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Positive inotropic effect of apomorphine on guinea pig myocardi um is 

mediated by dopamine DA l receptors 
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ABSTRACT Doparninerp；c agonist apomorphinc 

tAPo， 1—1o0 prno1· L 1 had a COnCCntration-de， 

pendent positive inotropie cffcct Or2 guinea pig left 

atria． This effcct was not ehangcd obviously when the 

influences of sympathetic arm parasympathetic nerves 

wcrc elimlhated by rc~~rpIBe and afropine． 

mspectively． Apo had little inOttopic actiotl on guIn 

c8 pig paPIIlary muscles Thc time coursc of posit Evc 

jnotropie effect of Apo was d【ffcrent from that of 

isoprcnaline and phenylephrinc Apo inflacnced the 

lsometrie contrachon curves n a difierent way from 

isoprenaline Dopamincrgie antagonist haloperidol 

antagonized the positive inotropie effcct of Apo． This 

effect wag also oompctitivcly antagonized by 

dopamine DA l antagonjst SCH 23390 W hile 

dopaminc DA2 antagonist dompcridonc． 一 

adrenergic antagonist propranolol and 口一adrcnergic 

antagon st phcfaolamine dtd ／tot obviously lnfluencc 

出e effect of Apo W e concluded that the positive 

inotropic effect of Apo was mediated by postsynaptic 

dopaminc DAI receptorsinguinea pigleft atria 

KEY W O RDS apornorphtne； hMopcridot, SCH 

23390；domperidone； myocardial contraction 

Dopam inc has a positive inotropic effect 

on myocardiam But it is an argument 

whether dopamine receptors mediate this cf- 

fcct M any expcriments show that dopaminc 

~ccptors play no role in the positive inotropic 

c "ect of dopam ine ’． although it has been 

challenged by evidence So we used 

dopaminergic agonist apomorphinc and some 

spedfic receptor blockaders to detect if 

dopamine receptors play a role in the positive 

l_1otroDlC actIon 

Rcceived 1999 Ju1 3 

M A rI RIALS AND M ETH oDS 

Apomorphine hydr0ch】o rIdc (Apo， 

HofI'mann-La Roche1 Ha]opcridol(Ha1． 

Haipu PharmaCCtJtic Factory， Shanghai)． 

Dompcridonc (Dom，Jassen Pharmaccutica， 

Belgium)，dissolved in acetic acid the high— 

est conccntration of acetic acid in bath being 

0 008％ ． SCH 23390 malcatc ra gift from Df 

Ennio ONGINI， Essex Italy)， dissolved in 
methanal， the highest concentration of 

mcthano】in bath being 0．0 1％ ． PropranoloI 

hydrochloridc (Pro， Belling Pharmaccu'dc 

Factory， Bcijing) Phcntolamine methane 

sulphonate (Phe， Ciba—Gcigy)． Reserpine 

(Res， Red Flag Pharmaccutic Factory of 

Shanghai Medical University， Shanghai．)． 

Atropine sulphate(Atr，Beijing Pharmaceutic 

Factor),，Beijing)．Isoprenaline hyd rochloride 

(Iso， Tianfeng Pharmaceutic Factory， 

Shanghai)． Phenylcphrinc hyd rochloride 

(Pheny， Shanghai Tenth Pharmaceutic Fac． 

tory，Shanghai)．All other chemicals were 0r 
A R． 

Guinea pigs of either sex， weighing 357 

± SD 59 g， supplied by Experimental Anlmal 

Center of Fourth M liItar}, M cdica】 

University， were stunned by a blow on the 

head In oxygcna ted saline at 26℃ ， 'he ；eft 

atria and right ventricula,-paptlla ry muselcs 

were dissected frcc and m punted in a 

lightprool’organ bath or 25 ml saline con． 

taining N aCI 140， CaCI， 2 5， KCl 5
．0， 

M gSO4·7H2O 1．2， dextrose 10， HEPES 3
．0 

mm Ol· L ， aerated with O． and kept at 

35．5±0．5℃ ， PH 7．4 

The preparation s were electrically d riven 
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duration and an intensity of twice the山 resh— 

old voltage)．which was delivered by an elec— 

tronic stimulator(DCQ一2 physiological elec- 

tronic stimulator， Shanghai)． The isometric 

tc：ntion was recorded with a transducer fYL—l 

mechanic—electr0nic transducer． Changsha) 

on a pen-recorder(xwa’-264 autonomic bal— 

maced recorder． Shanghai)． The rest tension 

was adjusted to 0．3 g for papillary muscles and 

0．5 g for left atria． All preparations were 

equilibrated fo r 1 h befo re addition of any 

drug． D ose—effect relationships of Apo were 

obtained  cumulatively． 

In some experiments， eatecholam ine- 

depleted atria were used． Res(5 mg·kg～， 

ip)was giyen to the animals 1 8-24 h prior to 

the experiment； some reserpinized  atria were 

further treated with Atr f3#mol·L added 

in the bath)． 

W hen the antagonistic eriects were 

tested． each left atrium was cut into two halfs 

of atrial strips longitudinally which were 

mounted in two organ baths． An antagonist 

was added to one ofthem 15 min befo re ad． 

m inistration of Apo， while the vehicle of this 

antagonist was added  to another as contro1． 

The dose-effect curves were fitted with 

logistic m odel on com puter‘ ． The m ean 

curves were obtained  by calculating the 

geometric means of those concentrations 

which caused responses 0f l0％， 30％ ， 

50％ ． 70％ ， and 90％ of the maxima1 re． 

sponses and the parameters were calculated ． 

Statistical significances of differences were 

determined by ANOVA 

RESULTS 

Inotropic effects of Apo OB left atria and 

right ventricular papillary muscles Apo pro— 

duced an increase in contractile force of 1eR — 

atria，while its vehicle ascorbic acid(AA)did 

not influence the contractile force(Tab l1． By 

AN OVA 0f split-out experiment， the efr ct 

ofApo differed  significantly from that 0fAA 

f，<0．01)． Apo produced concentration-de一 ． 
pendent increase jn contractile force f， <0 01 

in AN OVA of regressions)while AA produced 

little change in contractile foroe of 1eft atria — 

f，>0．05)． Accumulated increase of concen． 

trations of neitller Apo nor AA produced  ． 

changes in contractile fo rce of papillary mils- 

cles 

Influences of Res and Atr on the inotropic ’ 

effect ofApo onleft ntria N OITIla11eft atria， 

reserpinized left atria， and (Res + Atr) 
- treated 1eft atria responded  to Apo in the 

same manner (Tab 2)． In ANOVA of 

split-out experiment． there were no signifi- 一 

cant diflerences among them f，>0．05)．Apo 

caused concentration-dependent increa ses in 

contractile force in all preparations． The pD2 

values were 5．36±0．14(contro1)， 5．1 8±0．21 

(Res)and 5．25± 0．22(Res+ Atr)， which ． 

showed 1ittle ditiefence in AN0VA of corn． 

pletely randomized experiment f，>0．05)． 
Time c0Ⅲrse of positive inotropic ef ct 0f ‘ 

Tab I．Contrmctlle force(_1)of gulaea pig hearts under~umulmttve~oncentrttlo~ of apomo~blne at'ucorbi~mold 

tll COlitroI SD． 

． ■■-  
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Tab 2． Effect of apomorphlne (cumulative coaceatra· 

rloas)OD contractile force(rag)of guinea pig left atria 

treated with reserpine(Res．Ip，mg·kg一 )or atropine 

(Atr，in bath，pmol·L一‘1． =̂5，『±SD 

Apo Apo l—lo0 gmol· L produce d a 

positive inotropic action while > 100 umol· 

LI1 exerted a depressant efl'cct on left atria 

Apo 30
．

um ol· L一‘ produced monophasic 

time course which reached its steady state at 5 

min； while Iso 30 nmo1· L produced 

monophasic time course which reached its 

steady state at 5rain． and Phcny 500 ·
．
umo] 

L in the presence of Pro l · 
．
umo] L 

caused a typical triphasic time coursc of 

inotropic changes(Fig 1)． 

Effect of Aim oB isome订‘c contractio． 

During isomctric contractions． Apo pro． 

1onged the tim e to peak force ， relaxation 

time． and tota1 contraction timc <0．01)． 

while Iso shortenod  these durations(，<0．0 l】 

(Fig 2 ． 

Influences of some specific receptor 

blockaders on the action of Apo Since AA 

may influence the binding of dopamin~ 

mceptors with tts ligandsI，J_ wc used 

water—dissolved Apo and invcstigated the an． 

tagonistic cffccts of softie specific rece ptor 

blockaders on parallel halfs of Ieft atria1 strips 

D opamtnergic antagonist H al antago． 

nizcd the cffcct of Apo on contractile forcc tn a 

conccntration—dependent way(Fig 3)．In the 
Schild regressinn for H a1． the regression line 

was Y = 3．975— 0．642 ，p 
，

= 6．190± 

· 209· 

FjE l_ Pogltive ]aotropk effect of apomo~ hlme OD 

guinea pig left atrium． compared 也 Isepremallae and 

phenyle flue． Aflow~indicate administration of A： 

isopremallne 30 nmol· L_。， B： apomorpklae 30 

Ⅱmol·L～， C： pheaylephline 5oo,amol·L一。 lItthe 

pre~uce of propm oolol lⅡmO1．L～． 

— 6— 6一 。一 。 一一 

51 一 _ r一一 I_— —  q H 7  ̂

1 
i I．⋯I。l·L j 

FIg 2． IⅡn -ces of apomorphlme(Ape， =6)and 

Isopicnallle (1so． =5)蚰 the time to peak foIce 

(0 )， relaxation thee (● ) sml totsl contractten 

time (x】 ofisometric contraction Inffmlnea Pig left 

atria． ± SD． AⅡ P<0．0l I．AN0VA of Ihtear 

regremtenm． 

0．1 80． But its linear correlation was not good 

=0．927，P>0．05)(Fig 3)． 

D A． antagonist SCH 23390 also antago． 

nizcd the cffcct of Apo concentration— 

dependently (Fig 4， A)． The Schild 

regressinn linc was Y = 9．208一 }l|586 X． 

and its linear corrclafion was significant 
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l 

Iqg 3． Effects of#pomorphlne oB e0Ⅱ订●cttk force of 

~ilnea plg left mtdml strips In thc absul~ce (0 ， 

^=17) and presence of Italoperldot (● ．0．3 pmol· 

L叫． = 6： ×
． I pmol·L～， ；̂5，口 ，3 pmol 

L ， =61． 

A ·。 

f ，L 3 
主I o 

9"I‘j ， 。。 
E “ 

i 5U} ， 。 
30 

／ 
．  
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Fig 4． Effec ts of apomorphlne oD ~onntctlie force of 

guloea pls)eft atrial stflpJ． ^： llthe absence (0 ． 

 ̂lz) and re∞ⅡceofSCH 23390 (●，0．3pmol· 

L～， n毫4； x， 1 曲o】· ， =̂4，口 ，3 pmol· 

L- ，n 4)． B： the-b--睇 (0 ，n草12) und 

lzeseuce of domperidoue (● ． 0．1 “m o】·L- ， 

n一3； x．1 pmol· ，n一5，口 ．10 pmol· ， 

盎̂4)．C：ll the aEeence (0 ，n垃矗) and pr,e~lce 

0f proprlmo)ol (● 。 0．1 曲o】·L．‘． n奄4； ×， 1 

／maol·L～， 覃̂ D：Inthe a~ nce (0 ， -̂S) 

and pri ce of phestolamlne (● ， 0．1 0】·L～， 

≈4； ×， 1#tool·L～， 奄41． 

(，=0．9995，P<O 0s)．Slope ofthe line(95％ 

conridencia1 limits being —I．586± 0．671)was 

similar to unity (P>0 05)， pA2=5．807± 

0．014 

DA2 antagonist Dom did not antagonizc 

the effect of Apo concefttration——dependentty 

(Fig 4，B) Pro 0I and 1 pmol‘L (Fig 

4，C)，Phe 0．I and I,amo]·L (Fig 4．D) 

also had little effect on inotropie action of 

Apo． 

D1SCUSS10N 

Hal， a lCSS se lective dopam ine receptor 

antagonist'DJ． antagonized the effect of Apo， 

although it could not be confirm ed definitely 

that this antagonism is competitive． Highly 

selective DA． antagonist SCH 23390 

competitively antagonized the positive 

inotropic effec t of Apo， aecording to the 

criteria for competitive antagonism ． DA ， 

antagonist D om showed no competitive an． 

tagonism to Apo， and tbe random ized shifts 

of dose-effec t Curves of Apo in this test may 

be due to experimental errors． 

Pro and Phe had little influe／ices on the 

effect of Apo， but at the Same concentrations 

they respectively antagonized the effec t 

of Iso(Io】 and sympathOmimctics【I1)
． appar． 

ently． It indicated  that the positive inotropie 

effect of Apo was irrelevant to 一 or 

a-adrenergic receptors． The observations on 

the time COUrSe of inotropic changes and 

isometric contraction curve changes of Apo． 

which showed difierent rseults from that of 

Pheny or Iso， confofm to this conclusion． 

W e demonstrated that Apo produced the 

positive inotropic action on guinea pig left 

atria by activating post—syoaptic D Al 

rece ptors． But it had n0 inotropic action on 

guinea pig ventricular muscles． which was in 

consistent with the finding(u' that ther'e were 

only DA2 receptors which might locate on 
pre-synaptlc sites in guinea pig ventricular 

m useles 

． 

～ ．̂．， ．． 一 ． 、．̂ c 
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阿扑吗啡对豚鼠心肌的正性变力作用是由多巴 

胺 DAI受体介导的 

王 楠 (东方医院老年病科，福州350001．中国) 

赵德化、盛宝恒 (第四军医大学药理教研室，西 

安 710032，中国) 

提要 为探讨多巴胺受体是否参与心脏变力教应，观 

察了阿扑吗啡(Apo)对豚鼠心肌收缩力的影响．Apo 

对左房肌有正性变力作用，且不受利血乎及阿托品的 

影响．该作用与异丙肾上腺素及苯肾上腺索特征不 

同．氟哌啶醇和 SCH 23390均可拮抗该作用，而双 

畔哌酮、普奈洛尔及酚妥拉明则无明显影响．表明 

Apo的正性变力作用是由豚鼠左房突触后多巴胺 DA 

受体介导的． 

关键词 阿扑吗啡；氟哌啶醇：SCH 23390；双畔哌 

酮；心肌收缩 

Instructions to authors 

Please read Acta Pharmacol Sin 1991 Jan；12(1)：1-6 

N Engl J Med 1991 Feb 7 324(6)：424—8 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com

