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Abstract 【n or(1‘、r f0 8tudy t¨cmfts缸eve。y p；“t‘)f乩hcl牲r冀ic Yc(‘cptt"一r“·ILyl

(、ytmw(．8ys“ul on k(山Puli(：I)rcconcliLi()1iiIlg of“lyocnr(1imn in rats z7E w如u．SD I rlI．、

、”111《ljvid【(1 i11to“lrco gruuI)s： IP grouI)．I／R gr(11lI】aIlfl C()N gr(ⅢI) R^tH w州·，

㈩¨’I v11f1 sur孚吖L1 proccmlre a11(1 1lndcrgolltl 1eft cor。li r玎yⅢt‘、ry o‘clusl()1l÷uld r(、I)眦fll—

RjⅢ1．Ht、甜ts Wl、rI、cxtr“ctc(1 to aIlalyzc“lc jnnLrct size by TTC stail】11l“，t()1llpasl⋯-

自、I川u u上y()cardlaI cuzylnes，to study卢AR BHl娃alld Kd hy radiolig；uHl 1)iIl【lillg．I_H．1v

of rcrfjptoIs(RAB)，aIld to clleck the activi￡y of AC all(1 t11e contt、flt of cAMP 1)v I．L

dioimnmIlonss；1y(RIA)．Tllc 11l±aMt a¨a was fonIl(1 lIlllch slllallpr iIl IP gIo“p fll r11上I／R

即011p(p<⋯】01)；cK，cK MB mld LDH woM tbmld sigIlm(：㈣Lly lligll"in I／R删(J111J
(p<o．u【)1)．The Bnlax of口AR in Ir gr 011p werc 1llghcr幽all|1l I／R gI()11p{p<1)．I)I、1)

No di舶眦1cc of Kd c01lkl be seeIl betwt·cll IP aIld l／R groIIIJ IIl IP gl‘Ⅲ11 fh jL【flvifv

of AC mtl t1、c colItpnt of cAMP were hiHllcr thml I／R鲈0、1】)(，)<(1 05 aIl(1呲【)【)1．1卜

8p(、ctivcly) It is c011c11ldcd t}lat iscllellli(：I)rec()11ditioIliIlg call p1 oocct t11c ht、；盯f H 1f¨lll

Il㈤rnsis and rcduce endo·cnzyme lcakage．The 8yst(、nl()f adl。e11c。gi(：rccept()r cL(1‘·1lyJ

cy‘。1cLse system probably takes part iII th。prot(、ction of t11e IP
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l INTRoDUCTIoN

Repeated epis。des of ischelllia and reperfusi。n dran埝ticdlyⅡmit i州-arct size()r

nV。cardium caused by subsequent pr010nged peTiod3 of ischer血a，This phenomellnn wah

caued“Iscllendc preconditioning(IP)” T11。protection of IP was considered nle str。119esl

p。otectjon 2礼u2"D

n is geIlera】1y acc印ted that it is a recepto卜mediate process wim pToteill kj㈨s E、

(：(PKc)acLivation as the conlmon nn“pathway．p
J HoweVer，the r01e of PKc c()111I}

Tlot bc corroborated by an workers【2】As knowkdge of prec。nditionjng acclmllllatefl，

jt becaJne apparent t}1at several signal transduction pathways m8y partjcipaLe 111 tlm

pr。tection of IP，includiIlg p adrenergic recepto卜adenyl cyclase pathway．1叫But tf】py

MaullscriI)L rcc【、ivcll fIatc：2002 03—15
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had only received httle experinlental attention and proof In the present study，we 1lse

the jschernja／reperfusi。n model jn ratS抽"i"。to show the Varjety aIld e抒’ects。f eVery

part of卢一adrenergic—adenyl cyclase system on IP．

2 MATERIALS AND METHoDS

2．1 Materials

2．1 lAnJma』s

F色male SD fats(suppued by Animal Laboratory Center of Cllina Medical uIliVe卜

sity)weighing 270 to 320 g were used．Before anesthesia，rats were“owed free access t0

fbod and water．

2 1．2 Reagents

Triphenyltetraz01ium chloride(TTc，from shanghai cheInjcal co．)，3H—dihydroall)卜

eIlolol(3H—DHA，from Chjna Institu￡e of Atomjc Energyl sped矗c ac“Vity 1．7 TBq／IILL)，

propran0101(from slgma Co．)，91as8铀er mter恤om shBnghai H0ngGuang Pap封m“ing

co．)，cAMP IuA kit(from shanghai uniVersity of naditional chinese Medicine)were

used in the w昕k． Other reagents were from Shanghai CheInical Co and aU were of

reagent grade

2．1 3 hLstruments

AIlimal respirator(矗om zh蛳ang Medical uIIiversi‘y Instmment co)，Nmon Ko”

den electr。cardio印叩h(ECG，from shanghai Medical E1ectronic Instrment co．)，ster∞一

scopic rnjcrosc。pe，and Olympus DPl0 canlera wgre used jn the work．

2．2 Met}Iods

2 2．1 Experimental protocol

Rats were randoⅡdy divided into thre8 groups． Ischemia／r8permsion insult was

made by occlusion／reperfusion of the left major coronary artery．Experimental矿otocols

are shown in“g．1．

(1)Ische血c preconditionjng group(IP鲈oup，n=12)：The rats were subjected

t}lree cycles of行北埘inutes of ischeInia followed by 6ve缸rmtes of reperfusion and thcn

suD．jected to 30 IIlin of isclLernja f0U0wedby 90 Injn of reperfusion．

(2)Ische曲a／B|eper‰ion Foup(I／R昏oup，n=12)：A工teT眦rgery，the rats were

balanced for 35 min and then subjected to 30 min 0f ischenlia followed by 90 rnjn of

7eperfusion

(3)control gr01lp(cON group，礼=6)：After surger yT n0 procedllres were fouowe(1．

After 155 min，the experiment was矗nished．
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2．2 2 AILimal model pTeparation

Rats were anesthetized with 3％sodium pentobarbital(60mg／kg)，iIltubatc cl，aIl(I

nlechanicauy ventilated with a Tespirator with room air(Ventnation was 70 to 80 breaths

per皿nute and the tide volume was about 1—1．5HlL／loo g wei曲t)．EcG was mollltoIed

by bip01ar limb leads Left anterolateral thoracoto加y was performed from tlle sec。n(【tu

the fourth intercostals space，and nLe pericardi眦was opened．A 3—0 silk thread was仆【cn

passed around the proximal of the left major coronary arte。y with a smaU curved Ileedlc，

and its ends were threaded through a smau p。lyethylene tube．Rats were aⅡowed 5 TⅢn

after surgical pr8paration to reach a steady state Coronary occlusion was produce(1 l’y

puUjIlg the snare and clamping jt with a mosquito hemostat．RepeTfusion was pr。山lce(1

by releasing t}1e dmp Myocardial iscllemia was con矗rmed by ST segment eleVatioIl uI

t11e ECG as well as observation of r89ional cyanosis。ver theⅡlyocardi al sⅢface．

2．2 3 Infarct size and myoc缸dial enzymes detennin玑ion

At the end ofthe experiment，2mL blood was drawn to measure the serum CK，CK—

MB and LDH Six rats were selected from IP and I／R Eroups to check infarct sjze Wc

excjSed t}le hearts and sbced the ventricles transverselv into 2 nun—thick shces TheIl thc

slices weTe incubated at 370C for 10 rIlin in a l％TTC solution made up witJl 0．2 n101／L

Tris buffer(pH 7 4)．TTc stains viable myocardium b“ck red，whereas areas of necI()sis

appear white By using the Met姐lorph system，iIIfarct areas were deflned a工ld caIcuⅫe(1

Other hearts of each group were excided quicklH hozen i工l bquid nitrogen and st。red cLL

一80。C until membrane and cytoplasm prepaTation

2 2．4 Cytomerr出rane叽d cytoplasm prepara七ion

The heart tissue was rnjnced and homogenjzed in 0 25 m01／L coId sucrose buffeI，

wlth endo—hornogenizer(6000r／Inin，20 s×3)．This crude homogenate was centrjnlgod at

5000 g f。r 10 ndn in low temperature．The supernatant was then centr洳ged at 40000 g for

P
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20 I血n The resulting supernatant was cytoplasm，whjch was used to c11eck the actiVlly

of adenyl cyclase(Ac)and cAMP 1evel The depositi。n was washed in com Tns H(11

bLtfrer．Then we g。t cytorrleⅡ1brane to ched‘卢一adrenergic rec。ptor(卢一AR)．Th8 pIDteln

c。ntent。f cytoplasm and cytomenlbrane were deterrnjned by L。wry te c}1Ilique

2 2 5 Radioligand binding ass8ys(RBA)of卢AR
RBA was perforrned m 1■is—Hcl bu髓r(pH 7 4)．In a矗nal vohlme of 300灶L c叭1_

t砒ning 100 pL cytornernbrane，0 5—4 nmol／L 3H—DHA was added．The incubati。n was

conducted at 37。C for 20 rnin．At the end ofincubation，binding was stopped by throwlllg

the sample int。ice～bath，and inunediately矗ltering thTough 91ass疗ber fllter．Each行1ter

was washed two times with 5 mL of cold皿is—HCl bu艉r，and the bound radioac“vity

was deterHdned with a beta counter w“h 50％emciency Speci矗c bindmg was de矗ncfl

as the diff色rence between total binding and bindiIlg inhibited by l pm。l／L propran()lol

The maximal binding capaci‘y(Bmax)and dissociation c。nstant(Kd)were cdcuIate rl

by仆Le use of Scatchard pr。gr锄．
2 2 6 AC activity

AC was assayed by the meth。d of Zhang．【4 We used non radi01abeled ATP iIlsLead

of radiolabeled ATP as the reaction 8ubstrate to produce non—Tadi01abled cAMl)by

Ac catalysis，men checked cAMP by radioiⅡⅡmmoassay(RIA)kit The Ac actlvity js

expressed in t11e content of cAMP per即am dry we培ht per 15 Injn

2 2 7 cAMP assay

The RlA procedure used for cAMP deteTrnlnation was performed accordiIlg t。tho

dlrections of tlle kit． The cAMP measurements weTe expTessed in pmol peo gram山y

weighc

2 2 8 Statistical ana|ysis

AU data aIe expressed as mean土SEM Statistical signi矗cance was takeIl as p<0 05

3 RESUIJTS

3．1 Serum Inyocardium enzyHlogram assay

The resll】ts of CK，CK—MB，LDH of each group were nsted in Table 1． TllrPP

enzymes in IP were signmcantly lower than in I／R group扫<o 001)

Table 1 Serum rrlyoc舢dium cnzymogram assay
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3．2 Infarct size analysis of IP and I／R groups

u，ll：}

Ⅵk used MataInorph system to quantify the infarct size．Infarct size of I／It gronp

was 703711土223437 hfarct size of IP group was 187305士52645 There was significaIlt

di舵rence between the two groups(p<oml)

3．3 p—A．R density and“Hnity

The changes 0f卢一AR density(Bmax)and a啦my(Kd)were sumnl甜ized in Tabk

2．The Bmax ofp—ARinIP gr。up were mudl higherthanmI／R group(p<o 001)N。

di船Tence of Kd could be seen between the two groups．In addltion，lt was showIl thai

sustained rnyoc盯dial isdIeIIIia and r印erfusion did not change the density aⅡd航nlty of

臼一AR

7rable 2 The changes of卢AR density and amnity

3．4 Determinatbn of AC activity and cAMP content

As shown in Table 3．the activity of AC and the cAMP content wereⅡluch highel-

in IP than in I／R(p<o．05 and o．001，respectiVely)．

T曲le 3 Cllangcs of the actiVity of AC and H1yocardial cAMP contcnt

G㈨“p Ac activity(pmol cAMP／nlg l】rotein) f AMP【pllIol／g

4 DISCUSSIoN

In the present study we used rats’left major coron缸y artery occlusion and repel一

fusion to make the modds 0fⅡlyoc甜dial ischendc precondjtioning机”iuo．We analyze【I

the infarct size by TTC stainjng柚d me粥llred serum myocardial enzymogram，aIld
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follnd that IP can lessen necrosis，redllce enzyme leakage and provide protection agalnst

ischernjc damage．

Rats are the frequently used animds to mal【e the model of isclleInia／r印ermslo¨

Rats have some special characteristics in the cardiovascular studyl for exanlPle，1jLm

variabibty血cardiovascular system，anatomic structuTe of cardiovasclllar system alld tlle

areas of coronary art8ry doIIlination similar to hmaII． But there are dark sides whc】】

using rats，sucll as hjgh djmclllty in making models，e8pecially the surgery of high 1igatioll

of left major coronary artery．In the present studH the rate of success in making modeI s

is onlv ab叫t 70％

Many reports洫dicate that acute myoc盯dial ischemia wiu mcreases the n1】1111)cI

of卢一AR，but the a伍nity has no change．The r印ort of Maisel，using guinea pigs and

rabbits to mdke the acuteⅡlvoc∞dial isclIernja、showed that口一AR increased after 15 nlm

of ischemja and it was tirrle—dependent，and aner reperfhsion，卢一AR slowly Tecovered L()

nonnal Thjs矗ⅡdiⅡg is sjⅡmar to ours In addⅢon，our study show thac clLe deItsicy of伊

AR in IP group isⅡmch higher tha工L 1／R伊oup and no di艉rence is found in Kd betwe㈣

“le two日oups It is demonstrated that卢一AR can maintain h培her situation during Tp

T}lerefore，i￡is possjble that up_regu】atjo丑of卢一AR plays an jlnportant cardioproter￡i vP

r01einIP

The possibleⅡlechanisms of up—regulation of卢～AR that may be involVed are：(1)

End。genous catech01 aI】=line increases dramatjca】ly，and its抽gh consjstency makes卢～A R

desensitized．Catech01删ne at a relatiVely high dose is capable ofusing a large a瑚Dullt r)f’

high energy phosphates consu邛【ption and thereby inducing Inetabolic imbalance betweeIl

enefgy consumption aIld production，wkch 1ead to a reduction of“ssue glycogen leVels

The p缸tial depletion of tissu8 glycogen is considered to be a p。ssible mechanism fnr

IP．H(2)ExternaJjzation of口一AR makes the content of卢一AR changed 芦一AR iII tlle

myocardial ceU transfers to cytome血brane． (3)The mechaILism of internallza“on of

卢一AR were d锄aged，which destroyed the balance of rec印tors m cells．

Classical theory tells us that卢一AR collPles to Gs—adenyl cyclase signal transducti。u

pathway．Activating卢一AR can increase the content of cAMP in ceUs，and cAMP acts M

the second messenger and caII produce V茁iaus resporLses in hearts．Our data show that

the content of cAMP are肌1ch higher in IP group than those in I／R a皿d CON grouJ)s

(P<0 001 and 0 01，respectivdy)． The actiVity of Ac，which was used as a cat“ytic

enzyme for the decornposition of ATP to cAMP，increased obviously(p<0．001) T11is

demonstrates that higher activity ofAC is one ofthe reasons fbr the high content of cAM】’

in IP heaTts In the expeTilnents of Tomoyllki et nj【6l，who used rabbi拈in theiT tesh，

it was found that GppNHp and sodium nu研ide stinlulated maximal AC actiVities are

preserved in the IP hearts．In this s“uation，it is possibk that the口一adTenergic stimllhl s

is ampMed substantiaUy at the level distal to the receptors in the preconditioned hear r
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This conclusion is sirnil材to ours．

High content of cAMP can activate protein kinase A(PKA) PKA caIl increase

Ca2+n。w and Ca2+releasing from sarcoplasInjc reticulum via phosphorylation L tyI)c

Ca2+．In addition，it is weU recognized that口一stimulation can increase the intracelltlhr

concentra“on of Ca2+via a cAMP—dependent pathway．The increase in the intercellular

concentratlon of Ca2+can sti脚late phospholipase C，which may lead to actiVatlo儿or

PKC via formation of diacyl91ycer01．

However．sonle exDeriⅡlents have fajled to reveal siI血lar results SandhLL Pf n／。J

found that cAMP levels were mcreased nearly twofoId duri“g region出myoccⅥdia】挣

chemia in Tabbit hearts This increase in cAMP 1evels was attenuated wheTl ischcnua

was preceded by a signal cycle of transient ischeInia and reperfusion，and was preVeT肌fl
when ische血a was preceded by thee。ycles of transient isdlernja aIld reperfusion T1le

reason fbr the discrepancy in the response of cAJ讧P to IP is not clear It ma，be as—

cribed to diH色rences iIl the duration of ische商a，whether reperfusion intervened，the use

。f cons ci01ls versus anesthetized anjmalsl and peThaps species differences． In addition，

we canIl。t ignore the fimction of phosphodiesterase(PDE)，which acts as an en2y】np

decomposition and inactivation cAMP．Some reportsH showed that the change of cAMI’

i11 the procedure of IP was opposite to the change of PDE activity This suggests that

the nuctuation of cAMP in lP is p缸m caused bv也e幽an最e of PDE

5 CoNCLUSIoN

Ischernjc precon ditioIling can protect the hearts矗om necrosis arLd reduce eIl(1()一

enzyme leakage．卢一adrenergic stinlulation during the ischemia can incTease the cAMP

production via rajsing the activity of AC in IP．卢一adrenergic receptor adenyl cyclase

system might potenti出ly play an important cardioprotective role in preconditioning
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