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Apomorphine as an antagonist of the dopamine response from the
nucleus accumbens

B. CostALL, R. J. NAYLOR*, Postgraduate School of Studies in Pharmacology, University of Bradford, Bradford,

West Yorkshire, U.K.

The nucleus accumbens has been subjected to extensive
investigation as a site at which dopamine and dopamine
agonists are able to initiate hyperactivity (Pijnenburg &
van Rossum, 1973; Elkhawad & Woodruff, 1975;
Kelly, Seviour & Iversen, 1975; Pijnenburg, Honig &
van Rossum, 1975; Costall & Naylor, 1975, 1976;
Costall, Naylor & Pinder, 1976; Pijnenburg, Honig &
others, 1976) and a number of models, based on the
effect of dopamine in this area, have been proposed
for the detection of both dopamine agonist (Iversen,
Kelly & others, 1975; Kelly, 1975; Kelly, Miller &
Neumeyer, 1975) and antagonist activity (Costall &
Naylor, 1976). We have been particularly interested in
a model proposed by Iversen and her colleagues in
which 6-hydroxydopamine is injected into the nucleus
accumbens to increase the sensitivity of the dopamine
receptors in this area and render an animal more
sensitive to the hyperactivity inducing effect of dopa-
mine agonists. However, we find one major difficulty in

* Correspondence

interpretation of data from this model: following 6-
hydroxydopamine injections into the nucleus accum-
bens apomorphine is shown to induce a marked loco-
motor response (Iversen & others, 1975) yet we find
that apomorphine is not a stimulant of locomotor
activity in normal rats and does not induce a hyper-
activity when injected directly into the nucleus accum-
bens of normal animals (Costall, Naylor & Neumeyer,
1975a). Further, in our hands, injections of 6-hydroxy-
dopamine into the nucleus accumbens (which fail to
significantly modify dopamine content of the tuber-
culum olfactorium) fail to render animals sensitive to a
hyperactivity component of the apomorphine effect,
either when apomorphine is injected by a peripheral
route or directly into the 6-hydroxydopamine-treated
nucleus accumbens. However, if 6-hydroxydopamine is
placed in the tuberculum olfactorium, apomorphine
may then produce a hyperactivity (Costall & others, in
preparation). This would tend to emphasise a point
which has been raised by Iversen and her colleagues
that the response to apomorphine they observed may
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be dependent on changes in the tuberculum olfactorium
which was affected by their 6-hydroxydopamine lesions.
To further analyse the possible changes in dopamine
activity which may be caused by apomorphine in the
nucleus accumbens, we have investigated the changes
which apomorphine and other dopamine agonists may
cause in the hyperactivity response following injections
of dopamine itself into the nucleus accumbens. When
hyperactivity was established to injections of dopamine,
apomorphine and other dopamine agonists, (—)-N-n-
propylnorapomorphine  (—)-NPA, bromocriptine,
amphetamine and piribedil, were administered either
peripherally or directly into the nucleus accumbens
and any changes in the dopamine response determined.

Male Sprague-Dawley rats were used and stainless
steel guide cannulae for bilateral injections into the
nucleus accumbens were stereotaxically implanted in
their brains (Costall & Naylor, 1975). The locations of
these cannulae were checked histologically and all
locations were correct for injections into the area of
the nucleus accumbens as previously reported (Costall
& Naylor, 1975, 1976). Animals were first used in the
hyperactivity studies 10-14 days after surgery. Stainless-
steel stylets, which had kept the guides patent, were
replaced by bilateral, stainless-steel injection units
which terminated 2-5 mm below the tips of the guides
at the centre of the nucleus accumbens (Ant. 9-0,
Vert. 0, Lat. +1-6; De Groot, 1959). All animals re-
ceived nialamide (100 mgkg~,i.p.) 2 h before dopamine.
To determine any possible antagonistic effects of the
dopamine agonists on the dopamine response, the
latter was administered in a dose of 50 ug in 1 pl from
micrometer syringes attached to the injection units
(see Costall & Naylor, 1976 for details). Previous
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studies have shown that 50 g dopamine induces a
maximum hyperactivity response. A lower dose of
dopamine, 625 pg ul=!, was used to determine any
possible enhancement of the dopamine response by
the dopamine agonists. Immediately after an intracere-
bral injection, rats were placed in individual Perspex
activity boxes fitted with photocells. Each interruption
of the light beam was recorded and the total noted
every 10 min. Activity was then expressed in counts
per 5 min. The activity boxes were located in a sound-
proofed room, diffusely illuminated and maintained
at 21 + 1°

The hyperactivity induced by dopamine was a
maximum 2-5h after its injection into the nucleus
accumbens. Animals were then given apomorphine
and (—)-NPA subcutaneously or bromocriptine,
piribedil and amphetamine intraperitoneally (apo-
morphine HCl, Macfarlan Smith, and (—)-NPA HCI,
Neumeyer, were prepared in distilled water containing
0-19% sodium metabisulphite, bromocriptine methane-
sulphonate, Sandoz, in a minimum quantity of tartaric
acid made up to volume with distilled water, and (+)-
amphetamine SOy, Sigma, and piribedil monomethane-
sulphonate, Servier, were dissolved in distilled water)
and activity was recorded for a further 4-5h. Sub-
stereotypic doses of apomorphine (0-0625-0-25 mg
kg1, s.c.) caused dose-dependent reductions in the
dopamine-induced hyperactivity (P<0-001 at all
doses) (Fig. 1). This inhibition occurred within 10 min
and persisted for up to 90 min. (—)-NPA also reduced
the hyperactivity response in a dose-dependent manner
(P<0-01-P<0-001) (Fig. 1) but the doses required
were within the range which also induce periodic
biting (Costall, Naylor & Neumeyer, 1975b), although
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Fic. 1. Antagonism by a-apomorphine, b-(—)-NPA and c-bromocriptine of the hyperactivity induced by 50 ug pul~?

dopamine administered into the nucleus accumbens 2 h after pretreatment with nialamide (100 mg kg2, i.p.).
Apomorphine and (—)-NPA were administered subcutaneously and bromocriptine by the intraperitoneal route
2-5 h after dopamine (). Hyperactivity is expressed in counts per 5 min. 6-10 rats were used at each dose level
of dopamine agonist which is indicated in mg kg~. Standard errors on the means are less than 14 9.
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Fic. 2. Modification by a-(+)-amphetamine and b-piribedil of the hyperactivity induced by 50 pg ul-* dopa-
mine administered into the nucleus accumbens 2 h after pretreatment with nialamide (100 mg kg, i.p.). Both
amphetamine and piribedil were administered by the intraperitoneal route 2-5h after dopamine ({ ). Byper-
activity is expressed in counts per 5 min. 6-10 rats were used at each dose level of dopamine agonist which is
indicated in mg kg1 Standard errors on the means are less than 18 %.

careful observation of the rats showed that they were
quiet at times when they were not biting. Bromocriptine
antagonized the hyperactivity response (Fig. 1) but
only at doses which may be considered very large in
behavioural terms (P<0-001 at 50 mgkg) (see
Johnson, Loew & Vigouret, 1976). During the first
60 min in which activity counts were reduced by
bromocriptine (50 mg kg1, i.p.), the animals were not
stereotyped and the reduction in response at this time
may be considered to be a genuine depression of
activity, but after this time all animals exhibited
stereotyped biting. Piribedil caused very little change
in the dopamine response; only the reduction recorded
using a large dose of 100 mg kg~ achieved signifi-
cance (P <0-01) (Fig. 2). In contrast to all other agents,
amphetamine (0-5-1-5 mg kg~!, i.p.) enhanced the
dopamine response (P<0-001 at 1-5 mg kg?) (Fig. 2).

Apomorphine (6-:25-25 ug, in nitrogen-bubbled dis-
tilled water) administered bilaterally into the nucleus
accumbens caused highly significant reductions (P<
0-001) in the dopamine response. The nature and time
course of this effect was similar to that recorded after
peripheral administration (Fig. 3). However, although
(—)-NPA is a far more potent dopamine agonist as
judged from the effects of peripheral administrations,
and by its action in the nucleus accumbens in the
absence of dopamine (Costall & others, 1975b), this
agent caused only a modest reduction in the dopamine
response at comparatively larger doses (P<0-05 at
12:5 ng) (Fig. 3). The ability of (—)-NPA to induce
biting following injection into the nucleus accumbens
precluded the use of larger doses (Costall & others,
1975b). Previous studies have shown that, although
apomorphine lacks the ability to induce hyperactivity
from the nucleus accumbens when injected alone
(Pijnenburg & others, 1976), (—)-NPA does cause a
modest response (Costall & others, 1975a). However,
the injection of (—)-NPA into the nucleus accumbens

following lower doses of dopamine failed to increase
the activity. Piribedil injected into the nucleus accum-
bens failed to significantly modify the dopamine res-
ponse (P>0-05) (Fig. 3) whilst amphetamine enhanced
the activity (P <0-01-P <0-001 at 25 and 50 pg) (Fig. 3).
This was more marked at a submaximal dose of dopa-
mine (6-25 ng).

Of the dopamine agonists tested, apomorphine was
shown to be the only one to antagonize the dopamine
response in substereotypic doses administered peri-
pherally, and was the only agent to antagonize the
dopamine response on direct injection into the nucleus
accumbens. This may simply indicate that whilst
apomorphine has affinity for the dopamine receptors
in the nucleus accumbens, it may lack intrinsic activity.
That the aporphines may possess mixed agonist/
antagonist properties is indicated by their ability to
cause both an activation of striatal adenylate cyclase
and to antagonize a dopamine stimulation of this
enzyme system (Miller, Kelly & Neumeyer, 1976). This
agrees with observations that neuroleptic agents also
antagonize dopamine stimulated adenylate cyclase and
similarly inhibit a dopamine-induced hyperactivity
from the nucleus accumbens (Costall & Naylor, 1976).
Clearly, for direct correlation to the present obser-
vations, it is necessary to study changes in the activity
of adenylate cyclase from the nucleus accumbens but,
nevertheless, these findings may be pertinent. Alter-
natively, it is tempting to speculate on the relation of
the observed antagonism to an action of apomorphine
on 5-HT mechanisms in the nucleus accumbens
(Grabowska, Antkiewicz & others, 1973). It has been
shown that 5-HT may modulate the dopamine hyper-
activity such that small amounts of 5-HT injected into
the nucleus accumbens after dopamine will, similarly
to apomorphine, antagonize the dopamine response
(Costall, Marsden & others, 1976).

Nevertheless, whatever the mechanisms involved
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FiG. 3. Modification by a-apomorphine, b-(—)-NPA, c-(+)-amphetamine and d-piribedil of the hyperactivity
induced by 50 pg ul-! dopamine administered into the nucleus accumbens 2 h after pretreatment with nialamide
(100 mg kg%, i.p.). The dopamine agonists were administered directly into the nucleus accumbens in a volume of

1 ul 2:5 h after dopamine (V). Hyperactivity is expressed in counts per 5 min. 6-10 rats were used at each dose
level of dopamine agonist which is indicated in pg. Standard errors are less than 12, of the means.

with the action of apomorphine in the nucleus accum-
bens, it is clear that this agent which is virtually zhe
classical dopamine agonist is most probably not an
agonist at those dopamine receptors in the nucleus
accumbens which control locomotor activity.
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