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Article abstract—Apomorphine is a non-narcotic morphine derivative that acts as a potent dopaminergic agonist. Its
high first-pass hepatic metabolism prevents effectiveness by the oral route; instead, subcutaneous injection is the usual
route, and intranasal, sublingual, rectal, and iontophoretic transdermal delivery has been investigated for the treatment
of Parkinson’s disease (PD). The rate of uptake after subcutaneous injection is influenced by factors such as location,
temperature, depth of injection, and body fat. Studies have shown the latency of onset to clinical effect after s.c. injection
ranged from 7.3 to 14 minutes. Cerebrospinal fluid Tmax lags behind plasma Tmax by 10 to 20 minutes. Considerable
intersubject variability is found with pharmacokinetic variables; in some studies there are five- to tenfold differences in
C

max
and area-under-the-concentration-time-curve seen in PD patients. Apomorphine metabolism occurs through several

enzymatic pathways, including N-demethylation, sulfation, glucuronidation, and catechol-O-methyltransferase as well as
by nonenzymatic oxidation. The complexities of apomorphine uptake, distribution, and clearance probably contribute to its
variability of clinical actions.
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Apomorphine, used for many years because of its
potent emetic properties, has become an important
option for anti-parkinsonian therapy.1 Its first use in
treating Parkinson’s disease (PD) goes back more
than 50 years when, on the basis of reports that
apomorphine could reverse surgically induced exper-
imental decerebrate rigidity, Schwab et al.2 used s.c.
doses of apomorphine at 0.5–1.0 mg to treat several
PD patients. The result was a brief but unequivocal
benefit against tremor and rigidity, despite promi-
nent side effects. At that time, because the recogni-
tion of dopamine deficiency as the pathophysiologic
hallmark of PD was still years away and the dopami-
nergic effects of apomorphine were unknown, the
clinical effects were largely ignored.

With the later discovery of levodopa’s remarkable
efficacy at relieving parkinsonian symptomatology,
the dopaminergic properties of apomorphine and re-
lated compounds generated new interest during the
late 1960s. Pioneering clinical studies by George Cot-
zias3 and others4 revealed substantial benefits
associated with parenteral administration of apomor-
phine in the treatment of PD. It is now clear that this
drug has the potential to play a major role in treating
patients not adequately controlled with levodopa and
other oral anti-parkinsonian medications.

Compared with the other dopaminergic com-
pounds used for PD, apomorphine stands out for its
potency at overcoming “off” states that can be unre-
sponsive even to continuous levodopa infusion.5 Al-

though apomorphine must be given parenterally,
this inconvenience in route of administration never-
theless offers some advantages for its most common
therapeutic applications. Subcutaneous administra-
tion of apomorphine has become a therapeutic option
for rapid rescue from disabling “off” states in pa-
tients with unpredictable or suboptimal effects from
levodopa.6 Furthermore, studies in Europe have
shown that continuous delivery of apomorphine by
s.c. infusion can accomplish a steady-state control of
parkinsonism without the excesses of dose–effect
that can cause dyskinesias or psychiatric problems.7,8

Substantial increases in “on” time with s.c. delivery
of apomorphine have been reported in a number of
studies.9–13

The pharmacology of apomorphine. Apomor-
phine is a crystalline aporphine alkaloid of the
dibenzoquinoline class. First created in 1869, it can
be derived from morphine by heating it in an acidic
environment (with sulfuric or hydrochloric acid, or
with ZnCl2). Apomorphine can also be synthesized
from other starting compounds.14 Apomorphine lacks
the narcotic properties and other opiate effects of its
parent compound. Instead, apomorphine’s primary
pharmacologic actions are derived from its polycyclic
and tertiary amine structures that contain a moiety
homologous with the dopamine molecule. Presum-
ably on this basis, apomorphine exerts potent dopa-
minergic activity at dopamine receptors.
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In vitro, it exhibits high binding affinity for the
dopamine D4 receptor, moderate affinity for the do-
pamine D2, D3, and D5 receptors, and low affinity
for the dopamine D1 receptor.18 Other studies have
shown similar potency at D2 and D1 (adenylate
cyclase-linked) dopamine receptors.17 In some inves-
tigations, apomorphine behaves as a partial agonist
at D1 receptors.19 In addition, it has moderate affin-
ity for adrenergic 1D, 2B, and 2C receptor, and for
serotonin 5HT1A, 5HT2A, 5HT2B, and 5HT2C re-
ceptors.15–19 Although the precise mechanism of ac-
tion of apomorphine as a treatment for PD is
unknown, it is believed to be due to stimulation of
postsynaptic dopamine D2-type receptors in the cau-
date nucleus and putamen. A multivariate analysis
of drug binding at these and other subclasses of hu-
man and animal dopamine receptors,17 as well as
binding at other monoaminergic18 and serotonergic
receptors,19 showed apomorphine to have a distinc-
tive profile differing from 10 other dopaminergic
compounds that also exert anti-parkinsonian effects.

For clinical practice, apomorphine is formulated
as a hydrochloride salt with a molecular weight of
312.79. Its chemical description is 6��-aporphine-
10,11-diol hydrochloride hemihydrate. Although apo-
morphine has stereoisomers, only the R enantiomer
has activity against parkinsonism because the S
form is lacking in dopaminergic actions and may
have antagonistic effects at dopamine receptors.15

Readily soluble in water, apomorphine needs protec-
tion against oxidation that is promoted by exposure
to air or light. Because most apomorphine used for
clinical purposes is derived from natural sources,
this drug has the potential for variability in potency
and stability among the various marketed products.

Early attempts to use the oral route for adminis-
tration of apomorphine in PD were unsuccessful be-
cause this compound was rapidly metabolized in
first-pass metabolism by the liver. Trials of oral apo-
morphine administration by Cotzias et al.,3 using
doses between 150 and 1440 mg/day, achieved some
degree of clinical improvement in PD. However,
orally administered apomorphine was associated
with dose-related nephrotoxicity, possibly as a result
of the large intake of this compound necessitated by
its high first-pass metabolism. As a result of this
experience, alternative routes of drug delivery have
been sought to utilize smaller systemic doses of this
compound. These have included trials of s.c., sublin-
gual, i.v., rectal, intranasal, and iontophoretic trans-
dermal drug delivery. Each of these routes has
shown some potential for clinical effectiveness, al-
though adverse effects and instability of some of the
drug preparations have been limiting factors.20–22 In
addition to s.c. apomorphine, promising future direc-
tions for apomorphine administration include trans-
dermal22 and intranasal preparations, which attempt
to avoid the problems encountered with earlier trials
using these alternative means of drug delivery.23,24

The 10 mg/ml sterile solution of apomorphine hy-
drochloride can be injected s.c. at locations that differ

in their rate of uptake, e.g., injecting the drug into
the abdominal wall leads to more rapid absorption
than injection into the thigh.25,26 Other local influ-
ences include temperature, as shown by experiments
demonstrating that slowing of uptake occurs after
cooling the injection site.27 One study of 10 PD pa-
tients with motor fluctuations found that the onset of
motor effects after s.c. injection occurred after an aver-
age of 12.3 � 4.5 minutes and lasted an average of
61.9 � 13.3 minutes.28 Other studies investigating the
clinical effect of apomorphine found the average onset
of action to be 7.3 minutes29 and 14 minutes.30 The
variability of clinical effect after injection may be gov-
erned by subcutaneous fat, depth of the injection, and
other factors that might be difficult to standardize.

One investigation of s.c. apomorphine examined
dose–response characteristics from increasing doses
in 10 PD patients evaluated for clinical improvement
(defined as percent change from baseline scores us-
ing the Columbia University Rating Scale).31 The
percent change tended to increase as a function of
dose. An insignificant response followed injection of
0.5 mg of apomorphine, while 10% improvement oc-
curred after 1 mg, 22% improvement after 2 mg, and
25% after 4 mg s.c. However, even the highest dose
led to clinical improvement (20% greater than base-
line) for only 6/8 patients tested. These data illus-
trate the variability in clinical response that even
parenteral administration of apomorphine offers for
patients with motor fluctuations. In this study, plot-
ting of plasma apomorphine concentration against
clinical effect yielded a steep sigmoid concentration–
effect relationship, with a mean EC50 determined to
be 20 pmol/ml.31 A 6-minute equilibrium half-life ac-
counted for the lag between plasma concentration
and clinical effect.

In general, the drug’s pharmacokinetic properties
are the determinants of clinical results achievable in
PD patients. This has been demonstrated in a study
exploring the relationship between plasma and lum-
bar CSF apomorphine concentrations and the drug’s
clinical effect.32 Unlike the plasma concentrations of
apomorphine, the CSF appearance of the drug corre-
lated closely with the onset of anti-parkinsonian ef-
fect (r values of 0.93 and 0.89 in the two patients
studied). This investigation found that the central
pharmacokinetics of apomorphine, as represented by
its CSF concentration, were best described by a two-
compartment model. The delay in the time of maxi-
mal CSF drug concentration (Tmax), compared with
plasma Tmax, was 10 and 20 minutes for the two
patients studied. Apomorphine in CSF was 3.6% and
2.5% of the concentrations measured in plasma. In
another study, the ventricular CSF concentration of
apomorphine was measured in six subjects undergo-
ing investigation for normal-pressure hydrocephalus.
In this atypical and non-PD population, the maximal
drug plasma concentration occurred at 20 minutes
and was followed 10 minutes later by the Tmax for
the CSF compartment.33 In another study of periph-
eral apomorphine pharmacokinetics after s.c. bolus
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administration (20–30 �g/kg) in a group of 15 PD
patients, plasma Tmax was achieved in 7.8 � 1 min-
utes.34 Considerable intersubject variability was
noted in several pharmacokinetic parameters. There
was a 10-fold difference in Cmax and a five-fold differ-
ence in plasma concentration AUC in these patients.

Values for plasma Tmax after s.c. administration
have ranged from 5 to 45 minutes in a number of
pharmacokinetic studies.26,31,35–37 Most commonly,
Tmax occurs 10–20 minutes after s.c. administration.
Another measure of uptake, the drug’s absorption
half-life, was determined to be 5.8 minutes in one
study.36 The pharmacokinetics of apomorphine after
s.c. and i.v. administration showed a great deal of
interindividual variability in Tmax, Cmax, and plasma
concentration AUC.25,38 There were no correlations
between these values and body weight, age, or gen-
der in this or another study of apomorphine clear-
ance in PD patients.29 Total drug clearance varied
from 1 to 12 L/kg/hour.25 Other details of apomor-
phine pharmacokinetics after s.c. administration, as
well as delivery by other routes (rectal, intranasal,
iontophoretic transdermal, and i.v.), can be found in
an extensive review by Neef and van Laar.27

Metabolism of apomorphine. The clearance of
apomorphine occurs through several routes. After
parenteral administration, the drug measured in the
plasma is highly protein-bound. In vitro literature has
indicated that the potential pathways of metabolism
for apomorphine included oxidation, N-demethylation,
metabolism by catechol-O-methyl transferase (COMT),
glucuronidation, and sulfation.38 A study by van der
Geest et al.38 showed that only 0.3% of an administered
dose of apomorphine was excreted unchanged. Several
routes of metabolism have been described. Among
these are nonenzymatic oxidation reactions in the
bloodstream and organs, forming various quinone
products and related compounds. An estimate of apo-
morphine oxidation concluded that more than two-
thirds of an administered dose is cleared by this
means.36 In the latter study, an in vitro evaluation of
apomorphine stability showed a 39-minute half-life of
auto-oxidation. Another study of apomorphine disposi-
tion after i.v. administration to PD patients found that
systemic oxidation of apomorphine occurred with a
half-life of 142 � 35 minutes.38 Because the majority of
an administered dose of apomorphine could not be de-
tected, extensive systemic oxidation of apomorphine
appears to be the explanation, especially since the
measured clearance of the drug, 40.4 � 14.9 ml/min/kg
(with a mean volume of distribution at steady state of
1.57 � 0.50 L/kg) exceeds the rate of hepatic blood flow.

Conclusion. Apomorphine is a potent dopamine
agonist with full D2 and partial D1 activity. Its ex-
tensive first-pass hepatic metabolism has required
only parenteral administration in its current appli-
cations for the treatment of advanced PD. Pharmaco-
kinetic parameters vary from patient to patient and
may depend on factors such as s.c. fat and depth of
injection. Intranasal, sublingual, iontophoretic trans-

dermal, and rectal administration are also possible
and have been explored in clinical studies. When
delivered via s.c. injection, apomorphine has the
most rapid onset of motor action of any anti-
parkinson therapy (within 7.5 to 10 minutes), and its
action lasts up to 90 minutes. The pharmacokinetics
and metabolism of apomorphine after s.c. injection
are complex, possibly contributing to variability in
its usefulness as a rescue therapy for patients with
advanced PD.
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