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Effect of metoclopramide on turnover of brain dopamine
noradrenaline and 5-hydroxytryptamine*

Metoclopramide (4-amino-5-chloro-N-[2-(diethylamino) ethyl]-O-anisamide) a power-
ful anti-emetic agent, has been used in various clinical conditions, including Parkin-
son’s disease. However, in a small percentage of patients it causes acute dystonic
reactions similar to those produced by neuroleptic drugs such as phenothiazines and
butyrophenones (Borenstein & Bles, 1965; Casteels-Van Daele, Jaeken & others, 1970;
Robinson, 1973). The most characteristic biochemical effect of neuroleptics is their
capacity to increase central dopamine turnover (Carlsson & Lindqvist, 1963; Andén,
Butcher & others, 1970; Nybick & Sedvall, 1969) due, it is believed, to blockade of
dopamine receptors causing an increase in firing of dopaminergic neurons (Bunney,
Walters & others, 1973). In the present investigation we have studied the effect of
metoclopramide on dopamine turnover by measuring dopamine and its principal
metabolite homovanillic acid (HVA) in whole brain, and in corpus striatum and the
mesolimbic area both of which contain large quantities of dopamine (Andén, 1972;
Lloyd, Stadler & Bartholini, 1973). In addition, we have examined the effect of
metoclopramide on whole brain levels of noradrenaline and its principal metabolite,
4-hydroxy-3-methoxy-phenylglycol sulphate (MOPEG-SO,), and on S5-hydroxy-
tryptamine (5-HT) and its principal metabolite, 5-hydroxyindoleacetic acid (5-HIAA).

Metoclopramide was injected intraperitoneally into Swiss ““S™ strain mice (approxi-
mately 30 g). The whole brains were quickly removed and deep-frozen. Brain parts
were dissected on an ice-cold Petri-dish and then deep-frozen immediately. A trans-
verse cut was made behind the striata, which were excised, and the cortex and the
adhering part of the hypothalamus were removed. The forebrain tissue remaining
contained the corpora amygdala, the olfactory tubercle and the nucleus accumbens
(mesolimbic area). Parts from 3 animals were pooled for each determination.
Dopamine was estimated by the method of Chang (1964), HVA by the method of
Murphy, Robinson & Sharman (1969), noradrenaline by the method of Maickel,
Cox & others (1968) and 5-HT and 5-HIAA by the method of Curzon & Green (1970).
MOPEG-SO, was estimated in male Wistar rats according to Meek & Neff (1972)
as this metabolite does not seem to be a major degradation product of noradrenaline
in the mouse (Ceasar, Hague & others, 1974).

The results are summarized in Fig 1 and Table 1. Metoclopramide had no effect
on whole brain dopamine concentrations, but caused a dose-dependent increase in
whole brain HVA, which was maximal 1-5 h after injection. Metoclopramide increased
HVA concentrations both in the corpus striatum and in the mesolimbic area, to
approximately the same extent (i.e. by a factor of 4-5 and 5-9 respectively). Meto-
clopramide had no significant effect on whole brain noradrenaline, MOPEG-SO,,
5-HT or 5-HIAA concentrations.

* Since this study was completed, Ahtee & Buncombe (A4cta pharm. tox., 1974, 35, 429-432) also have shown that meto-
clopramide causes a dose-dependent increase in mouse striatal HVA correlated with the intensity of catalepsy produced,
and they suggest that metoclopramide blocks striatal dopaminergic receptors.
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Table 1. Effect of 50 mg kg=* metoclopramide (1-5 h before death) on whole mouse
brain concentrations of amines and their metabolites. HVA was also
measured in the corpus striatum (CS) and in the mesolimbic area (ML).
MOPEG-SO, was measured in whole rat brain. The results are expressed
as ng g~ (4 s.e.m.), figure in () is the no. of estimations. **P<<0-001.

Dopamine HVA
Saline Metoclopramide Saline Metoclopramide
12414-273 (4) 11764-267 (4) 85+4 (19) 632465 (8)**
CS 7664126 (5) 31254116 (5)**
ML 170428 (5) 89563 (5)**
Noradrenaline MOPEG-SO,
322423 (4) 316+32 (4) 146111 (6) 140410 (6)
+5-HT 5-HIAA
1100+49 (4) 1046145 (4) 474421 (4) 506498 (4)

The data suggest that metoclopramide, like other neuroleptic agents, blocks
dopamine receptors in the brain, but that it has little effect biochemically on nor-
adrenaline or 5-HT systems. Other evidence also indicates that metoclopramide is
a dopamine receptor antagonist. In rodents, metoclopramide causes catalepsy
(Costall & Naylor, 1973), inhibits apomorphine-induced stereotypy (Janssen, Nieme-
geers & Schellekens, 1967; Hackman, Pentikiinen & others, 1973), inhibits apomorphine
reversal of reserpine-induced locomotor suppression, and antagonizes apomorphine
or amphetamine-induced circling behaviour in animals with a unilateral destruction
of the nigro-striatal dopamine pathway (Dolphin, Jenner & others, 1975). Inall
these respects metoclopramide resembles pimozide which is believed to be a relatively
specific dopamine receptor antagonist (Andén & others, 1970), although an approx-
imately ten-fold greater dose of metoclopramide is required to achieve the same
behavioural effects as pimozide (Dolphin & others, 1975). From all these data we con-
clude that metoclopramide is a cerebral dopamine receptor antagonist, and the present
evidence suggests that this is so both in corpus striatum and mesolimbic area.

It is therefore surprising that metoclopramide has been used in patients with Parkin-
son’s disease without obvious adverse action. Indeed, we have directly compared the
effect of metoclopramide (up to 60 mg daily) and pimozide (up to 4 mg daily) in a
group of patients with Parkinson’s disease treated with L-dopa. Metoclopramide
caused no increase in severity of the parkinsonian symptoms and did not affect the
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Fic. 1. Effect of metoclopramide on mouse whole brain concentration of HVA. A) Timeresponse
curve to 50 mg kg™, i.p. B) Dose response results for three doses of metoclopramide given i.p.
1-5 h before death. C) indicates HVA levels in saline pretreated animals.
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intensity of L-dopa-induced dyskinesia. Pimozide caused a significant clinical deterio-
ration, with increased akinesia, rigidity and tremor, and also reduced the intensity of
L-dopa dyskinesias (Tarsy, Parkes & Marsden, 1975). It is also surprising that
metoclopramide has little if any antipsychotic activity (Borenstein & Bles, 1965),
in view of the current suggestion that this property is associated with the capacity to
block cerebral dopamine receptors, particularly those in the mesolimbic area (van
Rossum, Janssen & others, 1970; Andén, 1972; Costall & Naylor, 1973; Matthysse,
1973). The present results indicate that metoclopramide administered intraperitoneally
substantially affects both striatal and mesolimbic dopamine turnover, so these clinical
observations are unlikely to be due to a failure of metoclopramide to gain access to
cerebral dopamine receptors. The failure of this action of the drug to be reflected in
clinical practice may indicate that it possesses some other unrecognized pharma-
cological property, or that antiemetic doses used in man are insufficient to cause
significant dopamine antagonism in corpus striatum and mesolimbic areas.
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