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Abstract

The D3 dopamine receptor selective antagonist PG01037 has been evaluated for the ability to
attenuate L-dopa associated abnormal involuntary movements (AlMs) in unilaterally lesioned
male Sprague Dawley rats, which is a model of L-dopa-dependent dyskinesia in patients with
Parkinson’s Disease. The intrinsic activity of PG01037 was determined using a) a forskolin-
dependent adenylyl cyclase inhibition assay with transfected HEK 293 cells expressing either the
human D2y ng or D3 dopamine receptor subtype and b) an assay for agonist-associated
mitogenesis. For the initial experiments, the 5-HT1A receptor selective partial agonist buspirone
was used as a positive control to verify our ability to quantitate changes in total AIMs and AlMs
minus locomotor scores. Subcutaneous (s.c.) administration of PG01037 was found to have
minimal effect on AlIMs score. However, it was observed that the /n vivo efficacy of PG01037
increased when administered by intraperitoneal (i.p.) injection 15 minutes after L-dopa/
benserazide administration, as compared to a 60 minute, 30 minute or 0 minute pretreatment. It
was also found that i.p. administration of PG01037 could inhibit involuntary movements after they
had achieved maximum intensity. PG01037 was found to attenuate AIM scores in these animals in
a dose dependent manner with ICsq value equal to a) 7.4 mg/kg following L-dopa/benserazide
administration (8 mg/kg each, i.p.) and b) 18.4 mg/kg following the administration of
apomorphine (0.05 mg/kg, s.c.). However, PG01037 did not effectively inhibit SKF 81297-
dependent abnormal involuntary movements. Rotarod studies indicate that PG01037 at a dose of
10 mg/kg did not adversely affect motor coordination of the unilaterally lesioned rats. Evaluation
of lesioned rats using a cylinder test behavioral paradigm indicated that PG01037 did not
dramatically attenuate the beneficial effects of L-dopa. These studies suggest that D3 dopamine
receptor selective antagonists are potential pharmacotherapeutic candidates for the treatment of L-
dopa-associated dyskinesia in patients with Parkinson’s Disease.
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Introduction

Parkinson’s Disease (PD) is a progressive, neurodegenerative disease of the midbrain
dopaminergic neurons that innervate the striatum and is characterized by resting tremor,
rigidity, bradykinesia and postural instability. Although the risk of PD increases with age,
15% of PD patients are diagnosed before the age of 40 with early onset PD.

L-dopa therapy for PD is associated with both motor (wear-off phenomena, rigidity, akinesia
and dyskinesia) and non-motor (sweating, tachycardia, dizziness, dyspnea, pain, restless leg
syndrome, anxiety, panic attacks, depression, confusion, reduced alertness, psychosis and/or
dementia) side effects. Involuntary movements, known as L-dopa-induced dyskinesia (LI1D),
includes involuntary movements (chorea) and sustained involuntary muscle contractions
(dystonia) that occur after prolonged treatment with L-dopa in PD patients (Blanchet et al.,
1996). The prevalence of LID in PD patients increases with L-dopa treatment duration and
once LID develops its severity generally increases (Deumens et al., 2002; Fabbrini et al.,
2007).

LID is likely caused by regulatory changes in the basal ganglia circuitry following both
dopamine depletion and L-dopa treatment. The motor fluctuations of LID may be associated
with an up-regulation or increased sensitization of D3 dopamine, N-methyl-D-aspartate
(NMDA) and/or amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) receptors
following chronic stimulation of striatal dopaminergic receptors (Chase et al., 2000; Calon
et al., 2003a; Calon et al., 2003b; Cenci 2007).

A model of LID has been described for the abnormal involuntary movements (AIMs) found
in rats with unilateral 6-hydroxydopamine (6-OHDA) lesions (Cenci et al., 1998; Cenci and
Lundblad, 2005). Following chronic administration of L-dopa, rats exhibit abnormal
movements and postures reminiscent of LID in primates. The severity of rat AIMs can be
quantified using a rating scale analogous to that used for clinical studies. L-dopa-induced
axial, limb and orolingual AIM scores can be reduced by the administration of
antidyskinetic drugs that have been used in PD patients and/or nonhuman primates,
including clozapine (8 mg/kg) and amantadine (40 mg/kg) (Carta et al., 2006; Lundblad et
al., 2002). Validation of the rat dyskinetic model as an authentic model for identifying and
evaluating potential antidyskinetic compounds has been provided by the studies of Dekundy
and colleagues (2007).

The discovery of multiple subtypes of D1-like (D1a and D1b) and D2-like (D2, D3 and D4)
dopamine receptor subtypes has necessitated a re-evaluation of the role of dopamine
receptor antagonists as therapeutic agents in the treatment and management of
neurodegenerative disorders (Hermanowicz, 2007, Luedtke and Mach 2003). Previous
studies have suggested a possible role for the dopamine D3 receptor subtype in LID. In
monkeys rendered Parkinsonian with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), administration of a putative D3 receptor partial agonist BP 897 was found to
attenuate LID (Bezard et al., 2003). However, in a subsequent study using a different
primate model, the same compound significantly reduced LI1Ds but also attenuated the
antiparkinsonian effect of L-dopa (Hsu et al., 2004). MPTP treatment of monkeys led to a
>50% decrease in D3 receptor expression in the basal ganglia. Following L-dopa treatment,
there was a a) normalization of D3 receptor expression in animals without LID and b) >50%
increase in D3 receptor expression above normal levels in animals with LID (Guigoni et al.,
2005). A similar L-dopa-dependent increase in D3 receptor expression in the caudate
putamen, accompanied by increased responsiveness to L-dopa, was reported for rats with
nigrostriatal lesions (Bordet et al., 1997). Results from studies using tissue from a non-
human primate brain bank have shown a strong correlation between LID and D3 receptor
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subtype expression, while no correlation was found for D1 or D2 dopamine receptor subtype
expression (Guigoni et al., 2005).

While it is generally accepted that the highest levels of D3 dopamine receptor subtype
expression are in the limbic areas, the neuroanatomical distribution of D3 receptor mRNA
expression of the human brain using /7 situ hybridization indicates a heterogeneous
expression of D3 receptor mRNA throughout the human brain. As expected, the most
abundant D3 mRNA expression levels were found in the Islands of Calleja and within the
ventral striatum/nucleus accumbens region. However, high levels were also evident within
the dentate gyrus and striate cortex. Low to moderate D3 mRNA expression levels were
found in cortical regions, caudate nucleus, putamen, anterior and medial thalamic nucleus,
mammillary body, amygdala, hippocampal CA region, lateral geniculate body, substantia
nigra pars compacta, locus coeruleus and raphe nuclei. Thus the D3 dopamine receptor
might contribute to both a) limbic-related functions and b) motor and sensory processing in
the human brain (Suzuki et al., 1998) and may play a role in pyramidal motor functions.

Because of the high degree of homology between the binding sites of the D2 and D3
dopamine receptor subtypes, it has been a difficult to develop authentic D2 or D3 receptor
subtype selective compounds. We have recently synthesized and pharmacologically
characterized panels of 2,3-dichloro substituted phenyl-piperazine compounds with high
affinity (dissociation constants in the nM range) and >100-fold binding selectivity at the D3
dopamine receptor compared to the D2 receptor subtype, while binding with low affinity at
D4 receptors (Grundt et al., 2005; Grundt et al., 2007). The lead compound PG01037 (A-{4-
[4-(2,3-dichlorophenyl)-piperazin-1-yl]- trans-but-2-enyl}-4-pyridine-2-yl-benzamide;
Grundt et al., 2005) has been determined to be a selective D3 receptor antagonist /in vivo
(Collins et al., 2005; 2007; 2008) and using fMRI to assess cerebral blood flow (Grundt et
al., 2007).

In this communication we report our initial finding on the ability of our PG01037 to
attenuate AIMs in lesioned rats. Our results suggest that the D3 receptor may have a role for
the development of L-dopa-dependent dyskinesias and that D3 receptor selective
compounds may be candidates for development of pharmacotherapeutic agents for the
treatment of human LID.

Methods and Materials

Animals

This study was performed using male Sprague Dawley rats that were unilaterally lesioned in
the medial forebrain bundle (MFB) by a commercial vendor (Charles River). Approximately
7 days after surgery an amphetamine challenge was performed to verify the authenticity of
the lesion. Upon their arrival, the animals were housed under a 12 hr light:12hr dark cycle
with free access to tap water. The animals’ food was restricted to maintain their weights at
approximately 350 (minimum of 320 to a maximum of 370) grams. Animals were
acclimated for at least one week before the L-dopa/benserazide injections were initiated. The
treatment of the animals and the experimental procedures were approved by an institutional
animal welfare committee. Animal care and housing were in adherence with the conditions
set forth in the “Guide for the Care and Use of Laboratory Animals” (Institute of Laboratory
Animal Resources on Life Sciences, National Research Council, 1996).

Test drugs and treatment regimens

One week after arrival, the lesioned rats were screened behaviorally using an amphetamine-
induced rotation test and all animals exhibited >6 full body turns/minute toward the side of
the dopamine deficiency. Subsequently, 8 mg/kg L-dopa with 8 mg/kg benserazide was
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administered to each rat as a daily intraperitoneal (i.p.) injection (injection volume 0.3 ml
using a 26 gauge, 1/2 inch needle (Becton Dickinson & Co.)) for 21 consecutive days to
induce the development of dyskinetic-like movements. The L-dopa/benserazide solutions
were dissolved in sterile saline (9 g NaCl/liter). All of the lesioned animals exhibited I-dopa-
dependent involuntary movements within one week of the first L-dopa/benserazide
injection.

PG01037 (N-{4-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-frans-but-2-enyl}-4-pyridine-2-yl-
benzamide) was synthesized as the HCI salt, (Grundt et al., 2005). The highest concentration
of PG01037 that was prepared was 10 mg/ml in sterile saline containing 5%
dimethylsulfoxide (DMSO: Sigma). Heating the drug solution with hot tap water (55-60 °C)
and vigorous vortexing was required to keep the drug in solution at that concentration. After
the drug solution was loaded into the syringe, a heated Deltaphase Isothermal Pad (Braintree
Scientific) was used to transport the drug to the animal facility. During the course of these
studies we realized that PG01037 was readily soluble in a solution containing sterile distilled
water and 5% DMSO at room temperature. The usual injection volume was 0.3 ml,
therefore, the amount of DMSO injected per animal was 100-fold less than the oral acute
LDsgq value for rat (14500 mg/kg) (ScienceLab.com).

In the drug testing experiments, the compound was evaluated using an observer blind,
randomized design, whereby half of the rats were administered either test drug or vehicle
followed by L-dopa (8 mg/kg combined with 8 mg/kg benserazide). The test compound was
administered prior to L-dopa at various time intervals. Buspirone (A-[4-[4-(2-
pyrimidinyl)-1-piperazinyl]butyl]-8-azaspiro[4.5]decane-7,9-dione hydrochloride, Sigma-—
Aldrich) was also administered i.p. at varying doses and times prior to L-dopa
administration. The experiments were designed such that any given animal had >5 days
between the administration of a test drug. Throughout these studies each animal received a
minimum of two doses of L-dopa/benserazide (8 mg/kg each) per week to maintain the
involuntary movement behaviors.

Abnormal involuntary movement (AlM) ratings were performed by an investigator who was
unaware of the pharmacological intervention. After injection of the L-dopa, the severity of
the AIMs was quantified using rats that were observed individually in their home cages at 20
minute intervals, starting 10 minutes after the injection of L-dopa, until the AIMs subside
(approximately 2 hours). The observer scored < 6 animals concurrently for a 5 minute
interval. AIMs were scored in four categories, as discussed by Dekundy and colleagues
(2007): a) axial AlMs, including dystonic or choreiform torsion of the trunk and neck
towards the side contralateral to the lesion; b) limb AIMs, including jerky and/or dystonic
movements of the forelimb contralateral to the lesion; ¢) orolingual AIMs, including
twitching of orofacial muscles with empty masticatory movements and protrusion of the
tongue towards the side contralateral to the lesion and d) locomotive AIMs, including
increased locomotion with contralateral side bias. Each of the four categories were scored on
a severity scale from 0 to 4, where 0 = absent, 1 = present during less than half of the
observation time, 2 = present for more than half of the observation time, 3 = present all the
time but suppressible by external stimuli, and 4 = present all the time and not suppressible
by external stimuli. The external stimuli that we used was the movement of the animal’s
cage forward and then back 1 to 2 inches, within 1-2 seconds, in a smooth motion.
Generally, the summation of AIM scores included a) axial, limb and orolingual AIMs or a)
axial, limb, orolingual and locomotor AIMs over the total observation period.
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Rotarod Test

The rotarod test was used to assess the effect of PG01037 on motor performance and
coordination (Lundblad et al., 2003; Dekundy et al., 2007). Animals were acclimated to the
rotarod apparatus (AccuScan Instruments Inc., Columbus, OH) once per week in the two
weeks prior to training and testing. The animals were fed approximately 1 hour prior to
testing. Unilaterally lesioned rats were placed on a gradually accelerating rotarod apparatus
set at 0 to 40 rpm/minute over 90 seconds. The first three days were training sessions and
animals were not injected with test drug or vehicle. Two training sessions were performed
per day, one session was conducted in the morning and one in the afternoon. At the end of
the training sessions animals were given a shorter motivational session, where the rod speed
was reduced to a setting of 0 to 14 rpm/minute over 30 seconds (Dekundy et al., 2007; Cenci
et al., 2005). On the fourth and sixth days rats were administered 10 mg/kg PG01037 i.p.
and then evaluated at 30 and 60 minutes post drug administration. On the fifth day rats were
tested after administration with a similar volume of vehicle. During the training and testing
sessions we tapped the animals tails to maintain attention and focus (Cenci et al., 2005). The
data from the rotarod experiments are expressed as the mean number of seconds that the
animal was able to remain on the rod before falling (latency to fall).

Cylinder Test

The cylinder test was used to assess the spontaneous and independent use of each of the rat’s
forelimb in the context of an instinctive rearing behavior, with the rat standing on its hind
legs and leaning on the enclosing walls (Schallert and Tillerson, 2000). Rats were placed
individually in an open ended Plexiglas cylinder (21x 34 cm) without habituation in a dimly
lighted room. The investigator scored the animals on the basis of the first forelimb to make
contact (left, right or both) with the enclosing Plexiglas walls. Asymmetrical forelimb usage
was calculated as the percentage of total performance, with a minimum of twenty wall
contacts scored.

Statistical Analysis

Results

SPSS 16 software was used for statistical analysis of the AIM scores. One-way analysis of
variance (ANOVA) was used to determine the level of significant difference between the
test drug treated and vehicle treated groups. The null hypothesis was rejected when p < 0.05.
A post-hoc test was used with LSD (least significant difference for mean separation)
correction for multiple comparisons. In figures the data points are generally presented as the
mean values = S.E.M. that was obtained for each treatment group and data are generally
expressed as normalized (to 100) value.

Figure 1 shows the structure and our current pharmacological profile of PG01037. PG01037
binds to the human D3 dopamine receptor with >100-fold selectivity compared to the human
D2 dopamine receptor subtype. Based upon adenylyl cyclase studies we characterize this
compound as a) an antagonist at D3 dopamine receptors and b) a weak partial agonist at D2
receptors. Based upon the results of mitogenic assays PG01037 is an antagonist at both D2
and D3 dopamine receptor subtypes (Grundt et al., 2005). PG01037 acts like a D3 receptor
selective antagonist /77 vivo using fMRI techniques to measure changes in cerebral blood
volume of the rat (rCBV) (Grundt et al., 2007).

During the consecutive 21 day administration of L-dopa with benserazide all animals

exhibited some form of AIMs by the fourth day of L-dopa administration. We evaluated the
animals on day 20 of the 21 day regimen and found that the majority of animals provide
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similar total AIMs and AIMs minus locomotor scores, with an overall variability of about 15
to 20% (Figure 2).

After the consecutive 21 day administration of L-dopa (8 mg/kg/day) and benserazide (8
mg/kg/day) and prior to the administration of any test compounds, we performed a dose
response experiment to measure the AlMs score for each of the animals using increasing
doses of L-dopa (0-10 mg/kg) with a constant dose of benserazide (8 mg/kg) to verify a) that
the AIM scores were dependent upon the administration of L-dopa and b) our ability to
quantitate differences in those scores (Figure 3A). We observed a dose dependent response
over a range of 0 to 10 mg/kg of L-dopa for both the total AIMs score and the AIMs score
minus the locomotor component. For the majority of animals the AIM scores increased at 10
mg/kg compared to 8 mg/kg, while for other animals the AlMs appeared to plateau. A dose
response curve was also performed using increasing concentrations of benserazide with a
constant amount of L-dopa (8 mg/kg) (Figure 3B). A dose of 8 mg/kg of both L-dopa and
benserazide was selected for all further studies because it allowed us to determine if our test
drug would attenuate or exacerbate AIM scores.

To further validate our ability to quantitate the attenuation of AIM scores in these animals
we examined the ability of the 5-HT1A partial agonist buspirone to attenuate the L-dopa
dependent AIM scores of our animals (Figure 4). Dekundy and colleagues (2007) reported
that in unilaterally lesioned rats the administration of buspirone (4 mg/kg) 30 minutes prior
to L-dopa/benserazide (6 mg/kg and 12-15 mg/kg) administration led to an 83% decrease in
axial, limb and orolingual AlMs score, without a decrease in L-dopa induced locomotor
scores. We found that for this group of animals the administration of buspirone (4 mg/kg) by
i.p. injection 60 minutes prior to L-dopa/benserazide (8 mg/kg each) resulted ina 42.1 +
8.5% reduction in the total AIMs score and a 41.0 + 8.1% reduction in AlMs score minus
the locomotor component. Although the magnitude of the observed effect was less than the
reported values, it demonstrated our ability to quantitate attenuation of AIMs in these
animals.

We then proceeded to determine if PG01037 could attenuate L-dopa dependent involuntary
movements in our lesioned rats. We began by administering PG01037 i.p. at a dose of 10
mg/kg 60 minutes prior to L-dopa (8 mg/kg) administration (Collins et al., 2005). A 34.1%
reduction in the mean of the total AIMs score and a 35.6% reduction in the mean AlMs
minus locomotion score was observed (Figure 4A).

When we looked at the temporal effects of PG01037 administration on our scores, it
appeared that the greatest decrease in AIM scores occurred at the earliest time point (15
minutes post L-dopa administration) (Figure 4B). Based upon this observation we
investigated the effect pre-administration time of PG01037 on the attenuation of involuntary
movements. A comparison of the effect of PG01037 (10 mg/kg) was made when
administered by i.p. injection at 60, 30 and 0 minutes prior to L-dopa administration (8 mg/
kg). Decreasing the pre-administration time for PG01037 increased the mean percent
attenuation of the L-dopa dependent AIM scores (Figure 5A). When PG01037 and L-dopa
were administered simultaneously a mean reduction in total AIM scores of 57.6 + 7.0 and
48.7 + 5.7 percent was achieved (Figure 5B).

A concentration dependence analysis was then performed to determine the effect of the
doses of PG01037 (1 to 25 mg/kg) on AIM scores (Figure 6) when the compound was
administered simultaneously (0 minute pretreatment) with the L-dopa. If we assumed that at
very high doses of PG01037 the rat AIM scores would approach zero (which may or may
not be a valid assumption), the data fit reasonably well to a reversible, one site fit model
with an 1Csg value of 7.4 mg/kg and a nonlinear regression coefficient (r2) equal to 0.98.
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We then asked if PG01037 could modulate the intensity/duration of L-dopa dependent
involuntary movement once they had begun. At either 15 or 35 minutes post-L-dopa
injection time, half of the animals were administered 10 mg/kg PG01037 and the remaining
animals received an equal volume of vehicle. We continued to score the animals for
involuntary movements at 20 minute intervals (30, 50, 70, 90 and 100 minutes post L-dopa
administration). Figure 7 shows the results of those post-L-dopa administration experiments.
At time points post L-dopa injection and prior to the administration of test compound the
intensity of the involuntary movements for both groups of animals was essentially identical.
For both 15 minute (Figure 7A) and 35 minute (Figure 7B) post L-dopa administration
protocols we found an attenuation of the AIM scores. If we compared the reduction in total
AlIMs score over the total time course for both pre- and post-administration of PG01037, the
15 minute post-administration of PG01037 produced the maximum effect: a) 34.1% + 2.7
reduction for 60 minute pre-administration, b) 48.7% + 5.1 reduction for 30 minute pre-
administration, ¢) 57.6% = 7.0 reduction for 0 minute pre-administration, d) 86.5% = 3.9
reduction for 15 minute post-administration and e) 47.6 £ 8.2 for 35 minute post-
administration. We then examined each of the components of the total AIMs score to
determine if the 35 minute post-administration of L-dopa attenuated each component in a
similar manner or if one component was preferentially affected (Figure 8). We found the
following percent reduction in each score: a) locomotor, 76.5%, b) axial/torso movements,
77.9%, c) forelimb movement, 74.2% and d) orolingual, 69.4%. Thus, although each of the
four components of the AlMs scoring system are not weighted the same for the calculation
of the total AlIMs score, there did not appear to be any preferential attenuation of the
components.

At this point we asked if the route of PG01037 administration was an important variable for
attenuating L-dopa dependent AIMs in our unilaterally lesioned rats. When we compared the
magnitude of attenuation of AIMs score by PG01037 (10 mg/kg) that was administered by
either i.p. or subcutaneous (s.c.) injection, we found that s.c. administration resulted in only
a marginal, non-statistically significant, reduction in AIM scores (data not shown).
Therefore, no further studies were performed using s.c. administration.

To investigate the mechanism of action of PG01037, we first asked if PG01037 could
attenuate AIM scores when animals were administered the nonselective dopaminergic (D1-
like and D2-like dopamine receptor) agonist apomorphine. In initial experiments we found
that 0.05 mg/kg apomorphine administered s.c. produced involuntary movements (Shi et al.,
2004) qualitatively similar to those observed using L-dopa/benserazide. Although the
intensity of the involuntary movements were similar, the onset was more rapid (1-2 minutes
versus 10 minutes) and the duration was less (1 hour versus 2 hours). Therefore, for
apomorphine-dependent AIMs we scored animals at 10 minute intervals post-apomorphine
administration.

If we injected PG01037 immediately prior to apomorphine administration (0 minutes pre-
administration), we found that there was a mean 38.1 + 4.4 (S.E.M.) percent reduction in the
total AlMs score and 38.8 + 4.1 percent reduction in the AIMs minus locomotor component
over the observation time (Figure 9A). The attenuation of the apomorphine-dependent
involuntary movements was minimal in the beginning of the session (at the 5 minute post-
injection time point) and appeared to increase with time (up to 35 minutes) (Figure 9B).
Based upon this result we performed experiments in which PG01037 (10 mg/kg) was
administered 30, 20 and 10 minutes prior to apomorphine (0.05 mg/kg) administration (s.c.).
When a 30 or 20 minute pretreatment time was used, no attenuation of the apomorphine-
dependent AIM scores was observed. When a 10 minute pretreatment time was used, the
percent attenuation of the AIM scores was approximately the same for a 0 minute pre-
administration time (Figure 9A). Therefore, although the pretreatment time clearly affected
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the percent attenuation of AIM scores, at a dose of 10 mg/kg of PG01037 we were unable to
increase the percent attenuation beyond our original values (using O minutes pretreatment).

Based upon these results we performed a three point dose response evaluation of the ability
of PG01037 (2.5 to 25 mg/kg) to inhibit apomorphine-dependent abnormal involuntary
movements in our lesioned rats. The data fit reasonably well to a reversible, one site fit
model with an 1Csq value of 18.5 mg/kg and a nonlinear regression coefficient (r2) equal to
0.97 (Figure 10).

It has been reported that abnormal involuntary movements can be induced in unilaterally
lesioned rats using the D1-like dopamine receptor selective agonist SKF 81297 (Delfino et
al., 2007). Before undertaking an experiment to determine if PG01037 can attenuate SKF
81297 dependent abnormal involuntary movements in our unilaterally lesioned rats, we
performed a dose response curve with SKF 81297 to determine the effect of dose on the
intensity and duration of the involuntary movements. Qualitatively the abnormal movements
observed using SKF 81297 were essentially identical to those that we had observed using L-
dopa/benserazide. At doses of 0.5, 0.25 and 0.125 mg/kg SKF 81297 a maximum intensity
of involuntary movements was achieved but the duration of the involuntary movements
increased as a function of dose (Figure 11A). At a dose of 0.0625 mg/kg of SKF 81297 the
animals did not appear to reach a maximum intensity of involuntary movement. A dose of
0.1 mg/kg of SKF 81297 was selected for further studies. We evaluated the effect of 10 mg/
kg of PG01037 administered by i.p. injection at either a) 10 minutes prior to SKF 81297
administration (0.1 mg/kg, s.c.) or b) simultaneously with SKF 81297 (Figure 11B). In both
experimental scenarios there was no significant reduction of SKF 81297 dependent
involuntary movements.

Studies by Carta and co-workers (2007) suggest that dysregulation of dopamine synthesized
and released from serotonergic terminals may be a trigger for involuntary movements in the
rat lesion model of Parkinson’s disease. In those studies they showed that agonists selective
for the 5-HT1A (8-OH-DPAT) and 5-HT1B (CP-94253) receptor subtypes could effectively
attenuate L-dopa dependent involuntary movements, but had little to no effect on similar
involuntary movements induced by the nonselective dopaminergic agonist apomorphine
(0.025 mg/kg, s.c.) in partial lesioned animals. These authors propose that in animals with
complete dopamine lesions, dopamine release from spare serotonergic terminals acts as a
false transmitter at the serotonergic synapse, leading to the dyskinetic behaviors observed
after L-dopa administration.

PG01037 binds with >65-fold selectivity at D3 receptors compared to 5-HT1A receptors
(Figure 1). Therefore, it is possible that the activity observed with PG01037 might be due to
activity at serotonergic terminals rather than dopaminergic terminals. PG01037 acts as an
antagonist at D2 and D3 dopamine receptors, however we currently have no information on
the intrinsic activity of PG01037 at 5-HT1A receptors.

We evaluated the ability of WAY 100635, a 5SHT1A receptor antagonist, to inhibit the
attenuating effect of PG01037 on AIM scores. As a positive control we also tested the
ability of WAY 100635 (1 mg/kg) to inhibit the activity of the 5 HT1A agonist buspirone
and found that WAY 100635 significantly reduced the ability of buspirone (4 mg/kg) to
attenuate total AlIMs score in our unilaterally lesioned animals. However, at doses of 3 mg/
kg or 6 mg/kg of PG01037, WAY 100635 (1 mg/kg) did not significantly (p > 0.05) inhibit
the ability of PG01037 to attenuate total AIMs score (Figure 12).

To further investigate the mechanism by which PG01037 was able to attenuate AIM scores,
we performed a rotarod evaluation of our lesioned animals. We selected an acceleration rate
that was used by Carta and co-workers (2006) to study the effects of compounds with known
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anti-dyskinetic properties. After six training sessions performed over the course of three
days, lesioned animals were administered PG01037 (10 mg/kg, i.p.) and re-evaluated using
the rotarod apparatus (day 4). On the following day (day 5) we again tested animals in the
absence of drug and on day 6 animals were again administered PG01037 (Figure 13). No
significant differences in the amount of time animals were able to stay on the rotarod
apparatus in the presence or absence of PG01037 compared to the vehicle controls were
observed.

Finally, we attempted to evaluate the effect of PG01037 on the beneficial effects of L-dopa
in unilaterally lesioned animals using a cylinder test developed by Schallert and coworkers
(2000), which monitors preferential forelimb usage as the animal spontaneously rears in a
cylinder. Untreated unilaterally lesioned rats preferentially used the ipsilateral
(uncompromised) forelimb. We observed that 10 to 12 minutes after our animals were
administered L-dopa/benserazide they begin to use the compromised (contralateral) forelimb
to touch the inner wall of the cylinder. This is at a time point before intense AIMs are
generally initiated, although this response appears to vary from animal to animal. If the
animals were injected simultaneously with L-dopa/benserazide and PG01037 (10 mg/kg)
they continued to predominantly use the right forelimb (Figure 14A). When we attempted to
continue to measure forelimb preference in the cylinder test at 20 minutes after L-dopa/
benserazide administration we found that it was impossible to score the vehicle injected
animals because of the intensity of the AIMs. However, we were able to score the animals
that were co-administered L-dopa/benserazide and PG01037 (10 mg/kg) at 20 minutes post
injection and those animals continued to preferentially use the compromised forelimb
(Figure 14B).

Discussion

Although L-dopa is the mainstay of pharmacotherapy for PD, one prominent side effect
associated with long-term L-dopa therapy is a form of dyskinesia referred to as LID
(Grandas et al., 1999; Fabbrini et al., 2007). This puts early onset PD patients at increased
risk because of the extended duration of the course of treatment. Clinical observations
suggest that the development of LID requires a) nigrostriatal dopaminergic denervation, b)
intact postsynaptic basal ganglian neurons, and c) exogenous administration of L-dopa (Nutt
2001; Grandas et al., 1999). Similar observations have been made in primates with unilateral
MPTP lesions (Clarke et al., 1989), where the development of LID is dependent upon the
administration of high doses of L-dopa (Jenner 2000). Therefore, nigrostrial denervation
accompanied by changes in receptor expression or possible sensitization to dopamine
(Bordet et al., 1997) are likely pivotal in LID development.

For the studies described in this report a rat model of human LID was adopted in which the
MFB of animals is lesioned unilaterally using the neurotoxin 6-OHDA (Ungerstedt 1968,
1976; Deumens et al., 2002; Cenci and Lundblad 2005). Lesioned animals exhibit
asymmetric L-dopa-dependent abnormal involuntary postures and movements. Dekundy and
co-workers (2007) further validated this model by evaluating the efficacy of clinically used
anti-dyskinetic drugs. The overall profile of effects produced by these clinically used drugs
was in agreement with results reported in nonhuman primate models of LID and/or in PD
patients exhibiting LID. Therefore, they concluded that this rat model could be a valid
indicator for screening/identifying compounds as candidate antidyskinetic drugs. We
adopted this model for evaluating the antidyskinetic potential of our D3 dopamine receptor
subtype selective antagonist PG01037.

Our first set of experiments was performed to a) verify the L-dopa dependence of the AIM
scores, b) verify that we could distinguish and quantitate dose dependent differences in the
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intensity/duration of the involuntary movements, c) obtain estimates of the variability of the
AIMs score in this set of animals and d) verify the reproducibility of our scoring criteria.
Subsequently, we used buspirone as a reference antidyskinetic drug so that we could
compare our data to previously published values (Dekundy et al., 2007).

The selection of a dose of 10 mg/kg for PG01037 in these studies was based upon several
considerations. The first observations (Collins et al., 2005) were that the putative D3
selective agonist PD-128,907 induces a yawning behavior in male Sprague-Dawley rats,
defined as a prolonged ("1 s), wide opening of the mouth followed by a rapid closure. At a
dose of 0.1 mg/kg, PD-128,907 induces a yawning rate of approximately 1 yawn/minute.
The 1C5 value of the inhibition of this yawning behavior for PG01037 was found to be 32
mg/kg when administered s.c. Second, we recently reported that at a dose of 2 mg/kg
administered by i.v. injection, PG01037 causes an increase in rCBV in the rat, that appears
to localize to regions of the brain known to express the D3 dopamine receptor subtype
(Grundt et al., 2007).

When we compared the magnitude of attenuation of AIMs score by PG01037 (10 mg/kg)
that was administered by either i.p. or s.c. injection, we found that s.c. administration
resulted in only a marginal reduction in AIM scores. It should be noted that the s.c. route of
administration of PG01037 was used in previously published behavioral studies in rats
(Collins et al., 2005; 2007; 2008), but that higher doses (e.g. 32 mg/kg) were required for
antagonism of D3-mediated effects.

Using a zero minute pretreatment regimen with i.p. injections, we performed a dose
response curve for the attenuation of the L-dopa involuntary movements by PG01037. The
data were fit to a simple sigmoidal one site fit model in which a) reversibility is assumed and
b) maximum and minimum values of 100% and 0% inhibition are assumed. The “goodness-
of-fit” of the data to a one site model suggest, but does not definitively prove, that there may
be a single biological target responsible for the observed /n vivo efficacy of the test
compound. It is worth noting that even at the highest dose of PG01037 that was used (25
mg/kg), no overt behavioral changes in the animals were observed.

Having established that PG01037 could attenuate L-dopa dependent involuntary movements
in lesioned rats if administered either prior to or simultaneously with the L-dopa/benserazide
drug combination, we proceeded to ask if this compound could ameliorate the involuntary
movements once they had been initiated. Post administration of PG01037 dramatically,
rapidly and consistently attenuated AIM scores indicating that once started, the
manifestation of L-dopa dependent AIMs was reversible.

During the course of our studies Carta and co-workers (2007) proposed that the dyskinetic
movements in this lesioned animal model might be due to dopamine released from 5-HT1A
and/or 5-HT1B serotonergic terminals. In previous studies we reported that phenyl
substituted piperazine compounds, such as PG01037, can bind to the 5-HT1A receptor
subtype (Grundt et al., 2007; Chu et al., 2005). Therefore, we considered the possibility that
PG01037 might be acting via its binding to 5-HT1A receptors rather than at a dopamine
receptor subtype to attenuate the AIM scores, even though PG01037 binds with >65-fold
selectivity at D3 receptors compared to 5-HT1A receptors (Figure 1). For PG01037 to be
active at 5-HT1A receptors in this /7 vivo model it would have to be an agonist/partial
agonist at 5-HT1A receptors. Pharmacological evidence that PG01037’s in vivo activity is
not mediated due to binding to a 5-HT1A receptor comes from our studies on the effect of
the 5-HT1A selective antagonist WAY 100635. WAY-100635 has been extensively used as
a selective serotonin 5-HT1A receptor antagonist in both /in vitroand in vivo experiments
(Cliffe, 2000). Even though recent findings suggest that WAY-100635 may be a dopamine
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D4 receptor agonist and have raised the question about the pharmacological selectivity of
this drug for serotonin 5-HT1A receptors (Chemel et al., 2006; Martel et al., 2007),
PG01037 binds with low affinity at D4 receptors (Ki =188 nM: Figure 1).

Our second strategy to determine if PG01037 is attenuating involuntary movements via its
interaction at dopaminergic receptor systems would be to evaluate its ability to inhibit the
activity of a dopamine receptor selective agonist. Apomorphine is a nonselective D1-like/
D2-like dopamine receptor agonist that can elicit AIMs movements in these animals similar
to those observed for L-dopa. When animals were administered apomorphine and PG01037
simultaneously significant changes in AIM scores were observed. However, the
pharmacokinetic parameters of the two drugs may be influencing the effectiveness of
PG01037. Nonetheless, this observation does suggest that PG01037 is interfering with a
dopaminergic-based induction of the involuntary movements observed in these lesioned
animals.

We have recently published the results of pharmacologic magnetic resonance imaging
studies (phMRI) to determine if PG01037 could enter the brain and occupy dopamine D3
receptors /n vivo (Grundt et al., 2007). At a dose of 1.0 or 2.0 mg/kg (i.v.) PG01037
increased regional cerebral blood volume (rCBV) in the Islets of Calleja and the nucleus
accumbens shell, while eliciting much smaller changes in the caudate/putamen. These
regional changes in blood flow is consistent with areas of the brain known to express the
highest levels of dopamine D3 receptors. The increase in rCBV in these regions
demonstrates that PG01037 acts as a D3 receptor selective antagonist /n7 vivo.

In the same year Sanchez-Pernaute and co-workers (2007) used phMRI to examine the role
of D3 receptor sensitization in the pathophysiology of dyskinesia. They examined the
hemodynamic response of both unilaterally lesioned rats and bilaterally lesioned non-human
primates to 7-OH-DPAT, a putative D3 receptor selective agonist, in naive, unilaterally
lesioned control rats and lesioned rats chronically injected with L-dopa to exhibit
involuntary movements. Administration of 7-OH-DPAT induced minor negative changes in
rCBYV in the basal ganglia in naive and lesioned rats, but an increase in rCBV was observed
in the striatum of rats that exhibited involuntary movements following chronic L-dopa
administration. Similar results were observed for MPTP-treated dyskinetic primates. This
observed increase in rCBYV is consistent with what is observed in normal animals using a
D1-like dopamine receptor agonist.

D1 and D3 dopamine receptors have been reported to have both opposite and synergistic cell
signaling effects (Schwartz et al., 1998a; Schwartz et al., 1998b). Sensitization of the D3
receptor inhibitory response to dopamine has been previously proposed to enhance D1
receptor signaling (Bordet et al., 1997; Bordet et al., 2000), which could lead to facilitate the
activation of striatonigral pathway. Other studies have indicated that an unbalanced
activation of the D1 pathways in dyskinetic patients and animals leads to increased
sensitivity of D1 receptors. Disturbance of this D1/D3 receptor interplay due to changes in
receptor subtype expression and/or sensitivity could play a role in the manifestation of
involuntary movements. Several studies (Bezard et al., 2003; Guigoni et al., 2005; Bordet et
al., 1997) have suggested there may be an increase in D3 receptor expression in animal
models of L-dopa dependent involuntary movements. Recently Fiorentini and co workers
(2008) provided evidence a) for the heterodimerization of the D1 and D3 dopamine receptor
subtypes using coimmunoprecipitation and bioluminescence resonance energy transfer
techniques and b) that the D1/D3 heterodimer has unique trafficking properties.

Based on these reports we examined the ability of PG01037 to attenuate AIM scores
induced by the D1-like receptor selective agonist SKF 81297. However, PG01037 appeared
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to have no significant positive or negative effect on SKF 81297-induced AIM scores, even if
we evaluated total AIM, AIM minus locomotor and locomotor scores independently (Figure
11). The ability of PG01037 to attenuate apomorphine-dependent, but not SKF 81297-
induced, involuntary movements in this animal model suggests a mechanism of action of
PG01037 involving the ability to compensate for a dysregulation of D2-like receptor based
striatopallidal (indirect), rather than the striatonigral (direct) pathway (Cenci, 2007).

Finally, the clinical utility of using PG01037, or any other D3 dopamine receptor selective
compound as an antidyskinetic would be diminished if it interfered with the beneficial
effects of L-dopa. We used a rotarod apparatus and the cylinder test (Schallert et al., 2000),
to investigate this possibility. Rotarod evaluation of our lesioned animals indicated that
PG01037 does not alter the motor coordination or agility of the animals, compared to
vehicle control values. The cylinder test evaluation suggests that there is only moderate
effect of this compound to modify the beneficial effects of L-dopa in this behavioral
paradigm.

In conclusion, although it is clear that there are fundamental differences between the
expression, regulation, coupling and /7 vivo pharmacological selectivity of D3 dopamine
receptors in rodents and primates, the studies described in this manuscript provide further
evidence that D3 dopamine receptor subtype selective compounds represent viable
pharmacotherapeutic candidates for the management of L-dopa-associated dyskinesias.
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AIM abnormal involuntary movement
AMPA amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
DM SO dimethylsulfoxide
i.p. intraperitoneal
LID L-dopa-induced dyskinesia
MFB medial forebrain bundle
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NMDA N-methyl-D-aspartate
PD Parkinson’s Disease
rCBV rat cerebral blood volume
S.C. subcutaneous
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Figure 1. Structure and phar macologic profile of PG01037

The chemical structure and summary of our current available information on the
pharmacological properties of PG01037 is shown. Mean values for the affinity
measurements (Ki values) are expressed as nM. Mean values = S.E.M. are provided for the
human D2 and D3 dopamine receptor with n = 3. The remaining affinity values were
obtained from Novascreen through the NIDA Contract N01-DA-8-8839. PG01037 was
tested at a concentration of 10 uM in 61 binding assays. For the assays in which PG01037
inhibited binding >50%, mean Ki values were obtained (n=2).

Ki values for the binding to the low affinity state of human D2 and D3 dopamine receptors
were obtained using competitive radioligand binding experiments with 1251-|ABN as the
radiotracer (Luedtke et al., 2000). Maximal intrinsic activity was achieved using the test
ligand and the full D2-like dopamine receptor agonist quinpirole at concentrations
approximately 10x the Ki values (PG01037, 1000 nM for D2 and 10 nM for D3; quinpirole,
1000 nM for D2 and 100 nM for D3). The percent maximum mitogenesis is based upon dose
response curves (one concentration per decade) using a maximum of 107> M test drug
performed by the Division of Treatment Research and Development (DTRD) of NIDA. The
numerical values are the mean + the S.E.M. and the number in the parentheses is the number
of independent experiments (n).
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Figure 2. AIM scores on day 20 of the 21 day dyskinetic induction protocol

The bar graph shows the total AlMs score (closed bars) and the AIMs minus locomotion
scores (hatched bars) for 11 rats (A-K) on day 20 of the 21 day dyskinetic induction
protocol. Rats received daily doses of L-dopa and benserazide at 8 mg/kg each. AIM scores
were determined using the scoring protocol described by Dekundy and co-workers (2007).
Scores are plotted in the increasing order of the total AIMs score for each animal. The mean
and S.E.M. values for the total AlMs score are 41.2 + 6.8 and for the AIMs minus the
locomotor component 32.5 £ 7.0, which is 16.5% and 21.5% variability, respectively.

K
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Figure 3. Doseresponse curve for therat AIM scoreswith varying doses of L-dopa or

benserazide

After the 21-day induction and stabilization of L-dopa-dependent involuntary movement
was completed, a dose dependent evaluation of AIM scores was performed using the scoring
protocol described by Dekundy and co-workers (2007). The left panel (A) shows the mean
total AIM scores (@) + S.E.M. and the total AIMs score minus the locomotor component
(o) £ S.E.M. for varying dose of L-dopa. Mean values are for n = 11 animals. L-dopa (0 to
10 mg/kg) was administered by i.p. injection with a constant amount of benserazide (8 mg/
kg). The right panel (B) shows the mean total AIM scores (m) £ S.E.M. and the total AIMs
score minus the locomotor component (o) + S.E.M. for varying dose of benserazide. Mean
values are for n = 12 animals. Benserazide (0 to 16 mg/kg) was administered by i.p.

injection with a constant amount of L-dopa (8 mg/kg).
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Figure 4. Effect of administration of PG01037 or buspirone 60 minutesprior to L-dopa
administration on rat AIMsscore

(A) A comparison was made of the ability of PG01037 (10 mg/kg; n = 9) and buspirone (4
mg/kg; n = 11) to attenuate L-dopa-dependent AIMs in rats. Both drugs were administered
i.p. 60 minutes prior to the L-dopa (8 mg/kg). This graph shows the mean total AIM scores
(solid bars) + S.E.M. and the total AlMs score minus the locomotor component (hatched
bars) £ S.E.M. for PG01037 (65.9 £ 2.7 and 64.7 £ 2.9) and buspirone (57.9 + 8.5 and 58.9
+ 8.1), respectively. Under these conditions both drugs statistically decreased the abnormal
involuntary movements (p < 0.0001). (B) The variation in the total AIMs minus the
locomotor component score as a function of time is shown using a 60 minute pretreatment
time with 10 mg/kg PG01037 () or vehicle control (o). Each point is the summation of
total AIMs minus the locomotor scores for 11 animals at each observation time point. This
represents a mean 34.1 £ 8.0 (S.E.M.) percent reduction in the AIMs minus locomotor score
over the observation time. Plots of the summation of the total AIMs score are essentially
identical in shape with a 35.5 + 8.4 percent reduction in the mean score.
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Figure5. The effect of varying the pre-administration time of PG01037 on the mean L-dopa-
dependent AIM scores

(A) The effect of varying the pretreatment time for PG01037 (10 mg/kg) prior to L-dopa
administration (8 mg/kg L-dopa and benserazide) on both the total AIMs score (solid bars)
and the AlMs score minus the locomotor component (hatched bars) is shown. Values are
expressed as the percent of the corresponding vehicle control values. The bar graph
corresponds to the following values for the mean + S.E.M. normalized total AIM scores and
the AIM scores minus the locomotor component, respectively: a) 60 minutes pretreatment,
65.9% * 2.7 and 64.4% + 2.9 with n =9, b) 30 minutes pretreatment, 51.3% + 5.7 and
51.2% + 4.8 with n = 8 and ¢) 0 minutes pretreatment, 42.4% + 7.0 and 44.2% + 7.0 with n
= 10. PG01037 statistically decreased the abnormal involuntary movements (p < 0.0001) at
all time points. (B) The variation in the total AIMs score as a function of time is shown
using zero time pretreatment with 10 mg/kg PG01037 (e) or vehicle control (o). Animals
were also injected (i.p.) with 8 mg/kg L-dopa and benserazide. Each point is the summation
of total AIM scores for 11 animals at each observation time point. This represents a mean
59.0 + 21.8 (S.E.M.) percent reduction in the total AIMs score over the observation time.
Plots of the summation of the AlMs score minus the locomotor component are essentially
identical in shape with a 56.9 + 22.3 percent reduction in the AIMs minus locomotor
component.
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Figure 6. Concentration dependence analysisto deter mine the effect of doses of PG01037 on
AlIM scores

Unilaterally lesioned rats were injected (i.p.) with varying doses of PG01037 (0 to 25 mg/
kg) followed immediately with a constant dose of L-dopa and benserazide (8 mg/kg each).
The percent of the mean total AlMs score + S.E.M. (n = 8) relative to vehicle controls as a
function of the dose of PG01037 is shown. The mean values = S.E.M. for the normalized
total AIMs values as a function of PG01037 concentrations are as follows: a) 1 mg/kg, 88.6
+9.1, b) 2.5 mg/kg, 86.6 £5.9, c) 5 mg/kg, 55.2 £ 7.6, d) 10 mg/kg, 42.4 £ 7.1 and e) 25
mg/kg, 17.3 + 8.9. A graph of the percent change in the AIMs score minus the locomotor
component as a function of the dose of PG01037 is essentially identical to the one shown in
this figure. At doses of 1 and 2.5 mg/kg there is not a significant attenuation of the total
AlIMs score. However, at doses of 5, 10 and 25 mg/kg there was a significant reduction (p <
0.0001) of total AIM scores relative to the vehicle controls. The calculated I1Csg value was
found to be 7.4 mg/kg using a reversible one site fit model constraining the maximum and
minimum mean values to 100% (no test drug) and 0%, respectively.
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Figure 7. Effect of post treatment of PG01037 on the temporal expression of L-dopa dependent
AlMsin lesioned rats

(A) The variation in the total AlMs score as a function of time is shown using 10 mg/kg
PG01037 () or vehicle control (o) fifteen minutes after L-dopa/benserazide (8 mg/kg
each) administration. Each point is the summation of total AIM scores for 11 animals at
each observation time point. This represents a mean 86.5 + 3.9 (S.E.M.) percent reduction in
the total AIMs score over the total observation time. The time (minutes) denotes that amount
of time following the administration of the L-dopa/benserazide and the arrow marks the time
of the administration of PG01037. Plots of the summation of the AIMs score minus the
locomotor component are essentially identical in shape. (B) The variation in the total AIMs
score as a function of time is shown using 10 mg/kg PG01037 (e) or vehicle control (o)
thirty five minutes after L-dopa/benserazide (8 mg/kg each) administration. Each point is the
summation of total AIM scores for 11 animals at each observation time point. This
represents a mean 47.6 £ 8.2 (S.E.M.) percent reduction in the total AlMs score over the
total observation time. The time (minutes) denotes the amount of time following the
administration of the L-dopa/benserazide and the arrow marks that time of the
administration of PG01037. Plots of the summation of the AIMs score minus the locomotor
component are essentially identical in shape.
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Figure 8. Effect of thirty five minute post-treatment of PG01037 on the L -dopa dependent

individual AIMsin lesioned rats

A scatter gram of the summation of locomotor activity (L oco), axial dystonic movements
(Axial), forelimb movement (Forelimb) and orolingual movements (Oro) for n = 12
animals is shown. Open circles (©) designate vehicle control values and solid circles ()
designate animals administered PG01037 35 minutes after the L-dopa administration and
then scored at 50, 70, 90 and 100 minutes post L-dopa treatment. There was a 66.6%,
69.5%, 61.9% and 55.0% reduction in the locomotor, axial, forelimb and orolingual
movements, respectively. The overall mean reduction in total AIMs score was 64.5 + 35.1

(S.E.M.).
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Figure 9. Effect of pretreatment times for PG01037 on apomor phine-dependent AIMsin
lesioned rats

(A) Unilaterally lesioned rats were treated with PG01037 (10 mg/kg) at varying times (30,
20, 10 and 0 minutes) prior to the administration of apomorphine (0.05 mg/kg, s.c.). The
mean normalized values for the total AIM scores + S.E.M. are shown relative to the values
obtained from animals injected with vehicle. The number of animals (n) for each
pretreatment time is as follows: a) 0 minutes, n = 12, b) 10 minutes, n = 6, ¢) 20 minutes, n =
5 and d) 30 minutes, n = 6. Similar plots for the total AIMs score are essentially identical to
those shown in this figure. Although there was no significant reduction of the total AIMs
score at the 30 and 20 minute pretreatment times, there was significant reduction when
PG01037 was administered at 10 minutes (p < 0.01) and 0 minute (p < 0.0001) prior to the
administration of L-dopa. The normalized mean total AlMs activity for animals
administered PG01037 at zero minutes prior to apomorphine administration is 61.9 £ 4.4%
of vehicle control values. (B) The variation in the total AIMs score as a function of time is
shown using zero time pretreatment with 10 mg/kg PG01037 (e) or vehicle control (o).
Animals were also injected (s.c.) with 0.05 mg/kg apomorphine. Each point is the
summation of total AIM scores for a total of 12 animals at each observation time point. This
represents a mean 38.1 + 4.4 (S.E.M.) percent reduction in the total AIMs score over the
observation time. Plots of the summation of the AIMs score minus the locomotor component
are essentially identical in shape with a 38.8 £+ 4.1 percent reduction in the AIMs minus
locomotor component.
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Figure 10. Concentration dependence analysisto deter mine the effect of doses of PG01037 on

apomor phine-induced total AIM scores

Unilaterally lesioned rats were injected (i.p.) with varying doses of PG01037 (0 to 25 mg/
kg) followed immediately with a constant dose of apomorphine (0.05 mg/kg, s.c.). The
percent of the mean total AIMs score + S.E.M. (n = 11) relative to vehicle controls as a
function of the dose of PG01037 is shown. The mean values + S.E.M. for the normalized
total AIMs values as a function of PG01037 concentrations are as follows: a) 2.5 mg/kg,
90.8 £ 3.1, b) 10 mg/kg, 61.9 + 4.4 and c) 25 mg/kg, 47.4 + 8.4. The calculated 1Csq value
was found to be 18.5 mg/kg using a reversible one site fit model constraining the maximum
and minimum mean values to 100% (no test drug) and 0%, respectively.
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Figure 11. SKF 81297 dependent induction of abnormal involuntary movements and the effect of
PG01037 on SKF 81297 dependent abnormal involuntary movementsin unilaterally lesioned
animals

(A) The temporal plots for the induction of abnormal involuntary movements in unilaterally
lesioned rats is shown. Summation of total AIM scores (n = 6) were determined at 10 minute
intervals starting at t = 5 minutes. SKF 81297 was administered s.c. at the following doses:
a) 0.5 mg/kg (e), b) 0.25 mg/kg (4), ¢) 0.125 mg/kg (m) and d) 0.0625 mg/kg (o). (B) The
effect of PG01037 (10 mg/kg, i.p.) on SKF 81297 (0.1 mg/kg, s.c.) on the total AIMs
(tAIMs), AIMs minus locomotor activity (AlM s-loco) and locomotor activity (L oco) scores
is shown. PG01037 or vehicle was administered 10 minutes prior to the administration of
SKF 81297. The data are the normalized mean values = S.E.M. for n = 9 animals. The
normalized mean scores for each is as follows: a) total AlMs, 84.7 + 7.3; b) AlMs-
locomotor, 84.2 + 7.0; ¢) locomotor score, 86.4 + 9.0. The significance level for each of
these scores compared to the vehicle control (control) is p = 0.09.
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Figure 12. Effect of the 5-HT 1A antagonist WAY 100635 on the activity of PG01037
Unilaterally lesioned animals were used to test the effect of the 5-HT1A antagonist WAY
100635 on the ability of either buspirone or PG01037 to attenuate L-dopa-dependent
abnormal involuntary movements. L-Dopa was administered at a dose of 8 mg/kg by i.p.
injection. PG01037 and L-dopa were always administered simultaneously. WAY 100635
was always administered 10 minutes prior to the administration of test compounds
(PG01037 or buspirone). Buspirone was administered 30 minutes prior to the administration
of L-dopa. Data are presented as the total AIMs score normalized to 100 + the normalized
S.E.M. The conditions of the experiment are as follows: A. L-dopa in the absence of any test
compound (vehicle control #1); B. L-dopa in the presence of buspirone (4 mg/kg); C. L-
dopa in the presence of both buspirone (4 mg/kg) and WAY 100635 (1 mg/kg); D. L-dopa in
the absence of any test compound (vehicle control #2); E. L-dopa in the presence of 3 mg/kg
PG01037; F. L-dopa in the presence of both PG01037 (3 mg/kg) and WAY 100634 (1 mg/
kg); G. L-dopa in the absence of test compound (vehicle #3); H. L-dopa in the presence of
PG01037 (6 mg/kg); |. L-dopa in the presence of both PG01037 (6 mg/kg) and WAY
100634 (1 mg/kg). The administration of WAY 100635 (1 mg/kg) resulted in a 35%
reduction in the attenuation of total AIM scores by buspirone (4 mg/kg). The administration
of WAY 100635 (1 mg/kg) resulted in no reduction in the attenuation of total AIM scores by
PG01037 at a dose of 3 mg/kg. The administration of WAY 100635 (1 mg/kg) resulted in a
15% reduction in the attenuation of total AIM scores by PG01037 at a dose of 6 mg/kg. The
asterisk (*) denotes significant difference (p < 0.05) between the effects of a) buspirone
versus vehicle control (A vs. B) (p <0.0001) and buspirone with WAY 100635 with the
vehicle control (A vs. C) (p < 0.01), b) buspirone in the absence and presence of WAY
100635 (B vs. C) (p = 0.001), ¢) PG01037 at 6 mg/kg and vehicle (G vs. H) (p < 0.0001)
and d) PG01037 and WAY 100635 and the vehicle control (G vs. I) (p =0.001). There was
no significant effect of WAY 100635 on PG01037 at either 3 or 6 mg/kg (p > 0.1).
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Figure 13. Effect of PG01037 on rotarod performance

The effect of PG01037 (10 mg/kg, i.p. injection) is shown for n = 12 animals. The data are
presented as the mean values + S.E.M. At the time of this experiment the lesioned animals
were approximately 10 months old. Animals were acclimated to the rotarod apparatus once
per week in the previous two weeks prior to training and testing. For this experiment the
animals were fed approximately 1 hour prior to the morning session. The rotarod apparatus
was accelerated from 0 to 44 rpm/minute in 90 seconds. For the training session (days 1
through 3), two test sessions were performed per day. One session was conducted in the
morning (m) and one session was conducted in the afternoon (a). On days 1, 2 and 3 animals
were not injected with test drug or vehicle. On days 4 and 6 rats were administered 10 mg/
kg PG01037 i.p. and then evaluated at 30 and 60 minutes (30" and 60', respectively) post
drug administration. On day 5 rats were tested after administration with a similar volume of
vehicle (vehicle). No significant differences (p < 0.05) were found for a comparison of a)
training session with vehicle controls, training session with test drug or b) matched vehicle
controls with test drug.

Neuropharmacology. Author manuscript; available in PMC 2013 November 07.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Kumar et al. Page 29

A B. 20 mi L-d
—~ 100 12 minutes post L-dopa minutes post L-dopa
R ~ 100
- R
@
g g
§ 80 § 80
S 3
£ £
= 9 = 6
£ £
T:.." = Data not
@ :
S 40 3 obtainable
E be 0 due to
1) 3 intense
[
o0 o0 abnormal
8 2 £ 2 involuntary
o} 3 movements
5 g
Ao L R B L R B L R B 0L R B L R B L R B
control L-dopa L-dopa/PG01037 control L-dopa L-dopa/PG01037

Figure 14. Cylinder Test for PG01037

Unilaterally lesioned rats were tested for the percentage of forelimb preference (either right
(R), left (L) or both (B) forelimbs) using the cylinder test. Animals were injected with either
vehicle (control) or L-dopa/benserazide (L-dopa) (8 mg/kg each) in the absence or presence
of PG01037 (L -dopa/PG01037). Animals were injected with L-dopa and test drug or
vehicle simultaneously, then evaluated at 12 minutes (A) and 20 minutes (B) post injection.
It was not possible to evaluate the animals at 20 minutes post drug administration when
animals were given L-dopa/benserazide in the absence of PG01037 due to the intensity of
the abnormal involuntary movements. Data are plotted as the mean values + S.E.M. for
seven animals (n = 7).
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