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Abstract Dopamine replacement therapy in Parkinson’s
disease (PD) using L-dopa is invariably associated with a
loss of drug efficacy (“wearing off”) and the onset of
dyskinesia. The use of dopamine receptor partial agonists
might improve therapeutic benefit without increased
dyskinesia expression but may antagonise the effects of
L-dopa. We now examine the effects of the novel high
affinity, dopamine D, receptor partial agonist, aplindore
alone and in combination with L-dopa in the 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated com-
mon marmoset. In non-dyskinetic MPTP treated animals,
aplindore  (0.05-1.0 mg/kg p.o.) produced a dose-
dependent reversal of motor disability and an increase in
locomotor activity that was maximal at doses of 0.2 mg/kg
and above. In animals previously exposed to L-dopa to
induce dyskinesia, escalating and repeated dosing of
aplindore (0.05-0.5 mg/kg p.o.) produced a sustained,
dose-related improvement in motor disability and an
increase in locomotor activity. The effects were maximal at
a dose of 0.1 mg/kg and above and not different from those
produced by L-dopa (12.5 mg/kg plus carbidopa 12.5 mg/
kg p.o.). Aplindore administration also led to dose-depen-
dent expression of dyskinesia but at 0.1 mg/kg, this was

M. J. Jackson - M. Hansard - L. A. Smith - P. Jenner (X))
School of Health and Biomedical Sciences,
Neurodegenerative Diseases Research Centre,

King’s College, London SE1 1UL, UK

e-mail: peter.jenner @kcl.ac.uk

T. H. Andree - G. Stack
Discovery Neuroscience (THA) and Chemical and Screening
Sciences (GS), Wyeth Research, Princeton, NJ, USA

D. C. Hoffman - M. R. Hurtt - J. H. Kehne - T. A. Pitler
Neurogen Corporation, Branford, CT, USA

significantly less intense than that produced by L-dopa.
Administration of aplindore (1.0 mg/kg p.o.) in combina-
tion with L-dopa (2.5 mg/kg plus carbidopa 12.5 mg/kg
p-o.) did not inhibit the reversal of motor deficits but
improved motor disability and increased both locomotor
activity and dyskinesia expression equivalent to that pro-
duced by r-dopa (12.5 mg/kg plus carbidopa 12.5 mg/kg
p.o.). These data suggest that dopamine receptor partial
agonists would be effective in the treatment of Parkinson’s
disease and would not inhibit the beneficial actions of
L-dopa.

Keywords Aplindore - Partial agonist - MPTP -
Primate - Parkinson’s disease

Introduction

Dopamine replacement therapy in the form of rL-dopa or
dopamine agonists continues to dominate the treatment of
the motor symptoms of Parkinson’s disease (PD). While
highly effective in the control of the early stages of PD,
motor complications appear on chronic treatment and with
disease progression that are a major problem in the man-
agement of mid- to late-stage illness. In particular, there is
a decrease in the duration of drug effect (‘wearing off’),
unpredictable drug response (‘on—off’) and the onset of
dyskinesia (dystonia, chorea and athetosis) (Obeso et al.
2000; Ahlskog and Muenter 2001; Rascol et al. 2003).
When used as monotherapy, dopamine agonists, such as
pramipexole and ropinirole, lack the efficacy of L-dopa but
prevent the early onset of dyskinesia although they do not
protect against motor complications developing with time
(Rascol et al. 2000; Holloway et al. 2004). When “wearing
off’ to L-dopa appears, dopamine agonists are commonly
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added to therapy but the increased dopaminergic load leads
to increased intensity of established dyskinesia. As a con-
sequence, there is a need for novel dopaminergic approa-
ches to the treatment of PD that can provide increased
efficacy but avoid the expression of dyskinesia.

Currently used dopamine agonists are full agonists at
dopamine (DA) D,/D; receptors and an alternative
approach might be to use dopamine receptor partial
agonists (Lieberman et al. 1987; Baronti et al. 1992;
Kehne et al. 2008). Partial agonists would have the
advantage of being able to fully occupy normosensitive
dopamine receptors in striatal and extra-striatal structures
without producing a maximal or supramaximal response
because of their low intrinsic activity. Partial agonists
could be fully efficacious in producing an antiparkinso-
nian response by stimulating supersensitive dopamine
receptors in the denervated striatum in PD without over-
stimulation leading to dyskinesia expression. However,
there is also the possibility that they might inhibit the
actions of L-dopa, acting as a functional antagonist by
inhibiting dopamine’s access to post-synaptic receptors.
This approach has been tried previously in the treatment
of PD but with mixed findings. For example, the dopa-
mine partial agonists, terguride and roxindole (EMD
49980) both avoided and induced dyskinesia when used
as monotherapy, both increased and decreased established
L-dopa induced dyskinesia, and either had no effect on the
activity of L-dopa or inhibited it (Ruggieri et al. 1991;
Baronti et al. 1992; Bravi et al. 1993; Pacchetti et al.
1993; Martignoni et al. 1995). Differences in intrinsic
activity between compounds could be one factor that
contributes to the variable results reported for different D,
partial agonists (Kehne et al. 2008).

Aplindore is a high affinity dopamine D, receptor partial
agonist (pKi = 9.1) (pKi = 8.5, 7.2, 7.6 and 4.9 for D3,
D4, 5-HT;po and 5-HT,, receptors, respectively) that
exhibits low intrinsic activity relative to the full agonist
quinpirole (Heinrich et al. 2006). Depending upon the
sensitivity of the functional assay and the signal trans-
duction pathway evoked, aplindore produced 20-76%
maximal stimulation in these assays (Heinrich et al. 2006).
By definition, a partial agonist should be able to stimulate
receptors in the absence of a more efficacious agonist but
provide some degree of blockade in the presence of a more
efficacious agonist (Stephenson 1956; Carlsson 1983;
Kenakin 2002). Aplindore’s partial agonist activity is
shown in vivo by its ability to block apomorphine-induced
climbing and amphetamine-induced hyperlocomotor
activity in normal rats and mice (Andree et al. 1999). In
contrast, aplindore’s potential for the treatment of PD is
shown in vivo in the 6-hydroxydopamine (6-OHDA)
lesioned rat model where it is highly potent in causing
contralateral rotation through stimulation of dopamine
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receptors in the denervated striatum (Heinrich et al. 2006).
However, the effects of aplindore in the most highly pre-
dictive model of clinical activity, namely the MPTP-treated
non-human primate, have not so far been investigated.

In this report, three studies were undertaken to evaluate
the actions of aplindore in the MPTP-treated common
marmoset. Initially, aplindore was evaluated in a range of
doses for its ability to reverse motor disability and to
increase locomotor activity in comparison to L-dopa and to
the dopamine D,/Dj full agonist, ropinirole in non-dyski-
netic animals. Aplindore was subsequently examined alone
and in combination with L-dopa in MPTP-treated marmo-
sets previously treated with L-dopa to exhibit dyskinesia in
response to acute drug challenge. The objective was to
establish whether a maximally effective dose of aplindore
produced less dyskinesia than L-dopa. Finally, aplindore in
high doses was combined with L-dopa to determine whe-
ther this partial agonist did, or did not inhibit the ability of
L-dopa to reverse motor disability.

Methods
Animals

Eight adult common marmosets (Callithrix jacchus 6 males
and 2 females, weight 340-400 g, King’s College, London,
UK) were housed either singly or in pairs, in a room
maintained at constant temperature of 24-27°C, 50% rel-
ative humidity and with a 12-h light/dark cycle. All ani-
mals had ad libitum access to Mazuri food pellets (Mazuri
Primate Diet, Special Diet Services Ltd, UK) and water and
were fed fresh fruit once-daily.

MPTP administration

To induce locomotor and behavioural deficits 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine hydrochloride (MPTP,
Sigma Chemical Co., UK) was dissolved in 0.9% sterile
saline solution and administered at 2.0 mg/kg daily for five
consecutive days (Jackson et al. 2007). For the following
6—8 weeks, animals were hand fed on a high protein/
carbohydrate liquid diet (Marmoset jelly, Special Diet
Services Ltd, UK) and Complan (Complan Foods Ltd, UK)
until they had recovered from the acute effects of MPTP
treatment and were able to self-feed and maintain a stable
bodyweight. The animals were then assigned to one of two
groups (n = 4/group); one group remained drug naive until
the start of the study and one group was primed to express
dyskinesia. At the start of the study, all animals had stable
locomotor and behavioural deficits. All experimental work
was carried out in accordance with the Animals (Scientific
Procedures) Act 1986, under project licence PPL 70/4986.
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L-dopa priming

Following recovery from the acute effects of MPTP treat-
ment, four animals (2 males, 2 females) were primed to
express dyskinesia. Each animal was administered a daily
dose of L-dopa (10-12.5 mg/kg, p.o.) plus carbidopa
(12.5 mg/kg, p.o.) for 22-29 days at which time they had
reached a stable dyskinetic state expressing intense cho-
reiform and dystonic movements inhibiting normal
behaviour (Pearce et al. 1995).

Drug preparation and administration

Aplindore (0.05-2.0 mg/kg, p.o.), ropinirole (0.5 mg/kg)
and L-dopa (12.5 mg/kg, p.o.) were all prepared by dis-
solving in a 10% sucrose solution and were administered
at a volume of 2.0 mL/kg. Carbidopa (12.5 mg/kg, p.o.)
was prepared as a suspension in a 10% sucrose solution
and was administered at a volume of 2.0 mL/kg, 45-
60 min prior to L-dopa treatment to prevent peripheral
dopa decarboxylation.

Drug naive animals were treated in the following order
with L-dopa (12.5 mg/kg, p.o.), ropinirole (0.5 mg/kg) and
aplindore (0.05, 0.1, 0.2, 0.5 and 1.0 mg/kg, p.o.) on sep-
arate occasions once weekly, providing a 6-day drug-free
washout period between treatments (see flow chart below).

day 1 day 7 day 14 day 21
L-dopa ropinirole aplindore aplindore
(0.05mg/kg) (0.1mg/kg)
I « ‘
day 28 day 35 day 42
aplindore aplindore aplindore
(0.2mg/kg) (0.5mg/kg) (1.0mg/kg)

Those animals previously treated chronically with
L-dopa (10-12.5 mg/kg, p.o.) to induce dyskinesia received
vehicle treatment on day 1 and r-dopa (12.5 mg/kg, p.o.)
on day 2. Thereafter, aplindore was administered in esca-
lating doses (see flow chart below), each treatment being
given for four consecutive days, 0.05 mg/kg (days 3 to 6),
0.1 mg/kg (days 7 to 10), 0.25 mg/kg (days 11 to 14) and
0.5 mg/kg (days 15 to 18). A further series of experiments
was performed with L-dopa (2.5 and 12.5 mg/kg, p.o.)
being administered alone and combined with aplindore (1.0
and 2.0 mg/kg, p.o.) on one occasion as follows: L-dopa
(12.5 mg/kg, p.o.) plus aplindore (1.0 mg/kg, p.o.) on day
23; L-dopa (2.5 mg/kg, p.o.) plus aplindore (1.0 mg/kg,
p.o.) on day 25; L-dopa (12.5 mg/kg, p.o.) plus aplindore
(2.0 mg/kg, p.o.) on day 26; L-dopa (12.5 mg/kg, p.o.) on
day 30 and r-dopa (2.5 mg/kg, p.o.) on day 32 (see flow
chart below).

days 1 to 29 washout day 1
L-dopa (12.5mg/kg) (N period [N vehicle
(dyskinesia induction)
I
[
day 2 days 3 to 6 days 7 to 10

L-dopa (12.5mg/kg) || aplindore (0.05mg/kg) | 5| aplindore (0.1mg/kg)

< I

I <

days 11 to 14
aplindore (0.25mg/kg) ||

days 15to 18 day 23
aplindore (0.5mg/kg) ||  L-dopa (12.5mg/kg)
+

aplindore (1.0mg/kg)
I
[
day 25 Day 26 day 30
L-dopa (2.5mg/kg) (N L-dopa (12.5mg/kg) ||  L-dopa (12.5mg/kg)

+
aplindore (2.0mg/kg)

< I
I <

day 32
L-dopa (2.5mg/kg)

+
aplindore (1.0mg/kg)

Behavioural assessments

For each experiment, animals were weighed and placed
into locomotor activity test units and allowed 45-60 min to
acclimatise to the new environment before the adminis-
tration of test drugs. Each unit was fitted with eight infrared
beams arranged so as to detect floor, perch and climbing
activity. Interruption of an infrared beam, by a moving
marmoset, was automatically recorded as a single loco-
motor count. Locomotor counts were accumulated over
30 min periods for up to 8 h.

Rating of motor disability

Motor disability was assessed simultaneously with assess-
ment of locomotor activity through a one-way mirror by
experienced observers blinded to treatment. Basal disabil-
ity was assessed during the 45-60 min acclimatisation
period and once every 30 min after drug administration for
up to 8 h using an established motor disability rating scale
(Smith et al. 2003), alertness (normal 0, reduced 1, sleepy
2), checking movements (present 0, reduced 1, absent 2),
posture (normal 0, abnormal trunk +1, abnormal limbs +1,
abnormal tail +1, or grossly abnormal 4), balance/co-
ordination (normal 0, impaired 1, unstable 2, spontaneous
falls 3), reaction (normal O, reduced 1, slow 2, absent 3),
and vocalization (normal 0, reduced 1, absent 2), and
motility (normal 0, bradykinesia/hyperkinesia 1, akinesia/
hyperkinesia 2). A total motor disability score of 0/10 min
indicates normal behaviour and a score of 18/10 min
indicates a high degree of behavioural deficits.
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Fig. 1 The effect of aplindore A 20001
on locomotor activity in MPTP-
treated, drug naive, common 1750 A
marmosets. a Locomotor
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Rating of dyskinesia

The rating of dyskinesia was performed only for experi-
ments with the group of animals primed to express
dyskinesia.

Dyskinesia was assessed simultaneously with motor
disability using an established dyskinesia rating scale
(Pearce et al. 1995). Chorea rapid random flicking move-
ments of the fore and hind limbs, Athetosis sinuous
writhing limb movements, Dystonia sustained abnormal
posturing. Dyskinesia was scored as follows: 0 = absent;
1 = mild, fleeting and rare dyskinetic postures and move-
ments; 2 = moderate, more prominent abnormal move-
ments, but not significantly affecting normal behaviour;
3 = marked, frequent and at times continuous dyskinesia
affecting the normal pattern of activity; 4 = severe, vir-
tually continuous dyskinetic activity, disabling to the ani-
mal and replacing normal behaviour.
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L-dopa
(12.5 mg/kg) (0.5 mg/kg)

Ropinirole 0.05 0.1 0.2 0.5 1.0

Aplindore (mg/kg )
Data analysis

Total locomotor activity, motor disability and dyskinesia
scores are presented as the mean of the individual values
for each treatment and were analysed using a Kruskal—
Wallis one-way analysis of variance (ANOVA) for non-
parametric data followed where appropriate by a post hoc
Mann—Whitney U test. Significance was set at P < 0.05 for
all analyses. Time course data are presented as the mean
values per 30 min.

Results
Drug naive group

The administration of vehicle (10% sucrose solution) did
not increase locomotor activity or reverse motor disability
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Fig. 2 The effect of aplindore
on motor disability in MPTP-
treated, drug naive, common
marmosets. a Motor disability
time course; drug administered
at t = 0 min, data presented as
the mean (n = 6) score/30 min.
b Total motor disability score
over 3 h. *Significantly
different to vehicle,
#significantly different to L-
dopa, Asigniﬁcantly different to
ropinirole (P = 0.0005
Kruskal-Wallis; P < 0.05
Mann—Whitney)
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(Figs. 1, 2). All animals exhibited behavioural deficits
including akinesia, bradykinesia, reduced alertness and
head checking movements and impaired balance and
coordination.

Treatment with L-dopa (12.5 mg/kg, p.o.) significantly
increased locomotor activity compared to vehicle for
approximately 4 h with a peak at 90 min (Fig. 1). There
was also a significant reversal of motor disability which
lasted between 4 and 5 h before returning to baseline lev-
els, with maximum reversal at 60 min after treatment
(Fig. 2). Ropinirole treatment also reversed motor deficits,
with locomotor activity being significantly increased and
motor disability scores significantly reduced compared to
that produced by vehicle (Figs. 1, 2).

Aplindore (0.05 and 0.1 mg/kg, p.o.) produced a small,
transient increase in locomotor activity that was not sig-
nificantly different to that produced by vehicle and was
significantly less than that produced by either L-dopa or

L-dopa
(12.5 mg/kg) (0.5 mg/kg)

Ropinirole 0.1 0.2

Aplindore (mg/kg)

ropinirole (Fig. 1). A moderate, but significant reversal of
motor disability, corresponding to the increase in loco-
motor activity was produced by administration of aplindore
(0.05 and 0.1 mg/kg, p.o.). However, although the reversal
of motor disability produced was significantly different to
vehicle it was significantly less than that produced by
L-dopa or ropinirole (Fig. 2). Treatment with higher doses
of aplindore (0.2, 0.5 and 1.0 mg/kg, p.o.) produced
increases in locomotor activity over the first 3 h after
dosing which were significantly greater than that produced
by vehicle and not different to that produced by L-dopa and
ropinirole (Fig. 1). Motor disability was also significantly
reversed compared to vehicle, and aplindore (0.5 mg/kg,
p.o.) treatment produced a reversal of motor disability that
was not different to that produced by both L-dopa and
ropinirole.

Although a dyskinesia assessment was not performed for
this group of animals, there was no indication of adverse
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effects such as stereotypy or hyperactivity occurring with
any of the treatments.

L-dopa primed dyskinesia group

The administration of vehicle (10% sucrose solution) did
not produce increased locomotor activity, reverse motor
disability or express significant levels of dyskinesia
(Figs. 3, 4, 5). All animals exhibited behavioural deficits
including akinesia, bradykinesia, reduced alertness and
head checking movements and impaired balance and
coordination for the duration of the test.

Treatment with L-dopa (12.5 mg/kg, p.o.) significantly
increased locomotor activity compared to vehicle for
approximately 4 h with a peak at 120 min after adminis-
tration (Fig. 3). There was also a significant reversal of
motor disability for approximately 4 h after treatment,
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L-dopa
(12.5 mg/kg) (day 1)
L

0.05 0.05 0.1 0.1

(day 4) (day 1) (day 4)

0.25
(day 1)

0.25 0.5 0.5
(day4)  (day D) (day4)
1

Aplindore (mg/kg)

before returning to baseline levels (Fig. 4). L-dopa
(12.5 mg/kg, p.o.) also caused the expression of intense
dyskinesia that was significantly greater than that produced
by vehicle (Fig. 5). Aplindore was then given in escalating
doses 0.05, 0.1, 0.25 and 0.5 mg/kg, each treatment being
given for four consecutive days. As seen in the previous
experiment in the drug-naive group of animals, aplindore
(0.05 mg/kg, p.o.) did not significantly increase locomotor
activity compared to vehicle (Fig. 3). However, on the first
day of aplindore (0.05 mg/kg, p.o.) administration, there
was a moderate, but significant reversal of motor disability
compared to vehicle, with only mild and infrequent
expression of dyskinesia (Figs. 4, 5). This moderate
reversal of motor disability was significantly different than
that produced by L-dopa (12.5 mg/kg, p.o.).

Thereafter, treatment with aplindore (0.1, 0.25 and
0.5 mg/kg, p.o.) induced locomotor activity and reversal of
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Fig. 4 The effect of aplindore A 181
on motor disability in MPTP
treated, L-dopa primed, common 16 1
marmosets. a Motor disability 144
time course for day 1; drug —_
administered at + = 0 min, data ;‘ § 12
presented as the mean (n = 6) E g
score/30 min. b Total motor s E 10
disability score over 3 h. A 2
*Significantly different to 5~ 87
vehicle, *significantly different s 2
to 1-dopa (P = 0.0007 Kruskal— = g 67
Wallis; P < 0.05 Mann— ~ 44
Whitney)
2 -
0 -
I ) ]
0 30
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L

motor disability that was not different to that produced by
L-dopa (12.5 mg/kg, p.o.) and significantly greater than
vehicle (Figs. 3, 4). Aplindore (0.5 mg/kg, p.o.) in partic-
ular produced a long duration of increased locomotor
activity and reversal of motor disability. The total dyski-
nesia expressed by aplindore (0.5 mg/kg, p.o.) was similar
to that produced by L-dopa (12.5 mg/kg, p.o.), whereas
lower doses of aplindore (0.1 and 0.25 mg/kg, p.o.)
expressed significantly less dyskinesia than L-dopa (Fig. 5).

For the combined administration of L-dopa plus aplindore
experiments, the administration of a low dose of L-dopa
(2.5 mg/kg) alone did not increase locomotor activity com-
pared to vehicle treatment. However, when L-dopa (2.5 mg/
kg) was co-administered with aplindore (1.0 mg/kg) there
was an increase in locomotor activity that was significantly
greater compared to that produced by vehicle and L-dopa
(2.5 mg/kg) (Fig. 6). Although locomotor activity was not

*
0.1

(day 4)

*
| m
0.5 0.5

(day 1)

0.05 0.25 0.25

(day 1) (day 4)

0.05
(day 4)

0.1

(day 1) (day 4)
]

Aplindore (mg/kg)

significantly increased by L-dopa (2.5 mg/kg) alone, motor
disability was moderately reversed and significantly differ-
ent compared to vehicle. When co-administered with
aplindore (1.0 mg/kg) motor disability was further improved
such that it was significantly different to that produced by
both vehicle and L-dopa (2.5 mg/kg) alone (Fig. 7). The
dyskinesia expressed by L-dopa (2.5 mg/kg) alone was mild
to moderate and not significantly different to that produced
by vehicle. However, following administration of rL-dopa
(2.5 mg/kg) plus aplindore (1.0 mg/kg), dyskinesia expres-
sion was marked to severe and significantly greater than that
expressed by vehicle and L-dopa (2.5 mg/kg) alone (Fig. 8).

Administration of a higher dose of L-dopa (12.5 mg/kg)
alone produced the expected significant increase in loco-
motor activity, reversal of motor disability and expression
of dyskinesia compared to that produced by vehicle
(Figs. 6, 7, 8). Combined r-dopa (12.5 mg/kg) plus
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Fig. 5 The effect of aplindore A
on dyskinesia in MPTP treated,
L-dopa primed, common
marmosets. a Dyskinesia time
course for day 1; drug
administered at + = 0 min, data
presented as the mean (n = 6)
score/30 min. b Total
dyskinesia score over 3 h.
*Significantly different to
vehicle, *significantly different
to L-dopa (P = 0.0002 Kruskal—
Wallis; P < 0.05 Mann—
Whitney)
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aplindore (1.0 mg/kg) administration produced similar
significant increases in locomotor activity, reversal of
motor disability and expression of dyskinesia compared to
that produced by L-dopa (12.5 mg/kg) alone (Figs. 6, 7, 8).
A combination of L-dopa (12.5 mg/kg) plus a higher dose
of aplindore (2.0 mg/kg) produced a similar effect com-
pared to that produced by both L-dopa (12.5 mg/kg) alone
and the combination of L-dopa (12.5 mg/kg) plus aplindore
(1.0 mg/kg) and was significantly different to vehicle for
all assessed parameters (Figs. 6, 7, 8).

Discussion
While dopaminergic therapy currently dominates the

treatment of PD, it leads to the onset of motor complica-
tions which become increasingly difficult to control (Obeso
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et al. 2000; Ahlskog and Muenter 2001; Rascol et al. 2003).
In particular, dyskinesia induction is difficult to reverse and
the expression of established involuntary movements is
inevitably worsened by any form of increase in dopami-
nergic medication. Dyskinesia develops as a result of
increasing loss of nigral dopaminergic cells but impor-
tantly, as a consequence of the nature of post-synaptic
dopamine receptor stimulation produced by drug treatment
(Jenner 2008a). Short acting drugs producing pulsatile
stimulation are thought to more likely provoke dyskinesia
than longer acting drugs producing a more physiological
response through continuous dopaminergic stimulation
(Jenner 2008b). However, as complete receptor occupation
by a partial agonist may not result in functional overstim-
ulation and dyskinesia expression, partial agonists could be
a more effective means of treating PD, and the objective of
this study was to clarify this issue.
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Fig. 6 The effect of A 2000+
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The MPTP-treated primate is thought to be the most
predictive model of efficacy of dopaminergic drugs in the
control of the motor symptoms of PD in man and the risk of
development of dyskinesia. Previously, there has been
relatively little investigation of the actions of D, partial
agonists in this model system. In animals primed to exhibit
dyskinesia, the findings are confusing with the D, partial
agonists preclamol and terguride reported to produce dys-
kinesia that was equivalent to that produced by L-dopa or
full dopamine agonists while in another study, terguride did
not provoke the dyskinesia that was observed with full
dopamine agonists (Brucke et al. 1988; Akai et al. 1995).
The current studies with aplindore were designed to pro-
vide a more comprehensive assessment.

In non-dyskinetic MPTP-treated common marmosets,
aplindore produced a robust reversal of motor deficits in a
dose-related manner following its oral administration

L-dopa
(2.5 mg/kg)

L-dopa
(12.5 mg/kg)

L-dopa
I(2.5 mg/kg)

L-dopa
(12.5 mg/kg) )

L-dopa
l( 12.5 mj,'/kg)l

Aplindore (1.0 mg/kg) Aplindore (2.0 mg/kg)

consistent with a dopamine agonist action of the drug in the
denervated caudate putamen. This confirms the ability of
D, partial agonists to exert an antiparkinsonian effect when
administered as monotherapy. Perhaps important was the
fact that the extent of the reversal of motor deficits was not
that different from the response produced by the dopamine
full agonist ropinirole despite the lower intrinsic activity of
aplindore. This would suggest that DA receptors under
these experimental conditions have greater “receptor
reserve” and that some D, partial agonists are able to
occupy enough of these receptors to produce a fully effi-
cacious response similar to a full agonist. The effects of
aplindore were maximal at a dose of 0.2 mg/kg p.o. and
there was no significant improvement in its antiparkinso-
nian activity at higher dose levels. This suggests that
maximal receptor activation for reversal of motor deficits
was achieved and that no further improvement could be
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Fig. 7 The effect of A 157
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achieved at higher doses. The findings with aplindore are
also consistent with the ability of the D,/D3 partial ago-
nists, pardoprunox (SLV 308) and terguride to improve
motor function in MPTP-treated primates (Brucke et al.
1988; Lange et al. 1992; Akai et al. 1993; De Vries et al.
2004; Glennon et al. 2006). This is significant since par-
doprunox, which also acts as a low potency SHT;, full
agonist is now in phase III clinical evaluation in PD and
has shown clear evidence of producing an antiparkinsonian
response in man again supporting a role for D, partial
agonists in treatment (Glennon et al. 2006).

In animals primed to express dyskinesia in response to
dopaminergic stimulation, aplindore again showed a dose-
related ability to reverse motor disability and to increase
locomotor activity. Interestingly, the drug appeared more
potent in these primed animals than in the non-dyskinetic
group and a maximal effect was now observed at 0.1 mg/
kg p.o. This may reflect differences in the sensitivity of
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individual animals making up the different treatment
groups since these involve only a small number of common
marmosets. On the other hand, we have previously noted
that the priming process used to provoke dyskinesia
expression does lead to differences in the effects of drugs
on locomotor activity and motor disability. This in turn
may reflect the priming process but it may also be related
to a disruption of behavioural repertoire by the emergence
of involuntary movement. We have noted previously that
there is a relationship between the expression of dyskinesia
and changes in locomotor activity in these primed animals
(Kuoppamaki et al. 2007). Certainly in these animals the
antiparkinsonian response produced by aplindore was not
different from that resulting from rL-dopa administration
despite its partial agonist characteristics.

Aplindore induced dyskinesia in these primed MPTP-
treated common marmosets and at the higher doses, this
was not different from that produced by L-dopa treatment.
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Fig. 8 The effect of co- A
administration of L-

dopa + aplindore on dyskinesia
in MPTP treated, L-dopa
primed, common marmosets.

a Motor disability time course;
drug administered at £ = 0 min,
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(n = 6) score/30 min. b Total
motor disability over score 3 h.
*Significantly different to
vehicle, *significantly different
to L-dopa (2.5 mg/kg)

(P = 0.0024 Kruskal-Wallis;

P < 0.05 Mann—Whitney)

Dyskinesia
(score / 30 minutes)

—O— vehicle

—— L-dopa (2.5 mg/kg)

— — N
< n =]
1 1 1

Total Dyskinesia
(Mean =+ sem, score/ 3 hours)
wn

L.

—A— L-dopa (12.5 mg/kg)

L] T T 1 T 1
180 240 300 360 420 480
Time (mins.)

—@— L-dopa (12.5 mg/kg) + aplindore (1.0 mg/kg)

T
120
—/\— L-dopa (2.5 mg/kg) + aplindore (1.0 mg/kg)
—— L-dopa (2.5 mg/kg) + aplindore (2.0 mg/kg)

*

*
1T
4

#
*
T
L

-

vehicle

This was somewhat unexpected as one potential scenario
was that the partial agonist activity of aplindore would
prevent hyperstimulation of dopamine receptors and that a
full behavioural response might not be observed. The fact
that this did occur suggests that the expression of marked
dyskinesia may result from stimulation of supersensitive
D, receptors in which partial agonists are equieffective to
full agonists. Importantly, however, at doses of aplindore
up to 0.1 mg/kg p.o., which produced a full antiparkinso-
nian response, the expression of dyskinesia was restricted
compared to that produced by L-dopa. Only at doses above
those producing a maximal pharmacological response did
dyskinesia expression approach that resulting from L-dopa
treatment. This means that in clinical use, there is the
potential for aplindore to be used in patients exhibiting
dyskinesia to produce a full reversal of motor symptoms
while avoiding the occurrence of troublesome dyskinesia
that becomes treatment limiting.

L-dopa
(12.5 mg/kg)

L-dopa
(2.5 mg/kg)

L-dopa L-dopa
@25 mg/kg) (12.5 mg/kg) ‘

Aplindore (1.0 mg/kg)

L-dopa
(125 mg/kg)‘
Aplindore (2.0 mg/kg)

Another important question that arises from the potential
use of partial agonists in the middle to late stages of PD is
whether they will functionally inhibit the actions of L-dopa.
This could arise from full occupation of the receptor by the
partial agonist leading to competition with the actions of
dopamine derived from L-dopa. For this reason, we looked at
the effects of a high dose of aplindore (e.g. 1.0 mg/kg, a dose
that was tenfold greater than the 0.1 mg/kg dose which
resulted in a maximal reversal of motor deficits), combined
with a threshold (2.5 mg/kg) dose of L-dopa. Administration
of aplindore resulted in a marked improvement in motor
function and locomotor activity compared to the low dose of
L-dopa alone to produce an overall response that was not
different from the standard high dose of L-dopa used in the
other parts of this study. In summary, there was no indication
of any inhibition of the actions of L-dopa by aplindore sug-
gesting that they could be used in combination in treating
mid- to late-stage PD in man.
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An obvious question is why inhibition of L-dopa efficacy
was not observed with a very high dose of aplindore?
Indeed, based on the partial agonist concept and the clear
evidence from rodent studies that aplindore functions as a
partial agonist, inhibition or a lack of an additive effect
might almost have been the expected outcome. The most
plausible explanation is that the partial agonist activity of
aplindore was demonstrated in normal rodents with nor-
mosensitive dopamine receptors and the present studies
were carried out in primates with a highly denervated
caudate putamen that presumably leads to receptor up
regulation and adaptive changes in basal ganglia outflow as
a consequence (Andree et al. 1999). Under these conditions
a partial agonist, such as aplindore, could occupy enough
receptors (due to a presumably large receptor reserve) to
produce a fully efficacious response and not be capable of
demonstrating antagonist actions.

In conclusion, the present studies show that the D,
partial agonist aplindore has potential for the symptomatic
treatment of PD both as monotherapy and in conjunction
with L-dopa. Aplindore is able to maximally reverse motor
deficits at doses that result in reduced dyskinesia potential
and so might be an effective therapy for patients with PD
with established involuntary movements. Overall the data
show that dopamine partial agonists might be a useful
addition to dopaminergic treatment strategies in PD.
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