardiovascular active substances． 

Reeendy．We showed血at delayed protection by brief 

remote organisehemiawere attenuated by p 呦 Ⅱnent 

吐l capsaiei~ ．infuro r supportthe hypothesis吐lat 

CGRP may play ∞ important role in the delayed 

pl~tection．r 

It is wel1 kno~gll吐lat OGRP． substance P 

neumldnin A co-exist in capsaicin-sensitive |Ⅱ 

nen，es．and capsalcin selectively evokes山e— ease of 

them~ 
．
End~genoosⅢ exogenous O口 has been 

1ofwn t0 protect the mvocⅢdium and endothelial 

cellsCt J
． Although direct cardiopmtecfion of 

substance P or neumkininA has not yet been r印0Ited， 

a contribution by them cann0t be completely ruled out． 

Tneref~'e，furaler Stlld~ ∞ lrdingthemec血a玎i蜘咂 for 

山e pl~tection a Wal'~ ． 

In ceoelusion， the pzesellt study suggests that 

pIetrea廿Tlent wi吐l capsaicin induces the early 

delayed caIdj0lm c。cIiDn，Ⅲ that protective effect~of 

~apsaicinmay be retated协 stimulation ofCGRP release 

in rat． 
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辣椒辣素对大鼠再灌注损伤的心肌 

早期和延迟保护作用 

√ 尸72／ 
旦堡 ，毫垂 ，邓汉武 
(湖南医科大学药理教研室，长沙410078．中国) 

关键词 辣椒辣素；心肌再灌注损伤；降钙素基因 

相关肽；心脏功能实验 

目的：研究辣椒辣素预处理的早期和延迟心肌保 

护．方法：采用 Lang~dorff装置灌注离体心脏． 

记录心率、冠脉流量、左室内压以及最大变化速 

率，并测定降钙素基因相关肽( )的血浆浓度 

及灌注液中肌酸激酶(CK)的释放量 结果：辣椒 

辣素(50 mg· _。，sc)改善心功能、降低 CK释 

放，并升高CGRP的血浆浓度． 预先用辣椒辣素 

耗竭感觉神经递质后，辣椒辣素的心肌保护和升 

高CGRP血浆浓度作用消失 应用辣椒辣素 24 h 

或48 h后，其对缺血心肌仍具有保护作用． 结 

论：辣椒辣素能诱导早期和延迟心肌保护，其保护 

作用可能与促进 c 释放有关． 
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