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Continuous dopaminergic stimulation and novel formulations
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Abstract There is now accumulating evidence that the
combination of progressive pathology of Parkinson’s dis-
ease, the change in drug pharmacodynamics, and the pul-
satile manner in which short-acting dopaminergic agents
stimulate striatal dopamine receptors are the key contrib-
uting factors to the priming of the basal ganglia for
induction of motor complications. Long-acting drugs pro-
vide a more physiological dopaminergic stimulation.
Dopamine agonists have been extensively used as mono-
therapy and add-on therapy to levodopa to treat Parkin-
son’s disease in the early stage and with motor
complications. Today, the new long-acting formulation
offers the advantages of an easy use and a more continuous
delivery of drug. In this paper the role of new formulations
of dopamine agonists in the treatment of parkinsonian
patients at different stages of the disease is reviewed.
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Introduction

After 40 years of clinical use, levodopa therapy still offers
the best symptomatic control of Parkinson’s disease (PD),
and all patients will require it during the course of their
disease [1-5]. However, with each year of levodopa
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treatment, about 10% of patients will develop levodopa-
associated motor complications [6, 7]. These include motor
fluctuations and different types of dyskinesias [8, 9]. In
many patients, ‘off” periods (motor difficulty) are associ-
ated with pain, panic attacks, severe depression, confusion,
and a sense of death, which makes this clinical status even
more distressing for patients and their caregivers. Some-
times these non-motor symptoms can appear without a
clear worsening of the motor performances (non-motor off)
[10, 11].

Different drugs and therapeutic strategies have been
tested in the course of the last 30 years to delay and
improve motor complications. Dopamine agonists (DA)
played a prominent role in this scenario and remain the a
very effective treatment alone or in combination with
levodopa to improve motor and non-motor fluctuations.
Moreover, because of their pharmacokinetic characteris-
tics, DA can provide a more continuous dopaminergic
stimulation [12].

The concept of continuous dopaminergic stimulation

Substantia nigra pars compacta (SNc¢) dopaminergic neu-
rons normally fire tonically at a rate of 3—6 Hz independent
of movement, although phasic firing activity or bursting
can be seen in association with reward or novel stimuli [13,
14]. This in turn is associated with relatively constant
striatal dopamine levels as demonstrated by both microdi-
alysis and amperometry [15, 16].

The situation changes in the dopamine denervated state.
Here, the loss of nigral neurons impairs dopaminergic
modulation of corticostriatal activity [17], resulting in
plastic changes, an impaired capacity to form long-term
potentiation, and long-term depression [17-19]. While



J Neurol (2011) 258 (Suppl 2):S316-S322

S317

surviving dopaminergic cells show little change in firing
rate, autoregulatory mechanisms are impaired and there is a
loss of stability associated with non-renewal. This implies
that small fluctuations in firing rate are not compensated for,
leading to less stable dopaminergic nigrostriatal activity
[20]. Further, dendritic spines on striatal neurons, which are
the sites of glutamate—dopamine interactions, are reduced in
density and size in the denervated striatum [21, 22]. As a
consequence of these changes, there is a loss of the soma-
totopic selectivity of neuronal firing and reduced inhibitory
center surround in response to peripheral stimuli in both the
striatum and GPi [23, 24]. These changes fundamentally
impair basal ganglia function and its capacity to appropri-
ately select and facilitate normal movement.

Standard replacement of levodopa does not restore basal
ganglia physiology to normal. The exogenous administra-
tion of repeated doses of a short-acting formulation of
levodopa (half-life of about 60-90 min) results in large and
uncontrolled oscillations in striatal dopamine levels [15].
These oscillations increase with disease progression [25]
due to the progressive loss of striatal dopamine terminals
and their capacity to buffer fluctuations in plasma levodopa
levels. This leads to a change from the normal situation in
which dopamine receptors are continuously exposed to
dopamine, to one in which they are exposed to alternating
high and low concentrations of dopamine. This discontin-
uous activation of dopamine receptors is referred to as
pulsatile stimulation, and further destabilizes a denervated,
and already unstable basal ganglia network.

Evidence that pulsatile stimulation contributes
to the development of motor complications

Both the degree of dopamine denervation and the half-life
of the dopaminergic agent employed contribute to the
likelihood that pulsatile stimulation of dopamine receptors
will occur. In early PD patients who have an estimated
40-60% loss of SNc dopamine neurons, dyskinesias typi-
cally develop after months or years of levodopa treatment,
while patients initiated on treatment with more severe
dopaminergic lesions develop dyskinesias within weeks of
starting levodopa [26].

The half-life of the dopaminergic agent employed is also
a critical factor in the development of dyskinesia. In
MPTP-lesioned monkeys, short-acting dopaminergic
agents such as levodopa and some dopamine agonists (e.g.
PHNO, apomorphine), rapidly induce severe dyskinesias.
In contrast, long-acting dopaminergic agents (e.g. ropini-
role, bromocriptine), matched to provide comparable motor
benefit to levodopa-treated animals, experience a markedly
reduced frequency and severity of dyskinesias [27-29].
Indeed, treatment with intermittent injections of a short-
acting dopamine agonist, such as U-91356A or

apomorphine, induce dyskinesia, while continuous infusion
of the same agent does not [30, 31]. Dyskinesia induced by
pulsatile stimulation is also associated with a series of gene
and protein changes in striatal neurons [32-36]. Interest-
ingly, these gene changes do not occur with long-acting or
continuous administration of dopaminergic agents where
animals do not develop dyskinesia. The pattern of neuronal
firing in basal ganglia output neurons is also influenced by
pulsatile administration of a dopaminergic agent. Changes
in the number and duration of pauses as well as in firing
frequency have been observed with pulsatile dopaminergic
stimulation in STN and GPi neurons of MPTP monkeys as
well as PD patients [37, 38]. Similar evidence supports the
concept that motor fluctuations and wearing off are related
to pulsatile stimulation [39—41]. These examples illustrate
that non-physiological, pulsatile or discontinuous replace-
ment of dopamine to the denervated striatum induces fur-
ther disruptions of basal ganglia activity leading to the
development of motor complications [12].

These experimental observations have been extended to
the clinic. Several prospective, double-blind controlled
trials support continuos dopaminergic stimulation (CDS)-
based treatment approaches in early untreated PD patients.
Each has demonstrated that patients randomized to initiate
therapy with a long-acting dopamine agonist have a
reduced risk of developing motor complications in com-
parison to patients randomized to initiate therapy with a
short-acting formulation of levodopa [42-45]. Indeed, very
few, if any, patients treated exclusively with a dopamine
agonist experience dyskinesia.

Long-lasting and dramatic reductions in motor compli-
cations have also been observed in advanced PD patients,
where treatment with continuous infusion of levodopa or a
dopamine agonist (apomorphine, lisuride) is associated
with reduced °‘off” periods and dyskinesias [46]. For
example, patients randomized to receive a continuous
subcutaneous infusion of lisuride have marked reductions
in both ‘off’ periods and dyskinesias in comparison to
those randomized to treatment with standard oral formu-
lations of levodopa [47].

Dopamine agonists

Since the introduction of bromocriptine in the early 1980s,
several dopamine agonists have become available for the
treatment of PD. Dopamine agonists are frequently
employed in the management of early PD based on their
having a relatively low potential to induce dyskinesia [42—
45], but were initially developed as an adjunct to levodopa
for more advanced patients. The addition of a dopamine
agonist such as pergolide, ropinirole, pramipexole or ca-
bergoline to levodopa in patients with motor complications
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can reduce ‘off” time by about 1.1-1.5 h per day [48-51].
These benefits can be obtained in conjunction with a
reduction in dyskinesia, probably by permitting a reduction
about a 30% reduction in the levodopa dose.

Talati et al. [52]. performed a meta-analysis of ran-
domized placebo-controlled trials evaluating the use of
dopamine agonist (DA) or placebo to pre-existing levodopa
therapy for the treatment of advanced Parkinson’s disease
(PD). They included in the meta-analysis a total of 15 trials
(n = 4,380 subjects). Adjunctive DA wuse resulted in
greater improvement as measured by the UPDRS ADL
(weighted mean difference [WMD] —2.20, 95% CI —2.64
to —1.76; P < 0.0001) and motor score reduction (WMD
—5.56, 95% CI —6.82 to —4.31; P < 0.0001) as well as
reduction in ‘off’ time measured in hours/day (WMD
—1.20, 95% CI —1.78 to —0.62; P < 0.0001) and reduc-
tion in levodopa dose (WMD —128.5 mg, 95% CI —175.0
to —82.1; P < 0.0001) versus placebo. Incidence of dys-
kinesia and hallucinations were higher with DAs (odds
ratio [OR] 3.27, 95% CI 2.65-4.03; P < 0.0001) and (OR
3.34, 95% CI 2.44-4.58; P < 0.0001). Non-ergot DAs
were qualitatively better, although both ergot and non-ergot
DAs showed statistically significant improvements in all
UPDRS scores. The authors concluded that adjunctive DA
use to levodopa is superior to levodopa alone at reducing
PD symptoms in patients not controlled with monotherapy.

Novel formulations of DA-agonists

Prolonged release formulations are now available for ro-
pinirole and pramipexole and a patch formulation for rot-
igotine. All of these new formulations were tested in
parkinsonian patients at different stages of their disease.

Clinical studies in early Parkinson’s disease
Ropinirole

Efficay and safety evaluation in Parkinson’s disease
(EASY PD) [53] was a multicentre, double-blind, non-
inferiority crossover study involving 161 patients random-
ized to one of four formulation sequences: (1) immediate
release-immediate release-prolonged release; (2) immedi-
ate release-prolonged release-prolonged release; (3) pro-
longed release-prolonged release-immediate release; (4)
prolonged release-immediate release-immediate release.
After a run-in period of 7 days, patients entered a 12-week
dose-titration period followed by three consecutive, flexible-
dose, 8-week phases of maintenance. Ropinirole immediate
release (IR) was titrated according to the approved schedule;
titration of ropinirole 24-h prolonged release (PR) started at a
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higher dose and was more rapid. At the end of the first
maintenance period, half of the patients in each formulation
group switched to the same or closest dose of the alternative
formulation; remaining patients switched at the end of the
second maintenance period.

At the end of titration, before the first dose switch, there
were substantial reductions in the UPDRS motor scores:
10.4 (SD 6.06) points for PR and 8.9 (SD 5.90) for IR.
During maintenance periods, both groups showed similar
efficacy on the UPDRS motor score. Overall mean (stan-
dard error) change from period baseline was —0.1 (0.28)
for PR, and 0.6 (0.30) IR (adjusted mean treatment dif-
ference —0.7). The study demonstrated non-inferiority of
PR versus IR. In all sequences of treatment, the UPDRS
motor score remained unchanged after overnight switch,
indicating that similar doses of the two formulations had
the same efficacy. Ropinirole 24-h prolonged release was
well-tolerated when titrated more rapidly than ropinirole
immediate release; overnight switching between formula-
tions was also well-tolerated. In both groups of treatment
the most common side effects were nausea and somnolence
of mild to moderate severity, more frequent during titration
phase and independent from ropinirole formulation.

Pramipexole

In one study the feasibility, in early Parkinson’s disease
(PD), of an overnight switch from immediate release (IR)
pramipexole to the once-daily extended release (ER) for-
mulation was studied [54]. Non-fluctuating patients on
pramipexole IR three-times daily, alone or with levodopa,
for early PD were randomly switched overnight to double-
blind IR three-times daily (n = 52) or ER once-daily
(n = 104) at initially unchanged daily dosage. Successful
switching (defined as no worsening >15% of baseline UP-
DRS II + III score and no drug-related adverse event
withdrawal) was assessed at 9 weeks, after optional dosage
adjustments (primary endpoint), and at 4 weeks, before
adjustment. Absolute difference between percentage of
successful switch to ER versus IR was tested for ER non-
inferiority, defined as a 95% confidence-interval lower
bound not exceeding —15%. At 9 weeks, 84.5% of the ER
group had been successfully switched, versus 94.2% for IR.
Non-inferiority was not demonstrated, with a difference of
—9.76% (95% CI: [—18.81%, +1.66%]). Both formulations
were safe and well tolerated. In this study pramipexole ER
was not equivalent to IR; however, the overnight switch at
unchanged dosage for IR to ER was feasible in most patients.

In a second study [55] the efficacy and safety of pram-
ipexole ER was tested in a randomized, double-blind,
placebo and active comparator-controlled trial in subjects
with early PD. Two hundred fifty-nine subjects were ran-
domized 2:2:1 to treatment with ER, IR, or placebo.
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Levodopa rescue was required by seven subjects in the
placebo group (14%), three subjects in the pramipexole ER
group (2.9%, P = 0.0160), and one subject in the pram-
ipexole IR group (1.0%, P = 0.0017). Adjusted mean
[standard error (SE)] change in Unified Parkinson Disease
Rating Scale (UPDRS) II [activities of daily living
(ADL)] + III (motor) scores from baseline to week 18,
including post-levodopa rescue evaluations, was —5.1 (1.3)
in the placebo group, —8.1 (1.1) in the pramipexole ER
group (P = 0.0282), and —8.4 (1.1) in the pramipexole IR
group (P = 0.0153). Adjusted mean (SE) change in UP-
DRS ADL + motor scores, censoring post-levodopa res-
cue data, was —2.7 (1.3) in the placebo group, —7.4 (1.1) in
the pramipexole ER group (P = 0.0010), and —7.5 (1.1) in
the pramipexole IR group (P = 0.0006). Adverse events
more common with pramipexole ER than placebo included
somnolence, nausea, constipation, and fatigue.

Rotigotine

The efficacy and tolerability of rotigotine transdermal
system was assessed in a randomized, double-blind, mul-
ticentre, placebo-controlled study in 277 patients with early
Parkinson’s disease [56]. Rotigotine was administered at 2,
4, or 6 mg during 24 h, for 24 weeks. Significant differ-
ences were observed between the rotigotine-treated and
placebo groups for the 20% responder rate (48% for the
rotigotine group and 19% for the placebo group;
P <0.001). In the rotigotine group there was an
improvement of 3.5 points and a worsening of 1.3 points in
the placebo group in the Unified Parkinson Disease Rating
Scale subtotal (parts II and III) (—15.1% for rotigotine vs.
7.3% for placebo; P < 0.001). Rotigotine treatment sig-
nificantly increased the patients’ Clinical Global Impres-
sion Scale scores (57% for rotigotine vs. 30% for placebo;
P < 0.001) and had a positive effect on their quality of life.
The most common adverse events were application site
reactions, nausea, and somnolence. Rotigotine patch
proved to be efficacious in the treatment of early PD.

In a head to head trial with ropinirole IR [57], where the
primary endpoint was the proportion of patients with a mini-
mum of 20% decrease in the combined Unified Parkinson’s
Disease Rating Scale Part II and Part III scores, rotigotine at
doses < or = 8 mg/24 h did not show non-inferiority to ro-
pinirole at doses < or = 24 mg/day. In a post-hoc subgroup
analysis, rotigotine < or = 8 mg/24 h had a similar efficacy
to ropinirole at doses < or = 12 mg/day.

Patients non optimally controlled with levodopa

After a few years of levodopa therapy, the majority of
patients start to notice a non-optimal control of

parkinsonian symptoms and a reduction of the duration of
benefit following each administration. At this point the
therapeutic options include the increase of levodopa or the
addition of a dopamine agonist. These two options were
evaluated in a study [58] where the addition of once-daily
ropinirole 24-h prolonged release in PD patients not opti-
mally controlled with levodopa at the dosage of < 600 mg/
day after up to 3 years of therapy was compared to
increasing doses of levodopa (n = 104). Ropinirole pro-
longed release was found to significantly delay the onset of
dyskinesia. During the study, the incidence of dyskinesia
was inferior in the ropinirole prolonged-release group (at
mean dose 10 mg/die) compared to the levodopa group
(mean additional dose 284 mg/day) developed dyskinesia
(3 vs. 17%, P < 0.001). There were no significant differ-
ences in change in Unified Parkinson’s Disease Rating
Scale, motor scores and activities of daily living, suggest-
ing comparable efficacy between the two treatments.
Adverse events were comparable in the two groups with
nausea, dizziness, insomnia, back pain, arthralgia, somno-
lence, fatigue, and pain most commonly reported.

Patients with motor fluctuations

In a double-blind, placebo-controlled trial (EASE-PD) 393
subjects with PD were randomized to ropinirole 24-h or
placebo [59]. At the end of the study (24 weeks) the mean
dose of ropinirole was 18.8 mg/day with a mean reduction in
daily levodopa of 278 mg. There was a mean reduction in
daily ‘off’ time of 2.1 h in the ropinirole 24-h group and
0.3 h with placebo. In this trial, an interesting secondary
outcome exploring non-motor symptoms were measured
including depression (Beck Depression Inventory-II),
quality of life (PDQ-39) and sleep (PD Sleep Scale). All
these measurements were significantly improved at week 24
with ropinirole 24-h. The most common adverse events (AE)
with ropinirole 24-h were dyskinesia, nausea, dizziness,
somnolence, hallucinations, and orthostatic hypotension.

In a unique randomized, parallel-group, double-blind,
multicentre study (PREPARED study) ropinirole PR
showed to be more efficacious than ropinirole IR. In fact at
week 24, ropinirole PR significantly increased the propor-
tion of patients maintaining > 20% reduction in ‘off’ time
versus ropinirole IR (adjusted odds ratio: 1.82; 95% CI:
1.26, 2.86; P = 0.009. Mean (SD) doses at week 24 LOCF
were: ropinirole PR, 18.6 (6.5) mg/day; ropinirole IR, 10.4
(6.4) mg/day; mean (SD) reductions from baseline in
levodopa dose were —162 (226) mg and —113 (138) mg,
respectively [60].

Rotigotine transdermal delivery was tested in a ran-
domized, double-blind, placebo-controlled trial (PREFER
Study) in patients with advanced Parkinson’s disease [61].
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Rotigotine was use at 8 or 12 mg/24 h. Compared to pla-
cebo, there were significant decreases in mean ‘off” time of
1.8 h/day for the rotigotine 8 mg/24 h group and 1.2 h/day
for the 12 mg/24 h group. ‘On’ time without dyskinesia
after awakening was more than doubled in both rotigotine
treatment groups versus placebo. Drug-related adverse
effects included typical dopaminergic side effects, which
were generally mild/moderate in intensity. Patch applica-
tion site reactions including erythema and pruritus were
mild to moderate and transient in the majority of instances.

Rotigotine was also compared to pramipexole in a
controlled trial in patients with fluctuating Parkinson’s
disease. The two dopamine agonists showed the same
efficacy versus placebo in reducing ‘off’ time and
increasing ‘on’ time [62].

Long-acting agents do have the potential of improving
nocturnal symptoms and early morning ‘off’ episodes as
demonstrated in a recent study with rotigotine [63].

Safety

Dopamine agonists may be associated with orthostatic
hypotension, cognitive impairment, psychosis, and leg
swelling. Recent reports have also linked dopamine ago-
nists with sleep disturbances and impulsive behaviors, such
as pathologic gambling, compulsive eating, and hypersex-
uality [64—67]. A more serious concern is the risk of car-
diac valvulopathy that has been observed with ergot
dopamine agonists. This has been reported with pergolide
and cabergoline, and is thought to relate to their SHT-2B
agonist activities [68]. Many physicians no longer pre-
scribe this class of drug because of this problem; patients
receiving them should have periodic cardiac ECHO
studies.

Conclusion

There is compelling evidence that motor complications are
associated with short-acting dopaminergic agents that
induce pulsatile stimulation of receptors. In experimental
animals CDS provided by long-acting dopamine agonists
avoid dyskinesia. Further, treatment strategies employing
more continuous dopaminergic stimulation from the outset
of therapy delay the onset and reduce the frequency of
motor complications in PD patients. The novel formula-
tions of dopamine agonists proved to be efficacious in the
treatment of Parkinson’s disease. They are easier to use and
provide a more continuous deliver of drug. Ropinirole PR
proved to be more efficacious than the IR formulation in
improving ‘off’ time in fluctuating parkinsonian patients.
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The smoother plasma profile may result also in a better
tolerability and less incidence of side effects.
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