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The dopamine (DA) hypothesis of schizophrenia implicates an enhancement of DA function in the pathophysi-
ology of the disorder, at least in the genesis of positive symptoms. Accordingly, apomorphine, a directly acting
DA receptor agonist, should display psychotomimetic properties. A review of the literature shows little or no
evidence that apomorphine, in doses that stimulate postsynaptic DA receptors, induces psychosis in non-
schizophrenic subjects or a relapse or exacerbation of psychotic symptoms in patients with schizophrenia.
After a detailed review of the literature reporting psychotogenic effects of apomorphine in patients with
Parkinson’s disease, an interpretation of these data is difficult, in part because of several confounding factors,
such as the concomitant use of drugs known to induce psychosis and the advanced state of the progressive
neurological disorder. In the context of the DA hypothesis of schizophrenia, the limited ability of apomor-
phine to induce psychosis, in contrast to indirectly acting DA agonists that increase synaptic DA, may be
explained by the relatively weak affinity of apomorphine for the D, receptor compared with DA. Alterna-
tively, enhancement of DA function, though necessary, may be insufficient by itself to induce psychosis.

L’hypothése du role de la dopamine (DA) dans la schizophrénie sous-entend une exacerbation de la fonction
DA dans la pathophysiologie de ce trouble, du moins dans la genese des symptomes positifs. Par conséquent,
'apomorphine, un agoniste récepteur de la DA a action directe, devrait présenter des propriétés psycho-
dysleptiques. Une recension des écrits n'a révélé a peu pres aucune donnée probante permettant de dire que
I'apomorphine, en doses stimulant les récepteurs postsyneptiques de la DA, engendre une psychose chez des
sujets non schizophréniques ou une rechute ou une exacerbation des symptdmes psychotiques chez des
patients atteints de schizophrénie. Aprés une recension minutieuse des textes faisant état des effets hallu-
cinogenes de I'apomorphine chez des patients atteints de la maladie de Parkinson, une interprétation de ces
données se révele difficile en partie a cause de plusieurs facteurs confusionnels, comme ['utilisation concomi-
tante de médicaments connus pour provoquer la psychose et I'état avancé du trouble neurologique progressif.
Dans le contexte de I'hypothese du rdle de la DA dans la schizophrénie, la capacité limitée de I'apomorphine
de provoquer une psychose, par contraste aux agonistes a action indirecte de la DA qui augmentent la DA
syneptique, pourrait s'expliquer par la trés faible affinité de 'apomorphine au récepteur D, par comparaison a
la DA. Par ailleurs, I'exacerbation de la fonction DA, méme si elle est nécessaire, pourrait étre insuffisante
pour déclencher une psychose.
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Introduction

The dopamine (DA) hypothesis of schizophrenia,
which implicates an enhancement of DA function, was
first proposed over 3 decades ago and remains a dom-
inant hypothesis for the pathophysiology of this disor-
der,*® particularly regarding the genesis of positive
symptoms. Much of the evidence in support of this hy-
pothesis is indirect and derives from information on
the pharmacology of neuroleptic agents and psychoto-
genic psychostimulant drugs. Thus, neuroleptics,
which improve psychotic symptoms, block DA neuro-
transmission by binding to DA D, receptors.? Imaging
studies in patients show that at therapeutic doses all
neuroleptics, with the apparent exception of clozapine
and quetiapine, occupy 60%-80% of D, receptors.®’
The apparent lower occupancy of the latter 2 drugs
can be explained by looser binding to D, receptors®™®
(i.e., a comparable occupancy to classical neuroleptics
does occur but is shorter lasting). Amphetamine, co-
caine,” methylphenidate and related psychostimu-
lants,” all of which enhance DA neurotransmission by
presynaptic mechanisms, can induce psychosis in
normal subjects that is similar to schizophrenia®** in
cross-sectional clinical features, course and response
to neuroleptics.”® Also, these agents can activate psy-
chotic symptoms in patients with schizophrenia® at
doses that are sub-psychotogenic in non-schizophrenic
subjects.’® Recent investigations show that after an
amphetamine challenge, the increase in DA release is
greater in patients with schizophrenia than in
controls.®

According to the DA hypothesis, apomorphine, a
direct DA receptor agonist in animals® and man,*
would be expected to induce or exacerbate psychotic
symptoms. However, some investigators have re-
ported an antipsychotic effect of apomorphine and
propose that this effect derives from stimulation of
presynaptic DA receptors which inhibits DA neuro-
transmission.®* Such an explanation would be consis-
tent with the DA hypothesis of schizophrenia but
makes assumptions concerning what a presynaptic
dose of apomorphine in man is.

Most of the evidence for a possible psychotogenic
effect of apomorphine derives from studies using
high doses of apomorphine in the long-term treatment
of Parkinson’s disease (PD) during which psychotic
symptoms have been observed.?”# Improvement of
parkinsonian symptoms points to stimulation of post-

synaptic DA receptors so that these observations of
emergent psychotic symptoms are compatible with the
DA hypothesis of schizophrenia. Unfortunately, the
observations in PD patients are confounded by many
factors, such as the effect of concomitant medications
and the progression of the neurological disorder, so it
is unclear to what extent apomorphine is responsible
for the psychosis.

This paper evaluates the evidence for a psychoto-
genic effect of apomorphine, with a particular focus on
reports of psychotic side effects seen in PD patients
treated with apomorphine. For the purposes of the lat-
ter, all papers in English and French listed in MED-
LINE up to the end of 1999 in which apomorphine was
used as a treatment modality for PD were reviewed. In
the papers reviewed, the term psychosis is not defined
but presumably implies the presence of positive symp-
toms, namely, hallucinations or delusions. The terms
used in describing neuropsychiatric side effects remain
as stated by their respective authors.

Apomorphine in non-psychotic individuals

Since apomorphine was synthesized in 1869,” an exten-
sive body of clinical literature has been published on
the use of this agent as an emetic,** as a sedative,®* in
the management of alcoholism®** and in the investiga-
tion and treatment of a variety of other medical condi-
tions®* including PD.* Despite the sizeable literature,
except in PD patients (see later), the emergence of psy-
chotic symptoms subsequent to exposure to apomor-
phine has not been described. Many of the investiga-
tions with apomorphine have used only single
challenge subemetic doses of apomorphine varying
from 0.5 mg to 1.5 mg, subcutaneously. However, such
doses are sufficient to stimulate DA function in man,*#
so that dose is unlikely to explain the absence of psy-
chotic symptoms. Further, many researchers have used
considerably larger doses. For instance, Goethe® used
subcutaneous doses of 2 mg to 20 mg to evaluate
antiemetic agents, and Feldmann® treated 6250 people
for alcoholism over a period of 35 years with apomor-
phine in doses of 6 mg subcutaneously or 3 mg sublin-
gually, administered every 2 hours for several days.
White* reported a series of 804 subjects who received
multiple doses of apomorphine while in labour, and
there was no record of psychotic symptoms develop-
ing. Thus, sample size is also unlikely to have been a
factor in the non-recognition of psychotic symptoms.
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Until 1975, none of the studies using apomorphine
were designed to evaluate psychotomimetic properties
of apomorphine. However, given that apomorphine
has been administered to thousands of subjects, at least
incidental observations of psychotic symptoms might
have been expected should they have occurred. In a
double-blind, placebo-controlled, parallel design (n =
20 per arm), prospective study in non-psychotic sub-
jects, apomorphine was administered in a dose of 1 mg
subcutaneously 3 times a day for 14 days.® None of the
subjects developed schizophrenia-like symptoms.
Scores on the Brief Psychiatric Rating Scale (BPRS)
showed a small but significant improvement with both
apomorphine and placebo, but there was no significant
difference between the 2 treatments.

Apomorphine in patients with schizophrenia

Before the neuroleptic era, apomorphine in a dose of
1.6 mg (subcutaneously), as a single dose or in re-
peated doses (as many as 8 times over an 8-h period),
with or without scopolamine, was used to control agi-
tation and excitement, not only in non-psychotic pa-
tients, but also in patients with schizophrenia;* exacer-
bation of schizophrenia was not reported. In numerous
studies designed to evaluate DA function in patients
with schizophrenia, adverse effects on the psychosis
were not documented.##

Few investigators have directly investigated the ef-
fect of apomorphine on the psychopathology of pa-
tients with schizophrenia. Although some studies find
worsening and others improvement in the psychosis,
the majority point to no change.

Open or single-blind studies

Corsini et al*® reported improvement (versus placebo)
after 1 mg intramuscular apomorphine in 6 of 15
schizoaffective, 8 of 24 paranoid, 7 of 12 hebephrenic
and 0 of 4 catatonic patients who were unmedicated. A
modified BPRS was used to assess symptoms. In a fol-
low-up report in which the original diagnoses were
reconsidered, a beneficial effect was found only in
schizoaffective manic-type patients but not in patients
with paranoid or disorganized schizophrenia.®* Exacer-
bation of schizophrenic symptoms was not described.

In an open study of 2 patients taking neuroleptics
and treated with oral apomorphine in variable daily
doses (30-480 mg/day) for 5-6 days, both became

more agitated and more psychotic.* However, serum
prolactin concentrations showed little change, which
suggests that the route of administration, the dose of
apomorphine, or both, were inadequate to stimulate
DA receptors. In this regard, apomorphine is not well
absorbed when given orally. In 5 patients given oral
apomorphine (10-30 mg/day) for 3 weeks while on
neuroleptics, all showed a slight decrease in BPRS
scores (mean decrease 11.4%) compared with the
placebo phase.®* However, in the ensuing double-
blind study by the same investigators (see below) the
results were less impressive.

Meltzer®™ reported no improvement in 22 neuroleptic-
free patients given 0.75 mg apomorphine subcuta-
neously. Details of the design and method of assess-
ment were not provided. In 9 medicated patients, 0.375
mg subcutaneous apomorphine did not reduce BPRS
scores; this dose, however, failed to decrease plasma
homovanillic acid (HVA) levels (a peripheral index of
DA activity).”

Double-blind placebo-controlled studies
in medicated patients

The administration of 20 mg apomorphine per day (by
mouth) to 11 patients for 2 2-week periods produced
no evidence of therapeutic benefit when compared
with 2 placebo phases. One patient had a marked exac-
erbation of psychosis after taking apomorphine for 8
days, however.*

Tamminga et al®*® observed significant transient im-
provement (lasting 20-60 min), using a modification of
the New Haven Schizophrenia Scale, in 18 patients
given 3 mg subcutaneously. In 9 patients, the reduction
in psychosis scores was 20%-50%. In a small sample
(n =5), 5 ug/kg subcutaneous apomorphine decreased
plasma HVA in all subjects, 2 of whom showed signifi-
cant improvement and 3 no change.*® Unfortunately,
BPRS data and statistical analysis of the BPRS ratings
were not provided. In contrast, Syvalahti et al* found
no significant change in BPRS scores in 8 patients given
5 ug/kg apomorphine subcutaneously or in 7 given
15 pg/kg intravenously over 90 min. Lack of an effect
on BPRS scores was also noted by Merello et al® in 12
patients with chronic schizophrenia who received 3 mg
apomorphine (route unspecified). Likewise, Jeste et al*
found no change in BPRS scores in 11 patients given
5 ug/kg subcutaneous apomorphine, even though this
dose decreased plasma HVA concentrations. However,
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in 10 subjects receiving apomorphine (10 pg/kg subcu-
taneously), those with abnormal computed tomo-
graphic (CT) scans (n = 6) tended to show improve-
ment or no change, whereas the symptoms of those
with a normal CT scan tended to worsen.”” Thus, 3 of
the patients with a normal brain CT scan showed a
25% increase and 1 a 25% decrease in placebo-corrected
BPRS scores. Among the 6 patients with an abnormal
brain CT scan, 2 improved and 4 showed no change.
However, in 5 patients who received multiple doses
of apomorphine, placebo-corrected BPRS scores
showed no change after 5 ug/kg, 10 pug/kg or 40 pg/kg
apomorphine.

Double-blind placebo-controlled studies
in neuroleptic-free patients

A transient decrease in psychotic symptoms (New
Haven Schizophrenia Index)® was observed in 3 of 4
patients with chronic schizophrenia, 3 of whom were
neuroleptic-free, after 1.5-6 mg subcutaneous apomor-
phine; 1 patient showed a slight increase in scores com-
pared with placebo. Each subject was tested on multi-
ple occasions with drug or placebo. Unfortunately,
statistical data were given for only 1 subject. In 3 pa-
tients with hebephrenia who received apomorphine
(1 mg subcutaneously daily for 15 days) and were eval-
uated using the Wittenborg Rating Scale and a variety
of neuropsychological tests under double-blind condi-
tions, there was no change.®

Ferrier et al* investigated the effect of apomorphine
(0.75 mg subcutaneously) in 15 (9 neuroleptic-naive, 6
neuroleptic-free for 1 mo to 3 yr) patients with acute
and 15 (5 neuroleptic-naive, 10 neuroleptic-free for 1-8
yr) patients with chronic schizophrenia. Videotaped in-
terviews were rated blindly using the Krawiecka Scale.
There was no significant change in positive or negative
symptoms. Levy et al® administered 0.75 mg apomor-
phine subcutaneously to 25 patients (neuroleptic-free
for at least 2 wk) who had had a recent acute exacerba-
tion of psychosis (n = 11), were chronically stable with
persistent symptoms (n = 10) or who had a chronically
deteriorating course (n = 4). There was no significant
improvement or deterioration in psychopathology
(BPRS) despite evidence of central activity of the drug,
as measured by reduction in cerebrospinal fluid HVA
and endocrine indices.

Tamminga et al® administered oral N-n-propylnor-
apomorphine (NPA), an orally active apomorphine

analogue, to 18 patients with active symptoms who
were neuroleptic free for at least 4 weeks. In a rising-
dose design for 10 consecutive days, 9 patients received
2.5-40 mg NPA or placebo. BPRS scores showed a sig-
nificant decrease as did prolactin levels (an index of DA
activity). However, 9 subjects in a cross-over design in
which NPA was administered for 3 weeks in increasing
daily doses from 2.5-40 mg/day, showed no consistent
alteration in mental status. The authors concluded that
tolerance to the antipsychotic effect occurred.

Studies comparing apomorphine
with indirectly acting DA agonists

In patients with acute psychosis, neuroleptic-free for at
least 2 weeks (n = 4) or neuroleptic-naive (n = 9),
whereas methylphenidate (0.5 mg/kg intravenously
over 90 s) (n = 10) increased thought disorder,
7.5 pg/kg subcutaneous apomorphine (n = 12) had no
such effect.*” Angrist et al*? showed that in neuroleptic-
free patients (at least 2 wk) oral administration of
piribedil over 6-18 days (but not a single intravenous
dose) exacerbated schizophrenic symptoms, whereas
intravenous infusion of apomorphine (3.3-4 mg) had
no such adverse effect. In another subject who was on
the antiemetic metoclopramide (a peripheral DA recep-
tor blocker), which only weakly crosses the blood brain
barrier, an intravenous dose of 24 mg apomorphine
over 52 minutes produced mild nausea but no psy-
chotic symptoms. In a further study, Angrist et al®
investigated the emetic threshold in 21 patients who
were neuroleptic-free for 6-15 days (10 acute or sub-
acute, 11 chronic or subchronic) and in normal controls
by administering apomorphine (0.75 mg/mL) intra-
venously at a rate of 1 mL/min until retching occurred,
which was after 1.3-5.5 mg (mean 2.8 mg). In 4 addi-
tional subjects who failed to vomit, they received 6 mg,
8.8 mg, 12 mg and 13.3 mg. Whereas amphetamine ad-
ministration (0.5 mg/kg by mouth) administered to the
same subjects increased psychopathology (BPRS), there
was nho reported change after apomorphine.

Lieberman et al®* administered apomorphine (0.75 mg
subcutaneously) and methylphenidate (0.5 mg/kg in-
travenously) to 51 first-episode patients with schizo-
phrenia or schizoaffective disorder who had no prior
neuroleptic treatment (70%) or who were neuroleptic-
free for at least 14 days (30%); 51% had eye tracking
deficits. Whereas methylphenidate exacerbated psy-
chotic symptoms (BPRS) in 59% of patients, no such
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effect was reported with apomorphine.
Miscellaneous studies

In a positron-emission tomography study of regional
cerebral blood flow in 12 unmedicated patients (9
neuroleptic-naive, 3 neuroleptic-free for at least 6 mo)
performing a cognitive task, apomorphine (10 pg/kg
subcutaneously) enhanced activation in the anterior
cingulate cortex which was impaired before apomor-
phine administration.” This brain region plays a role
in attentional mechanisms which are known to be im-
paired in schizophrenia.

Comments

The conflicting results may be related to differences in
research design, heterogeneity of patient populations,
dose and duration of apomorphine administration or
whether the subjects were investigated while taking
neuroleptics or at various intervals after neuroleptics
were discontinued. Although most studies report no
change in psychopathology, most of the patients in
these studies were exposed to subcutaneous doses of
0.5-0.75 mg apomorphine. Three studies showing im-
provement used doses of 1-6 mg. Although single sub-
cutaneous doses of 0.5-0.75 mg are sufficient to stimu-
late DA function in man, as measured by growth
hormone increase,” prolactin decrease,” stimulation of
yawning,* induction of penile erections® and decrease
in cerebrospinal fluid HVA® a dose effect to account
for symptom amelioration cannot be excluded, espe-
cially in those studies involving medicated patients, be-
cause neuroleptics are known to antagonize the central
effects of apomorphine.?

One of the confounding factors in evaluating im-
provement in psychopathology after apomorphine is
the nonspecific sedative effect of apomorphine. In this
regard, in the study of Jeste et al,®> apomorphine im-
proved scores on the anxiety syndrome subscale of the
BPRS, and an improvement in anxiety was also noted
by Ferrier et al.* Also, monitoring transient changes in
psychosis with rating scales is difficult. In 2 patients
with catatonic schizophrenia with catalepsy plus
mutism, 1 patient with catatonia and mutism and a pa-
tient with constant formal thought disorder, the re-
sponse to 2 mg subcutaneous apomorphine could be
monitored objectively by directly observing the main-
tenance of imposed postures, ability to respond to

guestions and tape recording of thought disorder.*™
No improvement was observed. In the patient with
thought disorder, although the voice intensity and
speed of verbalizations in response to questions
slowed down compared with placebo, speech re-
mained incoherent.

The apparent therapeutic effect of apomorphine and
apparent failure to worsen schizophrenia has been
attributed to preferential stimulation of presynaptic
DA receptors and inhibition of DA neurotransmis-
sion.»* The presumed presynaptic dose of apomor-
phine in man has been variously given as anywhere
from 1 mg or less intramuscularly® or 1.5-6 mg subcu-
taneously.®**7 No evidence for this assumption has
been given by the authors other than that the clinical
observations conformed with the DA hypothesis of
schizophrenia or could account for improvement
rather than worsening of tardive dyskinesia. In a dose-
response study of apomorphine-induced yawning in
normal subjects, Lal et al” showed that subcutaneous
doses of 3.5-5.0 pgZ/kg apomorphine HCI decreased
yawning compared with placebo, whereas a dose of
7.0 ugZkg increased yawning (Fig. 1). These results
suggest that apomorphine HCI in subcutaneous doses
of 3.5-5.0 ug/kg are presynaptic but that 7.0 pg/kg
subcutaneous (i.e., 0.5 mg/70 kg subject) is a post-
synaptic dose. Accordingly, most investigations on the
effect of apomorphine on the psychopathology of
schizophrenia have used doses compatible with a post-
synaptic site of action.

Compared with single-dose challenges with the indi-
rectly acting DA receptor agonists amphetamine and
methylphenidate, a challenge dose of apomorphine
does not worsen the symptoms of schizophrenia.®
Differences in pharmacological activity between apo-
morphine and indirectly acting DA receptor agonists
may account for the differences in psychotomimetic
activity (see Discussion).

Because of the short half-life of apomorphine (i.e., 33
min in man™) compared with methylphenidate (2.1 h)
or amphetamine (6.8 h), an insufficient duration of
activation of postsynaptic DA receptors may account
for the weak or absent psychotogenic potential of
apomorphine.

Apomorphine in Parkinson’s disease

Apomorphine has been used in the investigation of PD
since 1951.” Improvement in motor symptoms after
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challenge doses of 0.5-10 mg (subcutaneous)” points to
a postsynaptic site of action. In the past decade or so,
patients with PD have been exposed to short-duration
high-dose apomorphine to evaluate brief-term effects
as well as long-term exposure to repeated or continu-
ous high doses of apomorphine as an adjunctive thera-
peutic measure. Although the development of psy-
chotic symptoms has been described in some studies,
an antipsychotic effect has been noted in others.””"

Neuropsychiatric symptoms after acute
exposure to apomorphine

Before 1972, the occurrence of psychotic-like symptoms
after exposure to apomorphine had not been reported.®
Strian et al® investigated 10 patients with PD taking
L-dopa and a dopa-decarboxylase inhibitor with intra-
venous apomorphine (1-3 mg over 2 h). One patient
developed a psychosis with disorientation and para-
noid symptoms. The psychosis showed a certain sexual
colouring. The psychotic symptoms ceased with dose
reduction. Some of the subjects (humber unspecified)
showed a slight euphoria with sexually coloured be-
haviour. However, psychosis or behavioural changes
were not observed in other studies. No psychotic
symptoms were reported after a subcutaneous infusion
of apomorphine (30-150 pg/kg/h) over 1-6 hours (n =
15)," an intravenous infusion (100 ug/kg/h) over 6
hours or for 22-31 hours (n = 7),** or when given in a
dose of 150-200 pug/kg/h for 4-6 hours.® Similarly, no
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Fig. 1: Dose-response effect of apomorphine administra-
tion on yawning in normal men. Apomorphine HCI was
injected subcutaneously into 5 men and yawns were
counted. Data are means and standard deviations. (Based
on Lal et al.”®) *Significantly less than placebo (p < 0.05).
tSignificantly greater than placebo (p < 0.05).

such side effects were observed by Obeso et al® who
administered apomorphine intravenously in a dose of
5-10 mg/h, up to a maximum of 30 mg/h, for 4-7
hours (n = 9), or by Hughes et al* who administered
10-17 subcutaneous injections of apomorphine (mean
dose 2.7 mg) over 10 hours (n = 7). Likewise, psychotic
symptoms were not described by Grandas and Obeso®
or Van Laar et al.*

Psychotic symptoms after treatment
with apomorphine

In patients receiving oral NPA for PD for approxi-
mately 9 weeks, PD symptoms improved in all 24
patients studied, but 6 patients developed transient
mental aberrations (description not given) and 1 devel-
oped agitation, garrulity, hallucinations and con-
fusion.®” The latter had experienced a similar reaction
in the past to L-dopa.

In 2 single case reports on the treatment of PD with
apomorphine lasting 18 months® and 12 months,* re-
spectively, no psychotic symptoms were described.
Courty et al** described 4 case reports of patients taking
levodopa and other dopaminergic agents who, when
treated with the addition of daily subcutaneous apo-
morphine for 3 months or more, developed excessive
sexual preoccupation, increased sexual activity and
mood changes. In addition, 3 of these subjects devel-
oped delusional ideas of jealousy which resolved when
the dose of apomorphine was reduced.

In 30 investigations involving 560 patients with PD
(Table 1), no neuropsychiatric symptoms were re-
ported in 10 studies, and in 4, emotional lability and
euphoria but no psychotic symptoms were recorded.
In the remaining 16 studies, 51 patients may be broadly
considered to have experienced psychotic symptoms
while taking apomorphine, (i.e., 9.1% of 560 patients),
namely, those in whom the respective authors mention
delusions, hallucinations, pseudo-hallucinations, illu-
sions, psychosis, paranoid ideas (or paranoid sympto-
matology). The breakdown of the symptoms in these
51 patients was visual hallucinations (n = 15), visual
hallucinations plus confusion (n = 4), visual pseudo-
hallucinations (n = 1), visual delusions (n = 9), visual
illusions (n = 1), intermittent illusions (n = 1) and para-
noid psychosis with confusion and visual hallucina-
tions (n = 2). Of the remaining 18 patients, in 3 the type
of hallucination was unspecified, 7 were described as
being psychotic but no details were provided, 1 had
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hallucinations plus delusions, 1 had auditory halluci-
nations and 6 had paranoid symptomatology with or
without other psychotic features.

The mental status of these 51 patients before apomor-
phine treatment was initiated was unspecified in 18
cases; 6 had experienced psychotic symptoms on other
anti-PD medications and 1, prior febrile hallucinations;
1 patient had visual hallucinations plus paranoia, and 1
patient had nocturnal confusion. In 9 subjects in the
studies of Hughes et al*® and Steiger et al,® it is unclear
how many of these patients are included among those
with prior psychosis, similar psychiatric side effects
before apomorphine or neuropsychiatric disturbance on
DA agonists. In 15 subjects, it would appear there were
no psychotic symptoms before apomorphine treatment.

Unfortunately, most of the studies in patients with
PD have focused primarily on motor symptoms of apo-
morphine; the mental side effects either before or while
taking apomorphine have been described in little de-
tail, at times with unusual terminology such as “visual
delusions,” and mostly as an aside. Accordingly, the
occurrence of psychotic symptoms with apomorphine
administration may be an underestimate.

In all of the studies, subjects had been receiving L-
dopa for many years and most continued on L-dopa
when placed on apomorphine. In addition, most were
concomitantly receiving other dopaminergic agents
such as bromocriptine, lisuride, pergolide and aman-
tadine, and others were also taking antiparkinsonian
anticholinergic agents and selegiline. These drugs are
known to induce psychosis,”*** or, in the case of
selegiline, to potentiate the psychiatric complications
of L-dopa.* Sanchez-Ramos et al'* reported 55 of 214
patients investigated for PD experienced visual hallu-
cinations. Dementia, age and duration of disease were
strongly associated with the hallucinations. Peyser et
al*® reported that psychotic symptoms (hallucina-
tions, delusions or thought disorder) occurred in up
to 40% of patients with PD usually, but not exclu-
sively, in the context of pharmacological treatment.

Interestingly, in the study of Scarzella et al,*** subjects
were off all prior medications during apomorphine
treatment and none developed psychotic symptoms.
Howvever, the treatment duration was only 2 weeks.

In all studies, apomorphine was given to patients
with advanced PD, present in most patients for at least
10 years, so that progression of the underlying neu-
rodegenerative disorder may have been responsible
for the development of psychotic symptoms. In this

regard, progression of PD is associated with Lewy
body pathology in the cortex.*® In fact, the occurrence
of psychosis in PD independent of pharmacotherapy
has long been recognized.”* Of the 51 subjects taking
apomorphine and experiencing psychotic symptoms, 1
had experienced nocturnal confusion before starting
apomorphine, and in 5, the psychotic symptoms were
associated with confusion (i.e., impaired level of con-
sciousness), a symptom which may reflect underlying
brain pathology. Further, in the study of Pietz et al*
the frequency of cognitive problems was higher in pa-
tients developing psychiatric side effects; 4 of the 11
patients who developed neuropsychiatric side effects
had cognitive problems before starting apomorphine
and 7 at the termination of the study. In contrast, in 14
patients who did not develop psychiatric side effects, 1
at the start of apomorphine treatment and 2 at the end
of treatment had cognitive problems.

In 2 of 51 subjects, the psychotic symptoms with apo-
morphine administration lasted only 2 days®* and re-
solved spontaneously despite continuation of apomor-
phine. Also, in 1 subject, visual hallucinations and
paranoia were present when apomorphine was started,
and these symptoms decreased with apomorphine.™
Accordingly, attribution of the psychotic symptoms to
apomorphine in these 3 subjects is unlikely. Onset of
the psychotic symptoms after the initiation of apomor-
phine treatment was unspecified in 32 cases, and in 1
case symptoms were already present when apomor-
phine was started. In the remaining 18 subjects, the on-
set was less than 1 week in 2 cases, 2 weeks in 1, 2-7
months in 7, 9-12 months in 5 and 32-48 months in 3
cases. The long interval in some of these cases makes a
cause—effect relationship difficult to determine.

Suggestive of a psychotogenic effect of apomorphine
is the resolution of psychotic symptoms in 5 patients
on dose reduction and in 5 patients on apomorphine
discontinuation (4 within 6 wk of withdrawal). These
10 subjects, however, were not rechallenged with apo-
morphine, so the relationship between apomorphine
and psychotic symptoms is unclear. In 7 other cases,
psychotic symptoms were controlled with temporary
use of clozapine. It appears, although the presented
data are unclear, that continuation of apomorphine af-
ter discontinuation of clozapine was not associated
with relapse.

Several authors have stated that neuropsychiatric
side effects with apomorphine are uncommon® or
much less common than after other DA receptor
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Table 1: Details of studies reporting neuropsychiatric side effects of apomorphine therapy in patients with Parkinson’s disease

Mean age (range)

Treatment with

Concomitant

Duration PD apomorphine Duration  anti-PD Mental status Neuropsychiatric
Reference n Duration L* (dose range) (range) medicationt before apomorphine effects of apomorphinet
Pollak et al* 10 558 Continuous waking SC infusion Up to L (n = 10) 1 of 10 evening and Resolved on apomorphine
94 3.8 mg/h + 4 x 1.5 mg bolus/d 6 mo BC (n=8) nocturnal hallucinations
— (n = 4) or multiple SC injections 1 on apomorphine infusion developed
2.25 mg x 4 injections/d (n = 6) visual hallucinations for 2 d
Pollak et al™ 9 52 (34-67) Continuous SC infusion 10 mo L(n=9) 1 systematized delusions on BC
14.8 (7-24) 93 mg/d (52-145) (2-18) BC(n=7) No dementia — 5 of 14 6 yrs previously developed visual
13 (7-22) past episodes of transient hallucinations for 48 h which
delusions or visual spontaneously resolved despite
hallucinations on BC continuation of apomorphine
5 57 (34-72) Multiple SC injections 11 mo L(n=5)
9.6 (7-13) 8.9 (SD 3.6) mg/d (3-19) BC (n=5)
7 (5-10)
Pollak et al” 17 55 (34-73) Continuous waking with or 12-55 mo L(n=17) Not stated 2 of 17 Apo discontinued because of
16 without nocturnal SC infusion behavioural side effects
— and boluses 95 (SD 28) mg/d
Poewe et al® 7 57 (44-68) Multiple SC injections Up to L(n=7) Not stated No psychiatric side effects
11 (2.5-15) 4.7 mg x 3-5 injections/d 6 mo
Poewe et al* 17 58.5 (45-76) Multiple SC injections 7.2 mo L(n=17) 1 of 17 past acute paranoid No acute psychotic symptoms
9.9 (3-18) 12.2 (5-32) mg/d (3-15) hallucinatory syndrome
9 (2-15) on LIS plus L
6 60.3 (45-69) Continuous SC infusion 5.5 mo L(n=26) 1 of 6 visual delusions 1 yr  Benign visual delusions which
11.3 (6-26) 140 (22-264) mg/d (1-13) prior on L plus BC resolved when Apo infusion
9.3 (4-18) decreased from 10 to 9 mg/h
Durif et al® 12 57 (42-72) Multiple SL doses 8 mo L(n=12) Not stated None developed confusional episode
12 (5-19) 133 (60-270) mg/d (2-12) BC (n=38)
10 (2-19) (n=11)
Poewe et al® 18 60.2 (49-72) Continuous 24-h SC infusion 20.6 mo L (n=18) Not stated 3 visual delusions controlled by dose
12.4 (4-24) 160 (84-300) mg/d (8-35) BC (n=4) reduction
9.9 (2-18) (n=14) LIS(n=1)
<6 mo SEL (n=1)
(n=14) BIP (n=1)
Durif et al” 3 65 (61-72) Multiple SC injections ~1-13yr L(n=3) Not stated 1 with mild hallucinations on 85 pg/kg
15.3 (12-40) 45-180 pg/kg BC (n=1) X 4/d — ? onset after 9-12 mo

X 3-7 injections/d

of treatment
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Table 1. Continued

Mean age (range)

Treatment with

Concomitant

Duration PD apomorphine Duration anti-PD Mental status Neuropsychiatric
Reference n Duration L* (dose range) (range) medicationt before apomorphine effects of apomorphinet
Deffond et al® 7 60 (SD 7) Multiple SC injections 7.7 mo L(n=7) No neuropsychiatric No adverse psychiatric symptoms
135 (SD 4.5) 4.1 mg x 3.2 injections/d (4-15) BC (n=5) disorder described
12.4 (SD 5.4) (cross-over design)
Multiple SL doses 6.8 mo
42.8 mg x 2.6 doses/d (2-12)
Esteban Munoz et al”* 11 57.6 (42-67) Multiple SC injections 23 mo L(n=11) No neuropsychiatric side effects
13.5 (10-19) 3 mg/dose (2-4) (4-40) BC (n=3)
12 (9-19) x 3 doses (1-5) PER (n = 8) Subjects with psychiatric
SEL (n=5) disorder or dementia
9 61.2 (51-69) Intranasal nebulization 12.3mo L(n=9) excluded 1 transient feeling of confusion
13.3 (8-23) 3 mg/dose (2-4) (2-21) P(n=8)
11 (7-17) x 2.5 doses (1-4) SEL (n =2)
Muhiddin et al'® 13 69 (53-80) Continuous SC infusion 22-28mo L (n=13) Not stated 1 psychotic side effect
15 (6-28) 12-24 h (n=3) Others 1 confusion
— 74.2 (4-140) mg/d Others? not stated 1 hallucinations and delusions
Montastruc et al'™ 8 66 (51-71) Sublingual 4 mo L(n=8) Not stated None described
11 (6-16) 87.4 (27-120) mg/d (1-6) BC (n=8)
10 (4-16)
Hughes et al'” 5 51 (42-59) Sublingual (n = 3) 4.7 mo Anti-PD meds Not stated 1 mild confusion — withdrawn at 3 wk
11 (7-16) 133 (57-228) mg/d (3-8) unchanged
10 (5-16 Unspecified dose (n = 2) 3wk
Ray-Chaudhuri et al” 9 59 (52-64) Continuous diurnal SC Up to L(n=9) 3 hallucinations No psychiatric side effects
17 (12-20) infusion (n = 7) or 11 mo 1 confusion Hallucinations resolved
— multiple SC injections
(n=2) 29.7 (15-55) mg/d
Ray-Chaudhuri et al”® 3 62.3 (46-74) Continuous diurnal SC 8-14 mo L(n=3) 1 past psychosis on BC, No psychiatric side effects
— infusion hallucinations and paranoid
— 36-40 mg/d delusions on L
1 visual hallucinations and No psychiatric side effects
confusion on L
1 psychoses on L and Occasional nocturnal confusion
visual hallucinations and
confusion on BC or BEN
12 — sC Up to Not stated Non-demented 1 hallucinations for the first time
— Dose not specified 2yr 5 of 9 some form of neuro-

psychiatric complications
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Table 1: Continued

Mean age (range)

Treatment with

Concomitant

Duration PD apomorphine Duration anti-PD Mental status Neuropsychiatric
Reference n Duration L* (dose range) (range) medicationt before apomorphine effects of apomorphinet
Broussolle et al'® 4 46-78 Continuous SC infusion 4-15d L(n=4) Confusion postop No neuropsychiatric symptoms
7-18 3-7 mg/h (n=2) reported
Ellis et al” 12 59 (39-78) Continuous SC infusion 28 mo L(n=12) All non-demented No new neuropsychiatric symptoms
11 (3-23) 60 (30-114) mg/d (8-72) PER (n = 5) observed
— (n=18) BC (n=4) 5 visual hallucinations 4 resolved; 1 initial confusion resolved
or multiple SC injections SEL (n = 4) when L reduced
30 (10-60) mg/d AM (n = 4) 1 visual hallucination Resolved
(n=14) BE (n=2) and paranoid delusions
1 visual hallucination Occasional nocturnal confusion
and psychosis
1 “on—off” paranoia Resolved
and nightmares
1 visual hallucination Decrease visual hallucinations
and “on-off” paranoia
3 confusion No recurrence
Ruggieri et al”’ 6 52-63 Continuous SC infusion 2.6 mo L=(n=6) No prior psychiatric
4-14 15-35mg/h x 12 h (0.5-7) complications with L
3-12 5 intolerant of LIS:
1 confusion and delusion Confusion and visual hallucinations
at 7. mo
1 acoustic hallucinations No psychiatric complications
1 confusion and Confusion and visual hallucinations
hallucinations at 2 wk
1 no psychiatric side effects  Visual hallucinations and confusion
in the third month
1 nocturnal confusion Acute psychosis at 2 mo
1 acoustic hallucinations, No psychiatric complications
confusion and vivid dreams
Gancher et al'™ 6 60 (36-73) Continuous waking SC 3mo L(n=6) Not stated 1 confusion and emotional lability
18 (6-36) infusion BC (n=4) 1 euphoria
12.5 (3-20) 25-200 pg/kg/h PER (n=2) Both improved with decrease Apo
TRI(n=1) and d/c oral dopamine agonists
ETH (n = 3)
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Table 1: Continued

Mean age (range)

Treatment with

Concomitant

Duration PD apomorphine Duration anti-PD Mental status Neuropsychiatric
Reference n Duration L* (dose range) (range) medicationt before apomorphine effects of apomorphinet
Frankel et al'® 25 58.8 (40-74) Continuous SC infusion 22 mo L (n=25) No current dementia 1 withdrawn because of
17.8 (7-24) and boluses (7 on 24-h (5-32) AC (n=6) or neuropsychiatric hallucinations
15.6 (3-20) infusions) (n=21) BC (n=3) disturbance 1 visual hallucinations at 6 mo,
89 (24-207) mg/d <5mo AM (n=2) resolved on dose reduction
(n=4) SEL (n=1) 1 visual pseudo-hallucinations
(history of hallucinations on L)
3 of 57 history of psychosis 1 visual hallucinations and paranoid
on other anti-PD meds ideas, resolved on apomorphine
(no recurrence on Apo) withdrawal
1 paranoid mute, withdrawn at 6 mo;
persisted after Apo and L withdrawn
32 59 (40-73) Multiple SC injections 13.5mo L(n=32) No current dementia No neuropsychiatric side effects
145 (5-23) 10.2 (0.8-27.5) mg/d (5-26) SEL (n=12) 1 “off” period
12.8 (3-20) (n=30) BC, AM or AC hallucinations
<5mo (n=15)
(n=2)
Ostergaard et al'® 22 59.3 (44-76) Multiple SC injections 8 wk L(n=22) No psychiatric disease None reported
9.8 (34-19.2) 3.4 (0.8-6) mg/dose (n=14) BC (n=12) but 8 on amitriptyline
8 (3-19) x 5.8 injections (1-12.7) 2 wk SEL(n=9) 2 on imipramine
(n=2) BEN (n=1) 1 on clozapine
AM (n=1)
Stibe et al*” 6 53 (36-70) Continuous SC infusion Up to L(n=6) 3 severe psychiatric Metallic distortion of taste in 2
14.3 (9-20) 0.04-0.06 mg/kg/h 5mo reactions after oral
13 (9-16) dopaminergic meds
1 nightmares, depressed
and withdrawn
Hughes et al'* 22 60.6 (43-75) Continuous mainly waking 36.5 mo L(n=22) 4 similar psychiatric side 2 occasional nightmares, 3 mild
19.2 (9-28) SC infusion and boluses (12-61) effects before and after benign visual hallucinations
16.6 (6-24) 70-93.2 (28-180) mg/d Apo 2 described mild confusion only
when dose increased
1 history of psychosis on L Hyperlibidinous and paranoid after
32 mo and after L d/c, recovered
with clozapine; no recurrence on d/c
clozapine and continuation of Apo
49 62.6 (42-78) Multiple SC injections 27 mo L (n=49) Not stated 3 nightmares and 2 benign visual
15.2 (5-26) 11.7-18.6 (0.4-75) mg/d (12-54) Other anti-PD hallucinations for the first time after
13 (4-21) meds (unspecified) 1 yr of treatment
37 — Continuous SC infusion <lyr L(n=37) Not stated None reported

(n=9)
Multiple SC injections (n = 28)
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Table 1: Concluded

Mean age (range)

Treatment with

Concomitant

Duration PD apomorphine Duration anti-PD Mental status Neuropsychiatric
Reference n Duration L* (dose range) (range) medication™t before apomorphine effects of apomorphinet
Stibe et al*” 11 56 (32-70) Continuous diurnal SC infusion 8 mo L(n=26) Non-demented 1 visual hallucination after 1 yr;
14.4 (9-20) with or without boluses (1-15) 10 of 19 had prior 20 yr prior had febrile visual
13,5 (9-17) 77 (30-150) mg/d visual hallucinations (3 hallucinations
8 57 (49-73) Multiple SC injections Duration L(n=28) psychotic reactions on L)
14 (10-17) Unspecified dose ? 2 of 19 prior confusion
12 (10-14) (1 paranoid on LIS)
Scarzella et al™ 25 59.7 (42-73) Continuous SC infusion 14d No anti-PD Not stated No hallucinatory phenomena
13.9 (4-27) 25 mg/d over 4.2 h medication
12.3 (3-23)
Steiger et al”® 22 54 (38-75) Multiple SC injections Median5mo L (n=22) Demented excluded 5 of 22 psychiatric side effects
13.7 (6-25) 2.6 (1-4) mg/dose (3-9) Prior neuropsychiatric (2<1wk;1at4,6and 12 mo):
— x ? number of doses (n=10) disturbance on dopamine 1 visual illusions, 1 auditory
Up to 19 mo agonists (n = 4) hallucinations, 2 feelings of persecution
(n=10) (1 delusions on BC) (all 4 resolved within 6 wk of Apo d/c),
< 1wk 1 visual illusions, formication and morbid
(n=2) jealousy requiring suliride X 2 mo to
resolve (3 of these had similar symptoms
on other treatments; 2 de novo);
1 “on” period confusion
Kempster et al'* 8 59.9 (41-68) Multiple SC injections 6.5 mo L(n=8) 2 cognitive impairment No neuropsychiatric toxicity
16.1 (10-21) 11.6 (4-25) mg/d (n=16) BC (n=4) with prior episodic
— <6.5mo AC(n=2) confusion
(n=2)
Colzi et al'® 19 585 (47-74) Continuous waking SC 27yr L(n=9) Not stated After 3—4 yr: 2 paranoid psychosis
17.4 (9-31) infusion 77.6 and over (with mild confusion and visual
15.6 (8-31) (30-300) mg/d hallucinations); resolved on temporary
clozapine or sulpiride; Apo continued
1 mild confusion and visual hallucination
Wenning et al"® 16 — Continuous 24-h SC 57 mo L (10) Not stated 5 visual delusions controlled with
11 infusion (8-103) Others ? transient clozapine use
9 162 (36-340) mg/d Frank psychosis not seen
Pietz et al™ 25  64.7 (6.8 SD) Continuous 24 h infusion >2mo L (16) 4 of 11 who developed 5 psychotic, 3 visual hallucinations
16 (6-27) 112.5 (57-174) mg/d (median Others? neuropsychiatric 1 intermittent illusions
14 (5-23) 44 mo) symptoms had cognitive 1 confusion, 1 occasoinal nightmares
problems before Apo
24 58.9 (9.7 SD) Intermittent injections >2mo L (20) Not stated 2 visual hallucinations
115 (3-25) 9.7 (2-26) mg/d (median Others? 1 confusion
10.0 (3-23) 22 mo)

Note: AC = anticholinergic antiparkinsonian agents; AM = amantadine; Apo = apomorphine; BC = bromocriptine; BEN = benzhexol; BIP = biperidine; d = day(s); d/c = discontinued; L = levodopa; LIS = lisuride; PER = pergolide; PD = Parkinson's disease;
SC = subcutaneous; SD = standard deviation. SEL = selegiline; SL = sublingual.
*Column data (and range) in years; TSubjects on L-dopa were also on a peripheral dopa decarboxylase inhibitor; several subjects were also on domperidone. $Terminology as used by the authors.
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agonists.**** This low incidence has been considered
an advantage in the treatment of PD.*¥ Further, some
authors have described an antipsychotic effect of apo-
morphine in patients with PD and have recommended
its use in patients who develop psychotic symptoms on
other anti-PD medication.” However, the ability to
reduce L-dopa requirements as a result of improve-
ment of the motor symptoms with apomorphine may
account for the improvement in the psychotic symp-
toms. Of the 560, 47 (8.4%) patients had either experi-
enced psychotic symptoms before starting apomor-
phine (n = 34) or were experiencing such symptoms
when apomorphine was started (n = 13). This is similar
to the number experiencing psychotic symptoms dur-
ing apomorphine therapy (i.e., adding apomorphine
did not increase the prevalence of psychotic symp-
toms). Of the 13 patients experiencing psychotic symp-
toms when apomorphine was started, 12 resolved
while taking apomorphine and in 1, the psychotic
symptoms decreased. In 7 of the 47 patients, there was
a recurrence of psychotic symptoms (including in 1
patient who had experienced febrile visual hallucina-
tions in the past). However, in 2 of these cases, the
symptoms only lasted 2 days and did not recur with
continuation of apomorphine therapy. In the remain-
ing 27 patients, there was no recurrence of psychotic
symptoms on exposure to apomorphine.

Discussion

Aside from observations in patients with PD, there is
little or no evidence that apomorphine, in doses that
stimulate postsynaptic DA receptors, induces psycho-
sis. Also, unlike amphetamine or methylphenidate,
apomorphine does not cause relapse or exacerbation of
psychosis in patients with schizophrenia. The short
half-life of apomorphine, insufficient dosages or possi-
ble tolerance of DA receptor response to repeated or
continuous apomorphine administration may account
for the absence of a psychotogenic effect of apomor-
phine. In normal subjects, a subcutaneous dose of
0.5 mg apomorphine HCI is sufficient to stimulate
postsynaptic DA receptors,” and doses of 0.5 mg apo-
morphine are sufficient to improve PD.™ Accordingly,
the studies cited have used apomorphine in doses suf-
ficient to stimulate postsynaptic DA receptors. Evalua-
tion of the effect of apomorphine on psychopathology
in schizophrenia has usually involved only a single in-
jection of apomorphine, so the duration of DA receptor

stimulation may have been insufficient to provoke an
exacerbation of psychosis. However, in nonpsychotic
subjects exposed to aversive therapy in which apomor-
phine was administered every 2 hours for several
days,* psychotic symptoms were not reported. Also,
repeated doses of apomorphine at hourly intervals
over an 8-h period in patients with psychosis was not
associated with an aggravation of psychosis.*

Most studies in patients with PD show that the anti-
parkinsonian effect of apomorphine continues with
repeated or continuous administration of apomor-
phine, although a few studies show that while the anti-
parkinsonian effect continues, it is diminished. Hughes
et al* administered repeated subcutaneous injections of
apomorphine over a 10-h period to 7 patients with PD;
each dose was given when the beneficial motor effects
induced by the previous dose had worn off; no tolerance
was observed. In a further study, 15 patients received 7
sequential subcutaneous injections of apomorphine,
and no tolerance to the antiparkinsonian effects oc-
curred.® Also, in 14 patients with PD who improved
taking apomorphine and who had never received L-
dopa, the magnitude of improvement was maintained
after 4 repeated subcutaneous injections of apomor-
phine.*® Grandas et al,” however, reported that if apo-
morphine doses were given at 2-h intervals, the dura-
tion of antiparkinsonian effects was reduced by 40%
but was of equal duration when given at 4-h intervals.
In contrast to repeated doses, Gancher et al®* showed
that the antiparkinsonian effect of a challenge dose of
apomorphine after continuous intravenous infusion of
apomorphine over 6 hours was reduced by 35% and af-
ter 22-31 hours, by 68%. However, the same authors
found that in patients receiving continuous subcuta-
neously infusion of apomorphine during the waking
hours over a 3-month period, no tolerance to the anti-
parkinsonian effects of apomorphine occurred.” In
fact, chronic administration of apomorphine, whether
given intermittently or by continuous infusion, re-
mained effective in improving PD symptoms without
clinically significant tolerance or loss of therapeutic ef-
fect for up to 4-5 years of treatment.’® This would indi-
cate that, at least in the striatum, DA receptor respon-
siveness to apomorphine does not show tolerance.

Difficulties interpreting much of the data from
studies in patients with PD derive from insufficient
information on the mental status of subjects before
apomorphine administration, advanced state of the
neurodegenerative disorder, concomitant administra-
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tion of drugs known to induce psychosis and paucity
of information on rechallenge with apomorphine in
suspected cases of apomorphine-induced psychotic
symptoms. Prospective studies in PD patients showing
resolution of psychotic symptoms with apomor-
phine™™ (possibly because L-dopa doses could be
reduced) raise questions concerning the psychotogenic
properties of apomorphine. Unfortunately, there have
been no studies in which subjects have been selected
as suitable candidates for apomorphine treatment and
then those given apomorphine compared with patients
who declined to take it. Information to date suggests
that apomorphine in high doses may induce psychotic
symptoms in some patients with PD, but it is a rela-
tively weak psychotomimetic agent.

Amphetamine and methylphenidate increase
synaptic DA concentrations,**** whereas apomor-
phine enhances DA neurotransmission by a direct ef-
fect on D,-like (D4, Dy, Ds) and D,-like (D,, D;, D,) DA
receptors.” Apomorphine shows a differential bind-
ing to DA receptors subtypes that differs from that of
the endogenous ligand, DA. Apomorphine and DA
have a similar affinity for the D, receptor; however,
apomorphine has a greater affinity for the D, and D,
receptors, whereas DA has a 7-fold greater affinity at
the D, receptor than apomorphine.*® This raises the
possibility that apomorphine shows little psychoto-
genic potential compared with indirectly acting DA
agonists because of its relatively weak effect at D; re-
ceptor sites. In this regard, D, receptors are localized
to limbic areas of brain,** areas implicated in the path-
ophysiology of schizophrenia.”* Further, the DA re-
ceptor agonists bromocriptine and pergolide, which
induce psychosis,** also have a comparable binding
affinity at the D, receptor to DA.*

Apomorphine and amphetamine induce compulsive
sniffing, licking and biting in the rat. This behavioural
response, which is inhibited by neuroleptics, is used to
screen for antischizophrenic agents.”*® Whereas the
stereotyped response induced by amphetamine and re-
lated compounds may be interrupted by episodes of
reverse locomotion,*’ this is not seen after apomor-
phine administration.*® This behavioural difference
suggests central neurochemical differences in the ac-
tion of these agents. In addition to the amphetamines,
backward walking (reverse locomotion) is also seen
after a variety of hallucinogens*®** and is believed to
be mediated by the simultaneous release of DA and
serotonin.** In addition to increasing DA turnover,

amphetamine increases the turnover of both norad-
renaline* and serotonin.* In this regard, abnormali-
ties in noradrenergic***** and serotonergic function*
have been implicated in the pathophysiology of schiz-
ophrenia. In contrast, apomorphine is more selective
in its effect on neurotransmitter systems; apomor-
phine stimulates DA function at doses that have no
effect on noradrenaline*® or serotonin turnover.*’” This
difference may have relevance to the limited psycho-
togenicity of apomorphine.

In the context of the DA hypothesis of schizophre-
nia, the weak or questionable psychotogenic effect of
apomorphine may suggest that whereas hyperdop-
aminergia is a necessary factor, at least in the genesis
of positive symptoms of schizophrenia, by itself it is
insufficient. This conclusion with respect to apomor-
phine further supports the view that other neuro-
transmitter derangements are relevant to the patho-
physiology of schizophrenia.*#**
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