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Positive inotropic e¢ffcct of apomorphine on guinea pig myocardium is

mediated by dopamine DA, receptors

WANG Nan
ZHAQO Dc-Hua. SHENG Bao—-Heng

(LBepartment uf Geoatrics. Dong Fang Hocnital, Fuzhou 350001, China)

(Depariment of Pharmacalogy, The Fourth Miirarv Medical Cnrversity. Yi—an 710032, Chuna)

ABSTRACT Dopaminergic agomst apomorphimce
{Apo. 1-160 umel- L7') had a cencentration—de-
pendenl positive inotropic cffect on puinea pig left
atrta. This cffecet was not changed obviousiy when the
influcnces of sympathetie and parasympathctic nerves
were  climinated by atropince,
respectively.  Ape had licde inotropic action on guin-
c2 pig papillary muscles. The time course of positive
inotropic cffect of Apo was diffcrent from that of
woprenaline and phenylephrine.  Apo influenced the
isometric contraction eurves in a different way from
isoprenaline. Dopaminergic antagomist haloperidal
antagonized the positive inotropic effect of Apo. This
effcet was  also  competitively antagonized by
dopamine DA, antagonist SCH 23380 While
dopaminc DA, antagonist dompcridone. i
adrenergic antagonist propranolo! and e—adrencrgic
antagonist phentolamme ded not obviously influcnce
e effect of App. We concluded that the positive
wnotropic effect of Apo was mediated by postsynaptic
dopamine DA, receptorsin guinca pig left atria.

reserpine and

KEY WO-FJ)S apomorpniic:  halepernidol; SCH
23390: domperidone: myocardial contraction

Dopumine has a posilive inotropic eiTect
on myocardium. But it is an argument
whether dopamine receptors mediate this ef-
fect. Many caperiments show that dopamine
receplors play no role in the positive inotropic
effect of dopamine’ ™, although i1 has been
challenged by evidence™.  So  we  used
dopaminergic agonist apomaorphine and some
specific  receplor  blockaders to  detect il
dopaminc receplors play a role in the positive
inotropic action.
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MATERIALS AND METHODS

Apomuaurphine hydrochlondce (Apu,
Hoflmann—La Roche). Haloperido! (Hal,
Haipu Pharmaceutic Factory, Shanghai).
Dompendone (Dom, Jassen Pharmaccutica,
Belgium), dissolved in acelic acid, the high-
esl conceniration of acctic acid in bath being
0.008% . SCH 23390 malcate {(z giit [rom Dr
Ennio ONGINT, Essex Twaly), dissolved in
methanol, the highest concentration of
methanol in bath being 0.01%. Propranolol
hydrochloride {Pro, Beijing Pharmaceutic

Factory, Bcijing). Phentolamine methane
sutphonate (Phe, Ciba—Geigy). Rescrpine
(Res, Red Flag Pharmaceutic Factory of

Shanghai Medical University, Shaughai).
Atiroping sulphate (Atr, Beijing Pharmaccutic
Faclory, Beijing). Isoprenaline hydrochloride
(Isa, Tianfeng  Pharmaccutic  Factory,
Shanghai). Phenylephrine  hydrochloride
(Pheny, Shanghat Tenth Pharmacculic Fac.
torv, Shanghai). AN other chemicals were of
AR.

Guinca pigs of cither sex, weighimg 357
+ 8D 59 g, supplied by Experimental A nimal
Center  of  Fourth Military Mediral
University. were stunned by a blow on the
head. Tn oxygenated saling atl 267, the et
atria and right ventricula: papillary muscles
were  disseeled free and mounted 1nm a
lighiproof' organ bath of 25 ml saline con-
taiming NaCl 140, CaCl, 25, KC! 50,
MgS0, » 7TH,0 1.2, dcextrose 10, HEPES 3.0
mmal + L', acrated with O,
35.5+0.5T, pH 74

The preparations were electrically driven
with ficld stimulation (1 Hz frequcncy,

and kept al
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duration and an intensity of twice the thresh-
old voltage), which was dclivered by an ¢lec-
tronic stimulator (DCQ—2 physiological elec-
tronic stimulator, Shanghai). The isometric
tention was récorded with a transducer (YL—1
mechanic—electronic transducer, Changsha)
on a pen—recorder (XWT—-264 autonomic bal-
anced recorder, Shanghai). The rest tension
was adjusted to 0.3 g for papillary muscles and
0.5 g for leflt atria. All preparations were
cquilibrated for 1 h before addition of any
drug. Dose—effect relationships of Apo were
obtained cumulatively.

In some experiments, catecholamine—
depleted atria were used. Res (5 mg » kg™',
ip) was given to the animals 18—24 h prior to
the experiment.: some reserpinized atria were
further treated with Atr (3 ymol » L™ added
in the bath).

When the antagonistic effects 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 of them 15 min before ad-
ministration of Apo, while the vehicle of this
antagonist was added to another as control.

The dose—¢ifect curves were fitted with
logistic model on computer’™. The mean
curves were obtained by calculating the
geometric means of those concentrations
which caused responses of 10%., 3%,
50%, T0%, and 90% of the maximal re-
sponses® and the parameters werc calculated.

Statistical significances of diflerences were
determined by ANOVA,

RESULTS

Inotropic effects of Apo on left atria and
right ventricular papillary muscles Apo pro-
duced an increase in contractile force of lelt
atria, while its vehicle ascorbic acid (AA) did
not influence the contractile force {Tab 1). By
ANOVA of split—out expermment, the ¢ffect
of Apo differed significantly from that of AA
(P<001)., Apo produced concentration—de-
pendent increase in contractile force (P <0.01
in ANOVA of regressions) while AA produced
little change in contractile force of lelt atria
{(P>0.05). Accumulated increase of concen-
trations of neither Apo nor AA produced
changes in contractile force ol papillary mus-
cles.

Influences of Res and Atr on the inotropic
effect of Apo on left atrin  Naormal left atria,
reserpinized left atria, and (Res + Atr)
—treated left atria responded to Apo in the
samc manner {Tab 2). In ANOVA of
split—out experiment, there were no signifi-
cant difTerences among them (P> 0.05). Apo
caused concentration—dependent increases in
contractile force in all preparations. The pD,
values were 5.36+ 0.14 (control), 5.183+ 0.21
{(Res) and 525+ 022 (Res + Atr), which
showed little difference in ANOVA of com-
pletely randomized experiment (P > 0.05).

Time course of positive inotropic effect of

Tab 1. Contractlle force (mg) of gulaea pig hearts under cumuiative concentratioms of apomorphlne or ascorbic ncld

as controf xt SD.

Final concentration {ugmol - L")

Drugs n 0 3.16 10 1.6
Left atriz Apomorphine 6 186 + 41 194+ 49 206 + 48 221+ 44
Control 6 182+ 28 194+ 34 178 £ 35 178 + 39
Papillary Apomorphine 7 26t 6 26* 06 27+ 6 267
muscies Control 7 35 + 20 35+ 20 17422 16+ 22
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Tab 2. Effect of apomorphine (cumulative concentra-
tiens) on contractile force {mg) of guinea pig left atrin
treated with reserpine (Res, ip. mg - kg™ ") or atropine
(Atr, inbath, umol+L™"). n=5, 7SD.

Apomorphine Res 1] 5 5

{umol + L7 Arr 0 0 3
0 174+ 49 21242 178+ 53
1.0 IR0 53 213x45 180% 59
1.78 186+ 57 217252 183t é6l
316 19659 22255 189+ 59
5.63 21063  233+60 198161
10.0 22768 250x60 211:64
17.8 23668 25959 224+ 75
ne 35266 2W0E52 224+ 70

Apo  Apo 1-100 umol+ L' produced a
positive inetropic actien while > 100 gymel -
L' excrted a depressant effect on left atria.

Apo 30 pmol+ L' produced monophasic
time course which reached its stecady state at 5
min; while Iso 30 nmol+ L' produced
monophasic time course which reached its
steady state at 5 min, and Pheny 500 ymol] -
L™ in the presence of Pro 1 uymol+ L7

caused a typical triphasic time course of
inotropic changes (Fig 1).

Effect of Apo on isometric contraction
During isometric contractionts, Apo pro-
longed the time to peak force, relaxation
time, and total contraction time (P<0.01),
while Iso shortened these durations (P<0.01)
{Fig 2}).

Influences of some specific receptor
blockaders on the action of Apo  Since AA
may (nfluence the binding of dopamine
receptors  with s ligands™,  we used
water—dissolved Ape and investigated the an-
tagonistic effects of some specific receptor
blockaders on parallel halfs of left atrial strips.

Dopaminergic antagonist Hal antago-
nized the effect of Apo on contractile force in a
concentration—dependent way (Fig 3). In the
Schild regressien for Hal, the regression line
was ¥ = 3.975-0642 X, p4, = 6,190 +
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Fig 1. Positive Inotropic effect of apomorphime on
guinen pig left atxium, compared with isopresaline and
phenylephrize, Arrows indicate administration of A:
isopremaline 30 mmol- L™'. B: apomorphlne 30
pmel » L), C: phenylephrine 500 umol » L™ In the
presence of propranelol 1 pmeol - L', ’

o I
- " | l‘—‘* — ¥
- | [ | | E\’- .
. | i [ ™
| =1 |
= l/lh’..\ |
_: | *‘__l/ Tk —- b l
fin) | ~ 4
e e,
Mg E Tamwe T & 7 ™
Apn gl ! I, devanor s L !

Flg 2. IofNuemces of apomorphlme {Apo, »n=46) and
isoprepallne (Iso, n=35) om the Hme to peak force
(O3}, relaxation time (@) and total contraction
time ( x) of isometric contraction Im guinea pig left
atris. 71 SD. All P<0.01 Im ANOVA of limear
regressions, '

0.180. But its linear correlation was not good
(r=0927, P> 0.05) (Fig 3).

DA, antagonist SCH 23390 also antago-
nized the eflfect of Apo concentration—
dependently (Fig 4. A). The Schild
regression line was ¥ = 9.208 —1.586 X,
and its linear correlation was significant
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Fig 3. Effects of apomorphine on contracille force of
giinea plg left atrlal sirips in the absemce (O,

n=17) and preseace of haloperido) (@, 03 umo}-
LY a=6; x, tumol- LY »=5 |J. 3 mol-
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Fig 4. Effects of apomorphine on contractile force of
guinea plg left atrial strips. A: in the absence (O,
n=12) and presence of SCH 23390 (¢, 0.3 umol -
L% n=4; x, 1umol- L', n=4, [J, 3 pmol-
LY n=4). B: Inthe absemce (0. n=12} and
presence of domperidowe (@ , 0.1 pmol- L7,
n=3 %, 1gmol-L' n=%5, U], 10 pmel-L},
n=4). C.: inthe absence (O, n=8) and presemce
of propranolol (@. 0.1 ymol- L7}, n=4; x, 1
gmol - L1, n=4). D: in the absence (). n=8)
and presence of phemtolamine (@, 0.1 pmol - L7,
a=d4; x, 1pmol - L™, n=4d).

{r=0.9995, P<0.05). Slope of the line(95%
confidencial limits being —1.586* 0.671) was
similar 1o unily {F>0.05), pAd,=5807t
0.014,

DA, antagonist Dom did not antagonizc
the effect of Apo concentration—dependently
(Fig 4. B). Pro 0.1 and 1 gmol+ L™ (Fig
4, C), Phe0.1and 1 umol- L' (Fig4, D)
also had little effect on inotropic action of
Apo.

DISCUSSION

Hal, a less sclective dopamine reccplar
antagonist™, antagonized the effect of Apo.
although it could not be confirmed definitely

that this antagonism is competitive. Highly
sclective DA, antagonist SCH 23290®
compeliiively antagonized the positive

inotropic effect of Apo. according to the
criteria lor competitive antagonism™, DA,

antagonist Dom showed no competitive an-
tagonism to Apo, and the randomized shifts
of dose—ellect curves of Apo in this test may
be due to experimental errors.

Pro and Phe had little influences on the
eflect of Apo. but at the same concenirations
they respectively antagonized the effect
of Iso™ and sympathomimetics"”, appar-
ently. It indicated that the positive inotropic
effect of Apo was irrelevant to B— or
a—adrenergic receptlors. The observations on
the time course of inolropic changes and
isometric contraction curve changes of Apo,
which showed different rseults from that of
Pheny or Iso, conform to this conclusion,

W demoanstrated that Apo produced the
positive inotropic action on guinea pig left
atria by activaling post—synaplic DA,
receptors. But it had no inotropic action on
guinea pig ventricular muscles, which was in
consistent with the finding™® that there were
only DA, receptors which might locate on
pre—synaptic siles in guinca pig ventricular
muscles.
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