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Abstract: Apomorphine is a potent molecule for the treatment of Parkinson’s disease (PD). It
can be obtained in both the R and S forms, and it is the former that is the therapeutically active
form. Due to its structural similarity with 3,4-dihydroxyphenethylamine, dopamine, apomorphine
can function as an agonist in the treatment of PD as it can stimulate both the D1 and D2 receptors
of the striatum. The clinical efficacy of apomorphine is similar to that of 3,4-dihydroxyphenyla-
lanine, levodopa (L-dopa), the cornerstone drug in dopaminergic therapy. (R)-Apomorphine is
efficacious for one of the most challenging aspects in the management of PD, namely, managing
the unpredictable “on-off” period as a rescue medication after oral administration of a therapeutic
drug such as L-dopa. The effectiveness is due to its rapid control of the wearing-off period of
the orally administered medicine. This short review will trace the progress of apomorphine use
starting with its initial discovery and the first indications for which it was used, discovery of its
“cure” for PD, and the studies that led to demonstrating its therapeutic efficacy. The key structural
features of apomorphine responsible for its activity are illustrated along with major issues of
chemical stability. From a drug delivery point of view, the current form of administration of
apomorphine and some of the potential alternate methods of delivery are reviewed.
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Historical Aspects of Apomorphine
Development

Apomorphine (I , Figure 1), as the name implies, is a
derivative of morphine and is formed by the acidic rear-
rangement of morphine.1 First discovered in 1869 by
Mathiesen and Wright, apomorphine was used initially as
an emetic drug.2 In 1884, evidence suggested that apomor-
phine could be useful for convulsive disorders for patients
with abnormal physical motion.3 In the next three decades,
apomorphine gained attention as a drug that could stimulate

the central nervous system (CNS). Most of these observations
were isolated; Douglas wrote in theNew York Medical
Journal about the effect of apomorphine for the treatment
of alcoholic intoxications and its favorable effects on delirium
tremens,4,5 while Dent in London observed similar results
and reported the impact of apomorphine on the actions of
the brain.6 Research and clinical studies continued using
apomorphine as a drug for the treatment of alcoholism as
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Figure 1. Chemical structures of apomorphine, dopamine,
and levodopa.
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well as a subemetic drug. In 1950, Feldman summarized
results in his thesis at the University of Geneva from clinical
studies of apomorphine in the treatment of alcoholics.7

However, a publication in 1951 changed the scope of
apomorphine therapy and triggered the use of apomorphine
for a totally new indication. Schwab and colleagues reported
the effectiveness of apomorphine in Parkinson’s disease
(PD),8 a serious neurological disorder of the CNS character-
ized by increased deterioration of neurons responsible for
the normal functioning of the human motor system. It was
recognized that the loss of dopaminergic nigostriatal neurons
would lead to reduction in the availability of neurotransmitter
dopamine in the striatum resulting in abnormalities in the
human motor system. Schwab and co-workers reported the
favorable effects of apomorphine from a study conducted
on 20 patients with subcutaneous injections and 10 patients
with an oral preparation. The effect of oral apomorphine was
shown to be less dramatic and more sustained than the
subcutaneous injection. Treated patients showed less rigidity
and tremor, reported feeling less tense, and were less easily
upset by the usual stresses they encountered.

In subsequent years several studies were conducted to
determine the effect of apomorphine in the treatment of PD.
In 1967, Ernst outlined the structural similarities between
apomorphine and dopamine (II , Figure 1) since administra-
tion of the latter can address the need for extra dopamine
for the control of the motor system (such as the conscious
movement of muscles). Through studies in the rat, he
demonstrated that both apomorphine and dopamine can
produce the same results and proposed that the efficacy of
apomorphine could result from a dopamine-like effect on
the receptors.9 In the same year, Anden and co-workers
confirmed the hypothesis by reporting evidence of dopamine
receptor stimulation by apomorphine in rats.10 Results from
human clinical studies on the efficacy of apomorphine on
PD patients further supported the hypothesis that the
therapeutic activity of apomorphine could be due to its
structural similarity to dopamine.11 The various findings

confirmed that apomorphine is a potent D1 and D2 receptor
agonist12 and can induce regeneration of dopaminergic
neurons.13

However, apomorphine administered orally in advanced
PD patients was not successful due to the requirement of
high doses as a result of metabolic constraints and the first-
pass effect. High doses administered orally were found to
cause side reactions such as nausea and elevation of blood
urea and creatinine levels.14 The introduction ofL-dopa (III ,
Figure 1) therapy in 1970 further limited the advancement
of apomorphine. Levodopa, the gold standard in PD therapy,
is the metabolic precursor of dopamine. Since dopamine
cannot cross the blood-brain barrier, one of theL-dopa
treatments involves transfer of the precursor of dopamine
across the barrier with the help of metabolic inhibitors such
as amino acid transporters. Levodopa subsequently undergoes
decarboxylation to form dopamine. There are downsides to
L-dopa therapy, one of which is insufficient dopamine
availability due to extensive decarboxylation in its first
passage through the liver, which is rich in the enzyme
decarboxylase. Other disadvantages include distribution of
L-dopa in the body, peripheral decarboxylation before it is
actively transported to the brain, side effects such as
dyskinesias, wear-off, and rapid fluctuations.

In spite of the introduction ofL-dopa therapy, researchers
continued to investigate the potential of apomorphine.
Particularly in 1968 and 1969, two groups reported results
from a human clinical study where the use of metoclopramide
in reducing the apomorphine-induced nausea and vomiting
was established. In these studies, 30 mg of metoclopramide
was administered orally approximately 40 min before apo-
morphine was injected.15,16 In 1979, two important observa-
tions came as a breakthrough for the advancement of
apomorphine therapy. Agid and co-workers discovered that
domperidone, 4-(5-chloro-2-oxo-1-benzimidazolinyl)-1-[3-
(2-oxobenzimidazolinyl)propyl]piperidine, a peripherally act-
ing dopamine antagonist, could potentially prevent the side
effects such as nausea associated with administration of an
agonist to stimulate dopaminergic receptors.17 In the same
publication Corsini and co-workers reported that simulta-
neous coadministration of domperidone as a second dopam-
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ine receptor antagonist largely reduced the side effects of
apomorphine.18 Subsequent clinical studies reported by Stibe
and co-workers demonstrated the benefits of apomorphine
administered subcutaneously via bolus injections as a rescue
drug during the “off” period inL-dopa therapy.19 The study
reported that using apomorphine as a rescue medication could
reduce the total daily “off” time by 50-60% and possibly
reduce theL-dopa dose by∼20%. The studies that followed
confirmed these findings, and the rapid onset of results
provided by apomorphine within a few minutes of admin-
istration with a sustained steady state of drug level made it
an attractive rescue drug.20 In 1993, apomorphine was
licensed in the United Kingdom for use in patients with PD
for use withL-dopa therapy. Several clinical studies contin-
ued until 2000 using apomorphine in various double-blinded,
placebo-controlled trials.21-23 In 2004 apomorphine was
approved in the United States as a rescue medication in PD,
particularly to treat the “off” periods by subcutaneous
injection. However, as Clarke24 pointed out in a recent
review, apomorphine injections are potentially useful only
in advanced PD patients with several off periods and those
patients who normally do not respond to oral therapy.
Apomorphine may therefore not be the first in line agent
for most patients. Other drawbacks of apomorphine infusions
are its high cost24 and the formation of subcutaneous nodules
and hypotension.25

Key Structural Features of Apomorphine
The determination of structure-activity relationships

(SAR), a benchmark exercise in the science of medicinal

chemistry with relevance to contemporary combinatorial
chemistry and high-throughput screening of potent molecules,
has aided in the understanding of receptor-agonist interac-
tions. Many such SAR correlations have been put forth by
researchers for indications in the CNS.26,27 Particularly for
PD, the vast majority of these analyses have been based upon
dopamine and molecules that have structural similarities with
dopamine,28-30 such as apomorphine.31-33 Structure-activity
relationships have been established for the ergot alkaloid
derivatives and their fragments as well as lergotrile, per-
golide, and bromocriptine. Ergot is naturally occurring dried
sclerotium of the fungusClaViceps purpurea, which can be
found in the ovary of the ryeSecale cereale. The ergot
alkaloids (2% of the composition of ergot) were found to
have useful medicinal properties due to their high biological
activity and a broad spectrum of pharmacological effects.
The similarity of the ergoline ring structure in bromocriptine,
lisuride, and pergolide to the endogenous monoamides is
believed to be the cause of action of these compounds on
dopaminergic receptors. Dopamine agonists in the non-
ergoline family includes pramipexole, ropinirole, and
piribedil.34,35

Since both dopamine and apomorphine belong to the class
of â-phenylethylamines with a catechol moiety, the models
developed for dopamine can also be applied to apomorphine
in terms of understanding the receptor-agonist interactions.
For instance, as in the case of dopamine, it is intuitive to
think that when apomorphine interacts with adenosine
triphosphate (ATP), a key component of some dopamine
receptors, the complex could be stabilized by hydrogen
bonding between catechol hydroxyls and the nitrogens of
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the ring.36 It is therefore important to preserve the catechol
moiety of apomorphine in its completely protonated state.
There could also be electrostatic interactions between the
cationic form of apomorphine and the anionic phosphate
groups of the ATP, if the delivered form is the cationic form
of I . The simulated charge profile calculations based on the
pKa of apomorphine are shown in Figure 2, and it is clear
that the molecule will indeed remain as a cation at the
physiological pH of 7.4. Another important aspect of the
presence of the two hydroxyl groups in the structure is their
location. On the basis of molecular orbital theory, it has been
predicted that them-phenolic monoanion of dopamine free
base is more stable than thep-anion.37 Similarly, adding an
electronegative substituent such as fluorine to the ring
containing the catechol moiety could change the acidity of
the phenolic groups, which might have a subtle if not large
dependence on the strength of the agonist-receptor interac-
tion.38 However, modifying the structure with an electro-
negative substituent such as fluorine could potentially alter
the octanol-to-water partition coefficient (logp) value, as
well as the lipophilicity and aqueous solubility. These
properties are particularly important from a drug delivery
and formulation perspective. Finally, even though monohy-
droxy derivatives of apomorphines have been synthesized,
evaluation of the therapeutic effects of these derivatives have
found them to be less potent than the dihydroxy form as in
apomorphine.39,40

Key Stability Issues of Apomorphine
One of the key stability issues of apomorphine is its

susceptibility to oxidation. Oxidation of the hydroxyl groups

of the catechol moiety to the quinone form (Figure 3) in
aqueous solution is one of the factors retarding the stability
of apomorphine. The kinetics of oxidation have been probed
both electrochemically and via electron spin resonance.41-43

Aqueous solutions of apomorphine turn color in less than
30 min, which indicates oxidation and formation of the
quinone. In order to mitigate the kinetics of oxidation, several
methods, including use of antioxidants, excipients that chelate
oxidants in the formulation, and alteration of the formulation
pH, have been described in the apomorphine literature.44-46

Formulations of apomorphine in nonaqueous media using
protic solvents and those enriched with antioxidants will have
higher stability in providing extended shelf life than their
aqueous counterparts.

Racemization or internal conversion from theR to theS
form at physiological pH is another concern for apomor-
phine47 (Figure 4). Conversion of one of the hydroxyl groups
to the methoxy form with the help of catechol-O-methyl
transferase (COMT) enzyme is postulated as a path for
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Figure 2. Apomorphine charge versus pH profile computed
using the pKa value of apomorphine.

Figure 3. Schematic showing the oxidation of apomorphine
to the quinone form.
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formation of another potential metabolite for apomorphine.
Even though assays for the various potential metabolites of
apomorphine have been developed for physiological samples,48

the paucity of extensive data sets makes it difficult to
generalize the metabolic breakdown of apomorphine after
administration.

Alternate Routes of Drug Delivery for
Apomorphine

The efficacy of apomorphine from various clinical trials
and the recent approval of apomorphine as a rescue medica-
tion for “wearing-off” periods after an oral dosage have
opened up the possibility for several alternate routes of
apomorphine delivery. Continuous subcutaneous infusion and
intermittent subcutaneous injections are preferred to oral
routes due to the first-pass effect and poor oral bioavailabil-
ity.49 Since the late 1980s, various alternate routes of delivery
have been explored in addition to intravenous infusion. These
methods include nasal,50,51 sublingual,52,53 rectal,54,55 and

transdermal routes including both passive diffusion56 and
iontophoresis.57,58 Dewey and co-workers59 carried out a
double-blinded placebo-controlled clinical trial of an intra-
nasal apomorphine spray and reported promising results with
nasal irritation as a side effect. On the transdermal admin-
istration front, Lemachatti and Couarraze tested a passive
transdermal therapeutic system for apomorphine using in
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Figure 4. Potential metabolites of (R)-apomorphine. COMT can potentially convert apomorphine into apocodeine and
isoapocodeine.47
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vitro diffusion cell experiments and have reported percuta-
neous flux of 8 µg cm-2 h-1 for apomorphine.56 The
iontophoretic delivery of apomorphine has been extensively
studied by Bouwstra and co-workers.58

Among the various drug delivery routes, transdermal
delivery via iontophoresis has tremendous potential since it
avoids the first-pass effect and has the ability to precisely
control the dose as a function of applied current in any
desired form (direct current [DC], alternating current [AC],
or even pulsed to simulate a bolus dose).60 Controllable
transdermal drug delivery such as iontophoresis will un-
doubtedly appeal to health care practitioners and patients due
to its capabilities coupled with the ongoing shift to personal-
ized, on-demand delivery of drugs. There is extensive
literature on the transdermal iontophoretic delivery of apo-
morphine from formulations stabilized with antioxidant
excipients and buffers61-63 including data from human
clinical studies.64 The key issue from a product concept is
again to preserve the stability of the drug when it comes to

the shelf life of an apomorphine iontophoretic patch and to
be able to apply a high on-demand dose that is fast acting.
Recent results regarding the stabilization of apomorphine via
complex formation of catechol groups with borate and the
formation of a diacetyl derivative of apomorphine leading
to increased oxidative stability have been quite promising
for a prodrug approach.65 However, the prodrug approach
opens up the additional need for converting to the diol form
while maintaining the charge of the molecule before crossing
the transdermal interface for systemic uptake and subsequent
interaction with the receptors.

Conclusions
The development of apomorphine from an emetic drug to

a rescue medication for PD has been quite fascinating. The
century-old molecule’s usage has been prolonged due to
persistent studies by researchers and clinicians through a
better understanding of its structural features, activity, and
interactions with the physiological media. Further work needs
to be in done in terms of preserving the chemical integrity
of apomorphine both during use and during storage. Work
also needs to be done to advance understanding of the
transport of apomorphine across the skin from a clinical
perspective for potential transdermal application, as a rescue
medication either by itself or coadministered with another
dopamine agonist.
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