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Summary: The effect of metoclopramide on presynaptic dopamine receptors was investlga,ed in

the cat cardioaccelerator nerve preparation.

Metocfcpramide. a substituted benzamide derivative. antagonized inhibitory action of apomorphine
on pOsitive chronotropic responses induced by sympathetic nerve stimulatiqn in cat hearts. in vivo.
Neither phentOlamine. an IX-adrenergic blocking agent. nOr indomethacin a prostaglandin synthesis

inhibitOr. antagonized the effect of apomOrphine. Apomorphine did not after the positive Chronotropic

effects of intravenousfy administered noradrenaline. Metoclopramide potentiated stimulation-induced

positive chronotropic responses.

These results suggest that metOciopramide blOcks the presynaptic dopamine receptors at the cat

heart.
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INTRODUCTION

metoclopramide

cat heart

Scientific reports on several naturally occurring substances acting on specific
presynaptic receptors which are localized in noradrenergic nerve terminals have increased
substantially in recent years. Stimulation of presynaptic receptors can increase or decrease
the stimulation-evoked release of noradrenaline (11). Activation of presynaptic dopamine
receptors by dopamine and dopaminergic agonists reduces the stimulation evoked release
of the neurotransmitter from noradrenergic nerve endings. Dopamine receptor blocking
agents antagonize the inhibitory effects of dopamine and its analogs (6-10, 12).

The purpose of the present investigation was to evaluate the presynaptic dopamine
receptor blocking activity of metoclopramide, an antagonist of dopaminergic receptors
in the central nervous system.

MATERIAL AND METHOD

Cats of either sex, weighing between 2.0 and 5.0 kg, ware anesthetized with
.-chloralose (80 mg/kg. iv). A tracheal cannula was inserted for the patency of airway.
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The right femoral vein was cannulated for intravenous administration of drugs. Systemic
blood pressure was recorded from the cannulated right femoral artery via a Statham
P23AC pressure transducer. co'nnected to a Grass polygraph. The-heart rate was moni­
tored by a Grass cardi'otachometer (model 7P4D)·. Artificial respiration was carried out
with a Harward ventilator.

The right stellate ganglion was exposed following the midsternal incision of the
chest. The right r:ostganglionic cardioaccelerator nerve was placed on bipolar silver
electrodes for stimulation. Stimulation parameters were 2Hz. 5 msec duration. and
supramaximal voltage (15-20 V). Each stimulation was applied for 30 sec. All animals
were pretreated with hexamethonium bromide (10 mg/kg) and atropine sulphate (200
jAg/kg).

Mean values of the measurements are given along with standard errors of the
mean (±S.E.M.). Statistical an-alysis were performed by using Student's "1" tests for
paired and unpaired data.

The following drugs were used in this study: Metoclopramide (Sifar), phentola­
mine (Ciba), ind!Jmethacin (Merck. Sharp and Dorme). norepinephrine (Winthrop).
atropine (Mallinckrodt), hexamethonium (Sigma). a:-chloralose (Sigma).
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F:~. 1 : Inhihili~n b'l apomorphine of the cardin3ccelaration induced by sympathetic nerve stim!llation (2 Hz,
30 sec). Upper and Inwer panels show the responses bfrfore and after met"cl~pramide (50 !Jog/kg,
i.v.) respectively. Numbers under the arrOws indicate apomcrphine doses (p'g/kg. i.v.). At., the
stimulation was made.
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RESULTS

Apomorphine. in the given doses (2-64 ",g/kg. iv). brought about a dose-dependent
Inhibition of the positive chronotropic effect of cardiac nerve stimulation (Fig. 1). Meto­
clopramide (50 pg/kg. iv) antagonized the inhibitorY effects of apomorphine on positive
chronotropic responses (Fig. 1) and it shifted the dose-response curve obtained with

apomorphine to the right (Fig. 2).
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Fig. 2 : Pe:cent reduction of the heart rate increase elicited by sympathetic nerve stimulation (2 Hz, 30 sec)
afte: ~pomorphine and the antagonistic action of metoclapramide (50 (Jog/kg, i.v.) n=-number of
anim~ls. Each point and bar represents mean±S.E.M.

The a-receptor blocking agent. phentolamine (5 mg/kg. iv) as well as the pros­
taglandin synthesis inhibitor indomethacin (10 mg/kg. iv) did not affect the inhibitory
effect of apomorphine (Table I).

The positive chronotropic effects of intravenously administered noradrenaline
was not altered by apomorphine (Table II).

Metoclopramide potentiated stimulation-induced positive chronotropic responses
(%. 36.10±9.79; n=7).
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The effects of phentolamine and indomsthacin on the inhibitcry action of apomorphine
on the cardioacceleration induced by sympathetic nerve stimulation:

Drug Percent reduction of heart rate increase (Mean±S.E.M.) (n=5)··

Apomorphine After phentolamine After indomethacin
(I'g/kg) Control (5 mg/kg) (10 mg/kg)

2 15.7 ±4.36 17.36::1:1.75 18.41±3.25

4 28.34±4.05 31.76±3.84 32.58±3.88

8 48.26i::4.28 48.64±5.17 51.04±3.96

16 61.58±4.78 61.86±5.38 63.1 ±5.7

32 75.46±3.97 75.51±4.57 73.54±5.0

64 86.54±3.09 86.58±3.29 84.58±3.71

·The right cardioaccelerator nerve was stimulated for 30 sec with a frequency of 2 Hz.

··n _ number of animals.

TABLE II: Heart rate increase (beats/min) elicited by norepinephrine before and after apomorphine.

Heart rate increase due to norepinephrine
(beats/min: Mean±S.E.M,) (n-=4)

ContrOl

Apomorphine (I'g/kg. iv)
4

8

16

·n _ number of animals.

DISCUSSION

0.5 r,r.g/kg

42.37± 12.60

47.25±14.14

47.75±12.78

50.7f±10.22

1 p.g/kg

54.37±16.34

53.87±15.70

57.87±14.05

59.5 ±12.39

In a number of biochemical and behavioral tests which measures antidopami­
nergic effects. metoclopramide has been shown to be roughly equipoten t to chlorpro­
mazine (17). In the rat. metoclopramide elevates serum prolactin (13), antagonizes
apomorphine.induced-stereotypy (3). and amphetamine-induced checking (15), causes
catalepsy (2). and enhances dopamine turnover in mesolimbic as well as in striatal
structures (17). In contrast to classic neuroleptics. metoclot)ramide is completely inactive
as an antagonist of the dopamine stimulated adenylate cyGlase (16).
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Since this substance is a doram:nergic anta(:;cnist in the central nervous system.
it should theoretically affect the dopaminergic system of the postganglionic noradrenergic
nerve term;nalswhich. as Known. is re8ponsible for the inhibition of neurotransmitter

release.

Previous studies have shown that dopamine and dopamine ago:1ists inhibit the
stimulation evoked increase of heart rate in cats bv stimulating the presynaptic dopamine
receptors of the postganglionic cardioaccelerator nerve. The inhibitory actions of dopa­
mine and ocher dopaminergic agonists are antagonized by haloperidol. pimozide, chlor­
promazine and bulbocapnine which are dopamine receptor blocking agents (6-10, 12).
Similarly, in this study, metoclopramide antagonized the inhibitory effect of apomorphine
on the stimulation induced heart rate increase. On the other hand, the positive chro­

notropic effects of intravenously administered noradrenaline was not altered by apomorc
phine. It implies that apomorphine acts at a presynaptic site.

Presynaptic a-adrenoceptors and prostaglandin receptors can not be held respon­
sible for the effects of apomorphine, since phentolcmine and indomatacin did not alter
the effect of apomorphine. Also, metoclopramide has no significant ex-adrenoceptor
antagonist activity (4,5).

Metoclopramide potentiated the response of cardioacceJerator nerve stimulation.
It is reported that pimozide and haloperidol. the other do:;:aminergic antagonists, also
potentiate stimulation-induced positive chronotropic response (10). Our results provide
an additional evidence that the presynaptic dopcminergic inhibitory system might playa

physiological role in adrenergic transmission in sinoatrial node region of heart.

There are some reports on hypertensive effect of metoclopramide (1, 14). Our
results can partly explain the hypertensive effect of metoclopramide, on the basis that
it increases the release of noradrenaline by blocking presynaptic-dopaminergic receptors
in the sympathetic systEm.

ACKNOWLEDGEMENTS

The author wishes to thank Professor Dr. S. Oguz Kayaalp. Head of the Department
of Pharm)cology. Hacettepe University, Ankara, for his valuable criticism of this article.

REFERENCES

1. Agabiti.Rosei. E.• C.L.Alicandri. and L. Corea. Hypertensive crisis in patients with phaeochromocytoma given
metocfcpramide. Lancet. 1 : 600. 1977.



20 Tuncer Janu~ry-March 1984
Ind. J. Physiol. Pharmac.

2 COstall. B.. and R.A. NaylOr. Comparison of the ilbilities of typical neurOleptic agents and of thiOridazine.
clozapine. sulpiride. and metoclepramide to antagonize the hyperactivity induced by dopamine applied intrace­
rebra"y to areas of the extrc.-pyramidal and mesolimbic systems. Eur. J. FI ::,rrr5< al.. 40 : 9-19. 197C.

DOlphi" A. P. Jenner. C.D. Marsden. C. Pycock. and D. Tarsy. Pharmacological evidence fOr cerebral dopa­
mine receptOr blockade by metoclopramide in rcdents. Psychopharmacologia. 41 : 133-138. 1975.

4 Ennisi C. and B. Cox. The dopamine receptor antagonist domperidone is also a competitive Gntagonis! ", <:11'
adrenoceptOrs. Communications. J. Pharm. Pharmacol.• 32 : 434-435. 1980

5. Hahn. R.A. and J.R. Wardell. Antagonism of the renal vasodilatOr activity of dl)pamir,e by metocl(.pramidl.'
Naunyn-Schmiedeberg'sArch. Pharmacol.. 314: 177-182.1980.

6 "han. M .• J.P. Leno and J.G. (ar,non. Ihnibitian of r!lSpansE.S to stimulatior. Of the cardioacceleratOr nerves
of the cat by N. N-dimethyldopamine and aoomorphine. Arch. into Pharmacadyn.. 212 : 247-254. 1974.

7. "han. fl.1. and J.P. Long. Inhibiton Of the sympathetic nervous system by dopamine. Arch. in!. Pharmacodyn..
218 : 4-10. 1975.

8. "han. M .. J.P. Long and .J.G. Cannon. Bulbocapnine's ability to antagonize the adrenergic inhibitory actfon Of
dopamine and analcgs. Elir. J. Pharmacal.. 33 : 13-18. 1975.

~. IIhan. M .. J.P. Long and J.G. Cannan. Effects of some dopamine analogs and haloperidOl on response to
stimulation of adrenergic nerves using cat atria in vitro. Arch. into Pharmacadyn.• 219 : 193-204. 1976.

10. Ilhan, M .• J.P. Long and J.G. Cannon. Th"l ability of pimOzide to prevent inhibition by dopamine <:nalogs ot
cardioaceleratOr nerves in cat hearts. Arch. into Pharmacadyn.• 222 : 70-80. 1976.

11. Langer. S.Z. Presynaptic regUlation ot the release of catecholamines. Pharmacol. ."lev.. 32 : 337-361, 1981.

12. Long. J. P.• S. Heintz, J.G. Cannon and J. Kim. Inhibition of the sympathetic nervous system by 5. 6-dihidroxy­
2-dimethyl-aminotetralin (M-7), apomorphine and dopi:lmme. J. Pharmacal. Exp. Ther.• 192 : 336-342. ~ 975.

'13. Meltzer, H.. R. So R. Miller. and V. Fang. Comparison of the effects of substituted benzamides and standard
neuroleptics on the binding of 3H-spiroperidol in the rat pituitary and striatum with in vivo effects on rat prO­
lactin secretion. Life. Sci.• 2&(7) : 573-584. 1979.

14. Rampton, D.S. Hypertensive crisis in a patient given sinemet. rne,oc/.:lpramide. and amitriptyline. Brit. Med.
J., 2 : 607-608. 1977.

15. Ridley. R.M., P.R. Scraggs. and H.F. Baker. The effects of metoclopramide. sUlpiride. and the stereoisomers
of bac/ofen on amphetamine-induced behaviour in the Marmoset. Bialogical Psychiatry. 1& : 265-274. 1980.

i . ROufogalis. B.. M. ThOrnton. and D. WJde. Specificity of the dOpamine sensitive adenylate cyc/ase fOr anti-
psychOtic antagonists. Life Sci.. 19 : 927-934. 1976.

17. Stanley. M. and S. Wilk. Striatal DOPAC elevation predicts antipS'Ichctic efficacy of metoc!q:rarnic'p Life:
Sci.• 24(20) : 1907-1912. 1979.


